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ABSTRACT

Introduction and objectives: Drug-coated balloons are an established therapeutic option for in-stent restenosis (ISR) and in small-
vessel disease. The rEpic04 post-market clinical follow-up study evaluated the safety and efficacy profile of the Essential Pro balloon
paclitaxel-coated balloon, which uses TransferTech technology (iVascular, Espafia) in routine clinical practice.

Methods: This prospective, multicenter, observational registry was conducted at 7 Spanish centers in full compliance with the
European Union Medical Device Regulation (MDR) 2017/745. A total of 161 consecutive patients with 182 lesions treated with
Essential Pro were enrolled. The primary endpoints were device success, defined as residual percent diameter stenosis < 30%,
and procedural success. The primary clinical endpoint was target lesion failure (TLF) at 12 months.

Results: The cohort was clinically complex: 47.8% of the patients had diabetes, and 67.7% had undergone a previous coronary
intervention. The indications for treatment were ISR (48.4%), small-vessel disease (39%), diffuse disease (18.1%) and bifurcation
lesions (15.4%). Device success was achieved in 96.6% of cases and procedural success in 94.5%; bailout stenting was required in
2.2%. At 12 months, the TLF rate was 7.1%), primarily driven by target lesion revascularization (5.5%). Subgroup analysis showed
a significantly lower TLF rate in small vessels (1.4%) compared with the remaining lesions (P = .02), whereas the TLF rate in ISR
lesions was 12.5%. No thrombosis or device-related mechanical failures were reported.

Conclusions: The Essential Pro balloon was safe and effective across a complex spectrum of coronary lesions. The TLF rate was
significantly lower in small vessels and higher in ISR, consistent with previous series. These exploratory subgroup findings support
the safety and efficacy profile of the device in real-world clinical practice.
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Seguridad y efectividad del baléon liberador de paclitaxel Essential Pro:
registro prospectivo multicéntrico rEpic04

RESUMEN

Introduccion y objetivos: Los balones farmacoactivos constituyen una opcién terapéutica establecida tanto en la reestenosis
intrastent (RIS) como en el tratamiento de la enfermedad de pequefio vaso. En el estudio de seguimiento clinico poscomercializacién
rEpic04 se evaluaron la seguridad y la efectividad del balén Essential Pro (paclitaxel, tecnologia TransferTech, iVascular, Espafia)
en la practica clinica habitual.

Meétodos: Registro prospectivo, multicéntrico y observacional realizado en 7 centros espafioles de conformidad con el Reglamento
MDR 2017/745 sobre los productos sanitarios. Se incluy6é consecutivamente a 161 pacientes con 182 lesiones tratados con balén
Essential Pro. Los objetivos primarios fueron la efectividad del dispositivo, definida como un porcentaje residual de estenosis por
diametro < 30%, y del procedimiento. El objetivo clinico principal fue el fracaso de la lesién diana (FLD) a los 12 meses.
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Resultados: La poblacién presentd una elevada complejidad clinica: el 47,8% de los pacientes tenia diabetes y el 67,7% habia sido
sometido a una intervencion coronaria previa. Las indicaciones para el tratamiento fueron RIS (48,4%), enfermedad de pequeno
vaso (39%), enfermedad difusa (18,1%) y lesiones en bifurcacién (15,4%). La efectividad del dispositivo fue del 96,6% y la del
procedimiento del 94,5%; fue necesario implantar un stent de rescate en el 2,2% de los casos. A los 12 meses, la tasa de FLD fue
del 7,1%, principalmente a expensas de la revascularizacion de la lesién diana (5,5%). El analisis de subgrupos mostré una tasa de
FLD significativamente menor en los vasos pequefios (1,4%) que en el resto de las lesiones (p = 0,02), mientras que en las lesiones
con RIS la tasa fue del 12,5%. No se registraron trombosis ni fallos mecénicos relacionados con el dispositivo.

