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Long-Term Outcome of Drug-Coated
Balloon vs Drug-Eluting Stent for
Small Coronary Vessels
PICCOLETO-II 3-Year Follow-Up
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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 II (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 ¼ 118) or DES (n ¼ 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 ¼ 0.98), cardiac death
(1% vs 1.9%; P ¼ 0.56), myocardial infarction (6.9% vs 2%; P ¼ 0.14), and target lesion revascularization (14.8% vs

8.8%; P ¼ 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 ¼ 0.046] and 4% vs 0% [P ¼ 0.042], respectively).

CONCLUSIONS The long-term clinical follow-up of the PICCOLETO II 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 II]; NCT03899818) (J Am Coll Cardiol Intv 2023;16:1054–1061) © 2023 by the American College

of Cardiology Foundation.
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I 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,1 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.2-4 Moreover,
with the currently available DESs, the long-term fate
remains associated with a low but constant increase
in adverse events.5 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,6-8 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.6 In
brief, they are recent ST-segment elevation

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 to implant a
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.9 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.10

This DCB elutes paclitaxel loaded on a folded
balloon at a dosage of y2.2 mg/mm2 (tolerance of 1.4-
3.00 mg/mm2). The drug is added with the matrix
dextran aiming at preserving paclitaxel delivery to
the vessel wall, ensuring tissue persistence for the
following days.10

STUDY ENDPOINTS. The primary endpoint of this
study was the angiographic in-lesion late lumen loss
(LLL) assessed by an independent core laboratory

AB BR E V I A T I ON S

AND ACRONYM S

DCB = drug-coated balloon

DES = drug-eluting stent

LLL = late lumen loss

MACE = major adverse

cardiovascular event(s)

MI = myocardial infarction

PCI = percutaneous coronary

intervention

SVD = small vessel disease

TLF = target lesion failure

TLR = target lesion

revascularization
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(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.

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 � SD (Mann-Whitney
U test) and categoric variables as frequency with

FIGURE 1 Study Flowchart and Follow-Up of PICCOLETO II Study

CEC ¼ clinical events committee; DCB ¼ drug-coated balloon; EES ¼ everolimus eluting stent(s); fup ¼ follow-up; LLL ¼ late lumen loss;
SV ¼ small vessel.
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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 ¼ 0.03).6 Other
angiographic and procedural parameters were not
significantly different between the 2 study groups as
well as the 12-month clinical outcome.6

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 ¼ 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 ¼ 0.56). Four cases of target vessel thrombosis in
the DES arm and none in the DCB arm (P ¼ 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 ¼ 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 ¼ 11
[10.8%] vs n ¼ 11 [20.8%]; P ¼ 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.

TABLE 1 Clinical Characteristics of the Study Population

at Baseline

DES
(n ¼ 114)

DCB
(n ¼ 118) P Value

Male 87 (76.9) 83 (70.3) 0.25

Age, y 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

Smoke 19 (16.7) 23 (19.5) 0.84

Dyslipidemia 63 (55) 72 (61) 0.66

Renal failure (eGFR <60 mL/min) 12 (10.6) 4 (3.3) 0.03

Previous MI 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 [7] 58 [10] 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) 0.34

Values are n (%) or median (IQR) unless otherwise indicated.

CABG ¼ coronary artery bypass grafting; DCB ¼ drug-coated balloon;
DES¼ drug-eluting stent; eGFR ¼ estimated glomerular filtration rate; LVEF ¼ left
ventricular ejection fraction; MI ¼ myocardial infarction; NSTEMI ¼ non–ST-
segment elevation myocardial infarction; PCI ¼ percutaneous coronary interven-
tion; STEMI ¼ ST-segment elevation myocardial infarction.

TABLE 2 Lesion Characteristics and Procedural Aspects

DES
(n ¼ 114)

DCB
(n ¼ 118) P Value

SYNTAX score 17 [12] 16 [11] 0.36

Bifurcation lesion 14 (12.3) 15 (12.7) 0.94

Multivessel disease 86 (76) 86 (72.8) 0.5

Target vessel LAD 44 (39) 47 (40) 0.31

Target vessel LCX 35(31) 44 (37.2) 0.12

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 [4-67] 13 [5-59] 0.22

Predilatation 78 (69) 99 (84) 0.007

Postdilatation 66 (59.4) 4 (3.3) 0.001

Scoring balloon use for lesion preparation 18 (15.8) 26 (22) 0.13

Number of devices used 1.12 [1-1.41] 1.03 [1-1.12] 0.004

Length of device used, mm 18.3 � 6.9 21.8 � 8.2 0.006

Mean inflation pressure, atm 13.7 � 2.5 11.4 � 3.3 0.03

Mean duration of inflation, s 21.4 � 11.8 49.2 � 14.5 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

