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ABSTRACT

OBJECTIVES This study sought to compare the performance of a novel drug-coated balloon (DCB) (Elutax SV, Aachen
Resonance, Germany), with an everolimus-eluting stent (EES) (Abbott Vascular, Santa Clara, California) in patients with
de novo lesions.

BACKGROUND Small vessel coronary artery disease (SVD) represents one of the most attractive fields of application
for DCB. To date, several devices have been compared with drug-eluting stents in this setting, with different outcomes.

METHODS The PICCOLETO Il (Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment) trial was an
international, investigator-driven, multicenter, open-label, prospective randomized controlled trial where patients with
de novo SVD lesions were randomized to DCB or EES. Primary study endpoint was in-lesion late lumen loss (LLL) at

6 months (independent core laboratory), with the noninferiority between the 2 arms hypothesized. Secondary endpoints
were minimal lumen diameter, percent diameter stenosis at angiographic follow-up, and the occurrence of major adverse
cardiac events at 12 months.

RESULTS Between May 2015 and May 2018, a total of 232 patients were enrolled at 5 centers. After a median of 189
(interquartile range: 160 to 202) days, in-lesion LLL was significantly lower in the DCB group (0.04 vs. 0.17 mm;

p = 0.001 for noninferiority; p = 0.03 for superiority). Percent diameter stenosis and minimal lumen diameter were not
significantly different. At 12-month clinical follow-up, major adverse cardiac events occurred in 7.5% of the DES group
and in 5.6% of the DCB group (p = 0.55). There was a numerically higher incidence of spontaneous myocardial infarction
(4.7% vs. 1.9%; p = 0.23) and vessel thrombosis (1.8% vs. 0%; p = 0.15) in the DES arm.

CONCLUSIONS In this multicenter randomized clinical trial in patients with de novo SVD lesions, a new-
generation DCB was found superior to EES in terms of LLL as the angiographic pattern and comparable in terms of
clinical outcome. (Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment [PICCOLETO Ii];
NCT03899818) (J Am Coll Cardiol Intv 2020;m:m-m) © 2020 Published by Elsevier on behalf of the
American College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

ClI = confidence interval

DCB = drug-coated balloon

DES = drug-eluting stent(s]

EES = everolimus-eluting
stent(s)

HR = hazard ratio
LLL = late lumen loss

MACE = major adverse
cardiovascular event(s)

MI = myocardial infarction

MLD = minimal lumen diam

PCI = percutaneous coronary

intervention
SVD = small vessel disease

TLR = target lesion
revascularization

he overall complexity of interven-

tions for coronary artery disease

has progressively increased during
the last 2 decades, due to epidemiological
reasons and to the availability of devices
with superior performance and long-term
clinical efficacy (1,2). Drug-eluting stents
(DES) especially experienced a dramatic
improvement from the technological point
of view, leading to the possibility to treat
virtually any coronary lesion (3). However,
despite the improved clinical outcome ob-
tained with latest-generation DES, the total
amount of stent length remains associated
with an increase in late adverse events (4).
This is 1 of the reasons why newer devices
are required as potential alternatives to
DES. Among them, drug-coated balloons
(DCB) have been widely adopted in some spe-
cific settings, including in-stent restenosis and de
novo lesions, particularly in small vessel disease
(SVD). SVD is associated with a higher risk of resteno-
sis and stent thrombosis after the use of DES (5-7).
Accordingly, the possibility to treat SVD without the
implantation of a permanent prosthesis by means of
direct delivery of an antirestenotic drug with DCB
has been considered appealing since the first results
of this strategy were published 10 years ago (8,9).

However, it rapidly became evident how the
addition of a drug to a balloon was not sufficient to
produce an efficacious and homogeneous delivery of
the drug to the vessel wall, and an effective and
persistent antirestenotic effect. In fact, several DCB
have been investigated so far, with mixed results,
explaining why recent revascularization guidelines
emphasize that there is not a class effect for DCB (10).
The Elutax SV/Emperor (AR Baltic Medical, Vilnius,
Lithuania) is a new-generation DCB eluting paclitaxel
thanks to dextran as the drug carrier.

The aim of the PICCOLETO II (Drug Eluting Balloon
Efficacy for Small Coronary Vessel Disease Treatment)
study was to assess the angiographic efficacy of this
DCB as compared with Xience everolimus-eluting
stent (EES) (Abbott Vascular, Santa Clara, California)
in patients with SVD.

)
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METHODS

STUDY  DESIGN. The  PICCOLETO  II
(NCT03899818) is an investigator-driven, prospec-
tive, randomized, multicenter, open-label clinical
trial performed at 5 European centers. The study

trial
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protocol was presented and accepted at the coordi-
nating center (Fatebenefratelli Hospital, Milano,
Italy) ethics committee in February 2015, and there-
after by the ethics committees of all the participating
centers. First patient inclusion occurred in May 2015,
and the last patient was enrolled in May 2018. The
protocol was designed in accordance with the Decla-
ration of Helsinki and the Good Clinical Practice
guidelines. All participants provided prior oral and
written informed consent to be enrolled into
the study.

PATIENT POPULATION. In order to be enrolled, the
patient had to be hospitalized for stable coronary ar-
tery disease or an acute coronary syndrome, with an
indication for percutaneous coronary intervention
(PCI). The angiographic characteristics to enroll the
patient were the following: coronary artery disease in
a vessel with a diameter between 2.00 and 2.75 mm
with a target lesion =70% (by investigator’s judgment
by visual estimation). The clinical exclusion criteria
were as follows: inability to provide oral and written
informed consent or unwillingness to come back for
systematic angiographic follow-up; age <18 years; life
expectancy <1 year; recent ST-segment elevation
myocardial infarction (MI) (<72 h); left ventricular
ejection fraction <30%;
clearance <30 ml/min. We also applied the following

and creatinine
angiographic exclusion criteria: index lesion at left
main stem; aorto-ostial lesion; presence of stent at
target vessel; target lesion previously treated by
means of any device; chronic total occlusion; severe
calcification or tortuosity of the target vessel;
untreatable thrombus at the target lesion; target
lesion involving a major bifurcation; and lesion
length >25 mm.

Periprocedural MI was defined according to the
Third Universal Definition as type IV (11). All patients
underwent electrocardiogram and cytonecrosis
biomarker analyses the day following the interven-
tion. Renal failure was defined as creatinine clearance
between 30 and 50 ml/min calculated with the

Cockroft and Gault formula.

INTERVENTION. Patients were enrolled just after
diagnostic angiography but before the PCI procedure,
and underwent open label randomization. Randomi-
zation was generated through randomly permuted
blocks and randomization list was independently
generated for each center and automatically inte-
grated into an e-CRF website. Patients were ran-
domized between Xience EES and Elutax SV/Emperor
(experimental group) in a 1:1 fashion. In order to
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reduce the confusion in event allocation, we decided
to keep a maximum of 1 lesion per patient treated
with any study device. If any additional lesion
required treatment, the choice of intervention was
left to the discretion of the operator.

In case of allocation to the DES arm, the investi-
gator was left free to pre-dilate and prepare the lesion
and post-dilate as required to ensure an optimal
angiographic result. If the patient was randomized to
the DCB arm, lesion preparation was strongly rec-
ommended, and in case of major dissection after pre-
dilatation, the investigator could decide to convert
the intervention into a DES-based one. DCB inflation
time had to be at least 30 s. In case of major, flow-
limiting dissection or residual stenosis >50% after
DCB use, the patient could be treated with DES; in
this case, the stent length had to be inferior to the
DCB (avoiding “geographic mismatch”), and the
group allocation of the patient did not change
(intention-to-treat analysis).

The PCI procedure was then performed according to
current European Society of Cardiology guidelines
(10). including the periprocedural and subsequent
antithrombotic regimen. After DCB use, a minimum of
30 days of dual antiplatelet treatment was required
(stable patients). In case of DES implantation, a mini-
mum of 6 months was required. All patients with acute
coronary syndrome received a 12-month prescription
of 2 antiplatelet agents. All patients were discharged
with a scheduled 6-month angiographic assessment
and with 12-month and 24-month clinical visits.

STUDY DEVICE. The technical characteristics of Elu-
tax SV (also marketed as Emperor in some European
countries) have been described previously (12).
Briefly, this DCB elutes paclitaxel that is loaded on a
folded balloon at dosage of =2.2 ng/mm? (tolerance of
1.4 to 3.00 pg/mm?). The drug is added with dextran,
which acts as an excipient to modulate paclitaxel
diffusion in the vessel wall upon balloon inflation and
to allow its persistence for the first 3 to 4 weeks. The
drug uptake measured in different animal models is
highest after 1 h and decreases slowly over days and
weeks, with values at the beginning of around
250 pg/ml decreasing to around 100 pg/ml after
1 week to 10 pg/ml after 4 weeks, allowing a suc-
cessful inhibition of proliferation and migration of
smooth muscle cells over time, within the therapeutic
window of paclitaxel; in a preclinical study by Lam-
ichhane, only 10% to 20% of the total drug loaded was
lost during transit, whereas ~80% was delivered
during balloon inflation time.
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STUDY ENDPOINTS. For the primary objective of
PICCOLETO II, we hypothesized the noninferiority of
the DCB arm versus the DES arm in terms of in-lesion
late lumen loss (LLL). Angiographic success was
defined as final stenosis <30% in the DCB arm
and <20% in the DES arm, without major, flow-
limiting dissections and Thrombolysis In Myocardial
Infarction flow grade 3. This was caused by the
intrinsic difference between a stent and a DCB, which
is more prone to acute recoil due to the absence of
scaffolding properties, especially for some types of de
novo lesions. Procedural success was defined as
angiographic success and the absence of in-hospital
complications. Secondary
graphic endpoints were post-intervention minimal

cardiovascular angio-
lumen diameter (MLD) and 6-month percent diameter
stenosis, MLD, and binary restenosis. Clinical end-
points were major adverse cardiovascular events
(MACE, a composite of cardiac death, MI, target lesion
revascularization [TLR]) and the single components
of MACE at 1 and 2 years.

ANGIOGRAPHIC ANALYSIS. Baseline and follow-up
angiographies were assessed in an independent core
lab (University of Ferrara, Ferrara, Italy). Study in-
vestigators were committed to perform at least 2
orthogonal views pre-procedurally, after the inter-
vention, and during follow-up angiography, main-
taining similar angulations. Additional views were
requested for the correct localization of DCB and
stent. Quantitative coronary artery analysis was per-
formed using the Q-Angio XA system version 7.2
(Medis Medical Imaging Systems, Leiden, the
Netherlands) by experienced operators.

STATISTICAL ANALYSIS. The study hypothesis was
that PCI with Elutax SV was noninferior to PCI with
the latest-generation DES for the treatment of native
small coronary vessels, in terms of in-lesion LLL.
Accordingly, the power calculation of the PICCO-
LETO 1I trial included the assumption of a LLL of
0.20 mm in the EES arm, with a delta of 0.35, alpha
of 5%, power of 90%, and a noninferiority margin of
0.25 mm (5). The estimation of 0.20 mm of LLL in
the control group was derived by previous studies
with the same device, in a similar lesion setting.
Therefore, we calculated a population of 99 patients
per group. With an attrition rate for the angiographic
follow-up of 10%, we decided to include a total
population of 230 patients. In case the primary
analysis confirmed the noninferiority hypothesis, a
secondary analysis assessing superiority was pre-
defined. We used Cox proportional hazards models
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FIGURE 1 Study Flow Chart and Follow-Up of the PICCOLETO II Trial
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angio = angiography; DCB = drug-coated balloon; EES = everolimus-eluting stent(s); fup = follow-up; GW = guidewire; LL = late lumen loss;
PICCOLETO Il = Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment trial; SVD = small vessel disease.

and Kaplan-Meier curves to analyze time-related
events. Hazard ratios (HRs) were presented with
95% confidence interval (CI). For baseline charac-
teristics, continuous variables were reported as

mean + SD (Mann-Whitney U test), and categorical
variables as frequency with percentage, with 95% CI
determined by the Wilson score method. A pre-
specified subgroup analysis was done for sex, age,

TABLE 1 Demographic Characteristics and Comorbidities of the Study Population
at Baseline
DES (n = 114) DCB (n = 118) p Value

Male 87 (76.9) 83 (70.3) 0.25
Age, yrs 66 (50-82) 64 (48-80) 0.32
Hypertension 76 (67.2) 77 (65.2) 0.74
Diabetes 40 (35.4) 45 (38) 0.65
Insulin-dependent diabetes 15 (13.3) 21 (17.8) 0.66
Smoking 19 (16.7) 23 (19.5) 0.84
Dyslipidemia 63 (55) 72 (61) 0.66
Renal failure 12 (10.6) 4(3.3) 0.03
Previous M| 34 (30) 45 (38) 0.19
Previous CABG 4 (3.5 4(3.3) 0.95
Previous PCI 60 (53) 59 (50) 0.33
LVEF 58 (51-65) 58 (48-68) 0.89
Clinical presentation

Stable angina 63 (55.7) 64 (54.2) 0.81

Unstable angina 18 (16) 17 (14.4) 0.74

NSTEMI 23 (20.3) 25 (21.1) 0.87

STEMI, late comers 9(8) 12 (10.3) 034
Values are n (%) or median (interquartile range).

CABG = coronary artery bypass grafting; DCB = drug-coated balloons; DES = drug-eluting stent(s); LVEF = left
ventricular ejection fraction; MI = myocardial infarction; NSTEMI = non-ST-segment elevation myocardial
infarction; PCI = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction.
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renal failure, diabetes, MI at presentation, SYNTAX
score >20, hemoglobin <10 g/dl,
calcification, and lesion length >20 mm. Adjusted

severe coronary

odds ratios were calculated with a logistic regression
model, and HR with a Cox model. All p values
of <0.05 were considered statistically significant.
Results were analyzed by intention to treat for pri-
mary and secondary endpoints. All statistical ana-
lyses were performed with SPSS software (version
24, IBM, Chicago, Illinois).

RESULTS

A total of 402 consecutive patients were screened at
study centers between May 2015 and May 2018
(Figure 1). A total pf 232 patients were finally ran-
domized after the exclusion of 170 patients due to the
presence of at least 1 exclusion criterion, or the un-
in the study. After
randomization, 114 patients were allocated to the DES
group, and 118 to the DCB group by intention to treat.
Table 1 describes the baseline characteristics, which
were well matched, except for a higher rate of renal
failure in the DES group. Overall, 127 patients had
stable coronary disease and 105 an acute coronary

willingness to participate

syndrome at hospital admission.
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Table 2 describes baseline angiographic and pro-
cedural characteristics. Of note, the percentage of
patients with lesion pre-dilatation (84% vs. 69%;
p = 0.007), length of device used (21.8 + 8.2 mm vs.
18.3 + 6.9 mm; p = 0.04), and mean duration of
study device inflation (49 vs. 21 s; p = 0.003) were
higher in the DCB group. By contrast, patients in the
DES group more often received balloon post-
dilatation (59.4% vs. 3.3%; p = 0.001). Interest-
ingly, the rate of bailout stenting in the DCB arm
was particularly low (6.8%). As expected, the in-
lesion acute gain rate was higher in the EES arm
(1.47 + 0.3 mm vs. 0.99 + 0.4 mm; p = 0.03), and
percent diameter stenosis at the end of PCI was
numerically, but not statistically, higher in the DES
arm (13 + 18% vs. 21 = 22%; p = 0.2). Angiographic
and procedural success were not different between
the groups. The rate of in-hospital complications
related to the intervention was not significantly
different as well. However, we observed a not sta-
tistically significant increase in periprocedural MI in
the DES group (8% vs. 4%; p = 0.07).

After a median of 189 (interquartile range: 160 to
202) days, 105 patients (89%) in the DCB arm, and 104
(90%) in the DES arm underwent the scheduled
angiographic control. Of the 23 patients who did not
receive control angiography, 18 refused to undergo
the planned invasive assessment, and 5 were lost at
follow-up.

In-lesion LLL, the primary study endpoint, was
significantly lower in the DCB arm (0.04 + 0.28 mm
vs. 0.17 + 0.39 mm) and showed the hypothesized
noninferiority (p = 0.001), but also the superiority
(p = 0.03) as compared with DES (Central Illustration).
Table 3 describes the angiographic performance of the
2 study groups after the intervention and at angio-
graphic follow-up. Notably, in-lesion binary reste-
nosis (6.5% vs. 6.3%; p = 0.98) and percent diameter
stenosis (21.6 + 13% vs. 25.1 + 11%; p = 0.37) were
similar in both arms.

Twelve-month clinical follow-up (median 348,
interquartile range: 292 to 390 days) was obtained in
108 DCB and 106 DES patients (92.2% of the enrolled
population). MACE occurred in 7.5% of the DES
group and in 5.6% of the DCB group (p = 0.55)
(Table 4). There was a numerically, but not signifi-
cantly, higher incidence of spontaneous MI (4.7% vs.
1.9%; p = 0.23) and vessel thrombosis (1.8% vs. 0%;
p = 0.15) in the DES arm. Death, cardiac death, TLR,
and target vessel revascularization were not signifi-
cantly different in the 2 groups. The risk of MACE at
12 months was also not different across the pre-
specified study groups, and no interaction was
found after formal testing (Central Illustration). A
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TABLE 2 Lesion Characteristics and Procedural Aspects

intervention, ng/ml

DES (n = 114) DCB (n = 118) p Value
SYNTAX score 17 £12 161 036
Bifurcation lesion 14 (12.3) 15 (12.7) 0.94
Multivessel disease 86 (76) 86 (72.8) 05
Target vessel LAD 44 (39) 47 (40) 0.31
Target vessel LCx 35(31) 44 (37.2) 0.2
Target vessel RCA 34 (30.2) 27 (22.8) 0.19
Total contrast use, ml 155 (67-289) 152 (75-301) 0.37
Total fluoroscopy time, min 11 (4 to 67) 13 (5 to 59) 0.22
Pre-dilatation 78 (69) 99 (84) 0.007
Post-dilatation 66 (59.4) 433) 0.001
Scoring balloon use for lesion preparation 18 (15.8) 26 (22) 0.13
Number of devices used, mean 112 1.03 0.004
Length of device used, mm 183 +6.9 21.8 +8.2 0.006
Inflation pressure, atm 13.7 £ 25 M4 +£33 0.03
Duration of inflation, s 214+ 1.8 492 £145 0.002
Bailout stenting - 8(6.7) -
Angiographic success 113 (99.1) 116 (98.3) 0.88
Procedural success 112 (98.2) 116 (98.3) 0.92
Peak troponin | after the 6.14 £ 5.80 3.6 £3.21 0.09

Values are mean = SD, n (%), or median (interquartile range).

artery; other abbreviations as in Table 1.

LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; RCA = right coronary

Kaplan-Meier analysis of the secondary endpoint
MACE is presented in Figure 2.

A specific sensitivity post hoc analysis regarding a
comparison between patients with DES implanted
after DCB (8 patients, 6.8%) and patients allocated to
the control group and the sole-DCB group did not
show differences in terms of MACE (respectively,
12.5% Vs. 7.5%; p = 0.21, and 12.5% Vs. 4.9%;
p = 0.08). Likewise, pre-dilatation in the DCB arm did
not affect either the angiographic or the clinical
outcome (LLL 0.07 + 0.16 mm in patients without pre-
dilatation vs. 0.02 4+ 0.31 mm; p = 0.31).

DISCUSSION

SUMMARY OF THE STUDY RESULTS. The PICCOLETO
1I trial was a multicenter, multinational randomized
clinical trial meeting the primary endpoint of non-
inferiority and showing the superiority of a new-
generation DCB versus a current-generation DES
regarding LLL in patients with de novo SVD. Both
strategies provide equivalent efficacy in other
important  surrogate  angiographic  endpoints
including MLD and percent diameter stenosis at
follow-up. Although underpowered for clinical
events, our study suggests similar mid-term efficacy

47




Cortese et al.
The PICCOLETO Il Trial

JACC: CARDIOVASCULAR INTERVENTIONS voL. M, No. W, 2020
W 20200 -H

100 -

80 1

60 -

40

20 A

5
o

CENTRAL ILLUSTRATION Primary Measure of Outcome, In-Lesion Late Lumen Loss

DCB: 0.04 + 0.28

DES: 0.17 £ 0.39

p = 0.01 for non-inferiority
p = 0.03 for superiority

-1.5 -1 -0.5

Cortese, B. et al. J Am Coll Cardiol Intv. 2020;

):m-H.

0.5 1 15

DCB = drug-coated balloon; DES = drug-eluting stent(s).

Primary measure of outcome, in-lesion late lumen loss (LLL), showing both noninferiority and superiority of DCB (blue) versus DES (red).

TABLE 3 Outcomes at 6-Month Angiographic Follow-Up

DES (n = 104) DCB (n = 105) p Value

Pre-procedure

RVD, mm 218 £ 0.4 223+ 04 0.46

MLD, mm 0.83+04 0.82+ 0.5 0.98

Stenosis, % of lumen diameter 76 £ 15 75 +17 0.83

Lesion length, mm 140 £ 6.9 135+73 0.75
Post-procedure, in-lesion

MLD, mm 229+ 0.4 1.89 £ 03 0.02

Stenosis, % of lumen diameter 13.1+18 214 + 22 0.20

Acute gain, mm 147+ 0.3 0.99 + 0.4 0.03
Post-procedure, in-segment

MLD, mm 193+ 03 173+ 03 0.04

Stenosis, % of lumen diameter 26.8 + 12 29.6 + 16 0.55

Acute gain, mm 110 £ 0.2 0.85 + 0.2 0.05
At follow-up, in-lesion

MLD, mm 212+ 0.53 1.85+ 0.49 0.14

Stenosis, % of lumen diameter 21.6 £13 251+ 0.37

Binary restenosis 7(6.5) 7(6.3) 0.98

Late loss, mm 0.17 0.04 0.03 for

superiority

At follow-up, in-segment

MLD, mm 1.79 + 0.48 174 + 0.46 0.69

Stenosis, % of lumen diameter 322 +19 36.6 + 21 0.78

Binary restenosis 10 (9.6) 11 (10.5) 0.94

Late loss, mm 0.14 + 0.38 0.01+ 0.25 0.03 for superiority

Net luminal gain* 0.96 + 0.23 0.84 £ 0.19 0.49

Values are mean + SD or n (%). *Acute gain — late lumen loss. Bold indicates a primary endpoint.
MLD = minimal lumen diameter; RVD = reference vessel diameter; other abbreviations as in Table 1.

48

with both strategies, with a trend suggesting a safer
profile of DCB in this challenging anatomic scenario.

NATIVE SVD TREATMENT OPTIONS. We would like
to stress the importance of finding an optimal treat-
ment strategy for these lesions accounting for 30% to
50% of all coronary interventions in the Western
world, with percentages even higher in some Eastern
countries. The general DES strategy in native coro-
nary vessel disease seems weaker here, because the
mid-term angiographic performance of DES is
reduced and the restenosis rates higher. In the SVD
setting, the prospective Spirit SV (Clinical Evaluation
of the XIENCE V Everolimus Eluting Coronary Stent
System Small Vessel) study accounts for a target
lesion failure rate of 10.8% after 13 months with
Xience DES (5). The cumulative data analysis of
the SPIRIT and COMPARE (Second-Generation
Everolimus-Eluting and Paclitaxel-Eluting Stents in
Real-Life Practice) studies shows a 2-fold risk of
MACE versus larger vessels (10.4% Vs. 5.6%;
p < 0.001) (13), with a significantly higher risk of MI
and TLR. The TWENTE II (DUTCH PEERS [DUrable
polymer-based sTent CHallenge of Promus ElemEnt
versus ReSolute integrity]) study showed similar
data, with a target lesion failure rate of 9.5% versus
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TABLE 4 Outcome After 12 Months

DES (n = 106) DCB (n = 108) p Value

MACE 8 (7.5) 6 (5.6) 0.55
Total death 1(0.9) 0 (0) 0.78
Cardiac death 0(0) 0(0) -

Myocardial infarction, 4(4.7) 2(1.9) 0.23
TLR 6 (5.6) 6 (5.6) 0.80
BARC bleeds type 3 or 5 0 (0) 0 (0) -

Vessel thrombosis 2(1.9) 0 (0) 0.15

Values are n (%).

BARC = Bleeding Academic Research Consortium; MACE = major adverse car-
diac event(s); TLR = target lesion revascularization; other abbreviations as in
Table 1.

5.4% in larger vessels after 2 years (HR: 1.60, 95% CI:
1.09 to 2.34), and a significantly higher risk of MI and
TLR in the SVD setting (3.1% vs. 1.3%, 4.8% Vs. 2.8%.
respectively) (7).

The use of DCB may have some potential advan-
tages in this setting (14): it may theoretically over-
come the risk of negative vessel remodeling obtained
with plain balloon angioplasty, and both the imme-
diate encumbrance and the subsequent neointimal
proliferation after stent implantation may be
reduced. DCB share dedicated technologies that allow
the delivery and persistence of the drug released
upon inflation (either paclitaxel or sirolimus are
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available in the European market). An effective DCB
may also exert a positive remodeling effect, which
can be perceived to be particularly advantageous in
small coronary lumens; this has been already
demonstrated with at least 2 different brands of
paclitaxel-coated balloons, including the device
tested in the PICCOLETO II trial (15,16). Another po-
tential advantage of DCB over stents in native vessel
disease is related to the perpetual yearly risk of =2%
of adverse events with current-generation DES (17), as
compared with the theoretical absence of such risk
with DCB after the first year in de novo lesions (18,19).

PREVIOUS STUDIES. To date, randomized studies on
the use of DCB in small vessels brought variable re-
sults. The first-generation Dior DCB (Eurocor, Bonn,
Germany) failed to show the angiographic non-
inferiority versus Taxus DES (Boston Scientific,
Marlborough, Massachusetts) in the prematurely
interrupted PICCOLETO study, where the rate of
MACE after 9 months was higher in the DCB arm (20).
The limited effectiveness of this preliminary DCB was
blamed for the results (21). On the other hand,
newer-generation DCB showed the potential advan-
tages of this technology in native vessel disease. The
BELLO study (Balloon Elution and Late Loss Optimi-
zation Study) was able to show the angiographic su-
periority of the In-Pact Falcon DCB (Invatec-
Medtronic, Frauenfeld, Switzerland) versus the Taxus

FIGURE 2 Kaplan-Meier Analysis of the Secondary Endpoint MACE at 1 Year
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MACE = major adverse cardiac event(s); other abbreviations as in Figure 1.
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FIGURE 3 Risk of MACE at 12 Months
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HR = hazard ratio; other abbreviations as in Figures 1 and 2.

Risk of MACE at 12 months was not different across the pre-specified study groups, and no interaction was found after formal testing.

stent, and the 3-year data also showed a significant
reduction in the rate of MACE (14% vs. 30%;
p = 0.015) (18). More recently, the RESTORE SVD
(Assess the Efficacy and Safety of RESTORE Paclitaxel
Eluting Balloon Versus RESOLUTE Zotarolimus
Eluting Stent for the Treatment of Small Coronary
Vessel Disease) study compared Restore DCB (Car-
dionovum, Bonn, Germany) to DES and showed the
noninferiority of DCB in terms of percent diameter
stenosis during angiographic follow-up (11% vs. 7.5%;
p for noninferiority <0.001), with no significant dif-
ferences in terms of LLL (0.25 + 0.42 vs. 0.27 + 0.36;
p = 0.41) and 12-month MACE (4.4% vs. 2.6%;
p = 0.72) (22). The largest study (powered for clinical
endpoints) assessing the role of DCB in a SVD setting
(reference vessel diameter <3 mm) after successful
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lesion pre-dilatation was the BASKET SMALL II (Basel
Stent Kosten Effektivitdts Trial Drug Eluting Balloons
vs. Drug Eluting Stents in Small Vessel Interventions)
study. In this study, Sequent Please DCB (B. Braun,
Melsungen, Germany) was compared with DES (72%
Xience, 28% Taxus). The primary endpoint of MACE
at 12 months was 7.3% in the DCB group and 7.5% in
the DES group (HR: 0.97, CI: 0.58 to 1.64;
p = 0.92) (23).

PRESENT STUDY. The PICCOLETO II study for the
first time to our knowledge showed the angiographic
superiority, as per the LLL endpoint, of a new-
generation DCB versus 1 of the latest-generation
DES in a native vessel disease setting, with compa-
rable clinical outcome at 1 year. This finding was
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confirmed in all pre-specified subgroups (Figure 3).
These data seem particularly appealing, taking into
consideration the direct correlation between mea-
sures of angiographic outcome such as LLL and
percent diameter stenosis and late clinical events,
and might reflect a favorable effect of paclitaxel de-
livery by means of DCB leading to late lumen
enlargement (15,16). To note, the most important
difference between our study and the 2 most recent
ones (the BASKET SMALL II and RESTORE SVD trials
[22,23]) is that whereas in the latter studies random-
ization was performed after successful lesion pre-
dilatation, in the PICCOLETO II trial, it was per-
formed before lesion preparation, reflecting a real
intention-to-treat strategy, of special value for the
“real-world” patients seen in routine clinical practice.
Despite this, the rate of crossover to stenting from the
DCB group or reverse (e.g., a patient assigned to DCB
treated instead with DES) was negligible (4.4%). We
chose this randomization strategy because the pres-
ence of a non-flow-limiting dissection before or after
DCB use has not been correlated with worse outcomes
in 1 of our previous studies (16).

MORTALITY AFTER DCB USE. A specific mention
should be made regarding the hypothetical increase
in mortality after paclitaxel application for femo-
ropopliteal interventions (24-26). A recent meta-
analysis of randomized controlled trials in the
coronary territory showed no increase in mortality
after DCB application during PCI as compared with
other options including simple angioplasty and bare-
metal stent or DES implantation, with a significant
reduction in mortality after 3 years with DCB (relative
risk: 0.73; 95% CI: 0.53 to 1.00; p = 0.047) (19). The
results of the PICCOLETO II trial did not show any
safety signal at mid-term follow-up and go in the
same direction of the data provided by the latter
meta-analysis.

STUDY LIMITATIONS. First of all, due to the open-
label nature of the study, some ascertainment bias
cannot be completely excluded. However, all clinical
data were analyzed by an independent blinded
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clinical event committee, and an independent core
laboratory analyzed the angiographic outcome mea-
sures. Second, this study is not powered for hard
clinical endpoints. Third, these results have been
obtained in centers that had to certify a strong lead-
ership in the use of DCB, therefore it is possible that
the results are not reproducible in a different sce-
nario. Finally, the primary endpoint chosen, LLL,
could favor the DCB in consideration of the better
post-procedural MLD after DES implantation.

CONCLUSIONS

The PICCOLETO 1I trial for the first time shows the
angiographic superiority in terms of LLL, and the
equivalence in terms of MLD and percent diameter
stenosis, of a novel DCB over 1 of the best-in-class DES
for the treatment of de novo coronary lesions in small
vessels. This trial also shows the clinical noninferiority
of the DCB strategy after 12 months.
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Objective: Our study sought to compare the 12-month clinical outcome of patients treated with paclitaxel-coated
balloons (PCB) vs. sirolimus-coated balloons (SCB) during coronary angioplasty.

Background: Drug-coated balloons represent an established therapeutic tool for percutaneous coronary interven-
tions (PCI). A comparison between PCB and SCB is still lacking.

Methods: We performed an indirect comparison between two cohorts of patients previously included into two
investigator-driven registries with clinical primary endpoints, 494 treated with the Elutax SV PCB (AR Baltic,

Keywords: N o N N N . N
Drug: {oasted balloon Lithuania) from the DCB RISE registry, and 596 treated with the Magic Touch SCB (Concept Medical, India)
Sirolimus from the EASTBOURNE registry. The primary endpoint was the rate of major adverse cardiovascular events
Paclitaxel (MACE) at 12-month clinical follow-up.

Resulss: After propensity score matching, a total of 580 patients were well matched for baseline clinical and pro-
cedural characteristics and were analyzed. At 12 months there was no significant difference between the
matched DCB RISE and EASTBOURNE cohorts in terms of the primary endpoint MACE (10.3% DCB RISE vs.
10.7% EASTBOURNE, p = 0.892). No significant difference was observed also regarding the rate of TLR (7.9%
DCB RISE vs. 8.3% EASTBOURNE; p = 0.879, respectively). By multivariate analysis, insulin-dependent diabetes
was the only predictor of MACE.

Conclusions: In the SIRPAC study, the first indirect comparison between paclitaxel-coated and sirolimus coated
balloons, no significant difference in clinical endpoints were found at 12-month follow-up. Randomized studies
are necessary to confirm these findings.

Percutaneous coronary intervention

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Despite an increasing use in the last decade and growing scientific
evidences provided to date, drug coated balloons (DCB) are still under-
used by many interventional cardiologists. Their role for the treatment
of in-stent restenosis (ISR) [1] is widely acknowledged and current
European Revascularization Guidelines recommend their use in either

Abbreviations: BMS, Bare-Metal Stent; DES, Drug-Eluting Stent; DCB, Drug-Coated
Balloon; ISR, In-Stent Restenosis; MACE, Major Adverse Cardiovascular Event; MI,
Myocardial Infarction; PCB, Paclitaxel-Coated Balloon; PCI, Percutaneous Coronary
Intervention; SCB, Sirolimus-Coated Balloon; TLR, Target Lesion Revascularization.
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bare metal stent (BMS) or drug eluting stent (DES) restenasis, with a
Class I (LoE A) recommendation [2]. Although an official endorsement
by clinical guidelines for their use in “de novo” lesions is still lacking,
there are several studies suggesting their role in such context, especially
in selected clinical and anatomical settings such as small vessel disease
[3,4]. In addition, DCB represent an appealing alternative in high-
bleeding risk patients, where DES implantation may result in a higher
risk of complications [5].

Most of the currently available DCB are coated with paclitaxel (PCB),
a highly lipophilic anti-proliferative drug, chemically stable after tissue
delivery [6]. However, new debatable findings regarding the long-
term safety of paclitaxel-eluting devices (either stents or balloons) for
peripheral use have recently raised some concerns in the interventional
cardiology field. In fact, a meta-analysis of patients with peripheral ar-
tery disease located in the femoro-popliteal vessels suggested a higher
risk of mortality after 2 and 4-5 years associated to the use of such

Please cite this article as: B. Cortese, G. Caiazzo, G. Di Palma, et al., Comparison between sirolimus and paclitaxel-coated balloon for
revascularization of coronary arterie.., Cardiovascular Revascularizatigh3Vledicine, https://doi.org/10.1016/j.carrev.2021.04.013
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devices [7]. Thereafter, many interventional cardiologists wondered if
PCB could have undesirable long-term effects also in the coronary set-
ting. As a consequence, the perception that other anti-proliferative
drugs including -limus analogues could be safer than paclitaxel, led to
a substantial boost of the research of newer devices in the field.

In 2016 Magic Touch (Concept Medical, India) was the first sirolimus
DCB (SCB) being marketed in Europe and some Asian countries. Thence-
forth, some small studies showed the short and mid-term safety and ef-
ficacy profile of this device in coronary artery disease [8-11]. Given the
absence of any direct comparison between sirolimus and paclitaxel in

n “all comer” population, the aim of the SIRPAC study was to compare
a new generation paclitaxel-DCB to the Magic Touch SCB.

2. Methods
2.1. Study design

The SIRPAC study was designed to provide a propensity-score
matched comparison of clinical outcomes at 12 months between pa-
tients enrolled in the DCB RISE and EASTBOURNE registries.

The DCB RISE [12] was an investigator-initiated registry with pro-
spective data-entry of patients treated with Elutax SV (also marketed
as Emperor in some European countries; Aachen Resonance, Germany,
and AB Medica, Italy) DCB. The aim of this study was to assess the safety
and efficacy of Elutax SV at the longest available clinical follow-up. DCB-
RISE represented a real-world registry, enrolling 544 all-comer patients
at nine Italian centers. A complex, real world population was enrolled,
with 32% of diabetics and 51.3% of patients presenting with an acute
coronary syndrome. The primary study endpoint was the occurrence
of target-lesion revascularization (TLR) at the longest available follow-
up. Secondary endpoints were procedural success and the occurrence
of a device-oriented endpoint (DOCE), including cardiac death, target
vessel myocardial infarction (MI), stroke, or TLR.