Conclusiones: El balon Essential Pro demostré ser seguro y eficaz en un espectro complejo de lesiones. La tasa de FLD fue
significativamente menor en los vasos pequefios y mayor en las lesiones con RIS, en linea con lo descrito en otras series. Estos
hallazgos exploratorios de los analisis de subgrupo respaldan la seguridad y la efectividad del dispositivo en la practica clinica real.

Palabras clave: Balén farmacoactivo. Paclitaxel. Reestenosis intrastent. Registro PMCF.

Abbreviations

DCB: drug-coated balloon. DES: drug-eluting stent. ISR: in-stent restenosis. TLF: target lesion failure. TLR: target lesion revascularization.

INTRODUCTION

Contemporary percutaneous coronary intervention has increasingly
moved towards a stentless "leave nothing behind" strategy, aimed
at restoring the vessel lumen while avoiding permanent metallic
implants that may impair vasomotion, promote chronic inflamma-
tion, or complicate future revascularization procedures. Drug-coated
balloons (DCBs) are an established treatment for in-stent restenosis
(ISR), supported by pivotal randomized trials including ISAR-DESIRE 3,
RIBS IV,> and DARE,® as well as by the individual patient-data
DAEDALUS meta-analysis.* The 2024 European Society of Cardi-
ology clinical practice guidelines® recommend both new-generation
drug-eluting stents (DESs) and DCBs for ISR with a class I, level A
indication, while favoring DESs as the first option specifically on
the basis of the DAEDALUS meta-analysis. Furthermore, DCBs
have emerged as safe an effective alternative for de novo small-
vessel disease, as demonstrated in BASKET-SMALL 2,° and for
bifurcation lesions.” Although their use in these settings is supported
by an increasing body of evidence and by international consensus
documents,® % specific recommendation have not yet been incorpo-
rated into clinical practice guidelines.

Recently, the Drug-coated balloon Academic Research Consortium
(DCB-ARC)!! highlighted the importance of standardising endpoints
in clinical trials to ensure meaningful comparisons, highlighting the
need to evaluate these devices in real-world settings including
patients with complex anatomies, who are frequently underrepre-
sented or excluded from randomized trials. Although paclitaxel-
coated balloons have shown superiority over plain old balloon
angioplasty in several landmark historical trials'*'® and, more
recently, in the randomized AGENT IDE trial,'* relevant biome-
chanical and pharmacokinetic differences among currently avail-
ably DCB platforms mean that a universal “class effect” cannot be
assumed.

The Essential Pro device (iVascular, Spain) is a paclitaxel-coated
balloon delivering 3 pg/mm? of paclitaxel through TransferTech
coating technology. This platform uses nanotechnology and ultra-
sound-assisted deposition to produce drug microcrystals, facilitating
rapid and homogeneous transfer of paclitaxel to the vessel wall.
Preclinical findings have been confirmed in subsequent studies'®
and clinical investigations have demonstrated a favorable efficacy
profile in both ISR and small-vessel disease.*'® However, robust
post-market clinical follow-up (PMCF) data remain necessary to
determine whether these results are maintained in contemporary,
unselected real-world populations.

The aim of the rEpic04 study was to assess the safety profile,
technical efficacy, and 1-year clinical outcomes of the Essential Pro
device in an unselected population, assessing its performance
against the existing evidence in highly complex subgroups.

METHODS
Study design and population

rEpic04 is a prospective, observational, multicenter study conducted
at 7 hospitals in Spain. Adult patients undergoing percutaneous coro-
nary intervention in whom treatment with the Essential Pro device
was attempted between September 2022 and August 2024 were
consecutively enrolled. The study was designed to meet the post-
market surveillance requirements of the European Union Medical
Device Regulation (MDR) 2017/745 on medical devices and was
conducted in accordance with ISO 14155:2020 and in full compliance
with the principles outlined in the Declaration of Helsinki.