Intracoronary imaging use 11 (9.6) 12 (10.2) 0.62

Peak troponin I after the intervention, ng/mL 6.14 � 5.80 3.6 � 3.21 0.09

Values are mean � SD or n (%) unless otherwise indicated.
LAD ¼ left anterior descending; LCX ¼ left circumflex; RCA ¼ right coronary artery; SYNTAX ¼ Synergy Be-

tween PCI With Taxus and Cardiac Surgery; other abbreviations as in Table 1.
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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

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 1.5 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.2-4 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.11

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.12,13
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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 ¼ 0.015) with very few events after 7 months from
the index procedure.14 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 ¼ 0.009) and total (RR: 0.73; 95% CI: 0.53- 1.00;
P ¼ 0.047) mortality with few adverse events after
12 months.15 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

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.16-19 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.15,20 The 3-year
outcome of the BASKET SMALL II (Basel Stent Kos-
ten Effektivitäts 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 ¼ 0.49) and all-cause mortality (HR: 1.05; 95% CI:
0.62-1.77; P ¼ 0.87) between DCBs and DESs.21 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

TABLE 3 Clinical Outcome After 3 Years (Kaplan-Meier

Estimates)

DES
(n ¼ 101)

DCB
(n ¼ 102) P Value

All-cause death 4 (3.96) 4 (3.92) 0.98

Cardiac death 1 (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) 11 (10.8) 0.046

Values are n (%) unless otherwise indicated.

MACE ¼ major adverse cardiac event(s); TLR ¼ target lesion revascularization;
other abbreviations as in Table 1.

FIGURE 2 Kaplan-Meier Curves of the Study Endpoint MACEs According to Treatment Allocation for the 3-Year Follow-Up

MACE ¼ major adverse cardiac event(s); other abbreviations as in Figure 1.
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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,6 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 limitation 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

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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Background: The use of drug-coated balloons (DCBs) in small-vessel coronary artery disease (SVD) remains con-
troversial.
Methods:Weperformed ameta-analysis of all randomized controlled trials (RCTs) reporting the outcomes ofDCB
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 =
0.01). Over a median follow-up of 12 months, both modalities had similar risk of major adverse cardiovascular
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%
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% CI [0.23–1.00], p= 0.05, I2 = 0%).
Conclusion: PCI of SVDwith DCBs is associatedwith smaller LLL, lower risk ofMI, 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.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Small vessel coronary artery disease (SVD) is often treatedwith per-
cutaneous coronary intervention (PCI) [1], but is a complex lesion sub-
set and is associated with high risk of major adverse cardiovascular
events (MACE). Current treatment options for SVD include standard
balloon angioplasty, drug-eluting stents (DES), and drug-coated bal-
loons (DCBs). Balloon angioplasty is associated with high restenosis
rates due to elastic recoil and adverse remodeling [2]. DES have been as-
sociated with worse outcomes in smaller compared with larger vessels

[3–5] likely due to the small vessel caliber with little room to accommo-
date neointimal tissue growth.
Drug-coated balloon (DCB)-only PCI has emerged as an alternative

treatment option to de-novo coronary artery disease and in-stent reste-
nosis (ISR). [6–8] However, the outcomes with DCB in SVD have been
controversial [9–15]. We performed a systematic review and meta-
analysis to compare the angiographic and clinical outcomes of DCB vs.
DES in SVD.

2. Methods

The currentmeta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines
(PRISMA) [16]. We performed a systematic computerized search lim-
ited to the English language through Medline, Embase, and Cochrane
databases from January 2000 to January 2021 using the following search
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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 ≤ 3mm) (Fig. S1). In the DCB arm, stentingwas allowed
only as a bailout strategy in case of suboptimal results, defined as persis-
tent residual stenosis, vessel recoil, or flow-limiting dissection.
The datawere 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), MI, 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

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) ormeandifferences (MD)with 95% confidence in-

tervals (CIs) were presented as summary statistics. Statistical heteroge-
neity across trials was assessed by I2 statistics, with I2 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% CI [0.21, 1.48], p= 0.25, I2 =
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, I2 = 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, I2 = 59%), all-cause mortality (1.17% vs. 2.38%; OR:
0.53, 95% CI [0.16, 1.75], p = 0.30, I2 = 0%), TLR (7.9% vs. 3.9%; OR:

Table 1
Characteristics of the included studies.