The EASTBOURNE [13] is an ongoing, prospective, multicenter,
investigator-initiated, real-world clinical registry with external valida-
tion of quality of data input and centralized clinical event assessment,
evaluating the performance Magic Touch SCB at 40 European and
Asiatic centers. To date, EASTBOURNE represents one of the largest
studies in this field, including 2000 consecutive patients with a broad
spectrum of lesions, including native vessel disease and in-stent reste-
nosis, and clinical presentations. Similar to DCB RISE, the primary end-
point of the study is TLR at 12 months. Secondary endpoints are:
angiographic success, procedural success, MACE at 6, 12, 24 and 36
months. In both studies, patients enrolled underwent a clinical follow
up, up to twelve months after the procedure. For the purpose of this
analysis we compared the published 12 months clinical outcome of
the DCB RISE [12] with the published 12 months “ad interim” analysis
of the EASTBOURNE [13]. All the events reported in the 2 registries
were centrally adjudicated by a dedicated committee. In both registries
the manufacturer had no role on the study design, the analysis and in-
terpretation of the data and the publication of the results. Both registries
were approved from the Ethical Committee of each center involved.

Inclusion criteria for both studies were symptomatic coronary artery
disease (including patients with chronic stable angina, silent ischemia,
and acute coronary syndromes) with clinical indication to PCI. Exclusion
criteria were the following:

O Patients with known (and untreatable) hypersensitivity or contrain-
dication to aspirin, heparin, clopidogrel, prasugrel, ticagrelor,
sirolimus or a sensitivity to contrast media which cannot be ade-
quately pre-medicated.

O Patients participating in another clinical evaluation.

O Target lesion/vessel with any of the following characteristics:

o successful pre-dilatation not performed in the target lesion, or not
efficacious (residual stenosis >50%);
o severe calcification of the target vessel, also proximal to the lesion;
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o highly tortuous lesions which can impair access of device to
treatment site.

0O Visible thrombus at lesion which is not treatable with aspiration.

2.2. Devices description

The Elutax SV is a paclitaxel-coated balloon whose characteristics
have been previously described [12]. Briefly, the device consists in a
semi-compliant balloon coated with 2.2 pg paclitaxel/mm?; the top
coating is made of 0.7 pg dextran/mm?, with a maximum amount of
1.89 ug dextran/mm?, which acts as excipient (drug carrier). After the
balloon inflation, the drug is released to the tissue of the vessel wall;
the highest uptake of paclitaxel occurs after 1 h and decreases slowly
over days and weeks, allowing a successful inhibition of proliferation
and migration of smooth muscle cells over time.

Magic Touch is a non-compliant balloon coated with sirolimus
through the use of a spray coating on inflated balloon with a technology
specifically designed (Nanoluté®); in order to exert its effects, sirolimus
is encapsulated in a protective lipophilic package, which allows drug
diffusion and transfer into the arterial wall during balloon inflation,
overcoming the drug inherent low lipophilia. This package consists of
nanospheres of 100-300 nm diameter. The total dosage of the drug cor-
responds to 1.25 mg/mmZ of the balloon surface, well within the thera-
peutic window of the drug. The blood concentration reaches its peak in
30 min, and then disappears within 24 h, while the drug is still detect-
able within the tissue after 14 days [14].

2.3. Endpoints definition

Primary endpoint of the SIRPAC study was major adverse cardiovas-
cular events (MACE) at 12 months, a composite endpoint including tar-
get lesion revascularization (TLR), non-fatal myocardial infarction (MI)
and total death. Secondary endpoints were the single components of
MACE and a safety endpoint, type 2-4 bleedings according to the
BARC classification [15]. TLR was defined as repeated percutaneous cor-
onary intervention (PCI) or coronary artery bypass grafting (CABG) in
the target segment including 5 mm proximal and distal to the previ-
ously treated lesion. MI was defined according to the third universal
definition of myocardial infarction [16].

2.4. Statistical analysis

Continuous variables are reported as mean + SD and were com-
pared using ANOVA or Man-Whitney U tests. Categorical variables
are reported as counts and percentages, and were compared using
chi-square or Fisher exact tests. In order to control for confounders
between the DCB RISE and EASTBOURNE, a propensity score
matching was applied. A propensity (likelihood to undergo major
adverse cardiovascular events) score was calculated by means of a
multivariate logistic regression model encompassing baseline demo-
graphics, clinical, angiographic, and procedural risk factors (age,
type 2 diabetes, hypercholesterolemia, smoke, chronic kidney dis-
ease, acute coronary syndrome, in-stent restenosis, small target ves-
sel). Patients with similar propensity scores in the two treatment
groups were matched using a greedy nearest neighbor matching
within specified caliper widths without replacement. Patients with-
out matched observations were excluded. We used C-index and
Hosmer Lemeshow goodness of fit test to assess the appropriateness
of the model.

All reported p values are 2-sided, and p values <0.05 were consid-
ered to indicate statistical significance. Univariate analysis was con-
ducted to identify factors associated with MACE at 12 months.
Significant factors from univariate analyses were entered into a multi-
variate logistic regression model. All data were processed using the
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Table 1
Patients characteristics and procedural details (before PSM).
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Table 2
Patients characteristics and procedural details (after PSM).

DCBRISE ~ EASTBOURNE  p value DCBRISE ~ EASTBOURNE  p value
(n=494) (n=596) (n=290) (n=290)
Age (mean + SD) 68 + 11 65 £ 11 0,001 Age (mean + SD) 67 £ 11 66 £+ 12 0,507
Male n (%) 349 (71) 479 (80) <0,001 Male n (%) 219 (75) 224 (77) 0,625
Hypertension n (%) 340 (69) 441 (74) 0,004 Hypertension n (%) 200 (69) 216 (74) 0,153
Hypercholesterolemia n (%) 299 (60) 423 (71) 0,008 Hypercholesterolemia n (%) 177 (61) 194 (67) 0,141
Smoke n (%) 177 (36) 164 (27) 0,003 Smoke n (%) 90 (31) 84 (29) 0,587
Diabetes n (%) 158 (32) 244 (41) 0,012 Diabetes n (%) 103 (35) 131 (45) 0018
Family history n (%) 128 (26)  149(25) 0203 Family history n (%) 86 (30) 86 (30) 0,978
Previous MI n (%) 181 (37) 263 (44) 0,252 Previous MI n (%) 124 (43) 139 (48) 0,254
Previous PCI n (%) 324 (66) 408 (68) 0,159 Previous PCI n (%) 212(73) 215 (74) 0,885
Previous CABG n (%) 61(12) 76 (13) 0,662 Previous CABG n (%) 45(15) 46 (16) 0938
CKD n (%) 54(11) 61(10) 0,360 CKD n (%) 46 (16) 36 (12) 0233
LVEF (%) (mean + SD) 53+9 52+ 11 0,322 LVEF (%) (mean + SD) 53+9 51+ 11 0,296
ACS 243 (49) 267 (45) 0,088 ACS 150 (52)  155(53) 0,678
Small vessels (< 2,5 mm) 204 (41) 330 (55) <0,001 Small vessels (< 2,5 mm) 117 (40) 134 (46) 0,154
In-stent restenosis n (%) 281 (57) 274 (46) <0,001 In-stent restenosis n (%) 175 (60) 184 (63) 0,442
Lesion length (mm) (mean = SD) 1747 1949 <0,001 Lesion length (mm) (mean + SD) 1647 1849 0,001
Pre-dilation n (%) 399 (81) 543 (91) <0,001 Pre-dilation n (%) 263(91) 261 (90) 0,779
DCB diameter (mm) (mean + SD) 28405 27+06 <0,001 DCB diameter (mm) (mean + SD) 284+05 28+06 0,984
DCB length (mm) (mean + SD) 20+ 6 22+7 <0,001 DCB length (mm) (mean + SD) 1945 22+7 0,001
DCB inflation time (sec) (mean + SD) 56 + 26 60 + 26 0,007 DCB inflation time (sec) (mean + SD) 56 + 30 58 +13 0,188
DCB inflation pressure (atm) (mean + SD) 11 +4 10+ 4 0,039 DCB inflation pressure (atm) (mean + SD) 11 +4 11+4 0,400
Angiographic success n (%) 481 (97) 576 (97) 0,304 Angiographic success n (%) 282 (97) 283 (98) 0,794

PSM = Propensity Score Matching; SD = Standard Deviation; IDDM = insulin—depen-
dent diabetes mellitus; PCI = Percutaneous Coronary Intervention; CABG = Coronary Ar-
tery By-pass Grafting; CKD = chronic kidney disease; ACS = Acute Coronary Syndrome;
DCB=Drug coated balloon.

Statistical Package for Social Sciences, version 23 (SPSS, IBM, Chicago,
Illinois).

3. Results
3.1. Characteristics of the broad study population

Briefly, a total of 1090 patients were enrolled in the SIRPAC study,
494 from DCB RISE and 596 from EASTBOURNE. The two groups of pa-
tients differed significantly for several clinical and procedural character-
istics (Table 1). In particular, diabetes was present in 158 patients (32%)
in the DCB RISE, while in the EASTBOURNE it was present in 244 (41%)
while the number of smokers was higher in the DCB RISE registry com-
pared to the EASTBOURNE (n = 177,36% vs n = 164,27%; p 0.003). Also,
lesions located in small vessels were more frequent in the EASTBOURNE
(n = 204, 41% in DCB RISE vs n = 330, 55% in EASTBOURNE; p < 0.001)
whereas in-stent restenosis was more frequent in the DCB RISE (n =

PSM = Propensity Score Matching; SD = Standard Deviation; IDDM = insulin—depen-
dent diabetes mellitus; PCI = Percutaneous Coronary Intervention; CABG = Coronary Ar-
tery By-pass Grafting; CKD = chronic kidney disease; ACS = Acute Coronary Syndrome.

281,57% vs n = 274, 46%; p < 0.001). In line with these differences,
the mean Propensity Score was significantly lower (p = 0.007) in the
EASTBOURNE compared to the DCB RISE cohort (Fig. 1).

3.2. Characteristics of patients matched for propensity score

The matched cohort consisted in a total of 580 patients, 290 for each
group.

The mean age was 67 + 11 years and men accounted for 443 (76%)
of patients. Diabetes mellitus was present in 234 patients (40%). A total
of 305 patients (53%) presented with an ACS, and the culprit lesion oc-
curred in an ISR segment in 359 cases (62%). The mean lesion length
was 17.3 £ 8.1 mm. In the matched cohorts there was no significant dif-
ference for any covariate, except for diabetes (n = 103,35% vs.n = 131,
45%; p = 0.018), lesion length and DCB length (Table 2). Accordingly, no
significant difference in the mean Propensity Score (p = 0.98) was pres-
ent between the matched cohorts (Fig. 1).

before PS-matching after PS-matching
0141 0.14 pﬂm
2 ,——l_.|
]
E’ 0104 § g_ 010
o RISE EASTBOURNE RISE EASTBOURNE

Fig. 1. Propensity score between registries before and after matching.
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Table 3
Incidence of clinical endpoints at 12 months (matched cohorts).
DCB RISE EASTBOURNE pvalue
(n=290) (n=290)
MACE 30(10,3) 31(107) 0,892
TIR 23(7.9) 24(83) 0,879
MI 6(2.1) 8(27) 0,588
Death 5(1,7) 4(14) 0,737
Bleeding 2(0,7) 0 0,157

MACE = Major Cardiovascular Events; TLR = Target Lesion Revascularization; Ml = Myo-
cardial Infarction.

3.3. Clinical outcomes of the matched cohorts

At 12 months there was no significant difference between the
matched DCB RISE and EASTBOURNE cohorts in terms of the primary
endpoint MACE with 30 events (10.3%) in the DCB RISE vs. 31 (10.7%)
in the EASTBOURNE (RR = 0.96; 95% (I, 0.60-1.55; p = 0.892). No sta-
tistical difference was found in the rate of non-fatal acute MI with 6
cases (2.1%) in the DCB RISE vs. 8 (2.7%) in the EASTBOURNE (RR =
0.75; 95% Cl, 0.26-2.13; p = 0.588) or in the rate of TLR with 23 events
(7.9%) in the DCB RISE vs. 24 (8.3%) in the EASTBOURNE (RR = 0.95;
95% Cl, 0.55-1.65; p = 0.879, respectively). Finally, the rate of BARC
2-4 major bleedings during the follow-up was negligible, without sig-
nificant differences between the treatment groups (RR = 5.0; 95% CI,
0.24-103.70; p = 0.157) (Table 3, Fig. 2). Fig. 3 shows the Kaplan-
Meier curves of the primary endpoint and total death rate at 12 months
follow-up, again with no significant differences.

3.4. Predictors of adverse clinical outcome

Univariate analysis showed that diabetes, previous MI, ISR and DCB
diameter were significant predictors for the occurrence of MACE. At
multivariable analysis, diabetes remained the only independent predic-
tor of MACE (Exp B = 2.13; 95% CI, 1.06-4.30; p = 0.034) (Table 4).

Cardiovascular Revascularization Medicine xxx (Xxxx) xxx
4. Discussion

SIRPAC is the first study which indirectly compares a SCB with a
second-generation PCB in a real-world population of coronary artery
disease patients. The main finding of the current study is the absence
of significant differences between these 2 devices in terms of clinical
endpoints at 1 year. Of note, such findings were confirmed also by the
multivariate analysis, where the type of DCB used had no predictive im-
pact on the outcome.

The results of this study are of particular interest, considering the re-
cent warning about a supposed increased risk in late mortality with
paclitaxel-eluting devices (DCB or DES) in patients undergoing
femoro-popliteal angioplasty, issued after the publication of a meta-
analysis by Katsanos et al. [7]; in addition to these unexpected results,
last year the U.S. Food and Drug Administration issued a warning on
the potential risk of paclitaxel-eluting devices [17]. The lack of biological
plausibility for the supposed increased mortality determined by pacli-
taxel, and the fact that only first-generation devices were investigated
with adequate follow up, did not stop the storm against paclitaxel
[18-21].

Bittl et al. [22], in a new analysis done applying Bayes factors to the
available studies, showed the results by the former meta-analysis to
be inconclusive in terms of hard adverse events. Despite these results,
such controversial messages led to a decrease in the use of
paclitaxel-eluting devices for both peripheral and coronary interven-
tions. Although a signal of late increased mortality cannot be ignored,
it is important to point out that:

- Single trials included in the meta-analysis by Katsanos were not
powered enough for mortality;

- Paclitaxel systemic exposure after peripheral or coronary interven-
tions is small and self-limited in time, and drug tissue levels are un-
detectable at 1 year, making it hard to explain how mortality could
increase when the drug may not be present anymore [19];

- Much higher dosages of paclitaxel were proven to be safe [23].

SIRPAC 12 months FU
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Fig. 2. 12-months clinical outcomes of the SIRPAC study.
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Fig. 3. Kaplan-Meier curves of MACE and total death rate at 12 months follow-up.

Regarding coronary interventions a recently published meta-
analysis [24] helped to clear the fog. In this work all available RCTs com-
paring PCBs with non-PCB devices, for the treatment of both coronary
ISR or “de novo” lesions, were included. A clinical follow-up of at least
6 months was required. Interesting, there was no difference in all-
cause mortality after 12 months, but a significant reduction after 3
years in DCB-treated patients.

One of the main arguments on this topic is the concept that not all
PCBs are equal and there is not a class effect. The meta-analysis of
Katsanos takes into consideration only 2 types of the first generation
DCB, with devices reporting a high percent of drug loss during manipu-
lation and before reaching the lesion. Afterwards, newer technologies
developed drug carriers with higher performances, with the aim of
protecting the delivery of the drug to the culprit site, and also a correct
distribution during the upcoming weeks in order to exert an effective
inhibition of restenosis. This should happen with a limitation of drug
loss. It should be noted that we are well aware that the results of
SIRPAC do not clarify if the results of the aforementioned meta-
analysis should be emphasized or downgraded, taking into consider-
ation the different clinical setting, methodology and the limited follow
up duration of our study.

All currently available DES elute a “-limus” drug, which exerts an an-
tiproliferative effect by inhibiting the mTOR chinase. The therapeutic
window of this class of drugs is wider than paclitaxel's. The possibility
to add sirolimus to a DCB has been extensively studied over the years,
with the main difficulties related to the low lipophilia of the drug thence
its reduced ability to be retained into the vessel wall upon balloon
inflation.

Table 4
Univariate and Multivariate analysis.
Univariate  Multivariate Multivariate
(p value) Exp B (95% C.I.) (p value)
Diabetes 0,023 2,13 (1,06-4,30) 0,034
Previous myocardial infarction 0,050 1,36 (0,77-2,39) 0,285
ISR 0,010 1,72 (0,85-3,48) 0,128
DCB diameter 0,025 133 (0,77-2,31) 0,305
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The first DCB eluting sirolimus to be marketed in Europe in 2016 was
Magic Touch. A specific protective lipophilic package allows encapsulat-
ing the drug into nanospheres, overcoming the low drug lipophilia and
allowing a sustained diffusion to the vessel wall. Despite the high expec-
tations on this device, available data in the literature are limited to mid-
term follow up. The first experiences and registries showed however
promising results [8,9,13,25].

Recently ElI-Mokdad et al. [11] reported the final result of the
Nanoluté study [10], an Indian real world, prospective study, which en-
rolled 408 patients with ISR or “de novo” lesions and a 24 months
follow-up. Magic Touch proved its safety and efficacy in both settings
with an overall MACE rate of 4.2%.

Until the results of SIRPAC however, a comparison between DCB
eluting sirolimus or paclitaxel was still lacking.

Our analysis contains some limitations
acknowledged.

First, this is an indirect comparison between 2 different studies.
However we performed an adequate statistical analysis with propensity
score matching to overcome such differences, a direct comparison is
highly advocated to confirm our results. Data for the SCB have been ex-
tracted from the “ad interim” 12 months analysis of the EASTBOURNE
registry: the enrollment of this study is expected to finish by Q3 2020.
Finally, the follow-up of the current study is limited to 12 months.

that should be

5. Conclusions

The SIRPAC study is a non-randomized comparison which shows
clinical equivalence between a novel sirolimus-coated balloon and one
of the latest generation paclitaxel-coated balloons at 12 months clinical
follow up in coronary artery disease patients. Randomized studies are
necessary to confirm these findings.
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Aims Drug-coated balloons (DCBs) are a recognized
alternative to stents for the treatment of in-stent restenosis
(ISR), and there is some initial clinical evidence about their
efficacy for the treatment of small coronary vessels. Newer-
generation DCBs were developed to overcome the reduced
deliverability of the previous generation, also warranting a
more effective drug delivery to vessel wall. However, the
vast majority of new-generation DCBs still lack of reliability
due to paucity of clinical data.

Methods Between 2012 and 2015, all patients treated with
Elutax SV DCB (Aachen Resonance, Germany) at nine Italian
centers were enrolled in this retrospective registry. Primary
outcome was the occurrence of target-lesion
revascularization (TLR) at the longest available follow-up.
Secondary endpoints were procedural success and
occurrence of device-oriented adverse cardiovascular
events including cardiac death, target-vessel myocardial
infarction, stroke, and TLR. A minimum 6-month clinical
follow-up was required.

Results We enrolled 544 consecutive patients treated at 583
sites. Fifty-three per cent of the patients had ISR, and the rest
native vessel coronary artery disease. Procedural success

occurred in 97.5%. At the longest available clinical follow-up

Introduction

In recent years, drug-coated balloons (DCBs) have
emerged as a therapeutic option in the interventional
field."? Preliminary data showed how DCBs were a
valuable treatment strategy in case of in-stent restenosis
(ISR), either of bare-metal stent (BMS) or drug-eluting
stent (DES).3~% Later, DCBs have also been used for the
treatment of native coronary vessel disease as an alterna-
tive to DES in selected cases.” Several paclitaxel-coated
balloons were released and obtained the european com-
munity mark, with different behavior and outcome, so
that a ‘class effect’ does not exist for this technology.
Recent advances, both in terms of device deliverability
and effective drug release, and retention led to the
creation of the arbitrary names ‘second-’ or ‘latest-gener-
ation’ DCBs. To this day, the clinical outcome of any of
this newer ‘generation’ of DCBs is not available yet. With

1558-2027 © 2018 Italian Federation of Cardiology. All rights reserved.

(average 13.3 + 7.4 months), 5.9% of the patients suffered a
TLR and 7.1% a device-oriented adverse cardiovascular
event. We did not register cases of target-vessel abrupt
occlusion. At multivariate analysis, severe calcification at the
lesion site was the first determinantfor the occurrence of TLR.

Conclusion This registry on the performance of a new-
generation DCB shows an adequate profile of safety and
efficacy at mid-term clinical follow-up.
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the drug-coated balloon- Results of the Italian elutax SV
registry (DCB-RISE), we aim to investigate the clinical
performance of one of these devices.

Methods

We here report the main results of the DCB-RISE
registry, an investigator-initiated, retrospective, all-comer
real-world registry of patients who were treated with the
Elutax SV (Aachen Resonance, Germany) DCBs. The
aim of this registry was to assess the safety and efficacy of
Elutax SV at the longest available clinical follow-up. This
study was not funded and ethically approved.

Study procedure

All patients underwent percutaneous coronary interven-
tion (PCI) following international guidclincsg’9 and
according to local practice. Antithrombotic treatment

DOI:10.2459/JCM.0000000000000632
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was left at the operator’s discretion, with a minimum of
30-day dual antiplatelet therapy (DAPT), that was
increased to a minimum of 3 months in case of additional
stent implantation, or more based on the clinical indica-
tion (e.g. acute coronary syndrome).

Stent implantation after DCB use was discouraged,
unless a major dissection (>type B) or vessel recoil
was discovered after PCIL. In this case, DES use was
suggested unless contraindicated. Avoidance of geo-
graphical mismatch was also recommended (in case of
stenting the prosthesis had to be placed within and not
exceeding the area previously treated with DCBs).
Finally, in order to avoid acute recoil, we also suggested
to wait for at least 10 min after DCB inflation before
ending the intervention.”

After the procedure patients were clinically followed,
according to the local practice.

Device

The device tested in this study is a rapid exchange
percutaneous transluminal coronary angioplasty balloon
catheter. Once inflated, it delivers the drug it is coated
with to the vessel wall. The balloon is coated with an
active pharmaceutical agent for preventing restenosis:
2.2 g paclitaxel mm 2 with a tolerance of 1.4-3.00 p.g
paclitaxel mm™2 and has a 0.7 g dextran mm™2 top
coating with a maximum amount of 1.89 pug dextran
mm ™2, which acts as excipient (drug carrier). The func-
tional characteristic of the formulation is to release pacli-
taxel to the tissue of the vascular wall during inflation and
to maintain it during the first days. The uptake of
paclitaxel is controlled by the interaction with dextran
and the vessel wall. The drug uptake measured in dif-
ferent animal models is highest after 1h and decreases
slowly over days and weeks, with values of around
250 wg ml~" decreasing to around 100wg ml~" after
1 week to 10 wg ml~ " after 4 weeks, allowing a successful
inhibition of proliferation and migration of smooth mus-
cle cells over time.

Study endpoints

The primary endpoint was the occurrence of target-lesion
revascularization (TLR) at the longest available follow-
up. Secondary endpoints were procedural success,
defined as angiographic success in the absence of in-
hospital complications, and the occurrence of a device-
oriented endpoint [device-oriented adverse cardiovascu-
lar event (DOCE)], which included cardiac death, target-
vessel myocardial infarction (MI), stroke, or TLR.

Angiographic success was defined as Thrombolysis in
Myocardial Infarction 3 flow with <50% final stenosis
at the end of intervention. MI was defined according to
the universal definition'® and was considered only in case
it was spontaneous. TLR was defined as repeat PCI or
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Table 1 Baseline patient characteristics
Variable n=544
Demographic characteristics
Age years, mean + SD 67.25+10.7
Male sex 388 (71%)
Cardiovascular risk factors
Hypertension 413 (76%)
Diabetes 177 (32%)
Smoking history 217 (40%)
Previous myocardial infarction 228 (42%)
Previous bypass surgery 70 (13%)
Clinical characteristics
LV ejection fraction, mean 4 SD 53.3+9.6
Chronic kidney disease (eGFR <30 ml min~ ') 72 (13%)
Clinical presentation
UA (troponine negative) 53 (9.7%)
NSTEMI 202 (37%)
STEMI 24 (4.4)
Stable CAD 265 (48.7)

Data are mean + SD or n (%). ACS, acute coronary syndrome; CAD, coronary
artery disease; eGFR, estimated glomerular filtration rate; LV, left ventricle;
NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial
infarction; UA, unstable angina.

coronary artery bypass grafting for the target segment or
within 5 mm proximally or distally.

Statistical analysis

Categorical variables are reported as count and percent-
age, whereas continuous variables as mean and standard
deviations or interquartile range (IQR). Gaussian or not
Gaussian distribution was evaluated by Kolmogorov—
Smirnoff test. The 7 test has been used to assess differ-
ences between parametric continuous variables, Mann—
Whitney U test for nonparametric variables, the chi-
square test for categorical variables, and Fisher’s exact
test for 2 x 2 tables. Cox multivariate analysis was per-
formed to assess the independent predictors of TLR,
including all variables, which differ at univariate analysis
or with significant association with TLR.

Proportional hazards assumption was not violated in
statistical analysis. A two-sided P value less than 0.05
was considered statistically significant; all analyses were
performed with SPSS 21.0 (IBM, Armonk, New York,
USA).

Results

All consecutive patients treated with Elutax SV at nine
Italian centers between December 2012 and December
2015, and with at least 6 months clinical follow-up avail-
able, were included in the DCB-RISE registry. In all, 544
patients (age 67 £12 years) with 583 lesions were
included. One hundred and seventy-seven (32.6%)
patients had diabetes mellitus, and 13% had chronic
kidney disease with estimated glomerular filtration rate
below 30 ml min~'. In 49% of the patients, the clinical
indication for PCI was stable coronary artery disease, and
4% of the population had a ST-elevation MI caused by
ISR. Table 1 describes the clinical characteristics of
the population.

© 2018 Italian Federation of Cardiology. All rights reserved.
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Table 2 Angiographic and procedural characteristics, discharge

Clinical outcome with latest-generation DCB Cortese et al. 3

Variable (lesions treated with DCB) 583
Target vessel

Left anterior descending artery 274 (47%)
Left circumflex artery 102 (17%)

Right coronary artery 190 (33%)
Saphenous vein graft 23 (4%)

Arterial graft 5 (0.9%)

Number of diseased vessels

One-vessel 281 (48%)
Two-vessels 169 (29%)
Three-vessels 124 (21%)
Graft disease 9 (1.5%)

In-stent restenosis
ISR after BMS
ISR after DES
Native vessel disease
Lesion involving bifurcation with SB >2m

114 (19%)

189 (32%)

280 (48%)
96 (16.5%)

CTO 0 (3.4%)

Severe calcifications 9 (3.3%)

Moderate calcifications 2 (11%)
QCA analysis

Lesion length, mm £ SD 16.9+7.2

Long lesions (>24 mm) 8 (15%)

RVD, mm+SD 2.84+1.18

Preprocedural MLD, mm +SD 0.43+0.31

Percentage diameter stenosis pre, % + SD 85.0+11.4
Lesion preparation

Absence of lesion predilatation 8.4%)

9 (
Predilatation with semicompliant balloon 380 (65%)
Predilatation with noncompliant balloon 189 (32%)

Predilatation with scoring balloon 14 (2.4%)
Diameter of predilatation balloon, mm + SD 2.9+0.67
Number of DCB used/lesion, n+ SD 1.83+0.63
DCB diameter, mm + SD 2.9+0.49
DCB length, mm + SD 20.5+6.47
DCB inflation, atmospheres = SD 11.0+3.9
DCB inflation length, s 4-SD 55.6 4+-26.4
Stent implantation after DCB PCI
DES implantation 2 (11%)
BVS implantation 1 (0.2%)
BMS implantation 4 (0.7%)
Final MLD, in segment, mm =+ SD 1.574+0.39
Final percentage diameter stenosis, % -+ SD 17+115
Angiographic success 576 (98.7)
Procedural failure 7 (1.3%)
IVUS/OCT use 60 (10%)
GP lIb/llla Inhibitors 21 (3.6%)
Bivalirudin use 2 (0.3%)
Aspirin at discharge 536 (98%)
Clopidogrel at discharge 410 (75%)
Ticagrelor at discharge 39 (7.2%)
Prasugrel at discharge 14 (2.6%)

ACS, acute coronary syndrome; BMS, bare-metal stent(s); BVS, bioresorbable
vascular scaffold; CAD, coronary artery disease; DCB, drug-coated balloon; DES,
drug-eluting stent(s); FFR, fractional flow reserve; GP, glycoprotein; IVUS, intra-
vascular ultrasound; MLD, minimal lumen diameter; OCT, optical coherence
tomography; TIMI, Thrombolysis in Myocardial Infarction.

Drug-coated balloon was used predominantly to treat
ISR, cither DES (32.4%) or BMS (19.5%) restenosis.
On the contrary, treatment of de-novo coronary artery
disease occurred in 48.1% of the patients, including
16.5% of patients with bifurcation with greater than
2mm side branch diameter.

Average lesion length was 16.9+7.2mm and reference
vessel diameter 2.84+1.18 mm. According to study
and consensus paper recommendations,” only less than
10% of the lesions were directly treated with DCBs,
whereas the vast majority was pretreated either with

Table 3 Clinical endpoints at the | follow-up availabl
Variable n=507
Duration of follow-up, months, average (SD) 13.3 (7.4%)

TLR 30 (5.9%)

TLR managed with CABG 4 (0.8%)
TLR managed with PCI 26 (5.1%)
Acute vessel occlusion 0

Target vessel MI 3 (0.6%)
Stroke 2 (0.4%)
All-cause death 12 (2.4%)
Cardiac death 3 (0.6%)
DOCE 36 (7.1%)
TVR (non-TLR) 2 (2.4%)

CABG, coronary artery bypass graft; DOCEs, device oriented cardiovascular
events; MI, myocardial infarction; PCI, percutaneous coronary intervention; TLR,
target lesion revascularization; TVR, target vessel revascularization.

semicompliant or noncompliant balloons. The average
DCB length was 20.5 + 6.47 mm, with an average diame-
ter of 2.9 £ 0.49 mm. Stenting after DCB was required in
12.3% of the patients. In seven cases (1.3%), the proced-
ure failed because it was impossible to reach the target
lesion with the device, and the procedure was converted
to DES-PCI (two cases) or plain-old balloon angioplasty
(five cases). Procedural success occurred in 97.5% of
the cases.

Dual antiplatelet therapy was prescribed in 452 patients
(83.1%) at discharge, and was prolonged for 1 month in
432 of them (79.4%); at final follow-up, only 39 patients
(6.4%) were still on DAPT. Table 2 describes the angio-
graphic and procedural characteristics of the population.

Average clinical follow-up was 13.3 + 7.4 months and was
available for 507 (93.2%) patients. Table 3 describes the
main study results. The primary outcome measure, TLR,
was observed in 30 (5.9%) patients. TLLR was managed
with coronary artery bypass graft in four patients (0.8%)
and with re-PCI in 26 patients (5.1%) (Fig. 1). DOCE,
secondary study endpoint, occurred in 36 (7.1%) patients.
Cardiac death or MI occurred in 3 patients (0.6%),

Fig. 1

Freedom from target-
lesion revascularization

T T T T
0 10 20 30
Months
Patietns at risk,n 544 507 389 232

Kaplan—Meier curve of survival from the primary study endpoint, TLR, at
the longest available follow-up. TLR, target-lesion revascularization.
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Fig. 2 Table 4 Clinical endpoints at the | follow-up
n=507
Diameter of DEB more than 3 mm
18.3 (7.4)
Time of deployment less than 60 sec Average duration of ISR de novo
follow-up, months (SD) (n=269) (n=238) P
S Icificati
evere calcification TLR, n (%) 24 (9%) 6 (2.6%) 0.006
TLR managed with CABG, n (%) 3 (1%) 1 (0.4%) 0.64
Diabetes mellitus | ] 1.3 TLR managed with PCI, n (%) 21 (7.8%) 5 (2.1%) 0.003
—— T T T . Target-vessel MI, n (%) 3 (1.1%) 0 0.14
N Q ~ © ® N Stroke, n (%) 1 (0.3%) 1 (0.4%) 1
All-cause death 6 (2.2%) 6 (2.5%) 0.36
- . . Cardiac death 3 (1.1% 0 0.27
Multivariate analysis with independent predictors for TLR. TLR, target- DOCE 30 21 10/5) 6 (2.6%) 0.001

lesion revascularization.

whereas all-cause death occurred in 12 patients (2.4%).
Cerebrovascular stroke occurred in two patients (0.4%).

Multivariate analysis showed that only severe calcifica-
tions at lesion site were an independent predictor of TLR
(Figs 2 and 3).

We undertook a subanalysis of the data comparing
patients treated for ISR and patients treated for de-novo
lesions, and observed a significant difference in the TLR
rate that occurred in 9 vs. 2.6% (P =0.006), respectively;
DOCEs s were significantly higher in the ISR group (11 vs.
2.6%; P=0.001), whereas no significant statistical differ-
ence was observed in terms of cardiac death, target vessel
myocardial infarction, and stroke (Table 4). TLR rate was
not different between patients with BMS or DES-ISR.

Discussion

The study shows how a PCI performed with one of the
latest-generation DCBs is feasible and well tolerated at
mid-term follow-up, with a low rate of TLR, also taking
into consideration the medium/high-risk profile of the
population (half of the patients had ISR as indication for
PCI). This endpoint is also similar to the one observed in

Fig. 3

CABG, coronary artery bypass graft; DOCE, device-oriented cardiovascular
events; ISR, in-stent restenosis; MI, myocardial infarction; PCI, percutaneous
coronary intervention; TLR, target-lesion revascularization.

a registry with one of the most widely used DCB, at a
shorter follow-up.'" In another registry, a different DCB
showed similar results in terms of safety and efficacy after
12 months.'? In the international, multicenter, prospect-
ive, all-comers SeQuent Please World Rt:gistry,13 a real-
world registry which included both patients treated for
ISR and de-novo lesions, the TLR rate was 5.2%, similar
to the one observed in our registry; moreover, also ana-
lyzing the outcomes in native coronary lesions, TR rates
were comparable in the twio registries (respectively, 2.4
and 2.6%).

The main potential advantages of DCBs are as follows: a
quick and homogeneous release of the antiproliferative
drug to the vessel wall, which is absorbed and has a
prolonged effect, attenuating the process of neointimal
hyperplasia; the absence of polymer, which can reduce or
eliminate the vascular inflammatory response, which is
directly linked to late thrombotic events; the absence of a
metal platform; the need for shorter DAPT. The role of
DCB has recently gained a precise role in interventional
cardiology, being the first choice for the treatment of
DES or BMS restenosis in many centers. The DCB role

(a) Chronic total occlusion of the right coronary artery (RCA). (b) Final angiographic result after angioplasty with a 2.5/30 mm Elutax SV drug-coated
balloon, with persisting 30-40% stenosis. (c) Six-month angiographic follow-up, showing good persisting patency of the RCA and visible vessel

lumen gain.

© 2018 Italian Federation of Cardiology. All rights reserved.
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for the treatment of native coronary vessels is less recog-
nized and these devices are less widely used in this
setting, but some preliminary studies show interesting
data in terms of vessel dissection healing and late coron-
ary lumen gain, although prospective studies on the
matter are still lacking.”'*'® Current patients treated
in the cath laboratories of western countries represent
a highly complex population with frequent involvement
of two or three coronary vessels, diffuse disease, and small
vessels. These anatomical settings seem appropriate for a
hybrid strategy that can reduce the total stent length, thus
may potentially reduce the risk for late adverse events.
Our study also confirms how DCBs may constitute a
reasonable addendum to DES in diffuse coronary disease,
as some preliminary data have previously shown. In this
study, 38% of the entire population underwent an all-in-
one (21%) or staged (17%) hybrid proccdurc,l(’ and the
outcome between hybrid or solo-DCB PCI did not differ.