Procedure and device

Essential Pro is a rapid-exchange balloon catheter coated with paclitaxel
within an amphiphilic matrix. The standard procedure included
lesion preparation (predilatation) at the operator’s discretion. The
duration of dual antiplatelet therapy was not specifically predefined
and was left to the operator's discretion, in accordance with current
guideline recommendations and taking into consideration the clinical
presentation and the individual patient’s risk profile.

Device efficacy was defined as successful crossing and final residual
percent diameter stenosis < 30% after balloon use.

Procedural efficacy was defined as final Thrombolysis in Myocar-
dial Infarction grade-3 flow, residual percent diameters stenosis
< 30%, and no requirement for bail-out stenting.

Endpoints

The primary safety endpoint was freedom from device-related compli-
cations (including balloon rupture and hypotube failure) and proce-
dural complications (including coronary perforation, thrombosis, and
no-reflow). Clinical events were defined according to the standardised
recommendations of the DCB-ARC consensus document'’:
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- Target lesion failure (TLF): a composite of cardiovascular
death, target vessel-related myocardial infarction, and clini-
cally driven target lesion revascularization (TLR).

- TLR: any repeat percutaneous or surgical revascularization of
the target lesion due to restenosis or another lesion-related
complication.

Additional clinical endpoints followed the Academic Research
Consortium-2 (ARC-2) criteria.'?

Statistical analysis

The sample size calculation estimated that a total of 176 devices
would be needed to demonstrate an efficacy rate > 94.8%, using
a 4% noninferiority margin. Statistical analyses were performed
using JMP version16. Continuous variables are expressed as mean
and standard deviation or as median and interquartile range (IOR),
according to their distribution. Categorical variables are expressed
as frequencies and percentages. Subgroup comparisons (ISR vs
non-ISR and small-vessel vs non-small vessel disease) were
performed using the chi-square test or Fisher's exact test, as appro-
priate. P values < .05 were considered statistically significant.
TLF-free survival was estimated using the Kaplan-Meier method,
and survival curves were compared between subgroups using the
log-rank test. Clinical events were reported and classified by each
participant center. No independent event adjudication committee
was established, and no centralised angiographic analysis by a core
laboratory was performed.

RESULTS
Baseline and procedural characteristics

Between September 2022 and August 2024, a total of 161 patients
with 182 lesions were enrolled and treated with 203 devices. Mean
age was 67 £ 11.3 years. The population had a high burden of
morbidity: 47.8% had diabetes, 40.4% had multivessel disease, and
67.7% had previously undergone percutaneous coronary interven-
tion. Acute coronary syndrome was the clinical presentation in
64.6% of patients. The main indications for DCB treatment were
ISR (48.4%), small-vessel disease (39%), diffuse disease (18.1%), and
bifurcation side-branch lesions (15.4%). Angiographically, 69.8%
were classified as complex type B2/C lesions, and 24.2% showed
severe calcification. The median reference vessel diameter was
2.5 mm [IQR, 2-3]. Baseline, clinical, angiographic, and procedural
characteristics are summarized in table 1.

Safety and efficacy profile

Device efficacy was achieved in 96.6% of lesions (n = 176/182). In
only 1 case was a lower-profile balloon required to cross the lesion.
Procedural efficacy was 94.5%. Bail-out stenting was required in
only 4 cases (2.2%) because of coronary dissection greater than type
C. Regarding safety, no device failures were recorded, including
balloon rupture, hypotube dysfunction, or difficulties with device
withdrawal. Similarly, no serious procedural complications, such
as coronary perforation, no-reflow, or acute thrombosis, were
observed.