Study Trial/registry Study
type

Number of
patients with
DCB/DES

Balloon/stent type Country
(# of
centers)

Follow-up
time
(months)

Enrolment
dates

Vessel
size

Bailout
stenting %

Primary
endpoint

Cortese et al.
2020

PICCOLETO II RCT 118/114 Elutax DCB (AR Baltic Medical,
Vilnius, Lithuania)/Xience DES
(Boston Scientific, USA)

Europe
(5)

12 May 2015 –
May 2018

2.00–2.75
mm

6.8% In-lesion LLL
at 6 months

Tian et al. 2020 RESTORE-SVD RCT 116/114 RESTORE DCB (Cardionovum,
Germany)/RESOLUTE DES
(Medtronic, USA)

China
(12)

24 August
2016 – June
2017

2.25–2.75
mm

5.2% Percentage
diameter
stenosis at 9
months

Jeger et al. 2018 BASKET-SMALL 2 RCT 382/376 SeQuent Please DCB (B. Braun,
Germany)/Xience (Abbott
Vascular, USA) or Taxus or
Promus DES (Boston Scientific,
USA)

Europe
(14)

12 April 2012 –
February
2017

<3 mm in
diameter

5.1% MACE at 12
months

Latib et al. 2012 BELLO RCT 90/92 IN.PACT Falcon DCB
(Medtronic, USA)/Taxus Liberte
DES (Boston Scientific, USA)

Italy
(15)

6–36
months

Not
discussed

<2.8 mm 20.2% In-segment
LLL ta 6
months

Cortese et al.
2010

PICCOLETO RCT 28/29 Dior DCB (Eurocor,
Germany)/Taxus DES (Boston
Scientific, USA)

Italy (1) 9 August 2007
and August
2008

≤2.75 mm 35.7% Percentage
diameter
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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1.26, 95% CI [0.51, 3.14], p=0.62, I2= 54%), and TVR (8.2% vs. 7.8%; OR:
1.06, 95% CI [0.40, 2.82], p=0.91, I2= 46%) (Figs. 2 and 3). DCBwas as-
sociatedwith lower risk of MI compared with DES (1.55% vs. 3.31%; OR:
0.48, 95% CI [0.23, 1.00], p= 0.05, I2 = 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,

1.27], p= 0.28, I2 = 39%), all-cause mortality (OR: 0.46, 95% CI [0.13,
1.71], p= 0.25, I2 = 0%), TLR (OR: 0.87, 95% CI [0.40, 1.89], p= 0.72,
I2 = 23%), and TVR (OR: 0.68, 95% CI [0.29, 1.59], p= 0.38, I2 = 0%).
DCBs remained associated with lower risk of MI compared with DES
(OR: 0.43, 95% CI [0.20, 0.92], p=0.03, I2=0%). This sensitivity analysis
yielded similar results with much reduction in heterogeneity (Fig. S3).
DCB had similar risk of MACE (OR: 0.97, 95% CI [0.61, 1.53], p=0.89,

I2=0%), all-causemortality (OR: 0.60, 95% CI [0.07, 4.90], p=0.63, I2=
0%), TLR (OR: 1.29, 95% CI [0.53, 3.18], p=0.57, I2= 0%), TVR (OR: 0.76,
95% CI [0.42,1.39], p= 0.37, I2 = 0%), and MI (OR: 0.48, 95% CI [0.21,
1.08], p = 0.08, I2 = 0%) compared with second-generation DES
(Fig. S4). A summary of the study results is shown in Fig. 4.

4. Discussion

Themain findings of our study can be summarized as follows: 1) the
use of DCB in SVD PCI 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, bothmodalities were comparable
with a similar risk of clinical events at amedian follow-up of 12months.
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 higherMI risk with DES in our study. DES are associatedwith 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.

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 ± 10.40 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 ± 4.219 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 2.41 ± 0.29 0.480
Lesion length (mm) 12.91 ± 6.46 12.81 ± 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.

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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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. Iatrogenic 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

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].