On the contrary, one potential advantage of a solo-DCB
PCI is the possibility to reduce the duration of DAPT.
The recently published european society of cardiology
2017 update document on DAPT'” acknowledges the
lack of dedicated clinical trials investigating the opti-
mal duration of DAPT in patients treated with DCBs
and recommends a DAPT duration of 6 months (class
ITa, B); it must be noted, though, that in the largest
randomized trials,"®' a 3-12-month DAPT duration
was recommended, whereas real-world registries'® sug-
gest a duration of at least 1 month. In our clinical
practice, we follow the recommendations of current
consensus documents that suggest 30 days after DCB
use for native vessels, and 3—6 months in case of stent
implantation.” However, the possibility to reduce it
further, or even discharge the patient with one single
antiplatelet, seems intriguing. In the registry, 17% of
the patients did not receive the second antiplatelet at
discharge, the main reasons being the need for elective/
urgent surgery (6%) or recent bleeding or high risk of
bleeding (9%). To note, a subanalysis of the cohort of
patients discharged with one single antiplatelet showed
clinical results similar to the rest of the population,
theoretically suggesting a role for this strategy in a
highly selected patient population.

A specific mention should be made on the device used in
this study. Preliminary results with the first generation of
DCBs showed how these devices are differentin terms of
efficacy, and underlined the importance of a drug carrier,
firstly with the role of targeting paclitaxel to the lesion
site (a sort of protection from proximal tortuosities and
disease), and then, after balloon inflation, to help the
drug to reach the vessel wall and persist there. In the
recent years, all new generations of DCBs were devel-
oped with dedicated carriers, and both randomized con-
trolled studies and real-world registries showed their
good efficacy and no specific safety issue. The Elutax
SV DCB tested in this registry has already shown to
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warrant adequate late lumen loss at 6-month angio-
graphic follow-up.

There are several limitations that need to be acknow-
ledged for the current registry. There was not data
monitoring, and clinical event assessment was performed
by the single investigators. The absence of a prospective
enrollment is another major limitation, for example, it
was not possible to know the reasons why operators
preferred a DCB over a DES at index procedure, and
device selection might have suffered of unknown con-
founders. Also, there was not a direct comparison with
‘old-generation’ DCBs. Periprocedural MI was not an
endpoint, and only spontaneous MIs were collected.

In conclusion, the DCB-RISE registry shows how the use
of the new-generation DCB Elutax SV in an all-comer
population is associated with good mid-term clinical
outcome, which is comparable with other similar devices
present in the market.
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SYSTEMATIC REVIEW AND META-ANALYSIS

Clinical and Angiographic Outcomes
With Drug-Coated Balloons for De Novo
Coronary Lesions: A Meta-Analysis of
Randomized Clinical Trials

Islam Y. Elgendy, MD; Mohamed M. Gad, MD; Akram Y. Elgendy, MD; Ahmad Mahmoud, MD;
Ahmed N. Mahmoud, MD; Javier Cuesta, MD; Fernando Rivero, MD; Fernando Alfonso, MD, PhD

BACKGROUND: The role of drug-coated balloons (DCBs) in the treatment of de novo coronary lesions is not well established.

METHODS AND RESULTS: Electronic databases and major conference proceedings were searched for randomized controlled
trials that compared DCBs with stents or angioplasty for de novo coronary lesions. The primary outcome was target lesion
revascularization. Summary estimates were conducted using random-effects analysis complemented by several subgroup
and sensitivity analyses. A total of 14 randomized controlled trials with 2483 patients were included. At a mean follow up of
12 months, DCBs were associated with no difference in the incidence of target lesion revascularization as compared with
alternative strategies (risk ratio [RR], 0.79; 95% CI, 0.35-1.76). There was no difference in treatment effect based on the indica-
tion (ie, small-vessel disease, myocardial infarction, bifurcation, or high bleeding risk) (P;erac1i0n=0-22). DCBs were associated
with lower target lesion revascularization compared with bare metal stents and similar target lesion revascularization com-
pared with drug-eluting stents (P,¢4ci0,=0-03). There was no difference between DCBs and control in terms of major adverse
cardiac events, vessel thrombosis, or cardiovascular mortality. However, DCBs were associated with a lower incidence of
myocardial infarction (RR, 0.48; 95% ClI, 0.25-0.90) and all-cause mortality (RR, 0.45; 95% ClI, 0.22-0.94).

CONCLUSIONS: In patients with de novo coronary lesions, use of DCBs was associated with comparable clinical outcomes irre-
spective of the indication or comparator device. DCBs had a similar rate of target lesion revascularization compared with drug-
eluting stents. A randomized trial powered for clinical outcomes and evaluating the role of DCBs for all-comers is warranted.

Key Words: coronary artery disease ® de novo lesions ® drug-eluting stent m drug-coated balloon m meta-analysis ® mortality
® small vessels

generation, remain the cornerstone manage-

ment during percutaneous coronary intervention.!
Coronary restenosis as a result of the persistence of
the metallic struts within the vessel as well as the need
for dual antiplatelet therapy remain major limitations
even with the current generation of DESs.?® In this
context, drug-coated balloons (DCBs) offer an attrac-
tive therapeutic modality because these devices allow

Drug—eluting stents (DESs), particularly second-

for local delivery of the antiproliferative agent directly
into the artery wall with a single balloon inflation without
the need for the metallic implant.* Several randomized
trials have established the role of DCBs in treatment of
in-stent restenosis of both DESs and bare metal stents
(BMSs),>® and the use of DCBs is currently endorsed
by the 2018 European Society of Cardiology guidelines
for myocardial revascularization as a class | recom-
mendation for this indication.®
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CLINICAL PERSPECTIVE

What Is New?

¢ In patients with de novo coronary lesions, drug-
coated balloons were associated with com-
parable clinical outcomes irrespective of the
indication or comparator device.

¢ Drug-coated balloons had a similar rate of tar-
get lesion revascularization compared with
drug-eluting stents.

What Are the Clinical Implications?

e These findings suggest the value of drug-
coated balloons as an attractive “leave-nothing-
behind strategy” for selected patients with de
novo coronary lesions provided a satisfactory
result is obtained after lesion predilation.

* A randomized trial powered for clinical out-
comes and evaluating the role of drug-coated
balloons for all-comers is warranted.

Nonstandard Abbreviations and Acronyms

BMS  bare metal stent

DCB  drug-coated balloon

DES drug-eluting stents

MLD  minimum lumen diameter

Mi myocardial infarction

TLR target lesion revascularization

However, the role of DCBs is not as established for
de novo coronary lesions.* Recently, several small-
to-moderate—sized, randomized trials have evaluated
the merits of DCBs for patients with small-vessel dis-
ease,'®'" high risk of bleeding,'? and myocardial infarc-
tion (MI)."®'* However, most of these individual trials
were not powered to assess the differences in clinical
outcomes.'®31* Moreover, the trials that were powered
for clinical outcomes were noninferiority trials and did
not routinely evaluate angiographic outcomes.""® To
address this knowledge gap, we performed a com-
prehensive systematic review and meta-analysis of
randomized trials to evaluate the impact of DCBs for
de novo coronary lesions on angiographic and clinical
outcomes.

METHODS

The authors declare that all supporting data are avail-
able within the article (and in the accompanying sup-
plementary material online).
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Data Sources and Search Strategy
Electronic databases, including MEDLINE, Embase,
and the Cochrane Register of Controlled Trials, as well
as major scientific sessions, were searched without
language restriction from inception through November
2019 using the search algorithm in Table S1. The bib-
liography of the retrieved articles was reviewed. The
search was independently performed by 2 authors
(LY.E., F.A). The protocol for this meta-analysis was
prospectively registered at the PROSPERO inter-
national prospective register of systematic reviews
(CRD42019143329),"> and was conducted accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.'®

Selection Criteria and Data Extraction
Trials that randomized patients with obstructive de
novo coronary lesions to DCBs versus any compara-
tor were included (ie, DES, BMS, angioplasty only). We
excluded trials that electively performed routine BMS
placement after DCBs, but included trials that permit-
ted bailout stent placement after DCBs. Clinical and
angiographic data from the longest available reported
follow-up time were preferentially used. Observational
studies were excluded for inherent risk of bias. Two
independent authors (1.Y.E., AY.E.) extracted data on
study design, sample size, intervention strategies,
outcomes, and other study characteristics from the
included studies. Discrepancies were resolved by
consensus.

Assessment of Quality of Included
Studies

The Cochrane Collaboration’s tool was used for the
assessment of the risk of bias. This consists of 7 points
that test for selection, performance, detection, attri-
tion, reporting, and other biases.”” Performance bias
(ie, blinding of participants and physicians) was found
to be irrelevant due to the interventional nature in both
arms. The overall risk of bias for each trial was clas-
sified as low, unclear, or high risk, based on whether
level of bias in each domain could have resulted in bi-
ases in risk estimation.

Outcomes

The primary clinical outcome was target lesion revas-
cularization (TLR). The secondary clinical outcomes
included: major adverse cardiac events, as defined by
the individual trials (Table S2); target vessel revasculari-
zation; MI; vessel thrombosis; cardiovascular mortal-
ity; and all-cause mortality. The following angiographic
outcomes were assessed: minimum lumen diameter
(MLD); diameter stenosis; late lumen loss; and binary
restenosis.
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Figure 1. Study search diagram.

Summary of how the systematic search was conducted and eligible studies were identified. DCB indicates drug-coated balloon.

Statistical Analysis

Outcomes were evaluated by an intention-to-treat
analysis. Random-effects summary risk ratios were
primarily estimated with the DerSimonian and Laird
model, because we anticipated a high degree of
statistical heterogeneity.'® Summary odds ratios
were also estimated with a Peto model as a second-
ary analysis due to the low incidence of events."”
Statistical heterogeneity was assessed using the
Cochrane Q and 7 statistics.?® Egger’s method was
used to calculate publication bias.?" Standardized
mean differences were used for continuous vari-
ables. All P-values were 2-tailed, with statistical sig-
nificance set at 0.05, and Cls were calculated at the
95% level for the overall estimates effect. All analyses
were performed using the RStudio software meta
package (RStudio, Inc, Boston, MA).

The following prespecified subgroup analyses were
performed for the primary outcome (TLR): (1) accord-
ing to indication; and (2) by comparing DESs versus
BMSs. In addition, the following prespecified sensitivity
analyses for TLR were also conducted by: (1) excluding
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trials using the first-generation DCB, which is no longer
available®?; (2) excluding trials using angioplasty alone
in the control arm; (3) limiting to trials utilizing second-
generation DESs as the control; and (4) excluding trials
with high risk of bias. Random-effects meta-regression
analyses for the primary outcome were prespecified in
relation to baseline reference vessel diameter, diabetes
mellitus, and proportion of bailout stent placement in
the DCBs arm.?® Finally, a sensitivity analysis limited
to trials using second-generation DESs as the control
was performed for the angiographic outcomes, and
a sensitivity analysis limited to trials that defined Ml
as spontaneous (ie, not procedure-related) was also
conducted.

RESULTS

Included Studies

The systematic search identified 502 studies after
removal of the duplicates, among which 37 were re-
viewed for eligibility. The final number of records in-
cluded in this meta-analysis was 14 trials from 15
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reports (Figure 1).10-142224-32 One trial reported angio-
graphic and clinical outcomes at 6 months®® and re-
ported an extended follow-up for the clinical outcomes
at 36 months.?” A total of 2483 patients were included:
1268 in the DCBs group and 1215 in the control group.
The indication for DCBs was small-vessel disease in
5 trials,'®:2224-27 M| in 3 studies,'®™?8 high bleeding
risk in 2 trials,'>?? bifurcational lesions in 2 studies,?*%'
and unspecified de novo lesions in 1 study.® In the
bifurcational lesion trials, 1 trial compared “plain old”
balloon angioplasty followed by DCB versus plain old
balloon angioplasty alone to the main or side branch,*®
whereas the other trial randomized patients with bifur-
cational lesions to a strategy of side-branch dilation
with DCB versus plain old balloon angioplasty.®' The
SeQuent Please paclitaxel-coated balloon was used by
most of the included studies (9 of 14). Only 1 trial tested
the Dior paclitaxel-coated balloon, which is no longer
available.?? The control group was exclusively second-
generation DES in 6 trials,'®"14242832 firgt-generation
DESs in 2 trials,?>2?¢ BMSs in 2 trials,'>2° and plain old
balloon angioplasty alone in 3 trials.?>%%2" In 1 trial, the
control was second-generation DESs or BMSs, and
a subgroup analysis was reported for the outcomes
based on the stent type.”® The weighted mean refer-
ence vessel diameter was 2.5 mm. Table shows the
baseline trial characteristics, follow-up duration, and
interventional strategies. Table S3 summarizes the
pertinent patient demographics and trial information.
Performance bias was unclear in all the trials. One trial
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was at high risk for detection bias and unclear for allo-
cation bias,®? otherwise the remainder of the trials were
considered to be of high quality (Table S4).

Angiographic Outcomes

Routine angiographic follow-up was performed at a
weighted mean of 7 (range, 6-9) months. There was
no difference between DCBs and control in terms of
MLD (1.9 mm versus 2.0 mm; standardized mean dif-
ference, —0.13; 95% ClI, —0.32 to 0.06; P=0.17), diam-
eter stenosis (28.0% versus 28.1%; standardized mean
difference, 0.22, 95% CI, —6.92 to 7.36; £=0.95), and
binary restenosis (13.9% versus 16.3%; RR, 0.83; 95%
Cl, 0.40-1.71; P=0.61). However, DCBs were associated
with lower late lumen loss (0.08 mm versus 0.24 mm;
standardized mean difference, —0.17; 95% Cl, -0.24 to
—0.10; P<0.0001) (Figure 2). There was a significant de-
gree of statistical heterogeneity observed for the angio-
graphic outcomes ( ranged from 60% to 94%), which
was explained on the sensitivity analysis limited to trials
comparing DCBs with second-generation DESs (P=0%
for all the outcomes, except for diameter stenosis where
P=56%). The findings of the sensitivity analysis were con-
sistent with the main analysis for all angiographic out-
comes except for a lower MLD with DCBs (Figure S1).

Target Lesion Revascularization
The weighted mean follow up for the clinical out-
comes was 12 (range, 6-36) months. There was
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Figure 2. Summary plots for the angiographic outcomes.

The relative size of the data markers indicates weight of sample size from each study. DCB indicates drug-coated balloon; MD, mean

difference; MLD, minimal lumen diameter; and RR, risk ratio.
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Drug-Coated Balloon (DCB) Control
Study Events Total Events Total Risk Ratio RR 95%-Cl1 Weight
PICCOLETO [|** 5 112 1 108 4 4.82 [0.57;40.60] 7.5%
RESTORE svD"™ 5 116 3 114 —i— 164 [0.40; 6.69] 11.3%
Funatsu et al 2 92 4 41 —E— 0.22 [0.04; 1.17] 9.8%
BELLO™" 6 90 12 92 St 0.51 [0.20; 1.30] 14.4%
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PEPCAD NSTEMI™ 1 104 1 108 = 1.02 [0.06;16.08]) 5.3%
REVELATION"" 2 60 1 60 —— 2.00 [0.19; 21.47] 6.5%
Shin et al™ 0 20 i 20 —w—i— 0.14 [0.01; 259] 5.0%
DEBUT™ 0 102 6 106 ———=—f 0.08 [0.00; 1.40] 5.0%
PEPCAD-BIF"™ 1 32 3 32 e 0.33 [0.04; 3.04] 7.2%
BABILON™ 8 52 2 56 — 4.31 [0.96;19.36] 10.7%
Nishiyama et al 0 30 2 30 ——— 0.20 [0.01; 4.00] 4.7%
Random effects model 39 839 41 79 == 0.90 [0.43; 1.92] 100.0%
Heterogeneity: /2 = 50%, 1* = 0.7949, p = 0.02 I J J 1
001 01 1 10 100
Better with Drug-Coated Balloon {DCB) Warse with Drug-Coated Balloon (DCB]
Risk Ratio of Target Lesion Revascularization (TLR)

Figure 3. Summary plot for target lesion revascularization.

The relative size of the data markers indicates weight of sample size from each study. DCB indicates drug-coated balloon; and TLR,

target lesion revascularization.

no difference in the incidence of TLR with DCBs
compared with control (random effects: 4.6% ver-
sus 5.1%; RR, 0.79; 95% ClI, 0.35-1.76; P=0.56;
fixed effects: OR, 0.91; 95% ClI, 0.58-1.44; P=0.69)
(Figure 3). There was no evidence of publication
bias using Egger’s test (P=0.45). The outcome was
characterized by moderate heterogeneity (*=50%;
X2=22.1; P gierogencity=0-02). DCBs showed similar TLR
compared with control, irrespective of the indica-
tion (Pieraction=0-22) (Figure 4). The incidence of TLR
was similar when DCBs compared with DESs (RR,
1.37; 95% Cl, 0.62-3.05; =34%), but DCBs were
associated with a lower incidence of TLR compared
with BMSs (RR, 0.19; 95% CI, 0.04-1.00; /*=0%)
(Pirteraction=0.03) (Figure 5). The findings of the pre-
specified sensitivity analyses for TLR were consist-
ent with the overall analysis: (1) excluding trials that
utilized the older generation DCBs (RR, 0.76; 95% ClI,
0.35-1.65; 1°=43%,; x*>=17.6; Preterogensity=0-06) (Figure
S2); (2) excluding trials using angioplasty alone in the
control arm (RR, 0.97; 95% Cl, 0.42-2.27; P=45%;
XP=14.5; Pyeterogeneir,=0-07) (Figure S3); (3) limited
to trials utilizing second-generation DESs as con-
trol (RR, 1.65; 95% Cl, 0.65-4.34; P=0%; x°=2.9;
Preterogensity=0-57) (Figure S4); and (4) excluding the
trial with high risk of bias (RR, 0.97; 95% ClI, 0.45-
2.12; 1P=52%; %*=21.0; P ierogenciy=0-02) (Figure S5).
Meta-regression analysis did not identify a difference
in the treatment effect based on baseline reference
vessel diameter (P=0.81), diabetes mellitus (P=0.37),
and proportion of bailout stent placement (P=0.63).

J Am Heart Assoc. 2020;9:e016224. DOI: 10.1161/JAHA.120.016224

Secondary Clinical Outcomes

Compared with control, DCBs were associated with
no difference in the incidence of target vessel revas-
cularization (6.0% versus 5.3%; RR, 1.21; 95% ClI,
0.60-2.44; P=0.59; =52%; X*=8.3; Py crer0gencity=0-08),
major adverse cardiac events (6.9% versus 9.1%; RR,
0.83; 95% Cl, 0.50-1.36; P=0.46; P=53%; X*=23.3;
Preterogeneity=0:02), vessel thrombosis (0.3% versus
1.1%; RR, 0.38; 95% ClI, 0.13-1.13; P=0.08; /*=0%;
X?=0.5; Py cicrogeneiy=0-91), and cardiovascular mor-
tality (1.5% versus 1.5%; RR, 0.90; 95% ClI, 0.27-
3.00; P=0.86; F=56%; X°=6.8; Peerogencity=0-08).
Importantly, DCBs were associated with a lower inci-
dence of all-cause mortality (1.2% versus 2.9%; RR,
0.45; 95% Cl, 0.22-0.94; P=0.03; P=0%; x°=0.78;
Preterogeneity=0-89), and Ml (1.1% versus 2.9%; RR,
0.48; 95% ClI, 0.25-0.90; P=0.02; ’=0%; X?=6.2;
Pheterogeneiy=0-62) (Figures 6 and S6 through S11). In
the sensitivity analysis limited to trials that defined
Ml as spontaneous MI, DCBs were associated with
lower incidence of spontaneous MI (RR, 0.49; 95%
Cl, 0.25-0.96; P=0.04; /*=0%) (Figure S12). There was
no evidence of publication bias for any of the second-
ary clinical outcomes using Egger’s test (all P>0.05).

DISCUSSION

In this meta-analysis of 14 randomized trials including
2483 patients with de novo coronary lesions undergo-
ing percutaneous coronary intervention irrespective of
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Drug-Coated Balloon (DCB}) Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
PICCOLETO 11 5 112 1 108 +—%—— 482 [0.57:40.60] 7.5%
RESTORE SVD 5 116 3 114 —— 164 [0.40; 6.69] 11.3%
Funatsu et al “* 2 92 4 4 —&— 0.22 [0.04; 1.17] 9.8%
BELLO®627) 6 90 12 92 —— 0.51 [0.20; 1.30] 14.4%
PICCOLETO ¥ 9 29 3 3 3.21 [0.96; 10.70] 126%
I i IT 1 i 3 '<} 3 [ L ]
PEPCAD NSTEMI™ 1 104 1 108 —_— 1.02 [0.06: 16.08] 5.3%
REVELATION ™ 2 B0 1 80 — 200 [0.19:2147] 65%
Shin etal®® 0 20 3 N — 0.14 [0.01; 259] 50%
DEBUTHY 0 102 & 106 ——=—+ 0.08 [0.00: 1.40] 5.0%
Doy 1 of 0 23 § —_— 1 10 21 o
PEPCAD-BIF™ 1 32 3 3 — &1 033 [0.04; 3.04] 7.2%
BABILON®Y 8 52 2 56 - 4.31 [0.96;19.36] 10.7%
Nishiyama etal 0 30 z2 30 — =+ 020 [0.01; 4.00] 4.7%
Random effects model 39 839 41 796 <= 0.90 [0.43; 1.92] 100.0%
Heterogeneity: I = 50%, t* = 0.7349. p = 0.02 ' ! ' !
Residual heterogeneity: I* = 53%, p = 0.04 0.01 01 1 10 100

Better with Drug-Coated Balloon (DCB) Worse with Drug-Coated Balloon (DCB)

Risk Ratio (RR) of Target Lesion Revascularization (TLR) By Indication

Figure 4. Subgroup analysis for target lesion revascularization according to indication.
The relative size of the data markers indicates weight of sample size from each study. There was no difference in treatment effect

according to the different indications (P e action

indication, we documented that DCBs were associated
with similar MLD, diameter stenosis, binary restenosis,
and lower late lumen loss compared with control on
routine angiographic follow up at a mean of 7 months.
These findings were similar when DCBs were only
compared with second-generation DESs (except that
DCBs were associated with lower MLD). At a mean
of 12 months, DCBs were associated with no differ-
ence in the incidence of TLR compared with control.
This effect was consistent, regardless of indication (ie,
small-vessel disease, high bleeding risk, MI, or bifur-
cational lesions), and on multiple sensitivity analyses,

J Am Heart Assoc. 2020;9:e016224. DOI: 10.1161/JAHA.120.016224

=0.22). DCB indicates drug-coated balloon; and TLR, target lesion revascularization.

including comparing DCBs with second-generation
DESs. DCBs were associated with lower risk of TLR
compared with BMS. There was a moderate degree
of statistical heterogeneity for TLR, which was partly
explained by our subgroup analysis comparing DCBs
with DESs versus BMSs, and on the sensitivity analysis
limited to second-generation DESs. DCBs were also
associated with no difference in the incidence of target
vessel revascularization, major adverse cardiac events,
vessel thrombosis, and cardiovascular mortality.
Importantly, the incidence of all-cause mortality and MI
(even when spontaneous Ml was analyzed separately)
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Drug-Coated Balloon {DCB) Control

Study Events Total Events Total Risk Ratio
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RR 95%-Cl Weight

4.82 [0.57, 40.60] 9.4%
1.64 [0.40; 6.69] 15.2%
0.51 [0.20; 1.30] 20.8%
3.21 [0.96; 10.70] 17.4%
200 [0.19;2147] 81%
0.20 [0.01; 4000 56%
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1 B2 15] 1

058 [0.04; 9.06] 64%

0.14 (001, 259] 59%

008 [0.00: 140] 6.1%
| 1.00] 1 ||

Figure 5. Subgroup analysis for target lesion r ilarization paring bare metal and drug-eluting stents.
The relative size of the data markers indicates the weight of the sample size from each study. Drug-coated balloon use was associated
with lower target lesion revascularization compared with bare metal stents and similar target lesion revascularization compared with

drug-eluting stents (P,

nteraction=0-03). DCB indicates drug-coated balloon; and TLR, target lesion revascularization.

was lower with DCBs. However, these findings were “leave—nothing-behind strategy” for selected patients
based on a small number of trials and the number of  with de novo coronary lesions provided a satisfactory
events was low, and therefore should be only consid- result is obtained after lesion predilation.

ered as hypothesis-generating. Altogether, our findings DCBs offer the advantage of locally deliver-
strongly suggest the value of DCBs as an attractive ing the antiproliferative drug without the need for

Ouicome Risk Ratio (RR) (35% CI)

Target Lesion Revascularization (TLR) 09(043-1.92) ]

Major Adverse Cardiac Events (MACE) 0.83{0.5-1.36) ' L 5 4
All-Cause Martalty 0.45(0.22-0.94) . Ee—
Cardiovascular Mortality 0.9(0.27-3) ' |

Myocardia! Infarction 048(0.25-09) ——

Vesse! Thrombosis 038(043-113 +—W#—

Outcome batter with DCB

Outcome worse with DCB

Figure 6. Forest plots for the clinical outcomes evaluated in this meta-analysis.

For each comparison, boxes and horizontal lines correspond to the respective point estimate and accompanying 95% CIl. DCB
indicates drug-coated balloon; MACE, major adverse cardiac events; and TLR, target lesion revascularization.
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metal struts, thus directly inhibiting the process
of neointimal hyperplasia and negative remod-
eling.* Although use of DCBs in patients with in-
stent restenosis has been extensively investigated,®
trials evaluating DCBs for de novo lesions have
been small and evaluated specific indications. Our
meta-analysis, including the most recent trials, has
demonstrated that DCBs were associated with fa-
vorable clinical outcomes irrespective of the indica-
tion, even when compared with second-generation
DESs. Although most patients undergoing percu-
taneous coronary intervention are treated with a
second-generation DES,' BMSs are still used in a
minority of patients, such as those with a high risk of
bleeding to minimize the duration of antiplatelet ther-
apy. Our meta-analysis showed that DCBs represent
a reasonable therapeutic strategy for this subset of
patients.

Second-generation DESs may not offer an effec-
tive therapeutic strategy in small vessels due to the
late lumen loss resulting in late in-stent restenosis.®* In
this challenging setting, several randomized trials have
shown that DCBs are noninferior to DESs for major
adverse cardiac events.'®'"" By significantly increas-
ing the sample size, the current meta-analysis has
extended our knowledge by showing that DCBs are
associated with similar TLR compared with any con-
trol, including second-generation DESs. Moreover, our
meta-regression analysis has shown that there was no
difference in treatment effect based on the reference
vessel diameter.

One meta-analysis of randomized trials has raised
some concerns about late mortality with DCBs for
patients with peripheral artery disease.®® That meta-
analysis was subject to several limitations,®® and the late
mortality finding was not replicated in several large ob-
servational studies and patient-level meta-analysis.®"-%
Our meta-analysis provides some support for the use
of DCBs for coronary lesions. However, the lower mor-
tality seen with DCBs in our meta-analysis should be
interpreted with caution given the limited number of
studies that evaluated all-cause mortality and the low
number of events.

Previous meta-analyses addressed use of DCBs
for a specific indication, such as small-vessel dis-
ease or bifurcational lesions.®***" In addition, those
meta-analyses included observational  studies,
which are prone to ascertainment and selection
biases.?**' Furthermore, those works did not include
the results of several recently published and presented
trials.'®181424 The present meta-analysis only included
randomized trials and has provided a comprehensive
overview of the angiographic and clinical outcomes of
DCBs irrespective of indication. In addition, we per-
formed several subgroup and sensitivity analyses to
explore the statistical heterogeneity.
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Our meta-analysis has several limitations. First,
although all the included studies used a paclitaxel-
coated balloon, there are several pharmacokinetic
differences between the devices. For example, one
trial used the first-generation Drior paclitaxel-coated
balloon, which was shown to be inferior in terms of
deliverability and is no longer available. Thus, we
performed a sensitivity analysis excluding this trial
for the primary clinical outcome. Second, there were
differences in the core laboratory assessment of
the angiographic outcomes across the trials, which
could be a source of the significant heterogeneity
noted with these outcomes. However, we observed
no heterogeneity for most of the angiographic out-
comes on the sensitivity analysis comparing DCBs
with second-generation DESs. Third, we noted a
moderate degree of statistical heterogeneity for the
primary clinical outcome (ie, TLR). We attempted to
mitigate this by using a random-effects model. In ad-
dition, we performed multiple subgroup, sensitivity,
and meta-regression analyses to explore the hetero-
geneity; however, the number of studies included
in some of these subgroup and sensitivity analyses
was small, so the findings can only be considered as
hypothesis-generating. Fourth, one of the included
trials was at high risk for bias,* so we performed
a sensitivity analysis excluding that trial for TLR.
Fifth, despite the extensive subgroup, sensitivity,
and meta-regression analyses conducted, there may
be some considerations about clinical and method-
ologic heterogeneity, because the meta-analysis in-
cluded different comparators and the indication for
DCBs were variable. Finally, the lack of patient-level
data precluded a careful evaluation for the patient
and lesion characteristics that would benefit most
from DCBs.

CONCLUSIONS

In this meta-analysis of 14 randomized trials compris-
ing 2483 patients with de novo coronary lesions, DCBs
were associated with similar MLD, diameter stenosis,
acute lumen gain, binary restenosis, and lower late
lumen loss compared with control on routine angio-
graphic follow up. There was no difference in the inci-
dence of TLR between DCBs compared with control.
This effect was observed regardless of indication (e,
small-vessel disease, high bleeding risk, Ml, or bifur-
cational lesions), and was maintained when compared
with second-generation DES alone. Finally, DCBs were
associated with lower risk of Ml and all-cause mortal-
ity, albeit with a low number of events, so our work
should be only considered hypothesis-generating. Our
findings support the need for a randomized trial pow-
ered for clinical outcomes evaluating the role of the
DCBs in all-comers.
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Effect of Drug-Coated Balloons
in Native Coronary Artery Disease
Left With a Dissection
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ABSTRACT

OBJECTIVES The authors sought to understand the clinical and angiographic outcomes of dissections left after
drug-coated balloon (DCB) angioplasty.

CrossMark

BACKGROUND Second-generation DCB may be an alternative to stents in selected populations for the treatment of
native coronary lesions. However, the use of these devices may be hampered by a certain risk of acute vessel recoil or
residual coronary dissection. Moreover, stenting after DCB has shown limited efficacy. Little is known about when a non-
flow-limiting dissection is left after DCB angioplasty.

METHODS This was a prospective observational study whose aim was to investigate the outcome of a consecutive series of
patients with native coronary artery disease treated with second-generation DCB and residual coronary dissection at 2 Italian
centers. We evaluated patient clinical conditions at 1and 9 months, and angiographic follow up was undertaken at 6 months.

RESULTS Between July 2012 and July 2014, 156 patients were treated with DCB for native coronary artery disease. Fifty-two
patients had a final dissection, 4 of which underwent prosthesis implantation and 48 were left untreated and underwent
angiographic follow-up after 201 days (interquartile range: 161 to 250 days). The dissections were all type A to C, and none
determined an impaired distal flow. Complete vessel healing at angiography was observed in 45 patients (93.8%), whereas
3 patients had persistent but uncomplicated dissections, and 3 had binary restenosis (6.2%). Late lumen loss was 0.14 mm
(—0.14 to 0.42). Major adverse cardiovascular events occurred in 11 patients in the entire cohort and in 4 of the dissection
cohort (7.2% vs. 8.1%; p = 0.48). We observed 8 and 3 target lesion revascularizations, respectively (5.3% vs. 6.2%; p = 0.37).

CONCLUSIONS In this cohort of consecutive patients treated with new-generation DCB and left with a final dissection,
this strategy of revascularization seemed associated with the sealing of most of dissections and without significant neo-
intimal hyperplasia. (J Am Coll Cardiol Intv 2015;8:2003-9) © 2015 by the American College of Cardiology Foundation.

rug-coated balloons (DCB) were developedto  some of the main limitations of these devices after

overcome neointimal hyperplasia and have
been widely tested for the treatment of in-
stentrestenosis, in which setting they have shown an ef-
ficacy comparable to drug-eluting stents (DES) in terms
of target lesion revascularization (TLR) (1-4). For this
indication, DCB gained a Class I, Level of Evidence:
A in the latest European Society of Cardiology and
the European Association for Cardio-Thoracic Surgery
guidelines for myocardial revascularization (5).
However, from the mechanical point of view, DCB
behave just like simple balloons, thus they share

angioplasty, namely coronary dissection and acute
recoil.

Very preliminary observations seem to show how
new-generation DCB could be associated with a
faster spontaneous healing of an arterial dissection
left after balloon angioplasty, especially in case of
angioplasties of the femoropopliteal region and for
the treatment of in-stent restenosis (6,7). The aim
of this study was to test this hypothesis in a
consecutive series of patients with native coronary
vessel disease.
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Coronary Drug-Coated Balloons and Dissection

ABBREVIATIONS
AND ACRONYMS

DCB = drug-coated balloon(s)

DES = drug-eluting stent(s)

LLL = late lumen loss

MACE = major adverse cardiac

event(s)

MLD = minimal lumen diam

PCI = percutaneous coronary

intervention

RVD = reference vessel
diameter

TLR = target lesion
revascularization

METHODS

This is an observational study conducted at 2
centers expert in DCB angioplasty. The aim of
the study was to investigate the outcome of
consecutive coronary dissections left after
DCB angioplasty in native vessels.

)

eter SEE PAGE 2010

Inclusion criterion was any percutaneous
coronary intervention (PCI) performed with
DCB in native coronary vessels. Exclusion
criteria were any use of DCB for reasons
different from the aforementioned (e.g., for
in-stent restenosis); ST-segment elevation myocar-
dial infarction that occurred in the previous 48 h; or
life expectancy <1 year. Other clinical indications for
PCIL, unstable hemodynamics at presentation, and the
presence of renal insufficiency were not exclusion
criteria. We had a restrictive use of DCB in case of big
vessel size (e.g., >3 mm in diameter) or in case of very
calcific vessels, especially when we feared possible
vessel recoil.

In the current study, the following devices were
used: Restore (Cardionovum, Milano, Italy) and Elu-
tax SV (Aachen Resonance, Lainate, Italy) DCB. These
2 devices, both eluting paclitaxel, may be considered
a second-generation DCB because of a more efficient

TABLE 1 Patients’ Clinical Characteristics
All DCB No
Native Vessels Cohort Cohort
(N =156) (n =104) (n=52) pValue
Age, yrs 61(54-67) 59 (51-64) 60 (54-66) 0.18
Female 50 (32.0) 31(29.8) 19 (36.5) 0.31
Hypertension 91 (58.3) 59 (56.7) 32 (63.5) 0.21
Hypercholesterolemia 95 (60.9) 65 (62.5) 30 (57.7) 0.32
Diabetes 55 (35.2) 37 (35.6) 18 (34.6) 0.86
Prior MI 14 (9.3) 10 (9.6) 4(8.4) 0.48
Prior revascularization 17 (10.9) 9 (8.7) 8 (13.5) 0.6
Multivessel coronary disease 78 (50) 52 (50) 26 (50) 0.91
Stable angina 82 (52.6) 55 (52.9) 27 (51.9) 0.84
Unstable angina 31(19.9) 19 (18.3) 12 (23.0) 0.33
Non-ST-segment 43 (27.6) 30 (28.8) 13 (25) 0.75
elevation MI

Culprit vessel

Left anterior descending 88 (56.4) 52 (50) 35 (67.0) 0.02

artery

Left circumflex artery 13(8.3) 10 (9.6) 3(5.8) 0.06

Right coronary artery 55(35.2) 42 (40.4) 14 (26.9) 0.842
Values are median (interquartile range) or n (%). p Value in bold have reached statistical
significance.