12-month clinical outcomes

Follow-up was completed in 99.4% of patients (n = 160). The overall
TLF rate was 7.1% (13 lesions). TLF components included clinically

Table 1. Baseline clinical, angiographic, and procedural characteristics of
the cohort (161 patients, 182 lesions)

Clinical characteristics (n = 161 patients)

Age, years 67 £11.3
Diabetes mellitus 47.8%
Multivessel disease 40.4%
Previous percutaneous coronary intervention 67.7%
Presentation with acute coronary syndrome 64.6%

Angiographic and lesion characteristics (n = 182 lesions)

In-stent restenosis 48.4%
Small-vessel disease 39.0%
Diffuse disease 18.1%
Bifurcation side branch 15.4%
Complex type B2/C lesions 69.8%
Severe calcification 24.2%
Reference vessel diameter, mm 2.5[2-3]
Procedural characteristics

Essential Pro devices used, n 203

Lesion predilatation At the operator’'s discretion

Device efficacy 96.6% (176/182)

Procedural efficacy 94.5%

Bail-out stenting 2.2% (4)

Values correspond to variables available in the registry. Data are expressed as mean
and standard deviation or median and interquartile range.

driven TLR in 5.5%; target vessel-related myocardial infarction in
3.3%, and cardiovascular death in 1.1%. All-cause mortality rate
was 3.1%. The main clinical outcomes of the registry are summa-
rized graphically in figure 1.

Subgroup analysis

Small-vessel disease

Patients treated for small-vessel disease had a significantly lower
TLF rate than those treated for other indications (1.4% vs 10.8%;
P = .02). Furthermore, the need for repeat revascularization was
low (TLR, 1.4%).

In-stent restenosis

TLF rate was significantly more frequent in patients treated for ISR
than in those with de novo lesions (12.5% vs 2.1%; P = .008), mainly
due to a higher TLR rate (10.2% vs 1.1%; P = .008).

Bifurcations

Among patients treated for side-branch bifurcation lesions (n = 28),

device efficacy rate was 100%. No safety complications or TLF
events were recorded.
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Figure 1. Central illustration. Summary of findings. ACS, acute coronary syndrome; CV, cardiovascular; DCB, drug-coated balloon; ISR, in-stent restenosis;
MDR, Medical Device Regulation; MI, acute myocardial infarction; PCI, percutaneous coronary intervention; TLF, target lesion failure; TLR, target lesion

revascularization.

The 12-month TLF-free survival for the overall cohort and for the
small-vessel disease and ISR subgroups is shown using Kaplan-
Meier curves in figure 2.

DISCUSSION

The multicenter rEpic04 registry confirms the safety and efficacy
profile of the Essential Pro balloon in real-world clinical practice,
with an overall 1-year TLF rate of 7.1%. These findings support the
favorable performance of paclitaxel-transfer technology across a
broad spectrum of complex coronary lesions.

The overall 12-month TLF rate of 7.1% observed in rEpic04 lies at
the lower end of the range reported in contemporary DCB registries
of unselected populations, in which 1-year TLF or major adverse
cardiovascular event rates generally range from 7% to 12%,
depending on endpoint definition used in each study.*?° This
finding is particularly relevant given the high complexity of the
study population: 47.8% of patients had diabetes, 67.7% had previ-
ously undergone percutaneous coronary intervention, 64.6%
presented with acute coronary syndrome, and 69.8% had type B2/C
lesions. Such patients are often underrepresented in randomized
trials. The combination of high device and procedural efficacy rates
(96.6% and 94.5%, respectively), a low bail-out stenting rate (2.2%),
and the absence of mechanical device failures or acute thrombosis
supports the safety and feasibility profile of the Essential Pro as a
"leave nothing behind" strategy in routine clinical practice.

ISR accounted for almost half of the study population. In this
setting, plain old balloon angioplasty has largely been abandoned
because of high recurrence rates (> 30%) leaving DCB treatment
or implantation of an additional DES layer as the main therapeutic
options. The DAEDALUS meta-analysis* suggested a modest advan-
tage of DES in reducing TLR, although at the cost of introducing

