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ABSTRACT

Introduction and objectives: Calcified coronary nodules (CN) are among the most challenging lesions for percutaneous coronary 
intervention, as drug-eluting stents (DES) frequently result in suboptimal expansion, malapposition, and recurrent adverse events. 
Although intravascular lithotripsy (IVL) provides effective plaque modification, the optimal definitive strategy remains unclear. 
Drug-eluting balloons (DEB) have demonstrated potential in the treatment of complex lesions in which stent implantation may be 
less desirable. This trial aims to compare the safety and efficacy profile of DEB vs DES after IVL in patients with CN.
Methods: We conducted a retrospective, investigator-initiated, multicenter, non-inferiority, randomized clinical trial.
Results: A total of 128 patients with de novo CN confirmed by intracoronary imaging in vessels measuring 2.5 mm to 4.0 mm in 
diameter will be enrolled across 10 high-volume percutaneous coronary intervention centers. After lesion preparation with IVL, 
patients will be randomized on a 1:1 ratio to receive a DEB or a DES. The co-primary endpoints are late lumen loss and net luminal 
gain at 9 ±  1 months of angiographic follow-up, both assessed by an independent core laboratory. Secondary endpoints include 
procedural, angiographic, and clinical outcomes, adjudicated by a blinded clinical events committee. Clinical follow-up will be 
conducted at 1 month, 1 year, and 2 years.
Conclusions: The DEBSCAN-IVL trial will provide the first randomized evidence comparing DEB and DES after IVL for CN.
Registered at ClinicalTrials.gov: NCT06657833.
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INTRODUCTION

Calcified coronary nodules (CN) represent the most complex type 
of calcified lesion for percutaneous coronary intervention (PCI), as 
they are associated with worse angiographic and clinical outcomes 
after drug-eluting stent (DES) implantation.1-8

Intravascular lithotripsy (IVL) has shown favorable results in this 
context.9 However, stent implantation after IVL may not always be 
the best treatment option due to suboptimal stent expansion and 
severe malapposition in a non-negligible percentage of patients 
which, along with possible nodule protrusion through the stent 
struts, may be associated with an increased need for new target 
lesion revascularization (TLR), and a higher rate of major adverse 
cardiovascular events (MACE).10-12

Drug-eluting balloons (DEB) have demonstrated to be a safe and 
effective alternative to DES in various settings, especially in those 
in which stenting is associated with worse outcomes, such as small 
vessel disease and in-stent restenosis.13 Therefore, their use has 
increased exponentially in recent years and has expanded to other 
lesion types.14

In the specific setting of calcified lesions, there are some data on the 
safety and efficacy profile of DEB after an adequate plaque modifi-
cation.15-19 Moreover, in this setting, DEB have shown similar clinical 
outcomes with favorable late lumen loss rate compared with DES.20-23

Despite the increasing use of DEB in calcified lesions, evidence on 
the safety and efficacy profile of CN treatment is lacking. In this 

setting, where the risj of suboptimal stent expansion and apposi-
tion—and the consequent likelihood of MACE— is higher,24 a 
leave-nothing-behind strategy using DEB following optimal plaque 
modification technique may be a more appealing approach.There-
fore, our aim is to compare the safety and efficacy profile of the 
use of DEB or DES after IVL in CN within the context of a 
randomized controlled trial.

METHODS

Patients and study design

The DEBSCAN-IVL trial is an investigator-initiated, multicenter, 
open-label, prospective, randomized, controlled clinical trial 
including 10 high-volume centers. 

Patients will be randomized to receive a DEB or a DES after optimal 
treatment with IVL if they meet all the inclusion criteria and have 
no exclusion criteria. Inclusion criteria are age ≥  18 years with a 
clinical indication for PCI (presenting with chronic or acute coro-
nary syndromes) in a CN-induced de novo severe coronary lesion 
(confirmed via intracoronary imaging) in vessels with a reference 
diameter between 2.5 mm and 4.0 mm. Patients who meet at least 
1 of the following conditions will be excluded: inability to provide 
oral and written informed consent or unwillingness to return for 
systematic angiographic follow-up; pregnant or breastfeeding 
patients; cardiogenic shock or cardiac arrest at the time of the index 
procedure; inability to maintain dual antiplatelet therapy for at least 
1 month; life expectancy < 1 year; index lesion located at the left 

Abbreviations

CN: calcified coronary nodule. DEB: drug-eluting balloon. DES: drug-eluting stent. IVL: intravascular lithotripsy. OCT: optical 
coherence tomography. PCI: percutaneous coronary intervention.