DCB = drug-coated balloon; MI = myocardial infarction.
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delivery of paclitaxel to the vessel wall, which results
in a longer persistence of the drug. Restore DCB has a
concentration of paclitaxel of 3.0 pg/mm? of balloon
surface, and shellac is used as a carrier. Elutax SV DCB
has a concentration of paclitaxel of 2.2 pg/mm? of
balloon surface, and is embedded in a 3-layer matrix.
Available measures for both devices used in this
study included diameters of 2.0, 2.5, and 3.0 mm, and
lengths of 15, 20, 25, and 30 mm.

The intervention was performed according to in-
ternational guidelines and the recent Italian position
paper on DCB PCI (8). Specifically, pre-dilation with an
undersized semicompliant balloon was mandatory
(the recommended size was 0.9:1 of DCB). In case of
flow-limiting dissection after pre-dilation, we recom-
mended considering conversion to a stent PCI without
using a DCB. The DCB was inflated for 30 to 45 s at
nominal pressure, according to the morphological
characteristics of the lesion (e.g., degree of calcifica-
tion, length, tortuosity). After DCB use, final assess-
ment was undertaken after at least 5 min, in order to
catch early vessel recoil. In this event, bailout stent
implantation was considered. The type of stent or
scaffold was left to the operator’s discretion.

Patients with any residual coronary dissection after
DCB use entered the current analysis. It is our habit
not to stent coronary dissections of type A to C
(National Heart, Lung, and Blood Institute [NHBLI]
classification system for intimal tears, developed by
the Coronary Angioplasty Registry) with Thrombol-
ysis In Myocardial Infarction (TIMI) flow grade 3. In
case of coronary dissections of type D or higher and/
or impaired distal flow, it is our habit to implant a
stent.

After sheath insertion, all patients were adminis-
tered unfractionated heparin (single bolus of 5,000
1U, then adjunctive boluses following activated clot-
ting time) or bivalirudin (bolus of 0.75 mg/kg fol-
lowed by an infusion of 1.75 mg/kg/h for the duration
of the procedure). A bailout glycoprotein IIb/Illa re-
ceptor inhibitor strategy was allowed in case of high
thrombus burden. All patients received aspirin (either
100 mg/day for at least 3 days before PCI or with a pre-
PCI 300-mg intravenous bolus), and clopidogrel (300
or 600 mg as a loading dose, followed by 75 mg daily)
or prasugrel (60 mg as a loading dose, followed by 10
mg daily) or ticagrelor (180 mg as a loading dose,
followed by 90 mg twice a day) following clinical
indication. The duration of prescribed dual anti-
platelet treatment was 1 month, or 6 months in case of
stent implantation; after this time, patients were
prescribed only aspirin.

Angiographic success was defined as a final resid-
ual stenosis <50% by visual estimate, with TIMI flow
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grade 3. Procedural success was defined as angio-
graphic success without the occurrence of in-hospital
major adverse cardiac events (MACE) (defined as any
occurrence of ST-segment elevation acute myocardial
infarction, target vessel revascularization, TLR, or
death). Periprocedural myocardial infarction was
defined as a post-procedural increase in cardiac
troponin T >5 x 99th percentile of the upper refer-
ence limit.

All patients underwent clinical follow-up after 1and
9 months; all patients in the dissection cohort under-
went angiographic follow-up with quantitative coro-
nary assessment after 6 months, in order to assess
the degree of coronary dissection healing. All mea-
surements were performed on cineangiograms recor-
ded after 200 mg of intracoronary nitroglycerin
administration. Identical projections were used for
each comparison. Quantitative analysis of angio-
graphic data were initially assessed by a single expe-
rienced investigator, and afterwards validated by an
internal committee of experts, using the CAAS II
research system (Pie Medical Imaging, Maastricht,
the Netherlands). The following parameters were
analyzed: reference vessel diameter (RVD), minimal
lumen diameter (MLD), percent diameter stenosis (the
difference between RVD and MLD divided by RVD),
late lumen loss (LLL) (defined as the difference be-
tween MLD after index PCI and MLD at angiographic
follow up), lesion length, binary restenosis, and
persistence of dissection (NHBLI classification). Mea-
surements included the whole segment treated plus
5 mm proximally and distally. Binary restenosis was
defined as stenosis of at least 50% of the luminal
diameter at angiographic follow-up.

Primary endpoint of this study was the percentage
of dissection healing detected at angiographic follow-
up. Secondary endpoints included TLR, binary reste-
nosis, LLL, and the occurrence of MACE.

Data are presented as mean + SD or median (inter-
quartile range) as appropriate for continuous vari-
ables, and as proportions (%) for dichotomous
variables. The differences between groups were
assessed by chi-square test or Fisher exact test for
categorical data, and paired Student ¢ test for contin-
uous data. The relative risk and its 95% confidence
interval were calculated for each study endpoint. A 2-
sided p value <0.05 was considered statistically
significant.

RESULTS

The study population consisted of 156 consecutive
patients treated between July 2012 and July 2014 at
2 centers with second-generation DCB for native

Cortese et al. 2005
Coronary Drug-Coated Balloons and Dissection
TABLE 2 Procedural Characteristics
All DCB No
Native i
Vessels Cohort Cohort
(N =156) (n=104) (n =52) p Value

Radial approach 144 (92.3) 96 (92.3) 48 (92.3) 0.95
Total occlusion 18 (11.5) 9(8.7) 9(17.3) 0.47
Reference vessel 2.83 (212-3.01) 2.87(2.15-3.0) 2.80 (2.07-2.97) 0.21

diameter, mm
Minimal lumen diameter, mm 0.4 (0.0-0.73) 0.37 (0.03-0.65) 0.41(0.00-0.79) 0.1
Stenosis severity, % 83 (72-100) 82 (71-100) 84 (70-100) 0.18
Lesion length, mm 21 (10-33) 19 (10-28) 22 (12-33) 0.0
Severe-moderate calcification 100 (64.1) 60 (57.7) 40 (76.9) 0.01

(visual estimation)
Pre-dilation balloon 245(2.0-3.0) 235(2.0-3.0) 2.5 (2.0-3.0) 0.04

diameter, mm
DCB diameter, mm 2.55(2.0-3.0) 250(2.0-3.0) 260 (2.0-3.0) 0.035
DCB length, mm 25 (15-30) 24 (15-30) 25 (15-30) 0.37
Max pressure during DCB 12 (8-14) 1 (9-14) 12 (8-15) 0.49

angioplasty, atm
DCB inflation duration, s 35 (30-45) 37 (32-45) 34 (30-42) 0.33
OCT/IVUS guidance 15 (9.6) 11 (10.6) 4(7.7) 0.13
Minimal lumen diameter 2.21(1.75-2.67) 217 (1.75-2.58) 2.24 (1.84-2.67) 0.22

after PCl, mm
Procedural success 156 (100) 104 (100) 52 (100) 0.87
Periprocedural myocardial 21 (13.5) 13 (12.5) 8(15.4) 0.42

infarction
Bivalirudin 15 (9.6) 9 (8.7) 6 (11.5) 0.23
Dual antiplatelet therapy

ASA + clopidogrel 130 (83.3) 85 (81.7) 45 (86.5) 0.24
ASA -+ ticagrelor/prasugrel 26 (16.7) 19 (18.3) 7(13.5) 0.36

coherence tomography; PCI = percutaneous coronary intervention.

Values are n (%) or median (interquartile range). Values in bold have reached statistical significance.

ASA = acetylsalicylic acid; DCB — drug-coated balloon; IVUS — intravascular ultrasound; OCT = optical

coronary artery disease (87 with Restore and 69 with
Elutax SV), that were prospectively entered in the
database. Thirty-five percent of patients had dia-
betes, and clinical indication was stable angina in 82,
unstable angina in 31, and non-ST-segment elevation
myocardial infarction in 43 patients. Procedural suc-
cess was achieved in all patients.

TABLE 3 Angiographic Follow-Up of Patients With Dissection
After DCB PCI

Dissection Cohort
(n - 48)

2.87 (2.1 to 2.98)

2.42 (2.22 t0 2.66)

Reference vessel diameter, mm
Minimal lumen diameter, mm

Diameter stenosis, % 12 (8 to 20)

LLL, mm 0.14 (-0.14 to 0.42)
Complete vessel healing 45 (93.8)

Binary restenosis 3(6.2)

Values are median (interquartile range) or n (%). Follow-up was at 201 days
(interquartile range 161 to 250 days).
LLL  late lumen loss; other abbreviations as in Table 2.
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FIGURE 1 MLD Before DCB PCI, After DCB PCI, and at
Angiographic Follow-Up in Patients Left With a Dissection
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Notably, there was a diffuse lumen enlargement at angiographic
control. DCB = drug-coated balloon; MLD = minimal lumen
diameter; PCl = percutaneous coronary intervention.

For the purpose of this analysis, we studied the
52 patients that had an angiographically detectable
dissection after DCB angioplasty. All patients of this
cohort underwent programmed coronary angiog-
raphy after 6 to 9 months. Baseline clinical charac-
teristics and clinical indication to PCI of the entire
population and of the 2 cohorts are shown in Table 1.
The dissection study group did not differ signifi-
cantly from the entire DCB group, if we exclude a
higher incidence of left anterior descending artery as
the culprit vessel, the degree of calcification of the
culprit lesion, the size of balloon used for pre-
dilation, and the size of the DCB (Table 2). Baseline
angiographic characteristics are shown in Table 2.
Of note, the vessel diameter was 2.83 mm in the
entire population, and 2.80 mm in the dissection
population.

Of the 52 patients with residual dissection after
DCB PCI, 4 had a prosthesis implanted (2 a bare-metal
stent, 1 a DES, and 1 a biovascular scaffold). The
reason for implanting a stent/scaffold was impair-
ment of distal flow in 3 patients, and the presence of a
spiral, type D dissection in 1.

All patients with a final dissection underwent
scheduled angiographic follow-up with quantitative
coronary assessment, that was undertaken after 201
days (interquartile range 161 to 250 days). Angio-
graphic outcome is presented in Table 3. Of note, LLL
was as low as 0.14 + 0.28 mm in this group. We also
observed a late lumen enlargement in the treated
segments (Figure 1).

79

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 8, NO. 15, 2015
DECEMBER 28, 2015:2003-9

Complete vessel healing at angiography was
observed in 45 of 48 patients (93.8%) (Figure 2). The 3
patients that had an unhealed dissection had,
respectively, a type A, type B, and type C coronary
dissection after the index PCI. TLR occurred in 3 pa-
tients (6.2%) in the dissection cohort and in 8 patients
(5.3%) in the entire DCB population (p = 0.49)
(Figure 3). Of the 3 patients that underwent TLR in the
dissection cohort, the first 2 had recurrence of angina
after 4 and 6 months, respectively; angiography
showed subocclusive coronary stenoses (of 85% and
90%, respectively) at the site of the previous PCI that
were successfully treated with DES implantation. The
third patient was asymptomatic but had a persisting,
chronic coronary dissection discovered at angio-
graphic follow-up that was sealed with DES
implantation.

The other clinical endpoints showed no significant
differences between the whole group and the
groups with and without dissection (Figure 3). In-
terestingly, we did not observe cases of target vessel
myocardial infarction during the entire clinical
follow-up (average length 9 + 3 months). Finally,
there were no significant differences between the 2
devices tested in terms of clinical and angiographic
endpoints.

DISCUSSION

This prospective observational study describes the
first consecutive series of patients treated with DCB for
native coronary artery disease and with final dissec-
tion left “unsealed” with prosthesis. Our results
confirm that leaving a non-flow-limiting dissection
untreated after DCB PCl is safe and not associated with
an increase in myocardial infarction and TLR, despite
the short-term (1 month) dual antiplatelet treatment.
Notably, we did not observe a correlation between the
type of dissection at baseline (type A, B, or C) and the
propensity to healing (Figure 4).

DCB were developed to overcome neointimal hy-
perplasia and have been first tested in the in-stent
restenosis setting with good results maintained for
years (3,9). However, the use of DCB for the treatment
of native vessels seems particularly encouraging,
especially in the case of small vessels and distal
lesions, where the encumbrance of a stent may limit
its potential and is associated with increased rates
of restenosis and stent thrombosis. However, the
application of this technology as standalone proce-
dure in de novo lesions has resulted in conflicting
results. After some early mistakes, such as the ones
depicted in the PICCOLETO (Paclitaxel-Eluting
Balloon Versus Paclitaxel-Eluting Stent in Small
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FIGURE 2 i i of Di

Left After DCB Angioplasty

A and B show the final dissections (respectively, a type C and a long type A dissection, red circles); after 6 months, both dissections were

healed (C and D). DCB = drug-coated balloon.

Coronary Artery Diseases) study (10,11), a newer
generation of DCB has been tested in the BELLO
(Balloon Elution and Late Loss Optimization) study
for the treatment of native coronary vessels. Here,
DCB overcame Taxus DES for the treatment of small
vessel disease in terms of the primary endpoint of LLL
(0.08 + 0.38 mm vs. 0.29 + 0.44 mm; 95% confidence
interval: —0.34 to —0.09; p = 0.001) (12). Recently, the
2-year follow up of the BELLO study, that showed
persisting good results of DCB in terms of clinical
endpoints, has been published. (13) Similar encour-
aging results for this technology in native coronary
vessels were shown in large registries with different,
new-generation DCB (14,15).

This study was performed with 2 devices of the
latest available technology, that provides optimal
paclitaxel delivery to the vessel wall and contempo-
rarily allows its longer persistence.

The central point of our findings is the safety of
leaving a dissection after DCB angioplasty. Early

experiences have shown how leaving a dissection
after plain old balloon angioplasty was associated
with increased rates of thrombotic events, early
reocclusion, and recurrence of restenosis, and this
was one of the main indications for the use of
stents in an earlier era (16). The widespread use of
more potent antiplatelet regimens (e.g., the associ-
ation of aspirin with a P2Y,, receptor inhibitor) has
undoubtedly improved the early outcome of this
type of patient. In the early stent era, a previous
series of patients treated consecutively with plain
angioplasty and with a final dissection, despite a
very low occurrence of thrombotic events and an
acceptable rate of restenosis (12%), 36.7% of dis-
sections left were still visible at 6-month angio-
graphic follow-up (17). With this current study, we
have opened the hypothesis that the effect of
paclitaxel, when correctly delivered to the vessel
wall, may have a role in facilitating the healing of
coronary vessels.
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FIGURE 3 Clinical Follow-Up After 9 Months in the Entire Population and in the
Dissection and No-Dissection Cohorts

aEntire OCE cohort [n=156
& Non-dissection cohort (n=104)
+ Dissection cohort (=52}

P = NS for all comparisans
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p Values are not significant for all comparisons. DCB = drug-coated balloon; MACE = major
cardiovascular event(s); Ml = myocardial infarction; TLR = target lesion revascularization;
TV = target vessel.

FIGURE 4 The Fate of After DCB

Tndex procedure Control an phy

Figure shows what happened to dissections at 6-month angiography: 45 were healed and 3
were chronic. There was not an apparent correlation between the type of initial dissection left
after DCB angioplasty and its fate. We followed the NHLBI classification for coronary dis-
sections. DCB = drug-coated balloon; NHLBI = National Heart, Lung, and Blood Institute.
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This effect was already described in a post-hoc
analysis of the THUNDER (Local Taxan With Short
Time Contact for Reduction of Restenosis in Distal
Arteries) study (6), where patients with femo-
ropopliteal disease were randomized to simple an-
gioplasty or DCB. In this analysis, patients treated
with DCB resulting in final dissection of any grade
had significantly lower LLL than patients with
dissection after simple angioplasty (0.4 vs. 1.9 mm;
p = 0.001), especially if the dissection grade was se-
vere (type C to E) (0.4 vs 2.4 mm; p = 0.05). This
result was maintained for all the duration of the
2-year follow-up, with a TLR of 10% versus 56%
respectively (p = 0.002) (6). In another study, Agos-
toni et al. (18) have found how leaving small dissec-
tions after DCB angioplasty for in-stent restenosis
resulted in complete dissection healing at optical
coherence tomography after 6 months. In addition to
this information, we also found that our patients,
who did not have a “caged” coronary artery because
they did not have in-stent restenosis, also had an
improved late lumen gain, as already described in
another series of patients treated with DCB for
native coronary vessel disease (19). This late lumen
enlargement (Figure 1) is another interesting effect
of DCB that needs further, dedicated analysis.

In this study, we decided to limit the degree of
dissections left to a low-medium grade (type A to C)
because of ethical reasons (the eventual vessel oc-
clusion would result in myocardial infarction). Now
with our results, if the dissection is of low-medium
grade, it seems safe to leave it untreated. In fact,
data from the literature show how any stent
strategy associated with DCB use is unsafe or yields
unsatisfactory results (20,21). There are some initial
data on the use of DES after DCB, but such data are
limited in number and are without angiographic
follow-up (22), thus the contemporary use of 2
different antirestenotic drugs with stent metal layers
needs to be better understood before recommending
this strategy. Moreover, in this case, the advantages
of using a DCB are immediately lost (23).

STUDY LIMITATIONS. First, the population is limited
and derives from 2 centers expert in this type of PCI,
thusitmay not be reproducible everywhere withoutan
adequate learning curve. Moreover, we have to
disclose an initial bias at the time of decision of leaving
the dissection untreated. So far, these results are not
easily reproducible in all settings. Our findings,
although a confirmation of other previous studies, are
the first assessment of this property of new-generation
DCB in native coronary lesions, and need to be vali-
dated in other ad hoc clinical studies.
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CONCLUSIONS

In a consecutive series of patients treated with new-
generation DCB for native coronary artery disease
and with a final non-flow-limiting dissection, these
lesions tended to heal despite their initial severity.
After DCB angioplasty, a strategy of bailout stenting
should be reserved to more severe, flow-limiting

dissections.

Coronary Drug-Coated Balloons and Dissection

PERSPECTIVES
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Bernardo Cortese, Interventional Cardiology, A.O.
Fatebenefratelli Milano, Bastioni di Porta Nuova 21,
20100 Milano, Italy. E-mail: bcortese@gmail.com.

WHAT IS KNOWN? DCB are a useful tool for the treatment of
small coronary arteries. However, little is known regarding the
fate of dissections left unsealed after DCB PCI.

WHAT IS NEW? With this study, for the first time in the
coronary tree, we showed a pro-healing effect of DCB when
a final dissection was left at the end of PCI.

WHAT IS NEXT? We now need an adequately powered study
(e.g., a randomized controlled study) to test this preliminary
report in a broader population of coronary artery disease patients.
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Effect of drug-coated balloons in native coronary artery disease left with a
dissection.

Subanalysis and comparison between Restore and Elutax SV drug-coated balloons
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This prospective observational study invesigated the outcome of native coronary artery disease
treated with second-generation DCB and residual coronary dissections with angiographic follow up
after 6 months.

The current sub-analysis of the study investigated the performance of Restore DCB vs.
Elutax SV DCB in the study population (see main publication: B. Cortese et al., JACC
Interventions, Dec. 2015).

The intervention was performed according to international guidelines and the recent Italian
Position Paper on DCB-PCI.(8) Specifically, predilatation with an undersized semicompliant
balloon was mandatory (the recommended size was 0.9:1 of DCB). In case of flow-limiting
dissection after predilatation, we recommended to consider conversion to a stent-PCI without using
a DCB. DCB was inflated for 30-45 seconds at nominal pressure, according to the morphological
characteristics of the lesion (e.g., degree of calcification, length, tortuosity). After DCB use, final
assessment was undertaken after at least 5 minutes, in order to catch early vessel recoil. In this
evenience, bailout stent implantation was considered. The type of stent or scaffold was left at
operator’s discretion. It is our habit not to stent coronary dissections of type A to C (National Heart,
Lung, and Blood Institute (NHBLI) classification system for intimal tears, developed by the
Coronary Angioplasty Registry) with TIMI 3 flow grade. In case of coronary dissections of type D
or higher and/or impaired distal flow it is our habit to implant a stent.

Angiographic success was defined as a final residual stenosis <50% by visual estimate, with TIMI 3
flow. Procedural success was defined as angiographic success without the occurrence of in-hospital
major adverse cardiac events (MACE: any occurrence of ST-elevation acute myocardial infarction,

target vessel revascularisation, TLR, or death).

All patients underwent clinical follow up after 1 and 9 months; all patients in the dissection
cohort underwent angiographic follow up with quantitative coronary assessment (QCA) after 6

months, in order to assess the degree of coronary dissection healing. All measurements were

84



performed on cineangiograms recorded after 200mg of intracoronary nitroglycerin administration.
Identical projections were used for each comparison. Quantitative analysis of angiographic data
were initially assessed by a single experienced investigator, and afterwards validated by an internal
committee of experts, using the CAAS II research system (Pie Medical Imaging). The following
parameters were analyzied: reference vessel diameter (RVD), minimal lumen diameter (MLD),
percent diameter stenosis (the difference between RVD and MLD divided by RVD), late lumen loss
(LLL, the difference between MLD after index-PCI and MLD at angiographic follow up) lesion
length, binary restenosis, persistence of dissection (NHBLI classification). Measurements included
the whole segment treated plus 5 mm proximally and distally. Binary restenosis was defined as

stenosis of at least 50% of the luminal diameter at angiographic follow up.

Primary endpoint of the study was the percentage of dissection healing detected at
angiographic follow up. Secondary endpoints included TLR, binary restenosis, LLL and the
occurrence of MACE.

The study population consisted of 156 consecutive patients treated between July 2012 and July
2014 at 2 centers with II generation DCB for native coronary artery disease (87 with Restore and 69
with Elutax SV), that were prospectively entered in the database.

For the purpose of this analysis, we studied the 52 patients that had an angiographically-
detectable dissection after DCB-angioplasty. All patients of this cohort underwent programmed
coronary angiography after 6-9 months. Of the 52 patients with residual dissection after DCB-PCI,
4 had a prosthesis implanted (2 a bare-metal stent, one a DES and one a bio-vascular scaffold). The
reason for implanting a stent/scaffold was impairment of distal flow in 3 patients, and the presence
of a spiral, type D dissection in one.

All patients with a final dissection underwent scheduled angiographic follow up with QCA,
that was undertaken after 201 days (I1.Q. range: 161-250 days). The main results of this sub-analysis

are shown in the Table below.
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Restore Elutax SV Y/
Late lumen loss, mm 0.20 (0.07 to 0.42) 0.08 (-0.14 to 0.28) 0.073
Vessel healing, % 89 98 NS
Binary restenosis, % 9.4 3 0.05
Target lesion revascularization, % 9.5 3 0.049
Cardiac death, % 0 0 NS

In conclusion, in a consecutive series of patients treated with new generation DCB for native
coronary artery disease and with a final not flow-limiting dissection, these lesions tended to heal

despite their initial severity. In this limited patient population, Elutax SV seems to achieve an

improved angiographic outcome.
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Dear Editor,

The treatment of coronary chronic total occlusions (CTOs) is one of
the most exciting and, at the same time, delicate challenges for the in-
terventional cardiologist. In the last few years specific devices have
been implemented in order to increase the rate for a successful CTO re-
canalization. Current treatment options are drug-eluting stents, surgery
or medical treatment. We here present an emblematic case of a new ap-
proach to this disorder.

An 80-year-old male was admitted at our department for worsen-
ing effort angina. In his medical history he had an anterior myocardi-
al infarction managed with PCI and DES implantation of the left
anterior descending artery (2008), and thereafter he underwent suc-
cessful simple angioplasty of the ostium of 2nd obtuse marginal
(OM2) due to subocclusive stenosis (Fig. 1A-B, Movie 1). Subse-
quently he developed a HCV-related hepatitis with episodes of gut
and upper airway bleeding.

Coronary angiography showed a chronic total occlusion (CTO) of
the ostial OM2 (Fig. 1C, Movie 2) for which we attempted antegrade
recanalization. The lesion was not easily wired by a 12-g CTO

* Corresponding author at: Interventional Cardiology, A.O. Fatebenefratelli Milano,
Bastioni di Porta Nuova 21, 20100 Milano, Italy.
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guidewire supported by a 1.5 mm balloon. We thus performed fur-
ther predilatations with 2.0 and 2.5 mm balloons obtaining adequate
angiographic result. Given the high bleeding risk of the patient, we
delivered a 2.5/30 mm drug-coated balloon (DCB), obtaining a
good angiographic result with TIMI 3 grade flow and without visible
dissection (Fig. 1D, Movie 3). The patient was discharged on dual an-
tiplatelet treatment (DAPT) and after 30 days withdrew clopidogrel.
Six-month scheduled coronarography showed persisting good an-
giographic result with improved lumen gain (Fig. 2A-B, Movie 4).
One year later, the patient was still angina-free and had no ischemic
or bleeding adverse events.

The use of DCB for the management of coronary artery disease is
increasing for several clinical indications/anatomical settings. Spe-
cifically, we believe that this device could represent a new intriguing
alternative to stents for the treatment of CTO as well [1]. To the best
of our knowledge, this is a unique case in which a coronary CTO was
managed with a DCB-only strategy. DCB delivers paclitaxel with a
single shot and determines a homogeneous distribution of the drug
on the vessel wall, resulting in a high concentration during the first
days, when the restenotic process is developing [2]. Another advan-
tage is that no permanent prosthesis is delivered, thus reducing the
risk of late thrombotic events and the need for prolonged DAPT [3].
More so, the increased risk of late thrombotic events of newer gener-
ation DES may be explained by a delayed struts coverage if delivered
for a CTO instead of other coronary lesions, thus requiring longer
DAPT [4]. Conversely, a DCB-only strategy allows DAPT withdrawal
after 2-4 weeks only, especially in patients at higher bleeding risk
[5].

We believe that DCB may be a reasonable alternative to stents for the
management of CTO. A dedicated study of DCB-only angioplasty seems
a provocative idea and is eagerly awaited, especially for those patients
that cannot undergo prolonged DAPT.
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Fig. 1. A: subocclusive stenosis of the ostium of 2nd obtuse marginal branch (OM2). 1B and Movie 1: final angiographic result after simple balloon angioplasty. 1C and Movie 2: chronic
total occlusion of the ostium of OM2. 1D and Movie 3: final angiographic result after drug-coated balloon angioplasty.

Fig. 2. A-B and Movie 4: six-month angiographic follow-up showing good patency of index lesion and increased vessel diameter.
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Objectives: The aim of this study is to evaluate the role of drug-coated balloons (DCB) for the management of
bioresorbable vascular scaffold (BVS) restenosis.

Methods and results: In a series of 25 BVS restenosis discovered during systematic angiographic follow up of 246
consecutive BVS implantations at our institution, DCB was used as a primary therapeutic tool in 9 patients and 3
different types of DCB were used. Follow-up coronary angiography at 12 months after DCB treatment was
performed to all the patients. Among the 9 patients treated with DCB, angiographic follow up revealed failure
in two patients that experienced type III restenosis (both of them treated with the same type of DCB). Both
patients were treated with drug eluting stent implantation.

Conclusions: In this case series of consecutive patients with BVS restenosis, the use of certain types of DCB is safe
and effective in order to maintain vessel patency at mid-term follow up. Despite the small sample size and the
study limitations, DCB can provide therefore an alternative treatment option in this setting, avoiding the

implantation of further metallic stents in a patient where a different strategy was initially planned.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

The use of drug-coated balloons (DCB) is one of the treatments of
choice for both bare metal stent and drug-eluting stent (DES) restenosis
[1]. Bioresorbable vascular scaffolds (BVS) are one of the most recent
revolutionary steps in interventional cardiology. Studies are ongoing
to evaluate the long-term efficacy of these biodegradable devices in a
real world setting. There are limited data regarding the clinical outcome
following target lesion revascularization (TLR) for BVS failure, with the
optimal management currently unclear [2]. Several treatments are com-
monly used in this setting, including DES, re-BVS and DCB use. Current-
ly, only few data are addressing the safety and the efficacy of DCB in the
management of BVS restenosis.

The aim of this study, in the form of case series of consecutive pa-
tients, is indeed to evaluate the role of DCB in the management of BVS
restenosis.

# Fundings, grants, financial support, conflicts of interest: none.

* Corresponding author at: Interventional Cardiology, ASST Fatebenefratelli Sacco,
Fatebenefratelli Hospital, Corso di Porta Nuova, 23, 20121 Milano, Italy. Tel.: +39 02
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2. Methods

Out of 246 consecutive BVS implantations (Abbott Vascular, Santa
Clara, CA, USA) between January 2013 and December 2015 performed
at our institution, 210 underwent scheduled angiographic follow up
after institutional review board approval and patient's informed con-
sent. At a mean of 12 months, coronary angiography revealed 26 in-
scaffold restenosis, defined as >50% restenosis at treatment site: 4 of
them were left untreated due to the absence of evident signs of myocar-
dial ischemia, 9 underwent DES implantation, 3 underwent further BVS
implantation due to edge-restenosis, 1 underwent coronary artery by-
pass grafting and 9 patients received revascularization with DCB. At
12 months, a second coronary angiography was scheduled for the pa-
tients treated with DCB. Quantitative coronary angiography (QCA) per-
formed by one single expert operator was used for the assessment of all
procedures. Optical coherence tomography (OCT) (llumien, St. Jude
Medical, MN, USA) was used for the assessment of the scaffold failure.
Angiographic pattern of scaffold restenosis was classified according to
Mehran's classification [3]. Data are presented as mean + SD. Categori-
cal variables are expressed as count and percentages.

3. Results
From the analysis of our data emerges a complex population. Table 1

describes the clinical characteristics of the patient and baseline proce-
dural data, whereas Table 2 describes the procedural characteristics of
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Table 1
Clinical characteristics and procedural details at the initial procedure (time of BVS implantation).
Patient1 Patient2 Patient3  Patient4 Patient5 Patient6  Patient7  Patient8 Patient9

Clinical characteristics Age 56 42 57 70 55 76 81 58 79
Sex Female Male Male Male Male Male Male Male Male
DM No No Yes No Yes No No Yes No

Initial Procedure Vessel LCX-OM1 D2 Distal LAD  Prox.RCA  Proximal LCX RI Distal. RCA  LCX-OM1  Prox. LAD

(BVS implantation)  Lesion length (mm) 25 18 25 25 25 24 15

RVD (mm) 275 25 25 35 25 25 3 25 3
MLD (mm) 0.75 0.1 0.75 0.4 05 03 0.1 0 03
% Stenosis 70 99 70 90 80 90 99 100 90
Lesion type B1 B1 B1 B1 B1 Type IlISR TypellISR C B1
Degree of calcification No No Mild No Mild 0 o Mild No
Pre-dilatation Yes Yes Yes Yes Yes Yes Yes Yes Yes
Scaffold length (mm) 28 18 28 28 18 28 28 28 18
Scaffold diameter (mm) 25 25 25 35 25 25 25 25 3
Mean= 2.66 + 0.35 mm
Post-dilatation yes yes yes yes yes yes yes yes yes
MLD 25 25 25 35 2 25 3 25 3
Residual stenosis post-procedure(%) 0 0 0 0 20 0 0 0 0
Acute again (mm) 2 24 1.75 31 16 22 29 25 27

the DCB procedure. At baseline, 6 patients had type B1 lesions, 1 type C
lesion and 2 had type 11 ISR. Mean BVS diameter was 2.7 & 0.35 mm and
mean scaffold length was 24.7 4+ 5 mm. The average time from the
index procedure to scaffold failure was 12 + 3 months. At index proce-
dure, all the lesions were predilated by semi-compliant balloons in
order to reach a <30% lesion stenosis. The mean diameter of the DCB
was 2.6 £ 0.33 mm while the mean DCB length was 24.3 & 7.8 mm
(Table 2) and 3 different types of DCB were used.

Angiographic follow-up after the use of DCB was available for all the
patients at a mean of 12 + 2.6 months (Table 3). We observed two cases
of DCB failure, both of them treated with Restore DCB (Cardionovum,
Germany). For demonstrative purposes, 3 lesions were represented in
Figs. 1-3. In particular, the first lesion was treated by 2.5 x 28 mm
BVS at the LCX-OM1 bifurcation. The patient had unstable angina and
coronary angiography revealed BVS failure with an 80% stenosis. This le-
sion was managed as mentioned by the use of 2.5 x 25 mm Restore DCB.
At the scheduled angiographic follow-up we observed a recurrent 80%
type III ISR, which was treated by the implantation of DES.

The other case of DCB failure the patient had received a 2.5 x 18 BVS
in the proximal LCX. After 14 months angiographic follow-up per-
formed for myocardial ischemia at stress test showed BVS failure with
a99% stenosis, and was managed by the use of one 2.5 x 20 Restore
DCB. At the 6 months scheduled angiographic follow-up, the patient
had type III restenosis that was managed by the implantation of 1 DES
(Fig. 1).

During angiographic follow up, late lumen loss observed with DCB
was 0.68 + 0.7 mm. Clinical follow up revealed no hard clinical events.

4. Discussion

The BVS, heralded as the “fourth revolution in interventional cardiol-
ogy [4], offers the possibility of transient scaffolding of the vessel to pre-
vent acute vessel closure and recoil while eluting an antiproliferative
drug to counteract the constrictive remodeling and the neointimal
hyperplasia.

Absorb-BVS is the first drug-eluting BVS available for human use and
is composed of PLLA and PDLLA. The bioresorbable polymer poly (L-
lactide) (PLLA) scaffold is coated with a blend of the antiproliferative
drug everolimus and bioresorbable polymer poly (D, L-lactide)
(PDLLA) and pre-mounted on a rapid exchange (RX) scaffold delivery
system. The scaffold is comprised of a series of circumferentially orient-
ed sinusoidal rings that open during expansion. Two platinum markers
are embedded at each end to enable fluoroscopic visualization, as the
scaffold material is not radiopaque [5]. The first-generation of BVS was
tested in the ABSORB Cohort A study, which showed late lumen enlarge-
ment, feasibility of non-invasive imaging with computed tomography
(CT) scanning, and restoration of vasomotor and endothelial function
at 2 years [6]. The second-generation of the device, tested in the
ABSORB Cohort B, demonstrated a MACE rate of 9.0% (3 non-Q-wave
M, 6 ischemia-driven TLR, and no cardiac death) during the 2-year
follow-up, with no alarming safety issues [7].

Later, Absorb II trial aimed at assessing the efficacy and safety of BVS
in a broader patient population, and BVS was directly compared to
Xience DES (Abbott Vascular, USA) [8]. The 3-year follow up of the
trial, recently published, revealed a higher rate of target lesion failure

t3 Patient4 Patient 5 Patient 6 Patient 7 Patient 8  Patient 9

Table 2
Procedural details of the index procedure (Time of DCB use).
Patient 1 Patient2 Patien
Procedural Characteristics of Time from BVS implantation 17 7 11
the index procedure Mean= 12 + 3 months
(DCB use) MLD 0.5 0 0.75
% stenosis 80 100 70
DCB type Restore  Elutax SV Elutax
DCB length Mean= 25 30 20
243 + 7.8 mm
DCB diameter Mean= 25 2 25
261 £ 0.33 mm
Final MLD 25 2 25
Final % stenosis 0 0 0

1 14 11 12 13 1

1 03 0.75 1.09 0 09
70 99 70 60 100 70
SV In.Pact Falcon Restore In.Pact Falcon In.Pact Falcon Elutax SV Elutax SV
14
3 25 25 3 25 3
3 2 25 3 25 3
0 20 0 0 0 0
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Table 3

Angiographic and clinical follow up after DCB use.

Patient 1 Patient 2 Patient 3 Patient4  Patient 5 Patient 6 Patient 7 Patient 8 Patient 9
Follow up after DCB Time from DCB PCI (months) 7 8 8 12 6 6 15 6 11

MLD (mm) 0.5 2 25 35 05 175 18 15 27
% Stenosis 80 0 0 0 80 30 28 40 10
Late lumen loss 225 0 0 0 2 0.75 12 1 03
Mean=
0.68 + 0.7 mm
Death No No No No No No No No No
MI No No No No No No No No No
TLR Yes No No No Yes No No No No

in the BVS group (7 vs. 3%, p = 0.07). In this trial, BVS failure was either
caused by scaffold thrombosis (including 6 very late definite cases) and
restenosis (11 cases at 3 years).