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.
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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.

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 lesions1. 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 technology2.

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 
grafting3. 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 malapposition4.

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 implantation5. 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 

coherence tomography (OCT) imaging that early ISR is associ-
ated with the neointimal hyperplasia, while late ISR is the pre-
rogative of neoatherosclerosis6. 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 ones7. 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)8. 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 failure9. In a simi-
lar fashion, premature dual antiplatelet therapy (DAPT) discon-
tinuation or no periprocedural antithrombotics10, stent undersizing, 
underexpansion and malapposition, significant edge dissection, 
smaller stent diameters and total stent length11 or geographi-
cal miss12 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 monocytes13,14.

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 cases1. 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%15. 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-
tion16. Moreover, a non-negligible proportion of patients require 
chronic oral anticoagulation, and triple antithrombotic therapy fur-
ther increases the bleeding risk1. 

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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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 months17. 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 exist18.

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 PCIs19. 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 al20. 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 al21, 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)22 comparing DCB with plain old balloon angioplasty, 
LLE was also found more frequently in small vessel disease (48% 
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CENTRAL ILLUSTRATION Potential benefits of drug-coated balloon use for coronary interventions.

Recent DCB advances in coronary interventions

In-stent restenosis

Low 6-month LLL

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

Similar major bleeding vs DES

Similar MACE vs DES

Patients with DM

Lower 12-month MACE, TLR, TVF and

LLL vs DES

Lower 3-year TVR 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

De novo large 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

Diffuse CAD

Similar 3-year TLR and MACE vs DES

Lower LLL vs DES

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
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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 study23 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 lesions24. 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 feasible17,25.

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 I indication in the European Society 
of Cardiology and European Association for Cardio-Thoracic 
Surgery (ESC/EACTS) Guidelines1.

Long-term results from important trials have recently been pub-
lished, as well as head-to-head comparisons between DCB and 
DES (Table 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 months26. 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-up27,28. 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 DES29. 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 studies30,31, while the presence of in-stent calcified nodule 
lesions identified by OCT was associated with significantly higher 
rates of TLF32.

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

PREVAIL26 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 al27 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)

Zhu et al28 Meta-analysis 

of 5 RCTs

1,193 patients 

(DES-ISR)

SeQuent Please PCB 

(B. Braun); Pantera 

Lux PCB (Biotronik)

TLR Higher TLR (RR 1.53; p=0.003) and 

similar MACE (RR 1.1; p=0.37) when 

comparing DCB to DES

Liu et al30 Post hoc 

analysis of 

RCT

169 patients 

(ISR)

Shenqi PCB (Shenqi 

Medical); SeQuent 

Please PCB (B. 

Braun)

VOCEs (cardiac 

death, target-vessel 

MI, ischaemia-driven 

TVR) at one year

20 VOCEs occurred in 20 patients; 

μQFR ≤0.89 predicted a six-fold higher 

risk of VOCE (HR 5.94; p<0.001)

Tang et al31 Retrospective 177 patients 

(DES-ISR)

SeQuent Please PCB 

(B. Braun)

One-year VOCEs 27 VOCEs occurred in 26 patients; 

QFR ≤0.94 was a strong predictor of 

VOCE (HR 6.53; p<0.001)

Masuda et al32 Prospective 160 patients 

(DES-ISR)

PCB Three-year TLF 

(cardiac death, TVR, 

definite ST)

TLF was higher in the ISR-CN group 

compared to the ISR-non-CN group 

(85.3% vs 16.9%; p<0.001)

μQFR: 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 significance33. 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 MI and MACE in very small cor-
onary arteries34; 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 group35.

PICCOLETO II 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 arm36. The final 
follow-up of this study was recently published37. 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).

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 
lesions38. 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)39. Over a 6-month 
follow-up, the authors found DCB to be associated with lower 

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 Sánchez 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)40.

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 implantations17.