BFA o SFA para el tratamiento de nódulos calcificados tras litotricia 
intravascular: diseño del ensayo DEBSCAN-IVL

RESUMEN

Introducción y objetivos: Los nódulos coronarios calcificados (NC) se encuentran entre las lesiones más desafiantes para la 
intervención coronaria percutánea, ya que los stents farmacoactivos (SFA) con frecuencia presentan expansión subóptima, mala 
aposición y eventos adversos recurrentes. La litotricia intravascular (LIV) permite una modificación eficaz de la placa, pero la 
estrategia definitiva óptima sigue sin estar clara. Los balones farmacoactivos (BFA) han mostrado resultados prometedores en 
lesiones complejas en las que la implantación de stents podría ser menos favorable. Este ensayo tiene como objetivo comparar la 
seguridad y la eficacia del BFA frente al SFA después de la LIV en pacientes con NC.
Métodos: Ensayo clínico prospectivo, por iniciativa del investigador, multicéntrico, de no inferioridad y aleatorizado.
Resultados: Un total de 128 pacientes con NC de novo confirmados mediante imagen intracoronaria en vasos de 2,5-4,0 mm de 
diámetro serán incluidos en 10 centros de intervencionismo coronario percutáneo de alto volumen. Tras la preparación de la lesión 
con LIV, los pacientes serán aleatorizados 1:1 para ser tratados con BFA o SFA. Los criterios de valoración coprimarios son la 
pérdida luminal tardía y la ganancia luminal neta en el seguimiento angiográfico a 9 ± 1 meses, evaluadas por un laboratorio central 
independiente. Los criterios secundarios incluyen resultados procedimentales, angiográficos y clínicos, adjudicados por un comité 
de eventos clínicos enmascarado. El seguimiento clínico se realizará a 1 mes, 1 año y 2 años.
Conclusiones: El ensayo DEBSCAN-IVL proporcionará la primera evidencia de comparación de BFA y SFA aleatorizados después 
de IVL en NC.
Registrado en ClinicalTrials.gov: NCT06657833.

Palabras clave: Nódulo calcificado. Litotricia intravascular. Balón farmacoactivo. Stent farmacoactivo. Intervención coronaria percutánea 
compleja.
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main coronary artery or in an aorto-ostial location; target lesion 
previously treated with stents or DEB or with high thrombus 
burden at the time of PCI (Thrombolysis In Myocardial Infarction 
[TIMI] thrombus grade ≥ 3).

Patients who meet all the inclusion criteria and none of the exclu-
sion criteria will be treated with IVL and randomized to receive 
final therapy with DEB or DES. Randomization will occur via a 
web-based system. The complete inclusion and exclusion criteria 
are shown in table 1, and the study flowchart in figure 1. 

Primary and secondary endpoints 

The endpoint of this study is to evaluate and compare the safety 
and efficacy profile of DEB or DES as final treatment strategies for 
CN previously modified by IVL. 

Co-primary endpoints will be the late lumen loss (LLL) and net 
luminal gain at 9 ± 1 months of angiographic follow-up, as assessed 
by an independent core laboratory, with a non-inferiority hypoth-
esis between the 2 groups. LLL is defined as the difference between 
postoperative and follow-up minimal lumen diameter, whereas net 
gain is defined as the difference between follow-up and preopera-
tive minimal lumen diameter, according to the latest Drug Coated 
Balloon Academic Research Consortium Consensus Document.25

Secondary endpoints of the study will include procedural, angio-
graphic and clinical outcomes. Procedural endpoints will include 
the rate of crossover between treatment groups, angiographic 
success (defined as final TIMI grade-3 flow and a residual final 
percent diameter stenosis < 30% in the DEB group or < 20% in 
the DES group), device success (defined as angiographic success 
without crossover between treatment group), procedural success 
(defined as angiographic success without the occurrence of severe 
procedural complications, including cardiac death, target vessel 
perioperative myocardial infarction [MI], need for new clinically 
driven TLR, stent thrombosis [ST], stroke, flow-limiting dissection 
or vessel perforation). Angiographic endpoints will include the 
minimal lumen diameter measured immediately after the interven-
tion and at the time of angiographic follow-up, the residual percent 
diameter stenosis at both timeframes, and the rate of binary 

restenosis, defined as a luminal diameter reduction o≥ 50% during 
follow-up.25 Secondary endpoints will include procedural adverse 
events (such as dissection, perforation, acute vessel occlusion, slow 
flow or no-reflow, and intraoperative thrombosis), major hemor-
rhagic events (classified as Bleeding Academic Research Consortium 
[BARC] type ≥  3),26 and hemodynamic instability (requiring 
unplanned administration of vasopressors, inotropes, or ventricular 
support devices), cardiac death, target lesion-related MI (TL-MI), 
need for TLR, and ST, and MACE (defined as a composite of cardiac 
death, TL-MI, and TLR). TLR and ST are defined according to the 
Academic Research Consortium criteria.27 MACE and its compo-
nents will be assessed during the index hospitalization and at 
6-month, 1-year, and 2-year follow-up visits. Detailed endpoints 
definitions are shown in appendix S1.