In terms of restenosis, many mechanisms were suggested to explain
BVS failure, such as: neointimal hyperplasia, neoatherosclerosis, BVS
collapse, fracture, edge phenomenon and late dismantling. In our expe-
rience, BVS failure is most likely caused by neointimal proliferation if it
occurs during the first months. After the device has lost its integrity
(usually after 6-12 months), contrary to metallic stents BVS failure
can be also caused by scaffold recoil, although limited data are available
in the literature on this topic [9]. Based on the assumption that BVS and
metallic stents both share the same pathogenesis for restenosis, accord-
ingly DCB appears to be an appealing option in this subset of patients. In
our study, immediate and late angiographic success was achieved in 7
patients, all treated with latest-generation DCB. We can only speculate
on the pathogenesis of BVS failure in this case series; however, the use
of intravascular imaging seems to us an important tool in order to un-
derstand its etiology.

Historically, failure of re-PCI after ISR occurs in 30-70% of the cases
regardless of the technique used [10,11]. In our study, DCB failure oc-
curred in 2 patients who were both treated with Restore DCB.

Nowadays, it is quite clear how all DCB were not created equal, probably
because of the complex mechanisms under this technology that firstly
aim at protecting paclitaxel while reaching the target lesion, and later
should allow its diffusion and persistence in the vessel wall [11,12].
This case series has several limitations that need to be accounted.
First, despite the complete angiographic follow up, sample size is
small. Second, although clinical and angiographic outcomes are promis-
ing, the nature of this case series does not allow a comparison of differ-
ent types of DCB. Larger studies, prospectively designed, with a larger
population and a comparison with DES seem the best way to deeply un-
derstand if DCB may have a role for the treatment of BVS restenosis.

5. Conclusions

Management of BVS restenosis requires a deep understanding of its
pathogenesis. In this case series of consecutive patients treated with
DCB we suggest that this strategy is a safe and effective option to
maintain the vessel patency at mid-term. Larger studies to address the
etiology of BVS failure and to assess the role of DCB in such lesions are
needed.

Fig. 1. A: significant stenosis at mid LCX at the initial procedure, B: result after BVS i

C: BVS 1 is, D: i di.

apposition of the BVS, F: angiographic follow up showing DCB failure, F: OCT showing scaffold failure secondary to neointimal hyperplasia, G:

(Patient 1).

angiographic result after DCB use, E: OCT revealing we]]
i ic result after DES i
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Fig. 2. A: significant stenosis at mid RCA during the initial procedure, B: angiographic result after BVS implantation, C: BVS restenosis occurred at 11 months, D: OCT analysis, showing
neointimal hyperplasia within the BVS with preserved integrity of the scaffold, E: i ic result i i after DCB, F: i ic follow up after 12 months, G: OCT run
showing sustained good result at 12-months angiographic follow-up after DCB use (Patient 4).

Fig. 3. A: total occlusion at the proximal LCX, B: angiographic result after BVS implantation, C: BVS restenosis occurred at 13 months, D: angiographic result after DCB use, E: angiographic
follow up showing mild restenosis (Patient 8).
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PICCOLETO II: More Support for
DCB Safety and Efficacy in Small
Coronaries

In-lesion late lumen loss was similar for a gel-
based balloon versus an EES, but a trend was seen
for more thrombosis with the stents.

@ By L.A.McKeown October 04, 2019

AN FRANCISCO, CA—A new gel-based paclitaxel drug-coated

balloon (DCB) outperformed an everolimus-eluting stent (EES) in
terms of late lumen loss and resulted in comparable diameter stenosis,
binary restenosis, and short-term clinical outcome in patients with
small-vessel CAD, results from PICCOLETO II suggest.

Presenting here at TCT 2019, Bernardo Cortese, MD (Clinica San Carlo,
Milan, Italy), said that although the study is small and not powered for
hard endpoints, it adds to existing data hinting that drug delivery via a
balloon may optimize outcomes better in small vessels than a stent.

“The hest-in-class driio-elntino stents chow a rate of taroet lecion failure
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the superiority of DCB in terms of angiographic outcome,” he told
TCTMD.

PICCOLETO Il is the latest trial to show DCB as a potential alternative to
DES in patients with small-diameter lesions. At EuroPCR 2019,
investigators from the BASKET-SMALL 2 trial presented new
angiographic data showing similar late lumen loss with both treatments
out to 1 year. Surprisingly, the angiographic data also showed eight cases
of stent thrombosis in the DES group versus no complete thrombotic
vessel occlusions in the DCB group. The PICCOLETO II data line up with
those results.

“Similarly, we found a 1.8% rate of stent thrombosis in the EES arm, and
no thrombosis in the DCB arm,” Cortese told TCTMD. “We thus confirm

the findings of BASKET-SMALL 2. The opportunity not to leave a stent in
small vessels may protect from thrombotic events.”

Gel May Improve Drug Delivery

PICCOLETO Il is a follow up to the PICCOLETO study, in which patients
with stable or unstable angina undergoing PCI of small coronary vessels
(£2.75 mm) were randomized to the Dior DCB (Eurocor) or Taxus DES
(Boston Scientific).

As Cortese explained to TCTMD, the first
study used a balloon that had paclitaxel
sprayed onto the surface. The drug was
lost during transit and manipulation,
which the researchers believed
prevented it from having the desired
effect. For PICCOLETO II, they instead
used the Elutax SV (Aachen Resonance), “a new-generation DCB with a
gel which protects and mostly helps [paclitaxel] to be delivered to the
vessel wall, and persist there for 4 to 6 weeks in order to obtain its
effect,” Cortese noted. The gel is hydrophilic, which is intended to help
the drug stay on the balloon longer and prolong the absorption time. The
paclitaxel dose on the balloon is 2.2 pg/mm? .

For the multicenter, open-label trial, 118 patients similar to those in the
earlier PICCOLETO trial were randomized to the DCB and 114 to the
Xience EES (Abbott Vascular). Predilatation was strongly recommended
for both strategies, with at least a 30- to 60-second dilatation of the
balloon but no specific advice for the EES.

Aside from a higher percentage of renal failure patients in the EES group,
there were no significant baseline differences between the two arms.
More than half of natients in each groun had stable angina and about 20%

GOTIT
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Predilatation was performed in 69% of the EES group and 84% of the DCB
group, while postdilatation was performed in nearly 60% of the EES
group and only 3% of the DCB group (P = 0.001). The number of devices
used in the DCB group was lower than in the EES arm, but length of
devices was a bit longer (8.2 mm vs 6.9 mm; P= 0.04).

At 6 months, in-lesion late lumen loss, the primary endpoint, was 0.17 =
0.39 mm in the EES group and 0.04 = 0.28 mm in the DCB group,
meeting noninferiority criteria for the balloon (P = 0.03). There were no
significant differences in clinical outcomes, although a trend was seen
toward higher TLR in the DCB group (P = 0.23).

Minimum lumen diameter, a secondary endpoint, increased more in the
DES group (from 0.83 mm before the procedure to 2.29 mm after the
procedure) than in the DCB group (0.82 mm to 1.89 mm). Percent
diameter stenosis changes, however, were similar in both arms. Other
secondary endpoints of percent diameter stenosis and binary restenosis
were similar between the treatment arms at 6 months (both in-stent and
in-segment).

Smaller Lesions, Bigger Payoff With DCBs?

According to Cortese, the PICCOLETO II outcomes with regard to late
lumen loss are among the best so far in small-vessel disease, a setting
that includes studies such as PEPCAD SVD, BELLO, RESTORE SVD, and
FASICO NATIVES.

Discussant Fernando Alfonso, MD, PhD (Hospital Universitario La
Princesa. Madrid, Spain), said he was “nicely surprised” by the results of
PICCOLETO II.

In theory, as you go smaller and smaller, the benefits of non-scaffold-
based therapy might be even greater,” added discussant Robert M.
Bersin, MD (Swedish Heart & Vascular, Kirkland, WA). “Have you broken
this down to the very small [lesion] subsets, like 2.22 mm and smaller to
see whether or not you get a signal of superiority with DCB? Overall you
have equivalence here, but you may even be superior the smaller you
go.”

Cortese responded that the study is a proof-of-concept, and while that
possibility does exist, it remains to be shown in future trials.

Given that the drug on the balloon is paclitaxel and that a meta-analysis
recently turned the endovascular community on its head with suggestion
that this drug may increase mortality when used to treat PAD, Cortese
told TCTMD that long-term follow up of patients will be conducted “even
if all the studies performed in the coronary arena till now never gave
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ABSTRACT

BACKGROUND Native vessel coronary artery disease represents 1 of the most attractive fields of application for drug-
coated balloons (DCBs). To date, several devices have been compared with drug-eluting stents (DESs) in this setting with
different outcomes.

OBJECTIVES The authors sought to compare the short- and long-term performance of the paclitaxel DCB with the
everolimus-eluting stent in patients with de novo lesions in small coronary vessel disease.

METHODS PICCOLETO Il (Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment) was an academic,
international, investigator-driven, multicenter, open-label randomized clinical trial in which patients were allocated to a
DCB (n = 118) or DES (n = 114). We previously reported the superiority of DCBs regarding in-lesion late lumen loss at
6 months. Herein we report the final 3-year clinical follow-up with the occurrence of major adverse cardiac events
(MACEs), a composite of cardiac death, nonfatal myocardial infarction, target lesion revascularization, and its individual
components.

RESULTS The 3-year clinical follow-up (median 1,101 days; IQR: 1,055-1,146 days) was available for 102 patients
allocated to DCB and 101 to DES treatment. The cumulative rate of all-cause death (4% vs 3.9%; P = 0.98), cardiac death
(1% vs 1.9%; P = 0.56), myocardial infarction (6.9% vs 2%; P = 0.14), and target lesion revascularization (14.8% vs
8.8%; P = 0.18) did not significantly differ between DCBs and DESs. MACEs and acute vessel occlusion occurred more
frequently in the DES group (20.8% vs 10.8% [P = 0.046] and 4% vs 0% [P = 0.042], respectively).

CONCLUSIONS The long-term clinical follow-up of the PICCOLETO Il randomized clinical trial shows a higher risk of
MACEs in patients with de novo lesions in small vessel disease when they are treated with the current-generation DES
compared with the new-generation paclitaxel DCB. (Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease
Treatment [PICCOLETO I1]; NCT03899818) (J Am Coll Cardiol Intv 2023;16:1054-1061) © 2023 by the American College
of Cardiology Foundation.

From the *Fondazione Ricerca e Innovazione Cardiovascolare, Milan, Italy; "DCB Academy, Milano, Italy; “Policlinico Universitario
P. Giaccone, Palermo, Italy; YCardiology Department, Hospital Universitario de la Princesa, Universidad Autonoma de Madrid,
Madrid, Spain; and the ®Cardiovascular Institute, Azienda Ospedaliero-Universitaria di Ferrara, Cona, Italy.

Arnold Seto, MD, served as Guest Editor for this paper. H. Vernon “Skip” Anderson, MD, served as Guest Editor-in-Chief for this
paper.

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’
institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,
visit the Author Center.

Manuscript received November 20, 2022; revised manuscript received January 30, 2023, accepted February 12, 2023.

163
ISSN 1936-8798/$36.00 https://doi.org/10.1016/}.jcin.2023.02.011



JACC: CARDIOVASCULAR INTERVENTIONS VOL. 16, NO. 9, 2023
MAY 8, 2023:1054-1061

n the last decade, the necessity of developing

newer therapies to mitigate the potential risk of

long-term adverse events after percutaneous
coronary interventions (PCIs) has emerged. Although
drug-eluting stents (DESs) represented a terrific
improvement from the technological point of view,
leading to the treatment of theoretically any complex
coronary anatomy,’ their performance in some lesion
settings, including small vessel disease (SVD), is
lower and associated with an almost 2-fold risk of
target lesion failure (TLF) at 1 year.”* Moreover,
with the currently available DESs, the long-term fate
remains associated with a low but constant increase
in adverse events.” In this regard, some devices
have been developed aimed at reducing late-
occurring adverse events. Among them, drug-coated
balloons (DCBs) have been increasingly adopted for
de novo coronary lesions, particularly in SVD.

Several DCBs have been tested in the native coro-
nary artery disease setting with good angiographic
and clinical results compared with first- or second-
generation DESs,°® but only a few of them have
long-term clinical data available.

The aim of PICCOLETO II (Drug Eluting Balloon
Efficacy for Small Coronary Vessel Disease Treatment)
was to test the long-term efficacy and safety of 1 of
the latest-generation paclitaxel DCBs in comparison
with 1 of the most widely used DESs (Xience
everolimus-eluting stent, Abbott Vascular) in patients
with de novo SVD.

METHODS

STUDY DESIGN AND POPULATION. PICCOLETO II
(NCT03899818) is an academic, investigator-driven,
randomized, multicenter, open-label, clinical trial
performed at 5 European centers. The study protocol
was presented and approved at the coordinating
center (ASST Fatebenefratelli-Sacco), and all partici-
pating centers’ ethics committees in 2015. Patients
included in this study were enrolled between May
2015 and May 2018. The protocol was designed in
accordance with the Declaration of Helsinki and the
Good Clinical Practice guidelines. All participants
provided written informed consent before being
enrolled in the study.

We included patients hospitalized either for stable
or unstable coronary artery disease scheduled for PCI.
The angiographic inclusion criterion was native cor-
onary vessel disease with a reference diameter be-
tween 2 and 2.75 mm and stenosis >70% (by
investigator’s judgment and visual estimation). The
exclusion criteria have been reported elsewhere.® In
brief, they are recent ST-segment -elevation
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myocardial infarction (<48 hours), highly
calcific coronary artery, highly tortuous
target vessel, index lesion located in the left
main trunk, aorto-ostial lesion, previous
stent implantation at target vessel, target
lesion with chronic total occlusion or longer
than 25 mm, high thrombus burden, and
target lesion involving a major bifurcation.
Figure 1 shows the study flowchart.

INTERVENTION. The open-label randomiza-
tion was performed just after coronary angi-
ography, and patients were randomized 1:1
between the DCB (Elutax SV) and the DES
(Xience everolimus-eluting stent), allowing 1
single lesion per patient. In case of the necessity of
additional lesion treatment, this should have been
performed before the study lesion with any device
deemed necessary by the operator. The study protocol

strongly encouraged predilatation with any device in
both arms in order to ensure optimal angiographic
results. The DCB inflation time had to be at least 30
seconds. If the lesion preparation or the DCB in the
DCB arm led to major, flow-limiting dissection or
vessel recoil, the investigator was allowed toimplanta
DES as a bailout. Conversely, investigators were
encouraged not to stent the type A-B coronary dis-
sections according to previous experiences. In case of
bailout stenting, the protocol suggested using stents
shorter than the DCB previously used.

The PCI procedure and antithrombotic agent used
were performed according to current European Soci-
ety of Cardiology guidelines.” The subsequent
antithrombotic regimen in the DCB arm followed the
GISE (Italian Society of Interventional Cardiology)
Consensus Document with a minimum of 30 days of
dual antiplatelet treatment in case of stable coronary
artery disease and 6 to 12 months in case of acute
patients. In DES-treated patients, we followed the
European guidelines with a minimum of 6 months of
dual antiplatelet therapy (12 months in acute coro-
nary syndrome patients).

STUDY DEVICE. The technical characteristics of the
study devices have been described previously.'®
This DCB elutes paclitaxel loaded on a folded
balloon at a dosage of =2.2 pg/mm? (tolerance of 1.4-
3.00 pug/mm?). The drug is added with the matrix
dextran aiming at preserving paclitaxel delivery to
the vessel wall, ensuring tissue persistence for the
following days."'®

STUDY ENDPOINTS. The primary endpoint of this
study was the angiographic in-lesion late lumen loss

(LLL) assessed by an independent core laboratory
164

DES = drug-eluting stent
LLL = late lumen loss

MACE = major adverse
cardiovascular event(s)

TLR = target lesion
revascularization
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AND ACRONYMS

DCB = drug-coated balloon

MI = myocardial infarction

PCI = percutaneous coronary
intervention

SVD = small vessel disease

TLF = target lesion failure
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FIGURE 1 Study Flowchart and Follow-Up of PICCOLETO Il Study
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CEC = clinical events committee; DCB = drug-coated balloon; EES = everolimus eluting stent(s); fup = follow-up; LLL = late lumen loss;

(University of Ferrara), and noninferiority was hy-
pothesized. The other study endpoints were proce-
dural success, which was defined as angiographic
success and the absence of in-hospital cardiovascular
complications, and major adverse cardiovascular
events (MACEs), a composite of cardiac death, all
myocardial infarctions (MIs), target lesion revascu-
larization (TLR), and the individual components of
MACEs at 1 and 3 years. All clinical events have been
censored and assessed by an independent clinical
events committee after blindly reviewing all docu-
ments. The 3-year clinical follow-up was prespecified
in the study protocol.
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STATISTICAL ANALYSIS. The study hypothesis was
that the DCB was noninferior to the DES in terms of
in-lesion LLL. Accordingly, we assumed an LLL
of 0.20 mm in the DES arm with a delta of 0.35, alpha
of 5%, power of 90%, and a noninferiority margin of
0.25 mm. Thus, a total of 230 patients to be enrolled
in the PICCOLETO II trial, including a possible attri-
tion rate of 10%, was calculated. Cox proportional
hazards models and Kaplan-Meier curves were used
to analyze time-related events. HRs were presented
with 95% CIs. For baseline characteristics, continuous
variables were reported as mean 4 SD (Mann-Whitney
U test) and categoric variables as frequency with
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TABLE 1 Clinical Characteristics of the Study Population TABLE 2 Lesion Characteristics and Procedural Aspects
at Baseline
DES DCB
DES DCB (n =114) (n =118) P Value

(n=14) (n-18) PValue SYNTAX score 17 12 16 [1] 0.36
Male 87(76.9) 83(70.3) 0.2 Bifurcation lesion 14 (12.3) 15 (12.7) 0.94
Age,y 66 (50-82) 64 (48-80) 0.32 Multivessel disease 86 (76) 86 (72.8) 05
Hypertension 76 (67.2) 77 (65.2) 0.74 Target vessel LAD 44 (39) 47 (40) 031
Diabetes 40(354) 45(38)  0.65 Target vessel LCX 35(31) 44 37.2) 0.12
Insulin-dependent diabetes 15 (13.3) 21(17.8) 0.66 Target vessel RCA 34 (30.2) 27 (22.8) 0.19
Smoke 1906.7) 230195 084 Total contrast use, mL 155 [67-289] 152 [75-301] 0.37
Dyslipidemia 63 (55) 72(61)  0.66 Total fluoroscopy time, min 11 [4-67] 13 [5-59] 0.2
Renal failure (eGFR <60 mL/min) 12 (10.6) 4 (3.3) 0.03 Predilatation 78 (69) 99 (84) 0.007
Previous MI 3430)  45(8) 019 Postdilatation 66 (59.4) 433) 0.001
Previous CABG 4 3.5 433 0.95 Scoring balloon use for lesion preparation 18 (15.8) 26 (22) 0.13
Previous PCI 60(53)  59(0) 033 Number of devices used 1121411 103011121  0.004
LVEF 58171 58[10] 089 Length of device used, mm 18.3 + 6.9 218 +£82 0.006
Clinical presentation Mean inflation pressure, atm 13.7 £ 25 1.4 £33 0.03

Stable angina 63 (55.7) 64(542) 0.81 I .

Unstable angina 18 (16) 17 (14.4) 074 Mean duration of inflation, s 214 £ 11.8 49.2 +14.5 0.002

NSTEMI 23 (20.3) 25 (21.1) 0.87 Bailout stenting — 8 (6.7) —

STEMI, late comers 98 12(103) 034 Angiographic success 113 (99.1) 116 (98.3) 0.88

Procedural success 112 (98.2) 116 (98.3) 0.92
Values are n (%) or median (IQR) unless otherwise indicated. i .

CABG = coronary artery bypass grafting; DCB = drug-coated balloon; Intracoronary imaging use 11(9.:6) 12.(10.2) 0.62
DES = drug-eluting stent; eGFR = estimated glomerular filtration rate; LVEF = left Peak troponin | after the intervention, ng/mL 6.14 + 5.80 3.6 + 3.21 0.09
ventricular ejection fraction; MI = myocardial infarction; NSTEMI = non-ST-
segment elevation myocardial infarction; PCI = percutaneous coronary interven-
tion; STEMI = ST-segment elevation myocardial infarction. Values are mean -+ SD or n (%) unless otherwise indicated.

LAD = left anterior descending; LCX = left circumflex; RCA = right coronary artery; SYNTAX = Synergy Be-
tween PCl With Taxus and Cardiac Surgery; other abbreviations as in Table 1.

percentage, with 95% CIs determined by the Wilson
score method. Adjusted odds ratios were calculated
with the logistic regression model and the HR with
the Cox model. All analyses were performed by
intention-to-treat. All P values <0.05 were consid-
ered statistically significant. All statistical analyses
were performed with SPSS software (version 26,
SPSS, Inc).

RESULTS

Of the 232 patients enrolled in the study, 114 patients
were allocated to the DES and 118 to the DCB group.
Importantly, group allocation was performed before
lesion preparation. Significant differences between
groups regarding the main clinical characteristic of
the population enrolled were not observed (Table 1).
Table 2 describes the procedural characteristics, with
more patients undergoing lesion predilatation in the
DCB arm and longer devices used in the DCB arm. The
bailout stenting rate, which was always performed
with the DES, was only 6.7%.

We previously reported the primary endpoint of
the PICCOLETO II study, which showed the superi-
ority of the DCB vs the DES in terms of in-lesion LLL

(0.04 £+ 0.28 mm vs 0.17 + 0.39 mm; P = 0.03).° Other
angiographic and procedural parameters were not
significantly different between the 2 study groups as
well as the 12-month clinical outcome.®

After a median of 1,101 days (IQR: 1,055-1,146 days),
102 patients (86%) in the DCB arm and 101 (88.5%)
in the DES arm underwent the scheduled clinical
follow-up or had available clinical information. All-
cause mortality occurred in 4 patients per group
(P = 0.98); 2 patients died of cardiac causes in the
DCB group (1 fatal MI not related to the target vessel
and 1 end-stage heart failure) and 1 in the DES group
(unexplained and unwitnessed sudden death)
(P = 0.56). Four cases of target vessel thrombosis in
the DES arm and none in the DCB arm (P = 0.042)
were observed. TLR was not significantly lower in the
DCB arm (9 patients [8.8%] vs 15 [14.8%] in the DES
arm; P = 0.18). The MACE rate (ie, the primary
endpoint of the present study) was significantly lower
in the DCB arm compared with the DES arm (n = 11
[10.8%] vs n = 11 [20.8%]; P = 0.046) (Central
Illustration, Table 3).

Figure 2 depicts the Kaplan-Meier curves of MACEs
according to treatment allocation for the entire length
of follow-up.
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CENTRAL ILLUSTRATION Long-Term Study Findings

PICCOLETO Il at 3 Years. Comparison Between DCB and DES in Coronary

Vessels <2.75 mm (N = 203)
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revascularization.

Comparison between drug-coated balloons (DCBs) and drug-eluting stents (DES) in coronary vessels <2.75 mm. MACE = major adverse
cardiac event(s); PICCOLETO Il = Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment; TLR = target lesion

DISCUSSION

SUMMARY OF THE STUDY RESULTS. PICCOLETO II
was a multicenter, multinational, open-label inves-
tigator-driven, randomized clinical trial aiming at
assessing the short angiographic performance of a
novel paclitaxel DCB and its long-term outcome
compared with a new-generation DES. The similar
angiographic performance of the 2 strategies (but
superiority in the case of the primary endpoint LLL
for the DCB) was previously reported. The results of
the latest clinical follow-up of PICCOLETO II, here-
with presented, confirm the safety and the efficacy of
this device with DCB, showing for the first time a
significant reduction in MACEs and target vessel
thrombosis at 3 years compared with the mod-
ern DES.

LONG-TERM EVENTS WITH DESs. The currently
available DESs are highly performing devices in terms
of safety and efficacy. However, in the very long-term,

they still remain associated with a very low but
167

constant risk of adverse events such as TLF every
year. In a recently reported very long-term outcome
study, this event rate with current DESs eventually
reached 43.8% after 10 years, with a yearly rate of
3.3% after year 1.° On top of this, in the case of more
complex lesion subsets, such as SVD or in case of long
stenting, this late failure can lead to a 2-fold rate in
TLF.>* The current patient population routinely
treated in all catheterization laboratories shares a high
bleeding risk, a phenomenon also associated with
higher rates of adverse clinical events after DESs."

COULD DCB PREVENT LONG-TERM EVENTS?.
Theoretically, DCB angioplasty could be associated
with a flattening of the adverse event curve in the
long-term because this technology does not require
any prosthesis implantation, and DESs are associated
with adverse events, probably related to the perma-
nent metallic prosthesis itself. Moreover, some
paclitaxel DCBs have shown a late positive vessel
remodeling effect when used in native vessel disease,

eventually leading to an LLL proximal to 0 mm.">"
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TABLE 3 Clinical Outcome After 3 Years (Kaplan-Meier
Estimates)

DES DCB

(n =101) (n =102) P Value
All-cause death 4 (3.96) 4 (3.92) 0.98
Cardiac death 1 2 (1.96) 0.56
Myocardial infarction 7 (6.9) 2 (1.96) 0.14
TLR 15 (14.8) 9 (8.8) 0.18
Vessel thrombosis 4 (3.96) 0 0.042
MACE 21 (20.8) 1 (10.8) 0.046

Values are n (%) unless otherwise indicated.

MACE = major adverse cardiac event(s); TLR = target lesion revascularization;
other abbreviations as in Table 1.

Of note, this effect can be particularly appealing in
small- or midsize vessels like the ones treated in the
current study. Other studies have previously shown a
drastic reduction in TLF after the first 9 to 12 months
after DCB application. In the BELLO (Balloon Elution
and Late Loss Optimization) randomized trial, the In-
Pact Falcon paclitaxel DCB (Invatec-Medtronic)
showed a significant reduction in the rate of MACEs
compared with first-generation DESs (14% vs 30%;
P = 0.015) with very few events after 7 months from
the index procedure.'* Similarly, a meta-analysis of
4,590 patients treated with the paclitaxel DCB vs
other treatment options showed reduced rates
of cardiac (risk ratio [RR]: 0.53; 95% CI: 0.33-0.85;
P = 0.009) and total (RR: 0.73; 95% CI: 0.53- 1.00;
P = 0.047) mortality with few adverse events after
12 months." The long-term follow-up of PICCOLETO
II shows a divergence between the curve of events
after 20 months, with an almost straight line in the
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DCB arm. It is difficult to speculate on the behavior of
the DCB after the first months from intervention,
with 1 possibility being the quiescence of any effect
related to a DCB PCI, compared with some detri-
mental effects of the permanent prostheses implan-
ted on the vessel wall at the long-term clinical follow-
up. However, the findings of this report should be put
into the context of a study not powered for clinical
endpoints, with 14% of patients lost at follow-up and
with more patients with renal failure (glomerular
filtration rate <60 mL/min) in the DES arm. More-
over, the low use of intravascular imaging (10% in
each group) might be responsible for a higher risk of
stent underexpansion, leading to a higher risk of
stent thrombosis.

MORTALITY AFTER DCB USE. A few years ago a
meta-analysis shed light on a hypothetical increase in
mortality after paclitaxel application for peripheral
interventions.’®'® Conversely, a meta-analysis on
“coronary” applications for DCBs and other large re-
ports and data sets showed no association between
paclitaxel DCB use and mortality.">?° The 3-year
outcome of the BASKET SMALL II (Basel Stent Kos-
ten Effektivitdts Trial Drug Eluting Balloons vs Drug
Eluting Stents in Small Vessel Interventions) study
shows similar cardiac (HR: 1.29; 95% CI: 0.63-2.66;
P = 0.49) and all-cause mortality (HR: 1.05; 95% CI:
0.62-1.77; P = 0.87) between DCBs and DESs.?! Our
current 3-year findings reported here further confirm
the lack of any association between all-cause mor-
tality and paclitaxel application in the coronary field,
with 4 cases both in the DCB and the DES arm but
none of them related to a potentially toxic effect of

1059

FIGURE 2 Kaplan-Meier Curves of the Study Endpoint MACEs According to Treatment Allocation for the 3-Year Follow-Up
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this drug in other organs. All these findings corrobo-
rate the thesis that a correlation between the
currently available paclitaxel DCB and mortality does
not exist in the coronary field.

STUDY LIMITATIONS. As previously stated,® this
study has several limitations. First, treatment
assignment was performed in an open-label fashion;
thus, biases in the initial reports and the clinical
follow-up cannot be completely eliminated despite
the blinded clinical event committee and the inde-
pendent core laboratory used. Second, the selection
of centers to participate in PICCOLETO II was done
according to a 5-year experience using DCBs for
native vessel disease, which was also reflected by the
low bailout stenting rate; thus, such results might not
be reproducible in other settings. Another limitation
is that we decided to include the MACE rate as the
cumulative secondary endpoint instead of target
vessel failure, with the inherent Ilimitation of
including MI and not target vessel MI as an endpoint.
At the time of protocol drafting, we did not expect a
major role determined by this endpoint at the long-
term follow-up. Finally, and most importantly, we
report a 3-year clinical outcome that was prespecified
in the study protocol, but the study design and the
final population were not powered enough for draw-
ing definitive conclusions on the long-term clinical
outcome. A study including a larger population and
an ad hoc clinical primary endpoint is necessary to
confirm our preliminary findings.

CONCLUSIONS

PICCOLETO II long-term data show for the first time a
reduction in late adverse clinical events with DCBs

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 16, NO. 9, 2023
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compared with current era DESs in de novo lesions,
mainly driven by a reduction of vessel thrombosis
and MACEs after 1 year with DCBs. An adequately
powered study should be conducted to confirm these
preliminary findings.
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PERSPECTIVES

WHAT IS KNOWN? Small vessel coronary artery
disease still represents a challenging subset for DESs
with an increase in long-term adverse events.

WHAT IS NEW? This is the first randomized study
between the new-generation DCB vs the DES in small
vessels to show 1) an improved angiographic outcome
at 6 months and 2) reduced clinical events (MACEs
and acute vessel closure) after 3 years.

WHAT IS NEXT? A larger study adequately powered
for hard clinical endpoints is needed in order to
confirm these findings in a larger data set of patients.
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ARTICLE INFO ABSTRACT

Article history: Background: The use of drug-coated balloons (DCBs) in small-vessel coronary artery disease (SVD) remains con-
Received 10 February 2021 troversial.

Received in revised form 7 March 2021 Methods: We performed a meta-analysis of all randomized controlled trials (RCTs) reporting the outcomes of DCB
Accepted 15 March 2021 vs. DES in de-novo SVD. We included a total of 5 RCTs (1459 patients), with (DCB n = 734 and DES n = 725).

Results: Over a median follow-up duration of 6 months, DCB was associated with smaller late lumen loss (LLL)
compared with DES (mean difference —0.12 mm) (95% confidence intervals (CI) [—0.21, —0.03 mm], p =
Drug-coated balloons . .. L. . . .
Drug-eluting balloons 0.01). Over a median follow-up of 12 mqnths, both modalities had similar risk of major adverse cardl.ovascular
DCB events (MACE) (8.7% vs. 10.2%; odds ratio (OR): 0.94, 95% CI[0.49-1.79], p = 084), all-cause mortality (1.17%
Small-vessel disease coronary disease vs. 2.38%; OR: 0.53, 95% CI[0.16-1.75], p = 0.30), target lesion revascularization (TLR) (7.9% vs. 3.9%; OR: 1.26,
95% CI [0.51-3.14], p = 0.62), and target vessel revascularization (TVR) (8.2% vs. 7.8%; OR: 1.06, 95% CI
[0.40-2.82], p = 0.91). DCBs were associated with lower risk of myocardial infarction (MI) compared with DES
(1.55% vs. 3.31%; OR: 0.48, 95% C1 [0.23-1.00], p = 0.05, 12 = 0%).
Conclusion: PCI of SVD with DCBs is associated with smaller LLL, lower risk of MI, and similar risk of MACE, death,
TLR, and TVR compared with DES over one year. DCB appears as an attractive alternative to DES in patients with
de-novo SVD, but long-term clinical data are still needed.

Keywords:

© 2021 Elsevier Inc. All rights reserved.

1. Introduction [3-5] likely due to the small vessel caliber with little room to accommo-
date neointimal tissue growth.

Small vessel coronary artery disease (SVD) is often treated with per- Drug-coated balloon (DCB)-only PCI has emerged as an alternative

cutaneous coronary intervention (PCI) [1], but is a complex lesion sub- treatment option to de-novo coronary artery disease and in-stent reste-

set and is associated with high risk of major adverse cardiovascular nosis (ISR). [6-8] However, the outcomes with DCB in SVD have been
events (MACE). Current treatment options for SVD include standard controversial [9-15]. We performed a systematic review and meta-
balloon angioplasty, drug-eluting stents (DES), and drug-coated bal- analysis to compare the angiographic and clinical outcomes of DCB vs.
loons (DCBs). Balloon angioplasty is associated with high restenosis DES in SVD.

rates due to elastic recoil and adverse remodeling [2]. DES have been as-

sociated with worse outcomes in smaller compared with larger vessels 2. Methods

The current meta-analysis was performed according to the Preferred

_ ) ) ) ) ) ) Reporting Items for Systematic Reviews and Meta-Analyses guidelines

* Corresponding author at: Minneapolis Heart Institute and Minneapolis Heart Institute (PRISMA) [16]. We performed a systematic computerized search lim-
Foundation, Abbott Northwestern Hospital, 920 E 28th Street #300, Minneapolis, MN A . p Yy - p

55407, USA. ited to the English language through Medline, Embase, and Cochrane

E-mail address: esbrilakis@gmail.com (E.S. Brilakis). databases from January 2000 to January 2021 using the following search
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1553-8389/© 2021 Elsevier Inc. All rights reserved.
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terms separately and in combination; “Drug-eluting balloon,” “DEB,”
“drug-coated balloon,” “DCB,” “paclitaxel-coated balloon,” “PCB,”
“small-vessel coronary artery disease,” and “small-vessel disease.” We
screened the retrieved studies' bibliographies, previous reviews, and
ClinicalTrials.gov for any relevant studies not found through the initial
search.

2.1. Study selection and data collection

We included randomized controlled trials (RCTs) that compared
outcomes with DCB vs. DES in the treatment of de-novo SVD (reference
vessel diameter < 3 mm) (Fig. S1). In the DCB arm, stenting was allowed
only as a bailout strategy in case of suboptimal results, defined as persis-
tent residual stenosis, vessel recoil, or flow-limiting dissection.

The data were extracted by two independent investigators (KB, MM)
and confirmed by a third investigator (MS). The data included baseline
study characteristics, baseline clinical and angiographic characteristics
of the included patients and lesions, and the outcomes of interest. Dis-
crepancies among investigators were settled by consensus. The in-
cluded studies' bias risk was assessed using the Cochrane risk
assessment tool for RCTs (Table S2) [17]. Potential publication bias
was assessed using the Egger test by visually examining the funnel
plots (Fig. S2).

2.2. Study outcomes

The clinical outcomes of the current study included periprocedural
myocardial infarction (MI) and long-term outcomes, including MACE,
target lesion revascularisation (TLR), target vessel revascularisation
(TVR), M], all-cause mortality, and angiographic late lumen loss (LLL)
measured by quantitative coronary angiography. Definitions of out-
comes by each study included are shown in Table S1. Results were re-
ported at the longest follow-up time available and according to the
intention-to-treat analysis.

2.3. Statistical analysis

Statistical analysis was conducted using Review Manager software
(Version 5.3.5. Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). Descriptive analyses were conducted using fre-
quencies for categorical variables and means with standard deviations
(SD) for continuous variables. Categorical variables were compared

Table 1
Characteristics of the included studies.

using Fisher's exact or chi-square tests, while continuous variables
were analysed using the two-sample t-test. Tests were two-tailed, and
a p-value of <0.05 was considered statistically significant.

Odds ratios (ORs) or mean differences (MD) with 95% confidence in-
tervals (CIs) were presented as summary statistics. Statistical heteroge-
neity across trials was assessed by I? statistics, with I? statistic values
<25%, 25% to 50%, and >50% considered as low, moderate, and a high
degree of heterogeneity, respectively. The DerSimonian and Laird
random-effects model and inverse variance model were used to calcu-
late OR and MD, respectively. We performed a sensitivity analysis ex-
cluding the study by Cortese et al. given use of a first-generation DCB
and lack of adequate lesion preparation (25%) [11]. We performed an-
other sensitivity analysis comparing DCBs vs. second-generation DES
[10,12,14].