another metallic layer, resulting in a so-called stent sandwich. On
the basis of DAEDALUS, the 2024 European Society of Cardiology
guidelines® recommend DESs as the preferred option for ISR. In
our ISR subgroup, Essential Pro was associated with a TLR rate of
10.2% and a TLF rate of 12.5%, values within the range reported
for DCB treatment in this setting. Nevertheless, these cross-study
comparisons should be interpreted cautiously because of differ-
ences in patient populations, inclusion criteria, and event defini-
tions. In the pivotal ISAR-DESIRE 3 trial,’ the SeQuent Please
balloon was associated with a 1-year TLR rate of 22.1% in patients
with DES-ISR. In RIBS IV trial,” which demonstrated the superiority
of an everolimus-eluting stent over a DCB in DES-ISR, the TLR rate
was 13% in the DCB group; importantly, this trial does not support
preferential use of DCB in this setting. In the DARE trial,® the DCB
treatment yielded clinical outcomes comparable to those of an
everolimus-eluting stent, without significant differences in target
vessel revascularization at 12 months. More recently, the AGENT
IDE trial'* confirmed the superiority of a paclitaxel DCB over an
uncoated balloon for ISR, with a significant reduction in the 1-year
TLF rate. Studies evaluating Essential Pro with optical coherence
tomography'” reported a late lumen loss of 0.25 mm and a binary
restenosis rate of 7.7%, values that compare favourably with the
historical late lumen loss range of 0.37-0.46 mm reported with other
leading DCBs, such as the SeQuent Please.?! Similarly, in the recent
cohort reported by Padilla et al.,?? the 1-year TLR rate was 3.3%,
further supporting the consistency of the available evidence.

A particularly notable finding of rEpic04 was the 1.4% TLF rate
observed in the small-vessel subgroup. However, the study was
neither designed nor powered for subgroup comparisons, and the
absolute number of events was low. Accordingly, both the magni-
tude of the observed difference and its statistical significance (P = .02)
should be regarded as exploratory and hypothesis-generating.
Numerically, this result compares favorable with the benchmark
BASKET-SMALL 2 trial,° in which the 12-month major adverse
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TLF, target lesion failure (CV death, target vessel-related M, or target lesion revascularization).
Exploratory lesion-level analysis (182 lesions): censoring at 365 days.

Figure 2. Kaplan-Meier curves of target lesion failure (TLF)-free survival at 12 months according to subgroup (overall cohort, small-vessel disease, and in-stent
restenosis [ISR]), in the lesion-level analysis (182 lesions). Numbers at risk at 0, 3, 6, 9, and 12 months and 12-month TLF-free survival with its 95%Cl are shown.
Log-rank test for ISR vs small-vessel disease; P =.009. Exploratory subgroup analysis. 95%Cl, 95% confidence interval; MI, myocardial infarction.

cardiovascular event rate was 7.5% in the DCB group. Similarly,
PICCOLETO II*® reported a major adverse cardiovascular event rate
of 10.8% at 3 years. These comparisons should again be interpreted
cautiously because of differences in endpoint definitions (major
adverse cardiovascular events vs TLF) and study populations. Of
note, our registry included very small-caliber vessels, with a mean
reference vessel diameter of 2.5 mm, as well as a substantial
proportion of high-risk patients, including 47.8% with diabetes. The
low bail-out stenting rate of 2.2%, compared with historical rates
between 5% and 15%,** suggests excellent mechanical performance
of the catheter and appropriate lesion preparation. These findings
are consistent with the concept of using DCBs as first-line therapy
in vessels < 2.75 mm to avoid permanent metallic implantation, as
supported by recent meta-analyses.

In the bifurcation side-branch subgroup (n = 28), device efficacy
rate was 100% and, notably, no TLF events were recorded at 12
months. Although the subgroup was small and these findings
should be interpreted cautiously, they are consistent with emerging
evidence supporting DCB treatment of the side branch in bifurca-
tion lesions managed using a provisional stenting strategy. In the
randomized DCB-BIF trial,” DCB treatment of the side branch
significantly reduced the side-branch TLF rate compared with plain
old balloon angioplasty, without adverse safety signals. Similarly,
Valencia et al.?® evaluated prognostic factors associated with DCB
use in coronary bifurcation side branches in a real-world cohort
and reported findings consistent with the growing role of DCBs in
this setting. These findings should be interpreted with caution, as

the clinical impact of restenosis in a bifurcation side branch may
be lower than that at other coronary locations. This is likely related
to the smaller myocardial territory supplied by the side branch and
the consequently lower probability of clinically relevant ischemia
or repeat revascularization.