A recent trial randomised 288 patients with lesions with a refer-
ence vessel diameter between 2.25 and 4.00 mm and lesion length 

arm (p=0.019), while 12-month MACE was similar (2.44% vs 
6.33%; p=0.226)41. In another smaller, multicentre, prospective, 
observational study enrolling 119 patients with de novo coronary 

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

RESTORE 
DCB 

(n=113)

RESTORE 
DES 

(n=110)
p-value

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 

infarction

2.7 (3) 1.8 (2) 1.00

Any revascularisation 16.8 (19) 15.5 (17) 0.78

Ischaemia-driven 

revascularisation

8.8 (10) 10.0 (11) 0.77

Data are presented as % (n). DCB: drug-coated balloon; DES: 

drug-eluting stent; SVD: small vessel disease

p=0.98

Death

p=0.56

Cardiac
death

p=0.14

MI

p=0.18

TLR

p=0.042

Vessel
thrombosis

p=0.046

MACE

DES

DCB 20.8%

10.8%

(%) 25

20

15

10

5

0

Figure 1. Three-year clinical outcomes of the PICCOLETO II 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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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%, respectively42.

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 DCB43. 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 TLR44. 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)45. 
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 artery46. 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. 

p=0.01)47 and lower rates of MACE (OR 0.21, 95% CI: 0.05-0.84; 
p=0.03)48. 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)49.

In the specific and delicate case of the left main stem, Liu et 

to a two-stent strategy in terms of LLL, both at the side branch 

branch (0.09 mm vs 0.17 mm; p=0.037)50. 
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 TVR51.

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 failure4. 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-
comes36,52,53. 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 alone54. 
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 expected55 .

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 population56. 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 
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cohort (10.5% vs 2.0%; risk ratio [RR] 1.90, 95% CI: 1.13-
3.19)57. 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 setting58,59. 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% 
CI: 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 MI (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-analysis60 including 847 patients 
from six studies concluded that regarding midterm outcomes 
(12 months), DCB had significantly lower MACE (RR 0.60, 95% 
CI: 0.39-0.93), MI (RR 0.42, 95% CI: 0.19-0.94), TLR (RR 0.24, 
95% CI: 0.08-0.69), binary restenosis (RR 0.27, 95% CI: 0.11-

In a subgroup analysis of the BASKET-SMALL 2 trial61, 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 MI (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 

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), MI (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 reports62.

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 settings53, and expert consensus documents sup-
port this strategy24,63. 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 use64.

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%)65.

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)66 or fractional flow reserve (0.92±0.05 vs 
0.91±0.06)67. 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 demonstrated67.

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 
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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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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 MI 
(HR 0.00, 95% CI: 0.00-0.32) in the DCB group69.

Future perspectives 
Although there are recent data providing more optimistic results 
regarding the safety and efficacy of DCB in new clinical and 
angio graphic 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-DESIRE5 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 I (ClinicalTrials.gov: NCT03913832)70 

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 II (ClinicalTrials.gov: NCT04893291)71 
trial aims at filling the gap regarding the use of DCB in the treat-
ment of small and medium-sized native coronary artery vessels 

(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 II 
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 III), ACS using intravas-
cular ultrasound guidance (ClinicalTrials.gov: NCT04475978) or 
HBR patients (DCB-HBR, ClinicalTrials.gov: NCT05221931). 

Table 3. DCB use in diabetic patients – results from the most recent studies.

Study Design Population Device Primary endpoint Results

Pan et al58 Prospective 578 diabetic 

patients

SeQuent Please 

PCB (B. Braun)

One-year TLF 

(composite of cardiac 

death, target vessel 

MI and TLR)

Higher TLF (5.36% vs 2.77%; OR 1.991; 

p=0.025) and similar rate of MACE (OR 

1.580; p=0.10) in the diabetic group 

compared to non-diabetic patients

Benjamin et al59 Prospective 430 diabetic 

patients

SeQuent Please 

PCB (B. Braun)

One-year TLF Higher rate of TLF (3.9% vs 1.4%; 

p=0.006) among diabetic patients, similar 

rates of MI (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 al60 Meta-

analysis

847 diabetic 

patients  

(de novo SVD)

SeQuent Please 

PCB (B. Braun); 

IN.PACT PCB 

(Medtronic); 

Elutax-SV PCB 

(Aachen 

Resonance)

12-month MACE 

(composite of MI, 

TLR, TVR and death)

DCB superior to DES regarding MACE (RR 

0.60; p=0.02), occurrence of MI (RR 0.42; 

p=0.03), TLR (RR 0.24; p<0.001), TVR 

(RR 0.33; p<0.001), binary restenosis (RR 

0.27; p=0.005) and LLL (mean difference 

–0.31; p<0.001) with respect to midterm 

(12-month) outcomes; long-term outcomes 

were similar

BASKET-SMALL 261 Subgroup 

analysis of 

RCT

252 diabetic 

patients  

(de novo SVD)