3. Results

We included a total of 5 RCTs (1459 patients), with (DCB n = 734
and DES n = 725). The characteristics of the included studies are de-
scribed in Table 1. Only three studies compared the outcomes with
DCB vs. second-generation DES [10,12,14]. We used both the 6 months
(for angiographic outcomes) and 3 years (for clinical outcomes) publi-
cations for the BELLO study [13,18]. Bailout stenting in the DCB-only
group occurred in 10% of patients ranging between 5.1% to 35.7%, with
recent studies reporting fewer bailout stenting events. The baseline clin-
ical and angiographic characteristics of the included patients and lesions
are summarized in Table 2.

3.1. Outcomes

Both technical (98.8 vs. 99.2%, p = 0.96) and procedural (97.1% vs.
98.1%, p = 0.26) success was similar between both groups. There was
no difference in the risk of periprocedural MI with DCB compared
with DES (2.2% vs. 3.9%; OR: 0.56, 95% C1[0.21, 1.48], p = 0.25, > =
0%) (Figs. 1 and 2).

During a median follow-up duration of 6 months (range 6-9
months), DCBs were associated with smaller LLL compared with DES
(MD: —0.12 mm (95% CI [—0.21, —0.03 mm)], p = 0.01, I> = 56%)).
Over a median follow-up of 12 months (range 9-36 months), both
arms had similar risk of MACE (8.7% vs. 10.2%; OR: 0.94, 95% CI [0.49,
1.79], p = 0.84, I> = 59%), all-cause mortality (1.17% vs. 2.38%; OR:
0.53, 95% C1[0.16, 1.75], p = 0.30, I> = 0%), TLR (7.9% vs. 3.9%; OR:

Study Trial/registry Study Number of Balloon/stent type Country Follow-up Enrolment Vessel Bailout Primary
type  patients with (# of time dates size stenting % endpoint
DCB/DES centers) (months)
Cortese et al. PICCOLETO II RCT 118/114 Elutax DCB (AR Baltic Medical, Europe 12 May 2015 - 2.00-2.75 6.8% In-lesion LLL
2020 Vilnius, Lithuania)/Xience DES  (5) May 2018 mm at 6 months
(Boston Scientific, USA)
Tian et al. 2020  RESTORE-SVD RCT 116/114 RESTORE DCB (Cardionovum, China 24 August 225-275 5.2% Percentage
Germany)/RESOLUTE DES (12) 2016 - June mm diameter
(Medtronic, USA) 2017 stenosis at 9
months
Jeger et al. 2018  BASKET-SMALL2 RCT 382/376 SeQuent Please DCB (B. Braun, Europe 12 April 2012 - <3 mmin 5.1% MACE at 12
Germany)/Xience (Abbott (14) February diameter months
Vascular, USA) or Taxus or 2017
Promus DES (Boston Scientific,
USA)
Latib et al. 2012 BELLO RCT 90/92 IN.PACT Falcon DCB Italy 6-36 Not <28 mm 20.2% In-segment
(Medtronic, USA)/Taxus Liberte (15) months discussed LLLta 6
DES (Boston Scientific, USA) months
Cortese et al. PICCOLETO RCT 28/29 Dior DCB (Eurocor, Italy (1) 9 August 2007 <2 75mm  35.7% Percentage
2010 Germany)/Taxus DES (Boston and August diameter
Scientific, USA) 2008 stenosis at 6
months

DCB: drug-coated balloon; DES: drug-eluting stent; LLL: late lumen loss; MACE: major adverse cardiovascular events; RCT: arandomized controlled trial.
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Table 2
Baseline characteristics of the included patients and lesions.
DCB (n =734) DES (n=725) p-value

Age mean + SD 65.30 +£10.23  66.47 1040  0.030
Men % 74.68 73.37 0.609
Multivessel Disease % 70.96 [588] 66.46 [582] 0.110
Hypertension % 78.01 81.75 0.086
Dyslipidemia % 66.02 64.76 0.652
Diabetes % 35.79 37.02 0.664
Current smoking % 22.11 20.16 0.396
Previous MI % 38.46 32.12 0.013
Family history of CAD % 36.78 30.73 0.017
Prior CABG 7.37 7.56 0.969
Prior PCI 53.93 52.69 0.673
Vessel involved
LAD 28.83 27.12 0.503
LCx 40.47 39.28 0.681
RCA 17.44 19.20 0.423
Diagonal 14.24 [206] 10.97 [206] 0.395
OM/Ramus Intermedius 13.54 [206] 17.22 [206] 0.369
PDA/PL 21.31[206] 22.26 [206] 0.909
LVEF Baseline mean + SD 58.18 + 4.77 59.60 + 4219 p<0.001
Lesion/procedural characteristics
Bifurcation lesion 8.31[528] 9.84 [519] 0.451
AHA B2/C Lesion 44.47 [234] 46.67 [235] 0.700
Minimal luminal diameter (mm) 0.61 & 0.25 0.61 £+ 0.26 1.000
Reference vessel diameter (mm)  2.42 + 0.25 241+ 029 0.480
Lesion length (mm) 1291 + 6.46 12.81 4+ 6.27 0.764
Predilation 80.21 [738] 78.93 [731] 0.587
Bailout stenting 10.04 [328] 0.9 [228] p <0.001
Procedural success 97.11 [738] 98.13 [731] 0.267
Lesion success 98.85 [262] 99.20 [257] 0.967

CABG: Coronary artery bypass graft; CAD: coronary artery disease; DCB: drug-coated bal-
loon; DES: drug-eluting stent; LAD: left anterior descending; LCx: left circumflex; LVEF:
Left ventricular ejection fraction; MI: Myocardial infarction; OM: obtuse marginal; PCI:
Percutaneous coronary intervention; PDA: posterior descending artery; PL: posterolateral;
RCA: right coronary artery.

Numbers between square brackets represent the number of subjects with a reported var-
iable when different from the baseline.

1.26,95%C1[0.51,3.14], p = 0.62, > = 54%), and TVR (8.2% vs. 7.8%; OR:
1.06,95% C1[0.40, 2.82], p = 0.91, I = 46%) (Figs. 2 and 3). DCB was as-
sociated with lower risk of MI compared with DES (1.55% vs. 3.31%; OR:
0.48, 95% C1[0.23, 1.00], p = 0.05, I = 0%).

On sensitivity analysis and exclusion of the study by Cortese et al.
2010, both modalities had similar risk of MACE (OR: 0.74, 95% CI [0.43,

MYOCARDAAL INFARCTION
' EVENTS

MYOCARDIAL INFARCTION  MAJOR ADVERSE
CARDION

1.27], p = 0.28, I2 = 39%), all-cause mortality (OR: 0.46, 95% CI [0.13,
1.71], p = 0.25, 1> = 0%), TLR (OR: 0.87, 95% CI [0.40, 1.89], p = 0.72,
12 = 23%), and TVR (OR: 0.68, 95% CI [0.29, 1.59], p = 0.38, I> = 0%).
DCBs remained associated with lower risk of MI compared with DES
(OR: 0.43,95% C1[0.20,0.92], p = 0.03, I> = 0%). This sensitivity analysis
yielded similar results with much reduction in heterogeneity (Fig. S3).

DCB had similar risk of MACE (OR: 0.97,95% C1[0.61, 1.53],p = 0.89,
I? = 0%), all-cause mortality (OR: 0.60, 95% CI [0.07,4.90],p = 0.63,1* =
0%), TLR (OR: 1.29, 95% C1[0.53, 3.18], p = 0.57, 1> = 0%), TVR (OR: 0.76,
95% C1[0.42,1.39], p = 0.37, I> = 0%), and MI (OR: 0.48, 95% CI [0.21,
1.08], p = 0.08, I> = 0%) compared with second-generation DES
(Fig. S4). A summary of the study results is shown in Fig. 4.

4. Discussion

The main findings of our study can be summarized as follows: 1) the
use of DCB in SVD PCl is associated with smaller late lumen loss over 6
months and a lower incidence of MI during a median follow-up of 12
months, 2) both DCBs and DES are associated with a similar risk of
MACE, death, TLR, and TVR when used in PCI of SVD, 3) When compar-
ing DCBs and second-generation DES, both modalities were comparable
with a similar risk of clinical events at a median follow-up of 12 months.

In our analysis, DCBs were associated with lower risk of MI com-
pared with DES during a median follow-up of 1 year. DES are currently
commonly used in SVD PCI. Other options include regular balloon an-
gioplasty or medical therapy, which might not be adequate in severely
symptomatic patients or when the goal is to achieve complete revascu-
larization. However, DES may have limitations in SVD, as suggested by
the higher MI risk with DES in our study. DES are associated with neoin-
timal hyperplasia and late occurrence of neoatherosclerosis and stent
thrombosis, which can be exaggerated in small vessels with little
room to accommodate the neointima [19]. DES had more LLL in our
study. The risk of ISR is higher in smaller caliber vessels, longer lesions,
and patients with diabetes mellitus, that are commonly associated with
SVD [20]. Previous studies have demonstrated that the risk of MACE, in-
cluding MI, was almost double in small vessels as compared with large
vessels treated with DES [4,5]. It is possible that with further follow-
up, the gap favoring DCB will widen given that the current-generation
DES have a perpetual 2% yearly risk of stent-related adverse events
[21], but longer-term studies are required.

TARGET VESSEL
REVASCULARIZATION

ALL-CAUSE MORTALITY TARGET LESION

REVASCULARIZATION

=DCB =DES

Fig. 1. Outcomes with drug-coated balloons vs. drug-eluting stents in small vessel coronary artery disease. DCB: drug-coated balloon; DES: drug-eluting stent.
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Fig. 2. Pooled analysis of the odds of periprocedural myocardial infarction, major adverse cardiovascular events, all-cause mortality, and myocardial infarction with drug-coated balloons
vs. drug-eluting stents in small vessel coronary artery disease; the summary statistic is the odds ratios and mean differences calculated according to the Mantel-Haenszel method with
random effects, respectively; marker size is proportional to the study weight. DCB: drug-coated balloon; DES: drug-eluting stent.

The use of DCBs in SVD offers many advantages, mainly due to
avoiding permanent prosthesis implantation. Having a smaller profile,
they are more deliverable in smaller vessels compared with DES. They
are more attractive to use in patients at higher bleeding risk, as the rec-
ommended duration of dual antiplatelet therapy is only four weeks
[12,22]. Most importantly, DCBs are associated with vascular healing
and positive remodeling, particularly in small coronary lumens
[23,24]. In our analysis, late lumen loss was lower with DCBs compared
with DES at six months, an effect that is expected to be more pro-
nounced with more extended angiographic follow-up.

The use of DCBs in SVD has limitations. DCBs require adequate lesion
preparation, which sometimes can be difficult and carries the risk of
suboptimal results (e.g., persistent residual stenosis and dissections),
necessitating bailout stenting. latrogenic dissections have a higher
chance of healing with DCBs [25]. The risk of restenosis is higher type
for C or greater dissections, hence such lesions should be treated with
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bailout stenting. In contrast, types A and B dissections can be treated
with a DCB-only strategy. Our study found that the rate of bailout
stenting in more recent studies did not exceed 7%, which appears ac-
ceptable. The acceptance of this strategy, especially by less experienced
operators, might be a challenge as the default response to most dissec-
tions is stenting. Another limitation of DCBs is that, unlike DES, the class
effect of DCBs cannot be established. The notion that “not all DCBs are
created equal” is crucial in understanding clinical outcomes and choos-
ing the right tool. There is heterogeneity in the excipient, drug mount-
ing technology, and drug transfer rate, leading to mixed clinical trial
results. The lack of a “class effect” was also shown in the SCAAR “Swed-
ish Coronary Angiography and Angioplasty Registry” [26] and empha-
sized in the European revascularization guidelines [27]. There are
emerging promising data on the use of sirolimus-coated balloons but di-
rect comparison with the currently available paclitaxel-coated balloons
is still required [28].
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Fig. 3. Pooled analysis of the odds of target lesion revascularization and target vessel revascularization and mean difference in late lumen loss with drug-coated balloons vs. drug-eluting
stents in small vessel coronary artery disease; the summary statistic is the odds ratios and mean differences calculated according to the Mantel-Haenszel method and inverse variance
method with random effects, respectively; marker size is proportional to the study weight. DCB: drug-coated balloon; DES: drug-eluting stent.
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Fig. 4. Summary of the study results.
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In our analysis, both DES and DCBs were comparable in MACE,
TLR, TVR, and all-cause mortality risk. This equivalency was also
demonstrated in our sensitivity analysis comparing DCBs vs.
second-generation DES. Our findings, especially with the lower inci-
dence of MI with DCBs, support using DCBs in SVD. Using DCBs fulfils
the concept of adequate treatment of atherosclerotic lesions and de-
livery of anti-restenotic drugs without leaving anything behind.
Larger randomized trials with longer follow-up are needed to
confirm our findings, and ensure the durability of DCBs in SVD. Our
results are generally similar to the study by Sanchez et al. in the over-
all outcomes [29]. We did not, however, perform metaregression
given the low number of included studies. Moreover, we performed
a pre-specified sensitivity analysis that showed equivalency of
DCBs and second-generation DES.

4.1. Limitations

Our study has several limitations. First, there is significant heteroge-
neity, given the differences in the type of DCB and the frequency of ad-
equate lesion preparation. We attempted to overcome this limitation
using random-effect models and by performing further sensitivity anal-
yses. Second, the study was performed using published data not
patient-level data. Third, bleeding outcomes were not consistently re-
ported and could not be analysed. Fourth, our results are reported at a
median follow-up time of 12 months, and more extended follow-up
data are needed. Finally, the number of trials is still limited and a beta-
error still possible for many outcomes assessed.

5. Conclusions

PCI of SVD with DCBs is associated with smaller LLL, a lower risk of
MI, and, with the limited data available so far, and similar risk of
MACE, death, TLR, and TVR compared with DES over one year. DCB ap-
pears as an attractive alternative to DES in patients with de-novo SVD,
but long-term clinical data are still needed.
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Abstract

Continuous advances in the field of interventional cardiology have led to the development of drug-coated
balloons (DCB). These represent a promising device for overcoming the well-known limitations of tradi-
tional metallic stents, which are associated with a persistent yearly increased risk of adverse events. This
technology has the ability to homogeneously transfer the drug into the vessel wall in the absence of a per-
manent prosthesis implanted in the coronary vessel.

Robust data support the use of DCB for the treatment of in-stent restenosis, but there is also currently
growing evidence from long-term follow-up of large randomised clinical trials regarding the use of these
devices in other scenarios, such as de novo small and large vessel disease, complex bifurcations, and dif-
fuse coronary disease. Other critical clinical settings such as diabetes mellitus, high bleeding risk patients
and acute coronary syndromes could be approached in the upcoming future by using DCB, alone or as part
of a blended strategy in combination with drug-eluting stents.

There have been important scientific and technical advances in the DCB field in recent years. The pur-
pose of this paper is to review the most current data regarding the use of DCB, including the mid- and
long-term follow-up reports on the safety and efficacy of this novel strategy in different clinical and angio-
graphic scenarios.
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Abbreviations

ACS acute coronary syndromes
BMS bare metal stent

CAD coronary artery disease

DAPT  dual antiplatelet therapy
DCB drug-coated balloon
DES drug-eluting stents

EES everolimus-eluting stent

HBR high bleeding risk

ISR in-stent restenosis

LLG late lumen gain

LLL late lumen loss

MACE  major adverse cardiac events

Mi myocardial infarction

NSTEMI non-ST-segment elevation myocardial infarction
ocT optical coherence tomography

PCB paclitaxel-coated balloon

PCI percutaneous coronary intervention

SCB sirolimus-coated balloon

STEMI  ST-segment elevation myocardial infarction
SVD small vessel disease

TLF target lesion failure

TLR target lesion revascularisation

TVR target vessel revascularisation
Introduction

Percutaneous coronary interventions by means of drug-eluting
stents (DES) represent the gold standard treatment for most coro-
nary artery lesions'. However, poor long-term outcomes have been
reported in the currently increasing number of complex lesions,
mostly driven by some of the inherent limitations of this technology?.

The presence of multiple or diffuse calcified lesions is becom-
ing more common and, in this context, even with modern adjuvant
tools, the results are not non-inferior to coronary artery bypass
grafting®. One of the possible explanations for this poorer outcome
is that target lesion failure (TLF) is correlated with use of longer
stents and a higher risk of stent malapposition*.

In the past decade, a tremendous effort has been made to
develop alternative strategies to overcome the limitations of the
increased metal length implanted in the coronary arteries. One
of the most studied alternatives are drug-coated balloons (DCB),
which have the ability to homogeneously transfer drugs to the ves-
sel wall without the need for prosthesis implantation®. The encour-
aging results in terms of safety and efficacy of DCB reported for
in-stent restenosis (ISR) and small vessel disease (SVD) have led
to continuous work in refining their still unclear role in native
large coronary arteries.

Current stent limitations and disadvantages

Despite the constant advances in DES technology, there remains
a significant risk of stent failure due to ISR or stent thrombosis
(ST)2. It appears that different mechanisms are involved in early
versus late ISR. Jinnouchi et al have shown by means of optical
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coherence tomography (OCT) imaging that early ISR is associ-
ated with the neointimal hyperplasia, while late ISR is the pre-
rogative of neoatherosclerosis®. Of note, the rate of late/very late
ST has been significantly reduced with the introduction of second-
generation DES, as opposed to first-generation ones’. On the other
hand, a 10-year follow-up revealed no significant differences
between second-generation DES and bare metal stents (BMS) in
terms of target lesion revascularisation (TLR) or ST between years
5 and 10 (1.4% vs 1.3%; p=0.96; 0.6% vs 0.4%; p=0.70)%. This is
easily understandable, considering that after 18 months, a DES is
just a nude metallic prosthesis.

Several classical independent predictors, including diabetes
mellitus, small vessel size, total stent length, and complex lesion
morphology, have all been associated with stent failure®. In a simi-
lar fashion, premature dual antiplatelet therapy (DAPT) discon-
tinuation or no periprocedural antithrombotics®, stent undersizing,
underexpansion and malapposition, significant edge dissection,
smaller stent diameters and total stent length* or geographi-
cal miss'2 have been described as independently predicting ST.
Recently published data have identified new factors influencing
the efficacy of DES and predictors for treatment failure, such as
the history of chronic obstructive pulmonary disease, high remain-
ing levels of low-density lipoprotein cholesterol (LDL-C), and a
higher neutrophil/lymphocyte ratio or monocytes**.

What is more, patients undergoing complex percutaneous coro-
nary intervention (PCI) often require potent and prolonged DAPT,
which increases the bleeding risk, but since many interventions
are performed in high-risk frail patients, shorter regimens become
a necessity in most cases®. Despite the increasing evidence of the
safety of new-generation DES with shorter DAPT regimens, the
risk of ischaemic and bleeding adverse events in this population
remains extremely high. In the LEADERS FREE trial, the com-
posite of cardiac death, myocardial infarction (MI), or ST was
9.4% and the rate of Bleeding Academic Research Consortium
(BARC) 3-5 bleeding was 7.2%?. In the Onyx ONE study 1,996
high bleeding risk patients had a 21% risk of major adverse car-
diac events (MACE), independent of the DAPT regimen dura-
tion's, Moreover, a non-negligible proportion of patients require
chronic oral anticoagulation, and triple antithrombotic therapy fur-
ther increases the bleeding risk®.

Drug-coated balloon technology and procedural
aspects

Considering all these factors, DCB have emerged as a promising
alternative for tackling coronary artery disease (CAD) that seem
to surpass most of the shortcomings of traditional stenting. The
Central illustration depicts the potential benefits associated with
their use in coronary interventions. As great heterogeneity exists
in terms of balloon design and polymeric coating, paclitaxel and
sirolimus are currently the only 2 antiproliferative drugs used for
DCB. Paclitaxel is highly lipophilic, making its deliverability
easier, and has been associated with luminal enlargement, while
sirolimus offers a sustained antiproliferative effect, as shown by
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Acute coronary syndromes

Similar 9-month/2-year MACE and
LLL vs DES
Similar 3-year cardiac death and
MI/1.5-year TLF vs DES

High bleeding risk patients 6 6

Similar major bleeding vs DES
Similar MACE vs DES

Patients with DM

Lower 12-month MACE, TLR, TVF and ﬁ_-"‘
LLL vs DES -
Lower 3-year TVR vs DES

CENTRAL ILLUSTRATION Potential benefits of drug-coated halloon use for coronary interventions.
Recent DCB advances in coronary interventions

In-stent restenosis
Low 6-month LLL

N\

Diffuse CAD

Similar 3-year TLR and MACE vs DES
Lower LLL vs DES

De novo small CAD

Similar 5-year TLF vs DES
Similar 3-year all-cause death and MACE vs DES
Lower 3-year major bleeding vs DES
Lower abrupt vessel closure at 3 years and
lower VT vs DES

R
s

De novolarge CAD

Low 2-year TLF, TLR and TVR
Similar 12-month MACE and TLR vs DES

Bifurcation lesions

Lower LLL and MACE for the SB vs POBA
Lower LLL for DES/MB+DCB/SB
vs 2-stent strategy
DES/MB+DES/SB - low restenosis and TLR

CAD: coronary artery disease; DCB: drug-coated balloon; DES: drug-eluting stents; DM: diabetes mellitus; HBR: high bleeding risk;
LLL: late lumen loss; MACE: major adverse cardiac events; MB: main branch; MI: myocardial infarction; POBA: plain old balloon
angioplasty; SB: side branch; TLF: target lesion failure; TLR: target lesion revascularisation; TVF: target vessel failure; TVR: target vessel

revascularisation; VT: vessel thrombosis

in vitro studies on hypoxia. A direct comparison between pacli-
taxel DCB (SeQuent Please NEO [B. Braun]) and sirolimus DCB
(SeQuent Please SCB [B. Braun]) in the ISR setting was published
in 2019, and sirolimus was shown to be non-inferior in terms of
short-term late lumen loss (LLL) and midterm clinical events
(12 months). Another propensity score matching analysis between
the paclitaxel-coated balloon ELUTAX SV/3 (AR Baltic Medical)
and the sirolimus-coated balloon MagicTouch (Concept Medical)
which analysed patients from two major registries (DCB-RISE
and EASTBOURNE) observed no differences in terms of TLR
(7.9% vs 8.3%, respectively; p=0.879) or MACE (10.3% vs
10.7%, respectively; p=0.892) at 12 months'’. However, taking
into account the heterogeneity that exists in the balloon design,
polymeric coating, and that the drugs used affect DCB efficacy,
safety and outcome, we cannot assume that all DCBs are equal or,
therefore, that a DCB class effect does not exist®.

Regarding long-term safety after DCB use, while late aneu-
rysmal formation is a known complication of bioresorbable
vascular scaffolds, there are currently no data suggesting a cor-
relation between increased aneurysm formation and DCB. With
a reported incidence of 0.6% to 3.9% after percutaneous coronary

intervention (PCI), the formation of coronary artery aneurysms
after DCB use was investigated by Kleber et al in a study includ-
ing 704 PCIs. In this study, only 3 out of 380 patients developed
coronary aneurysms at the 4-month angiographic follow-up, cor-
responding to an incidence of 0.8%, which did not exceed the gen-
eral incidence after PCI.

One of the most significant features of DCB-only angioplasty
for native CAD is late lumen enlargement (LLE), which was first
reported by Kleber et al?®. In a small study including 58 consecu-
tive patients, the authors described at 4-month angiographic follow-
up, by means of quantitative coronary angiography, a significantly
increased target lesion minimal lumen diameter (1.75+0.55 mm
vs 1.91+0.55 mm; p<0.001; diameter stenosis 33.8+12.3% vs
26.9+13.8%; p<0.001), with 69% of patients experiencing LLE.
Similar results were reported by Yamamoto et al?, who proposed
vessel enlargement, plaque regression and non-flow-limiting larger
dissection after DCB treatment as possible mechanisms for this
finding in a study using intravascular ultrasound (IVUS) imaging
follow-up. Interestingly, in a multicentre, randomised controlled
trial (RCT)?? comparing DCB with plain old balloon angioplasty,
LLE was also found more frequently in small vessel disease (48%
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vs 15%; p<0.01), while LLL was significantly lower in the pacli-
taxel-coated balloon (PCB) group (0.01+0.31 mm vs 0.32+0.34
mm; p<0.01). Of particular importance, a recent study?® showed
that lumen enlargement is observed in more than half of the lesions
within the first year of follow-up, with 88% of these patients present-
ing a persistent effect at long-term follow-up (median 37 months).
What is more, half of the lesions without early lumen enlargement
showed late lumen enlargement after DCB angioplasty.

Similar to DES PCI, aggressive lesion preparation is mandatory
when considering DCB treatment. A predilatation balloon-to-vessel
ratio of 0.8-1.0/1.0 is recommended, usually starting with a plain
balloon and escalating treatment (depending on lesion complexity)
to cutting/scoring balloons or even atherectomy or intracoronary
lithotripsy in case of severely calcified lesions?. In the absence of
a flow-limiting dissection and a residual stenosis of <50%, the DCB
adapted to the reference vessel diameter with a balloon-to-vessel
ratio of 0.8-1.0/1.0 can be inflated to its nominal pressure for at
least 30 seconds. After DCB delivery and inflation, if the angio-
graphic result is unsatisfactory (presence of flow-limiting dissection
or Thrombolysis in Myocardial Infarction [TIMI] flow <3), short
bailout stenting should be considered when feasible!”,

Here, we summarise the most recent scientific advances of this
technology presented or published in 2022 and early 2023.

DCB USE IN IN-STENT RESTENOSIS

ISR was the first indication for DCB use for which this strat-
egy was granted a Class | indication in the European Society
of Cardiology and European Association for Cardio-Thoracic
Surgery (ESC/EACTS) Guidelines®.

Long-term results from important trials have recently been pub-
lished, as well as head-to-head comparisons between DCB and
DES (Tahle 1). There is a newcomer in the arena, the paclitaxel-
eluting Prevail DCB (Medtronic) with the already-known FreePac
technology which uses urea as an excipient. In an ISR study,
authors reported low LLL rates (0.12+0.45 mm) at 6 months, as
well as low rates of the need for revascularisation and of safety
events at 12 months?. Some recent studies have reported DCB
treatment to be moderately less effective than repeat everolimus-
eluting stent (EES) implantation in reducing TLR for patients
with coronary DES-ISR at long-term follow-up?"2, Still, a “leave
nothing behind” strategy remains of great interest, as it has been
suggested to be potentially safer regarding the risk of very late
stent-associated events, including lower bleeding risk, because of
its shorter DAPT regimen compared with DES?. In order to fur-
ther improve the clinical outcomes of patients with ISR treated
with DCB, several new angiographic predictors have been
described: low postprocedural quantitative flow ratio was an inde-
pendent predictor of vessel-oriented composite endpoints in two
separate studies®®®, while the presence of in-stent calcified nodule
lesions identified by OCT was associated with significantly higher
rates of TLF®,

DCB USE IN DE NOVO SMALL CORONARY VESSELS
Despite robust data on the safety and efficacy of DCB in de novo
SVD, an indication for their use is still lacking in the international
guidelines.

Recently, long-term results of three pivotal studies compar-
ing the outcome of DCB versus DES in native coronary vessels

Table 1. DCB use for in-stent restenosis — results from the most recent available studies.

Study ‘ Design ‘ Population ‘ Device ‘ Primary endpoint‘ Results

PREVAILZ®

Prospective

50 patients
(de novo and ISR)

Prevail PCB
(Medtronic)

Six-month LLL by
QCA

Mean LLL 0.12+0.45 mm; 12-month
TLR 7.1%, TVR 10.7% (for ISR
patients)

Giacoppo et al?’

Meta-analysis
of 10 RCTs

2,099 patients
(BMS- and DES-ISR)

SeQuent Please PCB
(B. Braun); Pantera
Lux PCB (Biotronik)

TLR at three years

For DES-ISR, when comparing DCB
and DES, TLR was higher (20.3% vs
13.4%; HR 1.58) and MACE was only

numerically lower (9.5% vs 13.3%;

HR 0.69)

(DES-ISR)

(cardiac death, TVR,
definite ST)

Zhu et al?® Meta-analysis 1,193 patients SeQuent Please PCB TLR Higher TLR (RR 1.53; p=0.003) and
of 5 RCTs (DES-ISR) (B. Braun); Pantera similar MACE (RR 1.1; p=0.37) when
Lux PCB (Biotronik) comparing DCB to DES
Liu et al*® Post hoc 169 patients Shengi PCB (Shengi VOCEs (cardiac 20 VOCEs occurred in 20 patients;
analysis of (ISR) Medical); SeQuent | death, target-vessel | pQFR <0.89 predicted a six-fold higher
RCT Please PCB (B. MI, ischaemia-driven risk of VOCE (HR 5.94; p<0.001)
Braun) TVR) at one year
Tang et al® Retrospective 177 patients SeQuent Please PCB One-year VOCEs 27 VOCEs occurred in 26 patients;
(DES-ISR) (B. Braun) QFR <0.94 was a strong predictor of
VOCE (HR 6.53; p<0.001)
Masuda et al? Prospective 160 patients PCB Three-year TLF TLF was higher in the ISR-CN group

compared to the ISR-non-CN group
(85.3% vs 16.9%; p<0.001)

UQFR: Murray law-based QFR; BMS: bare metal stent; CN: calcified nodule; DCB: drug-coated balloon; DES: drug-eluting stent; HR: hazard ratio;
ISR: in-stent restenosis; LLL: late lumen loss; MACE: major adverse cardiac events; MI: myocardial infarction; PCB: paclitaxel-coated balloon;
QCA: quantitative coronary analysis; QFR: quantitative flow ratio; RCT: randomised controlled trial; RR: risk ratio; ST: stent thrombosis; TLF: target
lesion failure; TLR: target lesion revascularisation; TVR: target vessel revascularisation; VOCE: vessel-oriented composite endpoint
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have been published, bringing to light the potential role of DCB in
future coronary interventions.

In the final 5-year clinical follow-up of the RESTORE SVD
study presented by Shao-Liang Chen during TCT 2022, similar
TLF rates (8.0% vs 7.3%; p=0.85) between the Resolute Onyx
DES (Medtronic) and the RESTORE DCB (CARDIONOVUM)
groups were found, with optimistic results also reported regard-
ing all-cause death, MI and any revascularisation, and no device
thrombosis (Table 2).

The 3-year follow-up of the BASKET-SMALL 2 trial (vessel
size: 2-3 mm) showed consistent, similar rates of MACE and all-
cause death with the SeQuent Please DCB versus DES (75% EES,
25% paclitaxel DES) patients, and while major bleeding and prob-
able or definite ST were numerically lower in the first group, they
did not reach statistical significance®. Several substudies of this
trial have been developed and have added some interesting results.
The efficacy and safety of DCB were similar irrespective of vessel
size, with a trend towards a more pronounced beneficial effect of
DCB over paclitaxel-eluting stents regarding target vessel revas-
cularisation (TVR), non-fatal Ml and MACE in very small cor-
onary arteries®; the long-term efficacy and safety of DCB were
similar in patients with and without chronic kidney disease, with
significantly fewer major bleeding events in the DCB group®.

PICCOLETO Il is another pivotal study which compared the
performance of a novel DCB (ELUTAX SV [AR Baltic Medical])
with an EES (Abbott) in patients with de novo lesions in vessels
smaller than 2.75 mm diameter. Six-month in-lesion LLL, the
study’s primary endpoint, was significantly higher in the DES arm
(0.17+0.39 vs 0.04+0.28 mm; p=0.03 for superiority). At 12-month
clinical follow-up, MACE occurred in 7.5% of the DES group and
in 5.6% of the DCB group (p=0.55), with a numerically higher
incidence of spontaneous MI (4.7% vs 1.9%; p=0.23) and ves-
sel thrombosis (1.8% vs 0%; p=0.15) in the DES arm?®. The final
follow-up of this study was recently published®. After 3 years, the
authors reported a significant reduction in abrupt vessel closure and
MACE in the DCB arm (10.8% vs 20.8%; p=0.046) (Figure 1).

Table 2. RESTORE SVD study — five-year clinical follow-up results.
RESTORE | RESTORE

DCB DES p-value
(n=113) | (n=110)

Target lesion failure 8.0 (9) 7.3(8) 0.85
All-cause death 3.5(4) 3.6 (4) 1.00
Cardiac death 0.9(1) 2.7 (3) 0.37
Myocardial infarction 3.5(4) 3.6 (4) 1.00
Target vessel myocardial 2.7 (3) 1.8 (2) 1.00
infarction

Any revascularisation 16.8(19) | 15.5(17) | 0.78
Ischaemia-driven 8.8(10) | 10.0(11) | 0.77
revascularisation

Data are presented as % (n). DCB: drug-coated balloon; DES:
drug-eluting stent; SVD: small vessel disease

2024 update on DCB

Recently, Ahmad published the results of the first-in-human
direct comparison of a sirolimus-coated balloon (SCB; SeQuent)
with a PCB (SeQuent Please) in 70 patients with coronary de novo
lesions®®. With similar LLL (0.01+0.33 mm in the PCB group vs
0.10+0.32 mm in the SCB group) at 6-month follow-up, the study
met the predefined non-inferiority margin. Interestingly, LLE was
more frequently observed after PCB treatment (60% of lesions vs
32% in the SCB group; p=0.019).

In light of these findings, a recent meta-analysis reported the out-
comes of DCB versus DES in de novo SVD, including five RCTs
(1,459 patients; DCB n=734 and DES n=725)%. Over a 6-month
follow-up, the authors found DCB to be associated with lower
LLL compared with DES (mean difference —0.12 mm; p=0.01), as
well as with a lower risk of MI, and similar risk of MACE, death,
TLR, and TVR compared with DES at 1 year. In another meta-
analysis, Sanz Sanchez et al included five RCTs comparing DCB
with DES with a mean clinical follow-up of 10.2 months. In this
study, the use of DCB was found to be associated with a similar
risk of TVR (odds ratio [OR] 0.97,.95% confidence interval [CI]:
0.56-1.68; p=0.92), TLR (OR 1.74, 95% CI: 0.57-5.28; p=0.33),
and all-cause death (OR 1.03, 95% CI: 0.14-7.48; p=0.98), with
a significantly lower risk of vessel thrombosis (OR 0.12, 95% CI:
0.01-0.94; p=0.04)%.

DCB USE IN DE NOVO LARGE VESSELS

With growing evidence to support the safety and efficacy of DCB
in-de novo large coronary arteries, the use of DCB alone, or as
part of a hybrid strategy in combination with DES, is becoming an
intriguing alternative to long metallic implantations®'.

A recent trial randomised 288 patients with lesions with a refer-
ence vessel diameter between 2.25 and 4.00 mm and lesion length
<30 mm to the SeQuent Please PCB or an EES. The 9-month LLL
was —0.19+0.49 mm in the DCB versus 0.03+0.64 mm in the DES
arm (p=0.019), while 12-month MACE was similar (2.44% vs
6.33%; p=0.226)*. In another smaller, multicentre, prospective,
observational study enrolling 119 patients with de novo coronary

(%) 25 —

M DES p=0.046
2- MDCB 20.8%
5 p=0.18
10.8%
10 |
p=0.14
5| p=0.98 p=0.042

Death Cardiac Ml TLR Vessel MACE
death thrombosis

Figure 1. Three-year clinical outcomes of the PICCOLETO Il trial.
DCB: drug-coated balloon; DES: drug-eluting stent; MACE: major
adverse cardiac events; MI: myocardial infarction; TLR: target
lesion revascularisation
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lesions in vessels >2.75 mm in diameter, a DCB-only strategy also
appeared to be safe and effective for both bifurcation and non-
bifurcation lesions. Two-year follow-up revealed TLF, TLR, and
TVR rates of 4.0%, 3.4%, and 4.2%, respectively*.