Primary outcome assessment will be conducted by a central inde-
pendent core laboratory. All medical data will be anonymized and 
stored, and confidentiality will be protected at any time in full 
compliance with the current legislation. The clinical events 
committee (CEC) and the independent core laboratory will be 
blinded to the treatment group. Secondary outcomes will be 
assessed via centralized angiographic analysis and structured clin-
ical follow-up, either in person or via telephone, at scheduled time 
points.

Devices

–	 IVL: Shockwave Balloon (Shockwave Medical, United States).

–	 Optical coherence tomography (OCT) or intracoronary ultra-
sound (IVUS) system, based on availability at each participa-
ting center.

–	 DEB: paclitaxel-eluting balloon (Pantera Lux, Biotronik, 
Switzerland) 

–	 DES: new-generation zotarolimus eluting stent (Onyx Frontier, 
Medtronic, United States).

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Patients must meet all inclusion 
criteria:
• � Patients > 18 years admitted for 

stable coronary artery disease  
or acute coronary syndromes  
and indication for PCI and

• � Severe coronary lesion with  
a calcified nodule, highly 
recommended confirmation with 
intracoronary imaging (OCT or IVUS) 
and

• � Target lesion located in a vessel 
measuring between 2.5 mm and  
4.0 mm in diameter

Patients must not meet any criteria:
• � Inability to provide oral and written 

informed consent or unwillingness 
to come back for systematic 
angiographic follow-up

• � Pregnant or breastfeeding patients
• � Cardiogenic shock or cardiac arrest 

at the index procedure
• � Impossibility to maintain dual 

antiplatelet treatment for at least  
1 month

• � Life expectancy < 1 year
• � Index lesion at left main coronary 

artery
• � Aorto-ostial lesion
• � Target lesion previously treated with 

stents or DEB
• � High thrombus burden in the target 

lesion (TIMI thrombus grade ≥ 3)

DEB, drug-eluting balloon; IVUS, intravascular ultrasound; OCT, optical coherence 
tomography; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in Myocar-
dial Infarction.

Coronary angiography
(suspected calcified nodule)

Confirmation of calcified nodule via 
intracoronary imaging (OCT)

DEBDES

Meets inclusion criteria and no exclusion criteria

Randomization
(Stratified eruptive/non eruptive CN)

Clinical follow-up at 1, 12, 24 months

(≥ 50% stenosis or flow-limiting dissection)

IVL

Angiographic follow-up at 9 ± 1 months 
of initial PCI

Figure 1. Central illustration. Study design flowchart. CN, calcified coronary 
nodule; DEB, drug-eluting balloons; DES, drug-eluting stents; IVL, intravas-
cular lithotripsy; OCT, optical coherence tomography; PCI, percutaneous 
coronary intervention.
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Procedure

When a CN is suspected on coronary angiography, intracoronary 
imaging—preferably OCT, with IVUS as an alternative—will be 
performed to confirm the diagnosis. After confirmation of a CN in 
the target lesion, patients will be randomized on a 1:1 ratio to 
receive a DEB or a DES. Randomization will be stratified to ensure 
a balanced distribution of eruptive and non-eruptive nodules across 
both treatment groups. A CN (figure 2) will be defined as a calcified 
segment with an accumulation of protruding nodular calcification 
(small calcium deposits) with disruption of the fibrous cap (eruptive 
CN) or an intact thick fibrous cap (non-eruptive CN).28-30 

All patients will be treated with IVL, using a balloon sized 1:1 to 
the vessel reference diameter. A minimum of 80 pulses per lesion 
is recommended. If the IVL balloon cannot cross the lesion, predi-
lation with smaller balloons is permitted. Additionally, the use of 
adjuvant techniques such as rotational atherectomy or excimer laser 
coronary atherectomy will be allowed only when deemed necessary 
to facilitate IVL balloon crossing. Postdilation with a non-compliant 
balloon after IVL is recommended before proceeding with the final 
assigned treatment modality.