The long-term safety profile of paclitaxel-based devices has been
the subject of considerable scrutiny. In our registry, cardiovas-
cular mortality was extremely low (1.2%), and no target lesion
thrombosis was observed. These safety findings are consistent
with the extended follow-up reported by Padilla et al.,?? in which
thrombosis-free survival was 100% at a median follow-up of 20
months. Clinical event definitions in the present study were
defined according to contemporary consensus standards, including
the DCB-ARC!! and ARC-2'° criteria. The use of harmonized
definitions strengthens the methodological robustness of the
registry and facilitates direct and meaningful comparison with
other contemporary DCB trials and registries, thereby supporting
integration of our findings into the growing body of evidence in
the field.

Limitations and strengths

The study has the limitations inherent to its prospective, observa-
tional, single-arm design, including the absence of a comparator
group. The sample size was moderate, and subgroup analyses were
based on a limited number of events. Accordingly, the observed
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differences between small-vessel disease and ISR should be regarded
as exploratory and hypothesis-generating rather than confirmatory.
Although patient enrolment was consecutive, participation was
voluntary: 7 centers enrolled patients over 24 months, at a mean
rate of approximately 2 patients per month per center, which raises
the possibility of selection and enrolment bias, particularly in the
context of a novel device. However, the high clinical and angio-
graphic complexity of the cohort makes preferential selection of
low-risk or particularly favorable cases less likely. Furthermore, the
study lacked an independent, blinded central angiographic analysis
laboratory (core laboratory). Clinical events were reported and
classified by the participant centers and were not adjudicated by
an independent clinical event adjudication committee. The prin-
cipal strength of the study was the virtually complete clinical
follow-up, achieved in 99.4% of patients.

CONCLUSIONS

The rEpic04 registry supports the safety and efficacy profile of the
Essential Pro balloon for the treatment of complex coronary artery
disease in real-world clinical practice. Outcomes in small vessels
were favorable, with a TLF rate of 1.4%, although this finding
derives from an exploratory subgroup analysis and should be inter-
preted accordingly. In ISR, clinical outcomes were within the range
reported for other DCBs. Overall, these findings support Essential
Pro as a safe and effective option for implementing a stentless
"leave nothing behind" strategy in routine clinical practice.
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WHAT IS NEW ABOUT THE TOPIC?

— DCBs are an established therapeutic option for ISR and
small-vessel disease.

— The 2024 European Society of Cardiology clinical practice
guidelines give both new-generation DESs and DCBs a
class |, level A recommendation for ISR, while positioning
DESs as the preferred first-line option.

— Relevant biomechanical and pharmacokinetic differences
exist among DCB platforms, precluding assumption of a
universal “class effect”.

— Previous evidence specifically concerning the Essential
Pro balloon, which uses paclitaxel and TransferTech
technology, was derived mainly from preclinical studies
and limited clinical series, without prospective PMCF
data from contemporary unselected cohorts.

WHAT DOES THIS STUDY ADD?

— A prospective, multicenter, real-world registry involving
a total of 7 centers, 161 patients, and 182 lesions in a
population with substantial clinical and angiographic
complexity.
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— The 12-month TLF rate was 7.1%, with high technical
efficacy (device, 96.6%; procedure, 94.5%), a low bail-out
stenting rate (2.2%), no thrombosis or mechanical device
failures, and nearly complete clinical follow-up (99.4%).

— The results support the safety and efficacy profile of the
device in real-world clinical practice.

— Subgroup analyses involving small-vessel disease, ISR,
and bifurcation lesions should be considered exploratory
and hypothesis-generating.
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