One of the explanations for the favourable outcomes of DCB
in diffuse coronary disease could come from another study, which
evaluated the vessel vasomotor function after DCB*. In this study,
the authors reported that the vasomotor response of the treated
vessels was similar between the treated segments and angiograph-
ically normal segments (p=0.17), supporting the safety of a DCB-
only strategy in treating de novo native coronary lesions.

A DCB strategy could be of particular interest for ostial
lesions, as they are associated with geographical miss rates of
up to 54% and a 3-fold increase in TLR*. A recent retrospec-
tive study investigated the role of DCB on 16-month outcomes
(TLR, postinterventional lumen gain and LLL) in patients with
ostial coronary lesions (27.3% ISR and 72.7% de novo) and
reported favourable results, particularly in the subgroup of de
novo lesions, as the TLR rate in the de novo group was signif-
icantly lower than the ISR group (2.4% vs 50.0%; p<0.001),
with no difference in terms of postoperative or follow-up mean
lumen diameter (1.76+1.31 mm vs 1.88+0.64 mm; p=0.187)%.
In another study, using a propensity score matching analysis, the
authors compared a SeQuent Please PCB to a new-generation
DES for ostial lesions in the left anterior descending artery“. At
12-month follow-up, the outcomes were similar between the two
groups (MACE: 6% vs 6%; p=1.0; TLR: 2% vs 4%; p=0.56),
suggesting the feasibility and safety of this stentless approach for
ostial lesions of large vessels.

DCB USE IN BIFURCATION LESIONS

Bifurcation lesions represent another attractive scenario for the use
of DCB, either alone or as part of a hybrid strategy, such as DES
in the main vessel with DCB for the ostial side branch, as it could
spare the patient unnecessary stent implantation in this vulnerable
anatomical location which frequently leads to geographical miss
or a further two-stent strategy.

Two recent meta-analyses that included several RCTs compared
DCB with plain old balloon angioplasty for side branch treatment.
DCB were associated with lower LLL (mean difference —0.24 mm;
p=0.01)*" and lower rates of MACE (OR 0.21, 95% ClI: 0.05-0.84;
p=0.03)*. However, no differences were found when analysing
the individual components of MACE.

In a recent retrospective study on 181 patients, Ikuta et al found
that DCB therapy (using SeQuent Please) of the side branch was
linked to late lumen gain (LLG) in 71.7% of cases. The authors
also compared patients with LLG and those with LLL, showing
numerically lower MACE and TLR rates in the LLG group (2.0%
vs 7.8%; p=0.11 and 2.0% vs 7.7%; p=0.11)%*.

In the specific and delicate case of the left main stem, Liu et
al found that a hybrid strategy — using a DCB in the secondary
branch in addition to a DES in the main branch — was superior
to a two-stent strategy in terms of LLL, both at the side branch
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ostium (—0.17 mm vs 0.43 mm; p<0.001) and at the proximal main
branch (0.09 mm vs 0.17 mm; p=0.037)%.

In another study, directional atherectomy was used prior to DCB
treatment of bifurcation lesions (80% left main). A true bifurcation
was present in only 14% of cases, so DCBs were mainly used in
the main vessel (and in 3.9% of cases in the side branch). Twelve-
month follow-up showed good procedural results, with low reste-
nosis (2.3%) and TLR (3.1%) rates, as well as an acceptable rate
of target vessel failure (10.9%), driven only by TVRS,

DCB USE IN LONG AND DIFFUSE LESIONS

As previously stated, long metal implants in diffuse coronary dis-
ease are associated with higher rates of target vessel failure®. In
this setting, DCB alone or in conjunction with stents may repre-
sent an attractive alternative to full-stent implantation.

As appealing as it seems, however, dedicated studies of a DCB-
only strategy for long lesions are still lacking, although many of
the patients included in pivotal studies using DCB had diffuse cor-
onary artery disease, and these devices provided favourable out-
comes®52%3, Recently, the long-term performance of DCB-only
versus being part of a blended strategy in diffuse coronary lesions
was investigated in 355 patients (360 lesions) and compared to
a group of 672 patients (831 lesions) treated with DES alone®.
After 3 years of follow-up, no significant differences in TLR and
MACE rates were described (7.3% vs 8.3%; p=0.63; and 11.3%
vs 13.7%; p=0.32). Of note, similar TLR and MACE rates were
observed between the DCB-only and hybrid strategies. What is
more, LLL was considerably lower in the DCB group than in the
DES arm (0.06+£0.61 mm vs 0.41+0.64 mm; p<0.001). Another
recently published study retrospectively enrolled 254 patients with
multivessel disease that had been successfully treated with DCB
alone or in combination with DES and compared them with 254
propensity-matched patients treated with second-generation DES
from an important registry. Not only were the number of stents
and total stent length significantly reduced by 65.4% and 63.7%,
respectively, by using a blended approach, but a lower rate of
MACE was also described in the DCB group (3.9% and 11.0%;
p=0.002) at 2-year follow-up, thus demonstrating that by reducing
stent burden in multivessel CAD efficiently, improved long-term
outcomes may be expected® .

DCB USE IN REAL-WORLD PATIENTS

In 2022, the primary endpoint outcome of the largest prospec-
tive study on DCB was presented. The EASTBOURNE Registry
is an international, investigator-driven study on the performance
of MagicTouch SCB in an all-comer population®. The total
population enrolled in the 38 centres was 2,123 patients (2,440
lesions), including 44% with ISR, and 45% with complex lesions
including acute coronary syndromes (ACS). Interestingly, bailout
stenting only occurred in 7% of the patients. After 12 months
the primary endpoint of TLR occurred in 5.9% of the lesions,
and MACE occurred in 9.9% of the patients. As for paclitaxel
DCB, the primary endpoint occurred more frequently in the ISR



cohort (10.5% vs 2.0%; risk ratio [RR] 1.90, 95% CI: 1.13-
3.19)%. Figure 2 describes the midterm clinical performance of
this device.

THE ROLE OF DCB IN PATIENTS WITH DIABETES MELLITUS
Diabetes mellitus is a high-risk condition affecting all vascular ter-
ritories, characterised by diffuse atherosclerotic disease associated
with a process of negative remodelling at the coronary site requir-
ing longer and smaller diameter stents. It is well known that the
rates of ISR, MI and death are higher in diabetic patients.

Recently, two prospective studies specifically evaluated the
safety and efficacy of DCB in this setting®®. As expected, both
studies reported that the diabetic group treated with DCB was
associated with a higher incidence of 1-year TLF (5.36% vs
2.77%; OR 1.991, 95% CI: 1.077-3.681; 3.9% vs 1.4%; HR 2.712,
95% CI: 1.254-5.864) and TLR (4.15% vs 1.90%; OR 2.233, 95%
Cl: 1.083-4.602; 2.0% vs 0.5%; HR 3.698, CI: 1.112-12.298) as
compared to non-diabetic patients, whereas the rates of Ml (OR
4.042, 95% CI: 0.855-19.117; p=0.057; 0.6% vs 0.1%; p=0.110)
were not significantly different.

Few studies offer a direct comparison between DCB and DES
in diabetic patients. A recent meta-analysis® including 847 patients
from six studies concluded that regarding midterm outcomes
(12 months), DCB had significantly lower MACE (RR 0.60, 95%
Cl: 0.39-0.93), MI (RR 0.42, 95% Cl: 0.19-0.94), TLR (RR 0.24,
95% CI: 0.08-0.69), binary restenosis (RR 0.27, 95% CI: 0.11-
0.68) and LLL (mean difference —0.31; 95% CI: —0.36 to —0.27).

In a subgroup analysis of the BASKET-SMALL 2 ftrial®, at
the 3-year follow-up, the 252 diabetic DCB patients had lower
TVR (9.1% vs 15.0%; p=0.036) as compared to. DES patients,
along with no significant differences regarding MACE (19.3% vs
22.2%; p=0.51), cardiac death (8.8% vs 5.9%; p=0.16) or non-
fatal Ml (7.1% vs 9.8%; p=0.24).

A recent subanalysis of the EASTBOURNE study (B. Cortese.
Sirolimus coated balloon: expanding the scope of coronary artery
disease treatment. Presented at: AICT-AsiaPCR 2022; 6-8 October
2022; Singapore), also showed an adequate performance of the
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T
Death Ml TLR MACE

Figure 2. EASTBOURNE Registry 12-month clinical follow-up.
MACE: major adverse cardiac events; MI: myocardial infarction;
TLR: target lesion revascularisation
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MagicTouch SCB in the diabetic population. Diabetics were
38% of the entire population. Compared to non-diabetic patients,
patients with diabetes had non-statistically different TLR at 1 year
(6.5% vs 4.2%; p=0.066). However, as in previous studies, dia-
betic patients had an increased risk of all-cause death (3.5% vs
1.7%; p=0.018), M1 (3.5% vs 1.6%; p=0.011) and MACE (11.0%
vs 8.1%; p=0.038). The overall incidence of TLR was higher
among patients undergoing PCI for ISR as compared to those with
de novo coronary lesions; this was independent of diabetic ver-
sus non-diabetic status (ISR: 11.7% vs 9.6%; p=0.400; de novo
lesions: 2.5% vs 1.8%; p=0.552). The major findings of these
studies are summarised in Table 3.

DCB IN HIGH BLEEDING RISK PATIENTS

Another challenging clinical scenario for DES is represented by
patients with high bleeding risk (HBR), where potent and pro-
longed DAPT is risky. In fact, bleeding after PCI has been iden-
tified as a strong independent predictor for 1-year mortality in
several reports®,

A DAPT duration of 4 weeks following DCB use in de novo
lesions has always shown good results in several studies in both
stable and acute settings®, and expert consensus documents sup-
port this strategy?%3. Interestingly, in the case of high-risk patients
that require urgent surgery or those with recent bleeding, new evi-
dence shows that the second antiplatelet drug can be omitted after
DCB use®.

Recently, a post hoc analysis of 155 HBR patients from the
BASKET-SMALL 2 trial was published. Unsurprisingly, HBR
was associated with higher mortality rates at 3 years (HR 3.09;
p<0.001). While there were no differences in terms of MACE
between DCB and DES in the overall population (HR 1.16;
p=0.719 vs non-HBR, HR 0.96; p=0.863), DCB showed similar
rates of major bleeding in HBR patients (4.5% vs 3.4%) and lower
rates in non-HBR patients (0.9% vs 3.8%)%.

DCB IN THE SETTING OF ACUTE CORONARY SYNDROMES
Stent-related events occur more frequently following an ACS, thus,
limiting the amount of metal or even a “leave nothing behind”
approach seems to be a plausible goal. The efficacy of DCB was
recently tested in both ST-segment elevation myocardial infarc-
tion (STEMI) and non-STEMI (NSTEMI) patients. Two RCTs
found no differences between DCB and DES in the treatment of
STEMI patients after 9 months in terms of LLL (0.24+0.39 mm vs
0.31+0.38 mm; p=0.21)% or fractional flow reserve (0.92+0.05 vs
0.9140.06)%". The results were consistent at the 2-year follow-up,
where similar rates of MACE (5.4% vs 1.9%; HR 2.86, 95% CI:
0.30-27.53; p=0.34) were demonstrated®’.

A recent meta-analysis including both STEMI and NSTEMI
patients confirmed these results. Between 6 and 12 months of
follow-up, there were no differences between the groups regarding
the incidence of MACE (RR 0.85, 95% CI: 0.42-1.7) or its individ-
ual components. The DCB group was also associated with lower
LLL (weighted mean difference —0.29, 95% CI: —0.46 to —0.12)%,
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Table 3. DCB use in diabetic patients — results from the most recent studies.

Study ‘ Design ‘ Population ‘ Device ‘ Primary endpoint ‘ Results
Pan et al®® Prospective 578 diabetic SeQuent Please One-year TLF Higher TLF (5.36% vs 2.77%; OR 1.991;
patients PCB (B. Braun) | (composite of cardiac p=0.025) and similar rate of MACE (OR
death, target vessel 1.580; p=0.10) in the diabetic group
Ml and TLR) compared to non-diabetic patients
Benjamin et al®® Prospective 430 diabetic SeQuent Please One-year TLF Higher rate of TLF (3.9% vs 1.4%;
patients PCB (B. Braun) p=0.006) among diabetic patients, similar
rates of M| (0.6% vs 0.1%; p=0.11) and
MACE (4.4% vs 2.7%; p=0.12) when
compared to the non-diabetic group
Li et al®® Meta- 847 diabetic SeQuent Please 12-month MACE DCB superior to DES regarding MACE (RR
analysis patients PCB (B. Braun); (composite of MI, 0.60; p=0.02), occurrence of MI (RR 0.42;
(de novo SVD) IN.PACT PCB | TLR, TVR and death) p=0.03), TLR (RR 0.24; p<0.001), TVR
(Medtronic); (RR 0.33; p<0.001), binary restenosis (RR
Elutax-SV PCB 0.27; p=0.005) and LLL (mean difference
(Aachen -0.31; p<0.001) with respect to midterm
Resonance) (12-month) outcomes; long-term outcomes
were similar
BASKET-SMALL 2% | Subgroup 252 diabetic SeQuent Please | MACE (composite of | As compared to DES, DCB was associated
analysis of patients PCB (B. Braun) cardiac death, with lower rates of TVR (9.1% vs 15.0%;
RCT (de novo SVD) non-fatal MI, and HR 0.4; p=0.036), while MACE, cardiac
TVR) death and non-fatal MI were similar (19.3%
vs 22.2%; HR 0.82; p=0.51; 8.8% vs
5.9%; HR 2.01; p=0.16; 7.1% vs 9.8%;
HR 0.55; p=0.24)
EASTBOURNE®’ Subgroup 864 diabetic MagicTouch TLR at 12 months Diabetic patients had similar TLR (6.5% vs
analysis of patients SCB (Concept 4.2%; p=0.066) and higher rates of
prospective Medical) all-cause death (3.5% vs 1.7%; p=0.018),
study MI (3.5% vs 1.6%; p=0.011) and MACE
(11.0% vs 8.1%; p=0.038), as compared
to non-diabetic patients

DCB: drug-coated balloon; DES: drug-eluting stent; HR: hazard ratio; LLL: late lumen loss; MACE: major adverse cardiac events; MI:
myocardial infarction; OR: odds ratio; PCB: paclitaxel-coated balloon; RCT: randomised controlled trial; RR: risk ratio; SCB: sirolimus-coated
balloon; SVD: small vessel disease; TLF: target lesion failure; TLR: target lesion revascularisation; TVR: target vessel revascularisation

Moreover, the BASKET-SMALL 2 trial included 214 patients pre-
senting with an ACS (50% with STEMI). At 1 year, there were
lower rates of cardiac death (HR 0.66, 95% CI: 0.15-2.95) and Ml
(HR 0.00, 95% CI: 0.00-0.32) in-the DCB group®.

Future perspectives

Although there are recent data providing more optimistic results
regarding the safety and efficacy of DCB in new clinical and
angiographic settings, there are still an important number of ongo-
ing trials and studies that should provide further answers regard-
ing the feasibility of DCB as an alternative to metal implantation.

The ISAR-DESIRES trial (ClinicalTrials.gov: NCT05544864)
aims to study the difference in the pattern of neointima forma-
tion using OCT, following treatment with either the Agent PCB
(Boston Scientific) or the XIENCE (Abbott) DES for ISR.

The TRANSFORM 1 (ClinicalTrials.gov: NCT03913832)™
trial has randomised patients with SVD (<2.75 mm) to either the
MagicTouch SCB or the SeQuent Please PCB. OCT guidance will
allow optimal balloon sizing. The primary endpoint is 6-month in-
segment net lumen gain assessed by angiography, and the results
will be presented during 2023.

The TRANSFORM Il (ClinicalTrials.gov: NCT04893291)"
trial aims at filling the gap regarding the use of DCB in the treat-
ment of small and medium-sized native coronary artery vessels
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(2-3 mm) by offering a comparison between MagicTouch DCB
and EES in terms of 12-month TLF. Non-inferiority in terms of
TLF is hypothesised, whereas a sequential superiority of the DCB
arm is expected after the third year and until the final follow-up
of the study. The co-primary endpoint of the TRANSFORM 11
study is net adverse clinical events, which will take into account
a potential benefit of DCB in terms of reduction in bleeding due
to shorter DAPT duration.

Another study (ClinicalTrials.gov: NCT04664283) aims to eval-
uate the non-inferiority of DCB compared to DES in the man-
agement of large vessel disease (vessel diameter 3.0-4.5 mm),
as assessed by OCT. The PRO-DAVID trial (ClinicalTrials.gov:
NCT04403048) will randomise 650 patients with true bifurcation
lesions (including left main) in order to evaluate the impact of
the outcome of a hybrid bifurcation approach (DES in the main
branch, DCB in the side branch) on 12-month MACE.

The D-Lesion Long Trial (ClinicalTrials.gov: NCT03155971)
will compare a DCB versus a DES approach in patients with long
coronary lesions. The primary endpoint is LLL assessed by angi-
ography. Several other studies will address different settings, such
as chronic total occlusions (ClinicalTrials.gov: NCT04744571),
various complex lesions (PICCOLETO I11), ACS using intravas-
cular ultrasound guidance (ClinicalTrials.gov: NCT04475978) or
HBR patients (DCB-HBR, ClinicalTrials.gov: NCT05221931).



Pertaining the latter, PREPARE-NSE (ClinicalTrials.gov:
NCT03817801) aims to evaluate the effect of plaque modification
using a scoring balloon followed by DCB use in HBR patients, in
order to confirm the promising preliminary results from previous
studies™.

Conclusions

DCB have the potential to safely and efficiently tackle the limi-
tations of current-era DES in several clinical and technical set-
tings. The last two years have been important in terms of new
devices and clinical data for the DCB technology and in "new"
angiographic and clinical scenarios, such as large de novo coro-
nary lesions, bifurcations, diffuse CAD, ACS and HBR patients.
However, ongoing larger clinical trials with long-term follow-up
will be able to validate this approach.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,
Byrne RA, Collet JP, Falk V, Head SJ, Jini P, Kastrati A, Koller A, Kristensen SD,
Niebauer J, Richter DJ, Seferovic PM, Sibbing D, Stefanini GG, Windecker S,
Yadav R, Zembala MO. 2018 ESC/EACTS Guidelines on myocardial revasculariza-
tion. Eurolntervention. 2019;14:1435-534.

2. von Birgelen C, van der Heijden LC, Basalus MW, Kok MM, Sen H,
Louwerenburg HW, van Houwelingen KG, Stoel MG, de Man FH, Linssen GC,
Tandjung K, Doggen CJ, van der Palen J, Léwik MM. Five-Year Outcome After
Implantation of Zotarolimus- and Everolimus-Eluting Stents in Randomized Trial
Participants and Nonenrolled Eligible Patients. A Secondary Analysis of a Randomized
Clinical Trial. JAMA Cardiol. 2017;2:268-76.

3. Fearon WF, Zimmermann FM, De Bruyne B, Piroth Z, van Straten AHM, Szekely L,
Davidavi¢ius G, Kalinauskas G, Mansour S, Kharbanda R, Ostlund-Papadogeorgos N,
Aminian A, Oldroyd KG, Al-Attar N, Jagic N, Dambrink JE, Kala P, Angerds O,
MacCarthy P, Wendler O, Casselman F, Witt N, Mavromatis K, Miner SES, Sarma J,
Engstrem T, Christiansen EH, Tonino PAL, Reardon MJ, Lu D, Ding VY, Kobayashi Y,
Hlatky MA, Mahaffey KW, Desai M, Woo YJ, Yeung AC, Pijls NHJ; FAME 3
Investigators. Fractional Flow Reserve-Guided PCl as Compared with Coronary
Bypass Surgery. N Engl J Med. 2022;386:128-37.

4. Ki YJ, Park KW, Kang J, Kim CH, Han JK, Yang HM, Kang HJ, Koo BK, Kim HS.
Safety and Efficacy of Second-Generation Drug-Eluting Stents in Real-World Practice:
Insights from the Multicenter Grand-DES Registry. J Interv Cardiol. 2020;
2020:3872704.

5. Patel S, Svermova T, Burke-Gaffney A, Bogle RG. Drug-eluting balloons with pro-
visional bail-out or adjunctive stenting in de novo coronary artery lesions-a systematic
review and meta-analysis. Cardiovasc Diagn Ther. 2018;8:121-36.

6. Jinnouchi H, Kuramitsu S, Shinozaki T, Tomoi Y, Hiromasa T, Kobayashi Y,
Domei T, Soga Y, Hyodo M, Shirai S, Ando K. Difference of Tissue Characteristics
Between Early and Late Restenosis After Second-Generation Drug-Eluting Stents
Implantation - An Optical Coherence Tomography Study. Circ J. 2017;81:450-7.

7. Tada T, Byrne RA, Simunovic |, King LA, Cassese S, Joner M, Fusaro M,
Schneider S, Schulz S, Ibrahim T, Ott I, Massberg S, Laugwitz KL, Kastrati A. Risk of
stent thrombosis among bare-metal stents, first-generation drug-eluting stents, and
second-generation drug-eluting stents: results from a registry of 18,334 patients. JACC
Cardiovasc Interv. 2013;6:1267-74.

8. Brugaletta S, Gomez-Lara J, Ortega-Paz L, Jimenez-Diaz V, Jimenez M, Jiménez-
Quevedo P, Diletti R, Mainar V, Campo G, Silvestro A, Maristany J, Flores X,
Oyarzabal L, De Miguel-Castro A, Ifiiguez A, Serra A, Nombela-Franco L, lelasi A,
Tespili M, Lenzen M, Gonzalo N, Bordes P, Tebaldi M, Biscaglia S, Rodriguez-
Arias JJ, Al-Shaibani S, Arevalos V, Romaguera R, Gomez-Hospital JA, Serruys PW,
Sabaté M. 10-Year Follow-Up of Patients With Everolimus-Eluting Versus Bare-Metal
Stents After ST-Segment Elevation Myocardial Infarction. J Am Coll Cardiol.
2021,77:1165-78.

9. Cassese S, Byrne RA, Tada T, Pinieck S, Joner M, lbrahim T, King LA, Fusaro M,
Laugwitz KL, Kastrati A. Incidence and predictors of restenosis after coronary stenting
in 10 004 patients with surveillance angiography. Heart. 2014;100:153-9.

2024 update on DCB

10. Généreux P, Rutledge DR, Palmerini T, Caixeta A, Kedhi E, Hermiller JB, Wang J,
Krucoff MW, Jones-McMeans J, Sudhir K, Simonton CA, Serruys PW, Stone GW.
Stent Thrombosis and Dual Antiplatelet Therapy Interruption With Everolimus-Eluting
Stents: Insights From the Xience V Coronary Stent System Trials. Circ Cardiovasc
Interv. 2015;8:e001362.

11. van Werkum JW, Heestermans AA, Zomer AC, Kelder JC, Suttorp MJ, Rensing BJ,
Koolen JJ, Brueren BR, Dambrink JH, Hautvast RW, Verheugt FW, ten Berg JM.
Predictors of coronary stent thrombosis: the Dutch Stent Thrombosis Registry. J Am
Coll Cardiol. 2009;53:1399-409.

12. Souteyrand G, Amabile N, Mangin L, Chabin X, Meneveau N, Cayla G, Vanzetto G,
Barnay P, Trouillet C, Rioufol G, Rangé G, Teiger E, Delaunay R, Dubreuil O,
Lhermusier T, Mulliez A, Levesque S, Belle L, Caussin C, Motreff P; PESTO
Investigators. Mechanisms of stent thrombosis analysed by optical coherence tomog-
raphy: insights from the national PESTO French registry. Eur Heart J.
2016;37:1208-16.

13. Luo Y, Tan N, Zhao J, Li Y. A Nomogram for Predicting In-Stent Restenosis Risk
in Patients Undergoing Percutaneous Coronary Intervention: A Population-Based
Analysis. Int J Gen Med. 2022;15:2451-61.

14. Csaté G, Erdei N, Vanyai B, Balla T, Czuriga D, Csanadi Z, Koszegi Z, Edes |,
Szab6 GT. Predictors of restenosis following percutaneous coronary stent implanta-
tion: The role of trimetazidine therapy. Front Cardiovasc Med. 2022;9:873899.

15. Urban P, Meredith IT, Abizaid A, Pocock SJ, Carrié D, Naber C, Lipiecki J,
Richardt G, Ifiiguez A, Brunel P, Valdes-Chavarri M, Garot P, Talwar S, Berland J,
Abdellaoui M, Eberli F, Oldroyd K, Zambahari R, Gregson J, Greene S, Stoll HP,
Morice MC; LEADERS FREE Investigators. Polymer-free Drug-Coated Coronary
Stents in Patients at High Bleeding Risk. N Engl J Med. 2015;373:2038-47.

16. Windecker S, Latib A, Kedhi E, Kirtane AJ, Kandzari DE, Mehran R, Price MJ,
Abizaid A, Simon DI, Worthley SG, Zaman A, Hudec M, Poliacikova P, Kahar Bin
Abdul Ghapar A, Selvaraj K, Petrov I, Mylotte D, Pinar E, Moreno R, Fabbiocchi F,
Pasupati S, Kim HS, Aminian A, Tie C, Wlodarczak A, Hur SH, Marx SO, Ali ZA,
Parke M, Lung TH, Stone GW; Onyx ONE Investigators. Polymer-Based Versus
Polymer-Free Stents in High Bleeding Risk Patients: Final 2-Year Results From
Onyx ONE. JACC Cardiovasc Interv. 2022;15:1153-63.

17. Cortese B, Sanchez-Jimenez E, Lazar L. Coronary stent failure: role of a blended
approach with drug-coated balloons for complex lesions. Minerva Cardiol Angiol.
2023 Mar 20. [Epub ahead of print].

18. Bondesson P, Lagerqvist B, James SK, Olivecrona GK, Venetsanos D, Harnek J.
Comparison of two drug-eluting balloons: a report from the SCAAR registry.
Eurolntervention. 2012;8:444-9.

19. Kleber FX, Schulz A, Bonaventura K, Fengler A. No indication for an unexpected
high rate of coronary artery aneurysms after angioplasty with drug-coated balloons.
Eurolntervention. 2013;9:608-12.

20. Kleber FX, Schulz A, Waliszewski M, Hauschild T, Bohm M, Dietz U, Cremers B,
Scheller B, Clever YP. Local paclitaxel induces late lumen enlargement in coronary
arteries after balloon angioplasty. Clin Res Cardiol. 2015;104:217-25.

21. Yamamoto T, Sawada T, Uzu K, Takaya T, Kawai H, Yasaka Y. Possible mechanism
of late lumen enlargement after treatment for de novo coronary lesions with drug-
coated balloon. Int J Cardiol. 2020;321:30-7.

22. Funatsu A, Nakamura S, Inoue N, Nanto S, Nakamura M, Iwabuchi M, Ando K,
Asano R, Habara S, Saito S, Kozuma K, Mitsudo K. A multicenter randomized com-
parison of paclitaxel -coated balloon with plain balloon angioplasty in patients with
small vessel disease. Clin Res Cardiol. 2017;106:824-32.

23. Ueno K, Morita N, Kojima Y, Takahashi H, Esaki M, Kondo H, Ando Y, Yamada M,
Kosokabe T. Serial quantitative angiographic study of target lumen enlargement after
drug-coated balloon angioplasty for native coronary artery disease. Catheter
Cardiovasc Interv. 2023;101:713-21.

24. Jeger RV, Eccleshall S, Wan Ahmad WA, Ge J, Poerner TC, Shin ES, Alfonso F,
Latib A, Ong PJ, Rissanen TT, Saucedo J, Scheller B, Kleber FX; International DCB
Consensus Group. Drug-Coated Balloons for Coronary Artery Disease: Third Report
of the International DCB Consensus Group. JACC Cardiovasc Interv. 2020;
13:1391-402.

25. Chaddad R, EI-Mokdad R, Lazar L, Cortese B. DCBs as an adjuvant tool to DES
for very complex coronary lesions. Rev Cardiovasc Med. 2022;23:13.

26. Latib A, Agostoni P, Dens J, Patterson M, Lancellotti P, Tam FCC, Schotborgh C,
Kedhi E, Stella P, Shen C, Wetzels G, Testa L; PREVAIL Study Investigators. Paclitaxel
Drug-Coated Balloon for the Treatment of De Novo Small-Vessel and Restenotic
Coronary Artery Lesions: 12-Month Results of the Prospective, Multicenter, Single-
Arm PREVAIL Study. J Invasive Cardiol. 2021;33:E863-9.

27. Giacoppo D, Alfonso F, Xu B, Claessen BEPM, Adriaenssens T, Jensen C, Pérez-
Vizcayno MJ, Kang DY, Degenhardt R, Pleva L, Baan J, Cuesta J, Park DW, Kukla P,
Jiménez-Quevedo P, Unverdorben M, Gao R, Naber CK, Park SJ, Henriques JPS,
Kastrati A, Byrne RA. Drug-Coated Balloon Angioplasty Versus Drug-Eluting Stent

202

>
0,
=N
-
E
(1]
<
<
(1]
=1
=
(=]
=
N
o
N
»
&
Q
@
N
a




=
0,
[,
-
=
D
w
<
D
-
=
o
=
N
o
N
=
-
o
o,
@
[N
a

Implantation in Patients With Coronary Stent Restenosis. J Am Coll Cardiol.
2020;75:2664-78.

28.ZhuY, Liu K, Kong X, Nan J, Gao A, Liu Y, Han H, Li H, Zhu H, Zhang J, Zhao Y.
Comparison of Drug-Coated Balloon Angioplasty vs. Drug-Eluting Stent Implantation
for Drug-Eluting Stent Restenosis in the Routine Clinical Practice: A Meta-Analysis of
Randomized Controlled Trials. Front Cardiovasc Med. 2021;8:766088.

29. Alfonso F, Rivero F, Cortese B. Excimer laser prior to drug-coated balloon treat-
ment of in-stent restenosis. Int J Cardiol. 2022;348:47-49.

30. Liu L, Ding F, Gutiérrez-Chico JL, Zhu J, Zhu Z, Du R, Yang Z, Hu J, Tu S,
Zhang R. Prognostic value of post-procedural pQFR for drug-coated balloons in the
treatment of in-stent restenosis. Cardiol J. 2023;30:167-77.

31.Tang J, Hou H, Chu J, Chen F, Yao Y, Gao Y, Ye Z, Zhuang S, Lai Y, Liu X. Clinical
implication of quantitative flow ratio to predict clinical events after drug-coated bal-
loon angioplasty in patients with in-stent restenosis. Clin Cardiol. 2021;44:978-86.
32. Masuda H, Kuramitsu S, Ito T, Morofuji T, Domei T, Hyodo M, Shirai S, Ando K.
Outcomes of paclitaxel-coated balloon angioplasty for in-stent calcified nodule: An
optical coherence tomography study. Catheter Cardiovasc Interv. 2022;100:990-9.

33. Jeger RV, Farah A, Ohlow MA, Mangner N, Mdbius-Winkler S, Weilenmann D,
Wéhrle J, Stachel G, Markovic S, Leibundgut G, Rickenbacher P, Osswald S,
Cattaneo M, Gilgen N, Kaiser C, Scheller B; BASKET-SMALL 2 Investigators. Long-
term efficacy and safety of drug-coated balloons versus drug-eluting stents for small
coronary artery disease (BASKET-SMALL 2): 3-year follow-up of a randomised, non-
inferiority trial. Lancet. 2020;396:1504-10.

34. Farah A, Elgarhy M, Ohlow MA, Wohrle J, Mangner N, Mobius-Winkler S,
Cattaneo M, Gilgen N, Scheller B, Jeger R. Efficacy and safety of drug-coated balloons
according to coronary vessel size. A report from the BASKET-SMALL 2 trial. Postepy
Kardiol Interwencyjnej. 2022;18:122-30.

35. Mahfoud F, Farah A, Ohlow MA, Mangner N, Wohrle J, Mdbius-Winkler S,
Weilenmann D, Leibundgut G, Cuculi F, Gilgen N, Kaiser C, Cattaneo M, Scheller B,
Jeger RV. Drug-coated balloons for small coronary artery disease in patients with
chronic kidney disease: a pre-specified analysis of the BASKET-SMALL 2 trial. Clin
Res Cardiol. 2022;111:806-15.

36. Cortese B, Di Palma G, Guimaraes MG, Piraino D, Orrego PS, Buccheri D,
Rivero F, Perotto A, Zambelli G, Alfonso F. Drug-Coated Balloon Versus Drug-Eluting
Stent for Small Coronary Vessel Disease: PICCOLETO Il Randomized Clinical Trial.
JACC Cardiovasc Interv. 2020;13:2840-9.

37. Cortese B, Testa G, Rivero F, Erriquez A, Alfonso F. Long-Term Outcome of Drug-
Coated Balloon vs Drug-Eluting Stent for Small Coronary Vessels: PICCOLETO-I11
3-Year Follow-Up. JACC Cardiovasc Interv. 2023;16:1054-61.

38. Ahmad WAW, Nuruddin AA, Abdul Kader MASK, Ong TK, Liew HB, Ali RM,
Mahmood Zuhdi AS, Ismail MD, Yusof AKM, Schwenke C, Kutschera M, Scheller B.
Treatment of Coronary De Novo Lesions by a Sirolimus- or Paclitaxel-Coated Balloon.
JACC Cardiovasc Interv. 2022;15:770-9.

39. Megaly M, Buda K, Saad M, Tawadros M, Elbadawi A, Basir M, Abbott JD,
Rinfret S, Alaswad K, Brilakis ES. Outcomes With Drug-Coated Balloons vs. Drug-
Eluting Stents in Small-Vessel Coronary Artery Disease. Cardiovasc Revasc Med.
2022;35:76-82.

40. Sanz Séanchez J, Chiarito M, Cortese B, Moretti A, Pagnotta P, Reimers B,
Stefanini GG, Ferrante G. Drug-Coated balloons vs drug-eluting stents for the treat-
ment of small coronary artery disease: A meta-analysis of randomized trials. Catheter
Cardiovasc Interv. 2021 Jul 1;98:66-75.

41. Yu X, Wang X, Ji F, Zhang W, Yang C, Xu F, Wang F. A Non-inferiority,
Randomized Clinical Trial Comparing Paclitaxel-Coated Balloon Versus New-
Generation Drug-Eluting Stents on Angiographic Outcomes for Coronary De Novo
Lesions. Cardiovasc Drugs Ther. 2022;36:655-64.

42. Hu FW, Chang S, Li Q, Zhu YX, Wang XY, Cheng YW, Zhou QH, Liu B, Igbal J,
Tang XX, Zhang YJ. Long-Term Clinical Outcomes After Percutaneous Coronary
Intervention With Drug-Coated Balloon-Only Strategy in de novo Lesions of Large
Coronary Arteries. Front Cardiovasc Med. 2022;9:882303.

43. Kim S, Lee JS, Kim YH, Kim JS, Lim SY, Kim SH, Kim M, Ahn JC, Song WH.
Favorable Vasomotor Function after Drug-Coated Balloon-Only Angioplasty of De
Novo Native Coronary Artery Lesions. J Clin Med. 2022;11:299.

44. Mehta, R., Kini, A. Ostial Lesion Interventions. In: Kini A, Sharma SK, editors.
Practical Manual of Interventional Cardiology. 2" ed. New York (US): Springer,
Cham; 2021. p. 219-225.

45. Zhang W, Ji F, Yu X, Yang C, Wang X. Retrospective study of treatment with
a drug-coated balloon alone is beneficial for ostial coronary lesions. J Thorac Dis.
2022;14:1203-11.

46. Li C, Ding X, Wang L, Li K, Yang X, Liu L, Xu L. Feasibility and Safety of Drug-
Coated Balloon-Only Angioplasty for De Novo Ostial Lesions of the Left Anterior
Descending Artery: Two-Center Retrospective Study. Front Cardiovasc Med.
2022;9:874394.

203

47. Corballis NH, Paddock S, Gunawardena T, Merinopoulos 1, Vassiliou VS,
Eccleshall SC. Drug coated balloons for coronary artery bifurcation lesions: A system-
atic review and focused meta-analysis. PLoS One. 2021;16:0251986.