SeQuent Please 

PCB (B. Braun)

MACE (composite of 

cardiac death, 

non-fatal MI, and 

TVR)

As compared to DES, DCB was associated 

with lower rates of TVR (9.1% vs 15.0%; 

HR 0.4; p=0.036), while MACE, cardiac 

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)

EASTBOURNE57 Subgroup 

analysis of 

prospective 

study

864 diabetic 

patients

MagicTouch 

SCB (Concept 

Medical)

TLR at 12 months Diabetic patients had similar TLR (6.5% vs 

4.2%; p=0.066) and higher rates of 

all-cause death (3.5% vs 1.7%; p=0.018), 

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
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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 
studies72.

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.
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Percutaneous transluminal angioplasty (PTA) is a minimally invasive endovascular procedure aimed at widening 
narrowed or obstructed blood  vessels1. 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  grafting2,3. Drug-eluting 
balloon (DCB) angioplasty, due to the prevention of mitosis, involves significantly less restenosis than non-
coated plain balloon  angioplasty4. 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  technology5 following the “leaving nothing behind”  principle6 
and providing favorable initial results in areas where a drug-eluting stent (DES) is not suitable. Nevertheless, 
restenosis remains a major issue in endovascular  treatment7. The recommended treatment of restenosis is repeat 
revascularization of the target lesions, target vessels, or non-target  vessels8. However, in some cases this results 
in a high number of repeated  treatments9, 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  site4,10. 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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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  area11.

The recent  literature12–16 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.

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 

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

Name
DCB deflated DCB inflated

ClassCharacteristics Diameter (mm) Characteristics
Elutax 3

No or hardly any abrasion of the drug/excipient
1.20

Clear abrasion of the drug/excipient

1
Elutax SV Fistula 1.34 1
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 Drug shifted slightly, hardly any abrasion of the drug/excipi-
ent 0

Ranger
Clear abrasion of the drug/excipient

1.50
Clear abrasion of the drug/excipient

2
SeQuent Please OTW 35 1.92 2

Stellarex Clear structure change inside, but no abrasion of drug/
excipient 1.96 Drug shifted slightly, hardly any abrasion of the drug/excipi-

ent 0

Figure 1.  Photographs of the DCBs for a deflated (A0) and an inflated (B0) status, and microscopic images 
magnified ×200 before (A1, B1) and after (A2, B2) the abrasion process for a deflated (A) and an inflated (B) 
DCB.
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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).

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.

Figure 2.  Microscopic images magnified ×50, 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.

Figure 3.  Microscopic images magnified ×50, recorded during the abrasion process for the inflated DCBs.
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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 

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.
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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.

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  lesion11. Second, 
not losing too much drug and excipient during insertion of the catheter into the sheath or before reaching the 
 lesion17. 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  restenosis18–21. The 
drug dose, coating and type of excipient can have an impact on restenosis reduction and clinical  outcomes4,22–24. 
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  wall25,26.

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 

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.

P value (effect size)

Elutax 3 Elutax SV Fistula In.Pact Admiral Luminor 35 Lutonix 035 Ranger
SeQuent Please 
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
SeQuent Please 
OTW 35  < 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)
SeQuent Please 
OTW 35 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)
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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 
 microcrystallinity27. For Stellarex and Lutonix 035 it can be seen that the excipient binds the drug very strongly 
for a slower dissolution  rate23,28 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  literature12–16 reports several methods for measuring the loss of paclitaxel. Kelsch et al.12 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.13 and Kempin et al.14 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.15 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.16 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  water29. 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.

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

Manufacturer Name REF (LOT) Paclitaxel dose (μg/mm2) Excipient Nominal pressure (bar)

Aachen Resonance GmbH
Elutax 3 102540 (Elutax 3) 2.0 Dextran 6.0

Elutax SV Fistula ELUTAX-SV-OTW-S40500 
(AR291119-EC) 2.0 None 6.0

Medtronic In.Pact Admiral SBI05004008P (0010076231) 3.5 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 (19L22844) 3.0 Resveratrol 6.0
Philips Stellarex A35SX050040080 (F2B19B12A) 2.0 Polyethylene glycol 10.1
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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.

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 200×. 
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.

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.

Furthermore, a quantitative measurement of drug loss was carried out via image 
processing, using the images at 50× 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 

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.
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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)30 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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