48. Zheng Y, Li J, Wang L, Yu P, Shi H, Wu L, Chen J. Effect of Drug-Coated Balloon
in Side Branch Protection for de novo Coronary Bifurcation Lesions: A Systematic
Review and Meta-Analysis. Front Cardiovasc Med. 2021;8:758560.

49. lkuta A, Kubo S, Ohya M, Tada T, Tanaka H, Fuku Y, Kadota K. Impact of Late
Lumen Loss on Clinical Outcomes of Side-Branch Bifurcation Lesions Treated by
Drug-Coated Balloon Angioplasty With Main-Branch Stenting. Cardiovasc Revasc
Med. 2022;41:92-8.

50. Liu H, Tao H, Han X, Lu Y, Xue X, Feng R, Lv F, Liu Y, Jin H, Li L, Gu H.
Improved Outcomes of Combined Main Branch Stenting and Side Branch Drug-
Coated Balloon versus Two-Stent Strategy in Patients with Left Main Bifurcation
Lesions. J Interv Cardiol. 2022;2022:8250057.

51. Kitani S, Igarashi Y, Tsuchikane E, Nakamura S, Seino Y, Habara M, Takeda Y,
Shimoji K, Yasaka Y, Kijima M. Efficacy of drug-coated balloon angioplasty after
directional coronary atherectomy for coronary bifurcation lesions (DCA/DCB regis-
try). Catheter Cardiovasc Interv. 2021;97:E614-23.

52. Tang Y, Qiao S, Su X, Chen, Jin Z, Chen H, Xu B, Kong X, Pang W, Liu Y, Yu Z,
Li X, Li H, Zhao Y, Wang Y, Li W, Tian J, Guan C, Xu B, Gao R; RESTORE SVD
China Investigators. Drug-Coated Balloon Versus Drug-Eluting Stent for Small-Vessel
Disease: The RESTORE SVD China Randomized Trial. JACC Cardiovasc Interv.
2018;11:2381-92.

53. Jeger RV, Farah A, Ohlow MA, Mangner N, Mdbius-Winkler S, Leibundgut G,
Weilenmann D, Wéhrle J, Richter S, Schreiber M, Mahfoud F, Linke A, Stephan FP,
Mueller C, Rickenbacher P, Coslovsky M, Gilgen N, Osswald S, Kaiser C, Scheller B;
BASKET-SMALL 2 Investigators. Drug-coated balloons for small coronary artery dis-
ease (BASKET-SMALL 2): an open-label randomised non-inferiority trial. Lancet.
2018;392:849-56.

54. Yang X, Lu W, Pan L, Han Z, Pan S, Wang X, Zhu Y, Shan Y, Peng M, Qin P,
Zhang P, Qin X, Sun G, Qin Z, Dong J, Qiu C. Long-term outcomes of drug-coated
balloons in patients with diffuse coronary lesions. Front Cardiovasc Med.
2022;9:935263.

55. Shin ES, Jun EJ, Kim S, Kim B, Kim TH, Sohn CB, Her AY, Park Y, Cho JR,
Jeong YH, Choi BJ. Clinical Impact of Drug-Coated Balloon-Based Percutaneous
Coronary Intervention in Patients With Multivessel Coronary Artery Disease. JACC
Cardiovasc Interv. 2023;16:292-9.

56. Cortese B, Testa L, Di Palma G, Heang TM, Bossi I, Nuruddin AA, lelasi A,
Tespili M, Perez IS, Milazzo D, Benincasa S, Latib A, Cacucci M, Caiazzo G,
Seresini G, Tomai F, Ocaranza R, Torres A, Perotto A, Bedogni F, Colombo A. Clinical
performance of a novel sirolimus-coated balloon in coronary artery disease:
EASTBOURNE registry. J Cardiovasc Med (Hagerstown). 2021;22:94-100.

57. Cortese B, Testa L, Heang TM, lelasi A, Bossi I, Latini RA, Lee CY, Perez IS,
Milazzo D, Caiazzo G, Tomai F, Benincasa S, Nuruddin AA, Stefanini G, Buccheri D,
Seresini G, Singh R, Karavolias G, Cacucci M, Sciahbasi A, Ocaranza R, Menown IBA,
Torres A, Sengottvelu G, Zanetti A, Pesenti N, Colombo A; EASTBOURNE
Investigators. Sirolimus-Coated Balloon in an All-Comer Population of Coronary
Avrtery Disease Patients: The EASTBOURNE Prospective Registry. JACC Cardiovasc
Interv. 2023;16:1794-803.

58. Pan L, Lu W, Han Z, Pan S, Wang X, Shan Y, Wang X, Zheng X, Li R, Zhou Y,
Qin P, Shi Q, Zhou S, Zhang W, Guo S, Zhang P, Qin X, Sun G, Qin Z, Huang Z, Qiu C.
Clinical Outcomes of Drug-Coated Balloon in Coronary Patients with and without
Diabetes Mellitus: A Multicenter, Propensity Score Study. J Diabetes Res.
2021,2021:5495219.

59. Benjamin BK, Lu W, Han Z, Pan L, Wang X, Qin X, Sun G, Wang X, ShanY, Li R,
Zheng X, Zhang W, Shi Q, Zhou S, Guo S, Qin P, Singh CP, Dong J, Qiu C. Drug-
Coated Balloon-Only Angioplasty Outcomes in Diabetic and Nondiabetic Patients
with De Novo Small Coronary Vessels Disease. J Interv Cardiol. 2021;2021:2632343.

60. Li K, Cui K, Dan X, Feng J, Pu X. The comparative short-term efficacy and safety
of drug-coated balloon vs. drug-eluting stent for treating small-vessel coronary artery
lesions in diabetic patients. Front Public Health. 2022;10:1036766.

61. Wohrle J, Scheller B, Seeger J, Farah A, Ohlow MA, Mangner N, Mdbius-
Winkler S, Weilenmann D, Stachel G, Leibundgut G, Rickenbacher P, Cattaneo M,
Gilgen N, Kaiser C, Jeger RV; BASKET-SMALL 2 Investigators. Impact of Diabetes
on Outcome With Drug-Coated Balloons Versus Drug-Eluting Stents: The BASKET-
SMALL 2 Trial. JACC Cardiovasc Interv. 2021;14:1789-98.

62. Palmerini T, Bacchi Reggiani L, Della Riva D, Romanello M, Feres F, Abizaid A,
Gilard M, Morice MC, Valgimigli M, Hong MK, Kim BK, Jang Y, Kim HS, Park KW,
Colombo A, Chieffo A, Ahn JM, Park SJ, Schiipke S, Kastrati A, Montalescot G,
Steg PG, Diallo A, Vicaut E, Helft G, Biondi-Zoccai G, Xu B, Han Y, Genereux P,
Bhatt DL, Stone GW. Bleeding-Related Deaths in Relation to the Duration of Dual-
Antiplatelet Therapy After Coronary Stenting. J Am Coll Cardiol. 2017;69:2011-22.



63. Cortese B, Berti S, Biondi-Zoccai G, Colombo A, Limbruno U, Bedogni F,
Cremonesi A, Silva PL, Sgueglia GA, Italian Society of Interventional Cardiology. Drug-
coated balloon treatment of coronary artery disease: a position paper of the Italian
Society of Interventional Cardiology. Catheter Cardiovasc Interv. 2014;83:427-35

64. Cortese B, D'Ascenzo F, Fetiveau R, Balian V, Blengino S, Fineschi M, Rogacka R,
Lettieri C, Pavei A, D'Amico M, Poli A, Di Palma G, Latini RA, Orrego PS, Seregni R.
Treatment of coronary artery disease with a new-generation drug-coated balloon: final
results of the Italian Elutax SV rEgistry-DCB-RISE. J Cardiovasc Med (Hagerstown).
2018;19:247-52.

65. Scheller B, Rissanen TT, Farah A, Ohlow MA, Mangner N, Wéhrle J, Mdbius-
Winkler S, Weilenmann D, Leibundgut G, Cuculi F, Gilgen N, Coslovsky M,
Mahfoud F, Jeger RV; BASKET-SMALL 2 Investigators. Drug-Coated Balloon for
Small Coronary Artery Disease in Patients With and Without High-Bleeding Risk in
the BASKET-SMALL 2 Trial. Circ Cardiovasc Interv. 2022;15:011569.

66. Wang Z, Yin Y, Li J, Qi W, Yu B, Xu Z, Zhu W, Yang F, Cao M, Zhang H. New
Ultrasound-Controlled Paclitaxel Releasing Balloon vs. Asymmetric Drug-Eluting
Stent in Primary ST-Segment Elevation Myocardial Infarction - A Prospective
Randomized Trial. Circ J. 2022;86:642-50.

67. Niehe SR, Vos NS, Van Der Schaaf RJ, Amoroso G, Herrman JR, Patterson MS,
Slagboom T, Vink MA. Two-Year Clinical Outcomes of the REVELATION Study:
Sustained Safety and Feasibility of Paclitaxel-Coated Balloon Angioplasty Versus Drug-
Eluting Stent in Acute Myocardial Infarction. J Invasive Cardiol. 2022;34:E39-42.

2024 update on DCB

68. Li QY, Chang MY, Wang XY, Wang AL, Liu QY, Wang T, Xu H, Chen KJ. Efficacy
and safety of drug-coated balloon in the treatment of acute myocardial infarction:
a meta-analysis of randomized controlled trials. Sci Rep. 2022;12:6552.

69. Mangner N, Farah A, Ohlow MA, Mdbius-Winkler S, Weilenmann D, Wohrle J,
Linke A, Stachel G, Markovic S, Leibundgut G, Rickenbacher P, Cattaneo M,
Gilgen N, Kaiser C, Scheller B, Jeger RV; BASKET-SMALL 2 Investigators. Safety
and Efficacy of Drug-Coated Balloons Versus Drug-Eluting Stents in Acute Coronary
Syndromes: A Prespecified Analysis of BASKET-SMALL 2. Circ Cardiovasc Interv.
2022;15:e011325.

70. Ono M, Kawashima H, Hara H, Katagiri Y, Takahashi K, Kogame N,
Wykrzykowska JJ, Piek JJ, Doshi M, Sharif F, Onuma Y, Colombo A, Serruys PW,
Cortese B. A Prospective Multicenter Randomized Trial to Assess the Effectiveness of
the MagicTouch Sirolimus-Coated Balloon in Small Vessels: Rationale and Design of
the TRANSFORM | Trial. Cardiovasc Revasc Med. 2021;25:29-35.

71. Greco A, Sciahbasi A, Abizaid A, Mehran R, Rigattieri S, de la Torre Hernandez JM,
Alfonso F, Cortese B. Sirolimus-coated balloon versus everolimus-eluting stent in de
novo coronary artery disease: Rationale and design of the TRANSFORM Il rand-
omized clinical trial. Catheter Cardiovasc Interv. 2022;100:544-52.

72. Lazar FL, lelasi A, Cortese B. Safety and efficacy of systematic lesion prepara-
tion with a novel generation scoring balloon in complex percutaneous interventions:
results from a prospective registry. Minerva Cardiol Angiol. 2022;70:689-96.

204

>
0,
=N
-
E
(1]
<
<
(1]
=1
=
(=]
=
N
o
N
»
&
Q
@
N
a




www.nature.com/scientificreports

scientific reports

W) Check for updates

Systematic evaluation

of particle loss during handling

in the percutaneous transluminal
angioplasty for eight different
drug-coated balloons

Andreas Heinrich'*, Martin S. Engler?, Felix V. Guttler?, Christian Matthaus?,
Jirgen Popp?? & UIf K.-M. Teichgréaber®

Paclitaxel drug coated balloons (DCBs) should provide optimal drug transfer exclusively to the target
tissue. The aim of this study was to evaluate the particle loss by handling during angioplasty. A robotic
arm was developed for systematic and reproducible drug abrasion experiments. The contact force

on eight different commercially available DCB types was gradually increased, and high-resolution
microscopic images of the deflated and inflated balloons were recorded. Three types of DCBs were
classified: no abrasion of the drug in both statuses (deflated and inflated), significant abrasion only in
the inflated status, and significant abrasion in both statuses. Quantitative measurements via image
processing confirmed the qualitative classification and showed changes of the drug area between 2.25
and 45.73% (13.28 +14.29%) in the deflated status, and between 1.66 and 40.41% (21.43 +16.48%) in
the inflated status. The structures and compositions of the DCBs are different, some are significantly
more susceptible to drug loss. Particle loss by handling during angioplasty leads to different paclitaxel
doses in the target regions for same DCB types. Susceptibility to involuntary drug loss may cause side
effects, such as varying effective paclitaxel doses, which may explain variations in studies regarding
the therapeutic outcome.

Percutaneous transluminal angioplasty (PTA) is a minimally invasive endovascular procedure aimed at widening
narrowed or obstructed blood vessels'. For this purpose, a catheter with an attached deflated balloon is passed
over a sheath and guide-wire into the narrowed vessel and then inflated to a fixed size. Additionally, a stent may
be inserted to ensure that the vessel remains open. After improvement of the blood flow by expansion of the
blood vessel and the surrounding muscular wall, the balloon is then deflated and withdrawn. One disadvantage
is that PTA is more prone to restenosis than vascular bypass or coronary artery bypass grafting>’. Drug-eluting
balloon (DCB) angioplasty, due to the prevention of mitosis, involves significantly less restenosis than non-
coated plain balloon angioplasty®. For currently used DCBs, paclitaxel represents the most often used drug that
is provided with manufacturer-specific coatings in different concentrations and with different excipients on the
balloon surface. DCB is a promising emerging technology® following the “leaving nothing behind” principle®
and providing favorable initial results in areas where a drug-eluting stent (DES) is not suitable. Nevertheless,
restenosis remains a major issue in endovascular treatment’. The recommended treatment of restenosis is repeat
revascularization of the target lesions, target vessels, or non-target vessels®. However, in some cases this results
in a high number of repeated treatments’, which emphasizes the need for devices with a low restenosis risk.

A hypothesis to explain restenosis after DCB and DES treatments is involuntary particle detachment outside
the target lesion due to difficult device delivery, leading to non-uniform drug distribution at the target site®'°. The
coating of paclitaxel DCB for targeted drug delivery is subject to an inherent conflict of objectives. On the one
hand, the adherence of the drug to the excipient is weak, so the drug is easily transfer to the tissue of the target
region after therapeutic balloon inflation. However, that renders the DCB inherently vulnerable to involuntary
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DCB deflated DCB inflated
Name Characteristics Diameter (mm) | Characteristics Class
Elutax 3 1.20 1
Elutax SV Fistula No or hardly any abrasion of the drug/excipient 1.34 1
Clear abrasion of the drug/excipient
In.Pact Admiral 2.01 1
Luminor 35 Clear abrasion of the drug/excipient 1.94 2
Lutonix 035 No or hardly any abrasion of the drug/excipient 1.98 Ie)nrtug shifted slightly, hardly any abrasion of the drug/excipi- 0
Ranger 1.50 2
Clear abrasion of the drug/excipient Clear abrasion of the drug/excipient
SeQuent Please OTW 35 1.92 2
Clear structure change inside, but no abrasion of drug/ Drug shifted slightly, hardly any abrasion of the drug/excipi-
Stellarex excipient 1.96 ent 0

Elutax 3

Table 1. Qualitative description of the drug loss in deflated and inflated status. Additionally, the measured
diameter for the deflated DCBs is shown.

Elutax SV In.Pact SeQuent Please
OTW 35

Luminor 35 Lutonix 035 Ranger Stellarex

Fistula Admiral

Figure 1. Photographs of the DCBs for a deflated (A0) and an inflated (BO) status, and microscopic images
magnified x200before (A1, B1) and after (A2, B2) the abrasion process for a deflated (A) and an inflated (B)
DCB.

particle detachment. On the other hand, the drug can adhere strongly to the excipient, so that there is only limited
drug loss during transport. However, that may result in limited drug transfer at the target area'’.

The recent literature'>™¢ reports several methods for measuring the loss of paclitaxel. All methods proposed
treat the particle loss by handling during angioplasty as a black box. The concentration of the drug was measured
by high performance liquid chromatography (HPLC) before and after stress on the balloon surface. Angiography
procedures can differ widely, depending, for example, on the target region and the experience of the physician.
Furthermore, only small groups of commercial DCBs have been examined, and only a few publications have
compared different DCB types with each other. For this purpose, a new systematic and reproducible method to
evaluate the particle loss by handling during angioplasty for a wide range of currently used DCBs was developed
and applied.

Results

The DCBs have a diameter between 1.20 and 2.01 mm in the folded (deflated) status (see Table 1). The nominal
diameter of the inflated balloon is 5 mm for all investigated DCBs. The drug distribution and coating technolo-
gies of the DCBs are varied (see Fig. 1A0,B0). When unpacking and removing the protective cap, we partially
observed a minor loss of drug/excipient for the Luminor 35 and SeQuent Please OTW 35. When inflated, the
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Elutax 3 Elutax SV In.Pact SeQuent Please
OTW 35

Luminor 35 Lutonix 035 Ranger Stellarex

Fistula Admiral

increasing force

Figure 2. Microscopic images magnified x50, recorded during the abrasion process for the deflated DCBs. The
Stellarex represents a special case, where the lightness changes are caused by internal structure changes.

Elutax 3 Elutax SY Tnbact Luminor35  Lutonix 035 Ranger SeQuent Please

Fistula Admiral OTW 35 Stellarex

increasing force

Figure 3. Microscopic images magnified x50, recorded during the abrasion process for the inflated DCBs.

drug was distributed in stripes on the surface of the balloon for the Luminor 35 and Ranger. For the other DCBs,
the drug was evenly distributed over the surface, however partly with gaps (spots, compare with Fig. 1).

Qualitative evaluation. Three types of DCBs were classified (see Figs. 2, 3). Two DCBs (Lutonix 035 and
Stellarex) showed no or hardly any abrasion of the drug in both statuses (classification 0). Three DCBs (Elutax
3, Elutax SV Fistula, In.Pact Admiral) showed significant abrasion of the drug only in the inflated status (clas-
sification 1). Three DCBs (Luminor 35, Ranger, SeQuent Please OTW 35) suffered from significant abrasion
of the drug in both statuses (classification 2). With a significant abrasion of the drug, the balloon surface was
completely rubbed off, and only the transparent balloon envelope remained.
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Figure 4. Stacked area chart of the percentage of loss of lightness in the drug area for each deflated and inflated
balloon. The depth of penetration of the abrasion blade was gradually increased by reducing the height between
balloon surface and abrasion blade. High percentages of losses (dark gray area) indicate significant drug losses,
while low losses (light gray area) may be due to actual minor drug losses and/or image noise. The deflated
Stellarex represents a special case, where the lightness changes are caused by internal structure changes.

Quantitative evaluation. The quantitative results confirm the qualitative classification (see Fig. 4 and
Supplementary Material Figs. S1-S8). Image registration corrected the image shifts well despite significant image
changes due to large drug losses. The reflection suppression also filtered an artifact caused by a moving internal
guide wire tube for the Elutax 3. High percentages of losses (dark gray area) indicate significant drug losses,
which was confirmed by visual inspection of the images. However, low losses (light gray area) may be due to
both actual minor drug losses and image artifacts, including illumination changes, reflections and/or minor
image shifts. The depth of penetration, and therefore also the contact force of the abrasion blade, was gradually
increased by reducing the height between balloon surface and abrasion blade by 0.5 mm after each cycle until it
reached 4.50 mm and 2.50 mm for the deflated and inflated balloons, respectively. Under the same conditions,
significant differences between the DCB types were found (Table 2). In the deflated status (see Fig. 4 Deflated),
virtually no change of the drug area was observed for the Elutax 3 and Elutax SV Fistula with a loss of 100%
lightness (dark gray area) in 2.31+2.03% and 2.25+0.70% of the drug area at increasing contact force up to
0.94+0.28 N and 1.51 £1.12 N, respectively. A minor change of the drug area (>5% loss of 100% lightness) was
observed for the In.Pact Admiral and Lutonix 035 with a loss of 100% lightness in 5.95+4.83% and 6.65+ 1.58%
at increasing contact force up to 1.83+0.59 N and 2.21+0.05 N, respectively. In contrast, a significant change
of the drug area (>10% of loss of 100% lightness) was observed for the Luminor 35, Ranger, and SeQuent
Please OTW with a loss of 100% lightness in 45.73 £0.85%, 15.82+1.92%, and 17.62 +2.50% of the drug area at
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P value (effect size)

SeQuent Please

Elutax 3 Elutax SV Fistula | In.Pact Admiral | Luminor 35 Lutonix 035 Ranger OTW 35 Stellarex
DCBs deflated
Elutax 3 1.000 1.000 <0.001 (large) 0.267 <0.001 (large) <0.001 (large) 0.013 (medium)
Elutax SV Fistula 1.000 0.098 <0.001 (large) 0.003 (large) <0.001 (large) <0.001 (large) <0.001 (large)
In.Pact Admiral 1.000 0.098 <0.001 (large) 1.000 0.105 0.116 1.000
Luminor 35 <0.001 (large) <0.001 (large) <0.001 (large) <0.001 (large) |0.032 (medium) | 0.024 (medium) 0.001 (large)
Lutonix 035 0.267 0.003 (large) 1.000 <0.001 (large) 1.000 1.000 1.000
Ranger <0.001 (large) <0.001 (large) 0.105 0.032 (medium) | 1.000 1.000 1.000
%e%‘ifegé Please <0.001 (large) | <0.001 (large) 0.116 0.024 (medium) | 1.000 1.000 1.000
Stellarex 0.013 (medium) | <0.001 (large) 1.000 0.001 (large) 1.000 1.000 1.000
DCBs inflated
Elutax 3 0.024 (large) 1.000 1.000 <0.001 (large) | 1.000 1.000 <0.001 (large)
Elutax SV Fistula | 0.024 (large) 0.680 0.002 (large) 1.000 0.001 (large) 0.001 (large) 1.000
In.Pact Admiral 1.000 0.680 1.000 0.033 (large) 0.217 1.000 0.025 (large)
Luminor 35 1.000 0.002 (large) 1.000 <0.001 (large) | 1.000 1.000 <0.001 (large)
Lutonix 035 <0.001 (large) 1.000 0.033 (large) <0.001 (large) <0.001 (large) <0.001 (large) 1.000
Ranger 1.000 <0.001 (large) 0.217 1.000 <0.001 (large) 1.000 <0.001 (large)
%e%‘\l,egg Please 1.000 0.001 (large) 1.000 1.000 <0.001 (large) | 1.000 <0.001 (large)
Stellarex <0.001 (large) 1.000 0.025 (large) <0.001 (large) 1.000 <0.001 (large) <0.001 (large)

Table 2. The loss of 100% lightness (compare with dark gray area in Fig. 4) of DCB types were compared by
the independent-samples Kruskal-Wallis test with post hoc Dunn’s pairwise tests and Bonferroni corrections.
The effect sizes (r) were divided into small (r<0.3), medium (0.3 <r<0.5) and large (r>0.5). The level of
significance was set to p <0.05, and significant P values are shown in boldface.

increasing contact force up to 1.75£0.16 N, 1.34+0.09 N, and 2.22+0.17 N respectively. The Stellarex shows a
special behavior: visual inspection of the images showed there is no loss of the drug, but a clear structure change
(small breaks in the layer) inside the DCB, resulting in a loss of 100% lightness in 9.87 +1.42% of the drug area
at increasing contact force up to 2.77+0.59 N.

In the inflated status (see Fig. 4 Inflated), Elutax 3, In.Pact Admiral, Luminor 35, Ranger, and SeQuent Please
OTW 35 show a significant change of the drug area (> 10% of loss of 100% lightness) with a 100% lightness loss
in 29.52+8.15%, 17.90 £ 2.41%, 37.73 £ 2.44%, 40.41 £9.55%, 35.70 £4.61% of the drug area at increasing con-
tact force up to 1.94+1.02 N, 1.64+0.18 N, 1.68+0.22 N, 1.30£0.30 N and 1.72+0.15 N, respectively. Elutax
SV Fistula shows a minor change of the drug area (> 5% of loss of 100% lightness) with a 100% lightness loss in
6.85+4.78% of the drug area at increasing contact force up to 1.64 +0.19 N. The Lutonix 035 and Stellarex show
virtually no loss of the drug with a 100% lightness loss in 1.70 +1.00% and 1.66+0.48% of the drug area with
increasing contact force up to 1.90+0.26 N and 2.15+0.27 N, respectively. The error bars correspond to the
standard deviation caused by the measurement uncertainty due to repeated measurements and a partial shift in
the measurement area due to the force effect, which could not always be corrected completely.

Discussion

The DCB types differ with regard to the coating technology, drug dose and the excipient (Table 3), which is why
different responses to frictional force were observed. Fundamentally important during drug delivery by DCBs
are the following desired properties. First, homogeneous and consistent drug delivery to the lesion''. Second,
not losing too much drug and excipient during insertion of the catheter into the sheath or before reaching the
lesion'’. Third, releasing a sufficient amount of drug into the vessel wall during inflation and a prolonged delivery
of sufficiently high levels of paclitaxel to reduce smooth muscle cell proliferation and vessel restenosis'®*'. The
drug dose, coating and type of excipient can have an impact on restenosis reduction and clinical outcomes***-%.
For example, highly crystalline coatings are more likely to cause distal embolization due to particle depots with
higher and longer tissue residency time on the vessel wall and low solubility. The excipient modulates drug
transfer into the vessel wall*>*.

For Elutax 3, Elutax SV Fistula, In.Pact Admiral, Lutonix 035 and Stellarex, the drugs are folded inwards and/
or the drug layer gets protected by a top coating or hydrophilic coating, so that the drug suffers only minor losses
despite any large frictional force in the sheath and vascular system. This property is desirable to ensure that the
drug reaches the target region completely. In contrast, for Luminor 35, Ranger and SeQuent Please OTW 35, the
drug is partly abraded in the sheath or the vascular system before it reaches the target region. Especially for the
Luminor 35, any contact results in drug loss, whereas the other two DCBs withstand low frictional forces. For
the Luminor 35 and Ranger, the drug seems to be sprayed only onto the outside of the folded balloon, which is
why after inflation the distribution is only visible in stripes. Another important property is the delivery of the
drug to the target region. This study showed that all DCBs, except Lutonix 035 and Stellarex, deliver the drug
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Manufacturer Name REF (LOT) Paclitaxel dose (ug/mm?) | Excipient Nominal pressure (bar)
Elutax 3 102540 (Elutax 3) 2.0 Dextran 6.0

Aschen Resonance GBI | 11 ax sV Fistula FLUTAXSV.OTWSH000 5 None 60

Medtronic In.Pact Admiral SBI05004008P (0010076231) 35 Urea 8.1

iVascular Luminor 35 BPDPC35080500040 (1910747) 3.0 Organic ester 7.1

BD-Interventional Lutonix 035 9090475500040 (GFDR0210) 2.0 Polysorbate and sorbitol 6.1

Boston Scientific Corporation Ranger H74939219500480 (13414H19) 2.0 Acetyl tributyl citrate 6.0

B. Braun Melsungen AG SeQuent Please OTW 35 | 35150040 (191.22844) 3.0 Resveratrol 6.0

Philips Stellarex A355X050040080 (F2B19B12A) | 2.0 Polyethylene glycol 10.1

Table 3. Summary of investigated DCBs with a length of 40 mm and a diameter of 5 mm.

particularly easily by friction on the vessel wall. However, this process is not automatically comparable to higher
transfer of drugs to the vessel wall. Differences can be caused by the excipient intended to optimize paclitaxel
microcrystallinity?’. For Stellarex and Lutonix 035 it can be seen that the excipient binds the drug very strongly
for a slower dissolution rate?*** and that, even with the greatest force, hardly any drug is released.

In the folded state, the diameter of the DCB is manufacturer-specific and depends, for example, on the excipi-
ent and drug dose. With a larger diameter, more frictional force can act on the DCB, and more drug may be
lost during passage until it reaches the lesion. Elutax 3 with Dextran and Elutax SV Fistula without an excipient
showed the smallest diameters. The TransPax coating of Ranger with drug applied outside of the folded balloon
also leads to a small diameter. In contrast, the diameter of the Luminor 35 is larger, most likely caused by its
high paclitaxel dose. Although the drug is partially folded inwards, the SeQuent Please OTW 35 has a diameter
comparable to that of Luminor 35 with a comparable dose, which may be due to the excipient used. Despite a
low paclitaxel dose, the Lutonix O35 and Stellarex have relatively large diameters, which is probably due to the
excipient and/or the coating technology. In.Pact Admiral shows the largest diameter, but here the paclitaxel dose
is particularly high, and the drug is additionally folded inwards.

The recent literature'>~'¢ reports several methods for measuring the loss of paclitaxel. Kelsch et al.'> used a
shake test to measure the adherence of the dry coating. The balloons were inflated and shaken in an empty vial.
Additionally, the loss of paclitaxel was measured during passage through a blood-filled hemostatic valve and
guiding catheter, and during one minute residence in stirred blood. The quantification of drug loss was performed
with HPLC. Seidlitz et al.’* and Kempin et al.'* used a polymethacrylate model and gel cylinders to examine
drug transfer. The DCB was pushed through the model and then inserted into the gel cylinder and expanded
against the gel with 8 atm for one minute. For quantification, the residual substance fraction on the surface of
the balloon, the substance fraction transferred to the gel, and the fluorescence intensity were measured against
two standard calibration curves using a fluorescence reader and HPLC. Kaule et al.”” measured the drug-transfer
to the vessel wall and residual drug concentration on the balloon surface in a vessel model with a silicone test
tube on the distal end of the test path. After the DCB was pushed through the model to the silicone test tube, the
balloon was inflated with 7 bar for 30 s. For quantification, HPLC was used. Brandt-Wunderlich et al.'® inserted
a DCB into a porcine carotid artery in a vial with saline solution. The balloon was inflated and the pressure was
held for 30 s. Afterwards, the balloon was deflated and removed from the artery and the vial. The quantifica-
tion was performed with HPLC. All proposed methods treat the particle loss by handling during angioplasty
as a black box. The concentration of the drug was measured before and after stress on the balloon surface with
HPLC. The procedure of angiography can differ greatly and depends, for example, on the target region and the
experience of the physician. Furthermore, only small groups of commercial DCBs were examined. Addition-
ally, only a few publications compared different DCB types to each other. The present study allows a systematic
evaluation of commonly used DCBs with regard to handling errors (e.g. careless handling when pulling off the
protective cap or inserting the catheter into the sheath, frequent pulling back or forceful pushing, unfavorable
path to the target region) or target regions that are difficult to reach, which may cause side effects like varying
effective paclitaxel doses.

The study has some limitations. First, it is an in vitro test series without pulsating fluid system. The solubility
of the particles can have an impact on the result although paclitaxel is hardly soluble in water. In the inflation
status, the vulnerability of drugs on the DCB that was examined by abrasion with a robotic arm can be signifi-
cantly different from the transfer of drugs to the vessel wall. There are many other factors such as compliance
of the DCBs (easy to contact the vessel wall), hydrophilic and lipophilic properties of excipients on each DCBs
(easy to transfer to endotherial cell) and blood flow (solubility in blood). Therefore, higher vulnerability of drugs
in inflation status estimated in this study is not equal to higher transfer of drugs to the vessel wall. However, the
method is suitable to understand the influence of friction on the catheter sheath and vessel wall. Furthermore,
the test series were carried out at room temperature. Further studies are required to find more evidence of con-
nections between the clinical results and material properties of the DCBs.

In conclusion, the structures and compositions of the DCBs are different, resulting in different responses
to frictional force. Particle loss by handling during angioplasty leads to different paclitaxel doses at the target
regions for same DCB types. There are DCB types that are significantly more susceptible to drug loss. These
properties can be the cause of side effects, which may explain variations in studies regarding the therapeutic
outcome for the DCBs used.
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Figure 5. Experimental setup: (a) balloon holder (top view) with (b) illustration of the abrasion process, (c)
robotic arm with (d) display of the load cell, (e) abrasion blade in close-up, (f) reflected light microscope and (g)
photo of the experimental setup.

Materials and methods

Experimental setup. The study included eight different commercially available DCB types for angioplasty
with a length of 40 mm and a diameter of 5 mm (see Table 3). A reflected light microscope (VHX-500FD,
KEYENCE Deutschland GmbH, Germany) with a polarizing filter (OP-35415, KEYENCE Deutschland GmbH,
Germany) was provided with a robotic arm (see Fig. 5) intended to cause a reproducible and systematic stress
on the balloon surface. The robot arm was made of brass with a motor mounting made of aluminum. A holding
device made of polyvinyl chloride (PVC) made it possible to fix the balloon with nylon screws. Microcontrollers
controlled a geared DC motor (V-TEC 6V, CN), which moved the robot arm in a circular motion over the bal-
loon surface with a PVC abrasion blade (see Fig. 6A). This corresponds to a grinding movement of the DCB into
the shaft and along a sharp curve in the vascular system (see Fig. 6B). A fine gear with a pitch of 0.1 mm allowed
precise adjustment of the height between the balloon surface and the abrasion blade. A load cell measured the
maximum contact force between the abrasion blade and the balloon surface.

Measurements. The particle loss of a balloon (n=3) including a guidewire was evaluated for deflated and
inflated statuses (two series of measurements for a total of 24 DCBs). The balloons were fixed in the holding
device with nylon screws. Some balloons had a coating in form of stripes, so the intact drug layer had to be
oriented upwards in the direction of the abrasion device. In a series of measurements, the contact force was
gradually increased by reducing the height between balloon surface and abrasion blade by 0.5 mm after each
cycle. After each cycle, microscopic images were recorded at magnifications of 20, 30, 50, 100, 150 and 200x.
A series of measurements was completed when the blade reached a depth of penetration of 4.50 mm (deflated)
and 2.50 mm (inflated). For the inflated status, the inflation pressure specific for each DCB was used to reach
the nominal diameter of 5 mm (compare with Table 3). The pressure was constant throughout the measurement
series.

Qualitative evaluation. The microscopic images were evaluated qualitatively with an assessment of par-
ticle loss in three categories: (0) no or hardly any abrasion of the drug/excipient in the deflated and inflated
statuses, (1) no or hardly any abrasion of the drug/excipient in the deflated status and clear abrasion of the drug/
excipient in the inflated status, and (2) clear abrasion of the drug/excipient in the deflated and inflated statuses.

Quantitative evaluation. Furthermore, a quantitative measurement of drug loss was carried out via image
processing, using the images at 50x magnification. To correct for shifts, all images of each series of DCB type
and inflated/deflated status were aligned (registered) and cropped to the common overlapping area. Then, the
images were converted to gray scale images by extracting the lightness channel after conversion from RGB to the
Lab color space. Equalizing each gray scale image helped mitigating potential illumination differences. Residual
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depth of penetration

Figure 6. Schematic description of the procedure: (A) the depth of penetration and therefore also the contact
force were gradually increased by reducing the height between balloon surface and abrasion blade by 0.5 mm
after each cycle. (B) Illustration of a possible abrasion process in the vessel system. A catheter with an attached
deflated balloon is advanced over a guide-wire along a sharp curve to the target area (narrowed or obstructed
blood vessel) in the vascular system. The method should make the properties of DCB types comparable with one
another under the same conditions. The realistic and tissue-equivalent implementation of an abrasion process in
the vascular system is not the aim of this method.

reflections not already suppressed by the polarizing filter were filtered from the images by enforcing each pixel
value in a series to be monotonously declining. Simple value thresholds removed remaining low-value reflec-
tions in the base material. The absolute loss numbers were determined by calculating pixel-wise differences,
discretizing the difference values and counting the number of pixels of each discrete bin. Finally, the percentages
of loss were calculated with respect to the number of non-zero pixels of the first image of each series.

The software SPSS Statistics version 26 (IBM, Armonk, USA) was used for statistical evaluation. The DCB
types were compared using Independent-Samples Kruskal-Wallis Test with post hoc Dunn’s pairwise tests and
Bonferroni corrections. Effect sizes (r)* were calculated by dividing the standardized test statistics (z score) by
the square root of the total observations, where r <0.3, 0.3<r<0.5 and r > 0.5 denote small, medium, and large
effect sizes, respectively. The level of significance was set to p <0.05.
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