Once optimal lesion preparation has been achieved, defined as 
> 80% balloon expansion in 2 orthogonal projections with a balloon 
sized 1:1 to the vessel, patients will receive a DEB or a DES, 
according to their initial randomization. If a patient randomized to 
the DEB group experiences a flow-limiting dissection or exhibits a 
percent diameter stenosis > 50%, conversion to DES implantation 
will be permitted at the operator’s discretion. Similarly, any cross-
over from DES to DEB will be documented, along with the reasons 
for these procedural decisions.

It is recommended that the DEB reach the target lesion within 2 
minutes, as drug loss may occur during transit.13 Thus, operators 
need to anticipate difficulties in reaching the target lesion (proximal 
coronary disease or tortuosity) and ensure optimal support prior to 
using the DEB. If difficulties in reaching the target lesion are 
anticipated, the use of guide extension catheters is recommended. 
The recommended DEB inflation time is 60 seconds. 

The PCI will be performed according to current European Society 
of Cardiology (ESC) guidelines, including perio- and postoperative 
antithrombotic management.31,32 Patients should ideally receive 
dual antiplatelet therapy at least 2 to 4 hours prior to the PCI to 
ensure optimal platelet inhibition. In cases where this is not 
feasible, administration of IV antiplatelet agents, such as acetylsal-
icylic acid with or without cangrelor, immediately before the 
procedure is recommended.

Intracoronary imaging with either OCT or IVUS (the same imaging 
modality that was initially used) is recommended at the end of the 
procedure.

Angiographic analysis 

Quantitative coronary imaging and intracoronary analysis of base-
line and follow-up angiographies will be conducted by an indepen-
dent central laboratory (Barcicore, Spain). At least 2 well-selected 
orthogonal views—free of foreshortening and side-branch overlap—
focused on the target lesion are required after intracoronary nitro-
glycerine administration. These views should be obtained before 
treatment, after the intervention, and during follow-up angiography 
to ensure consistent angulation and enable accurate, reproducible 
measurements.

Follow-up 

Post-PCI antithrombotic therapy will abide by the latest ESC clin-
ical practice guidelines, considering the individual ischemic and 
bleeding risk profile of each patient.31,32 Regardless of the assigned 
treatment group (DEB or DES), a 6-month regimen of dual anti-
platelet therapy (aspirin and clopidogrel) is recommended in 
patients with stable coronary artery disease, and a 12-month 
regimen of dual antiplatelet therapy (preferably using prasugrel or 
ticagrelor as a P2Y12 inhibitor) in patients with acute coronary 
syndrome. For patients requiring chronic oral anticoagulation, the 
choice and duration of antithrombotic therapy will follow current 
guideline recommendations, with triple therapy (oral anticoagulant 
+ aspirin + clopidogrel) limited to 1 month, whenever feasible. 
Electrocardiogram and troponin assessment will be performed 24 
hours after the PCI. All patients will be discharged with a scheduled 
angiographic follow-up at 9  ±  1  months. OCT is recommended 
during this follow-up, especially if angiography suggests progression 
of coronary artery disease in the target lesion. In cases where 
angiography or intracoronary imaging indicates disease progression, 
but the percent diameter stenosis is <  90%, revascularization 
should be guided by ischemia and confirmed with a pressure guide-
wire. Clinical follow-up visits are scheduled at 12 and 24 months. 
Schedule of visits and data assessment throughout the study are 
shown in table S1.

Statistical analysis

The primary endpoint analysis will be performed by lesion and by 
intention-to-treat with a 1-sided Student t test with an alfa of 0.05 
between the DES and the DEB group. A per-protocol analysis, 
including crossover cases, will also be conducted for sensitivity 
purposes. If the hypothesis of non-inferiority is confirmed, a supe-
riority 2-sided analysis will be performed. Clinical endpoints will 
be analyzed on a per-patient basis.

Quantitative variables will be expressed as mean ± standard devi-
ation if normally distributed, and as median with minimum and 

A B C D

Figure 2. Calcified nodule appearance on angiography (A), optical coherence tomography (eruptive [B] and non-eruptive [C]) and intravascular ultrasound (D).
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maximum values if they do not follow a normal distribution. 
Normality will be assessed using the Kolmogorov-Smirnov test. 
Qualitative variables will be described by their absolute values and 
frequencies, and will be expressed as absolute counts and percent-
ages. A P < .05 will be considered statistically significant, and 95% 
confidence intervals (95%CI) will be reported for all main analyses. 
For comparisons of continuous variables between the 2 groups, the 
Student t test will be used if normality is confirmed, or the Mann-
Whitney U test if non-parametric. For comparisons across > 2 
groups, the ANOVA test or the Kruskal-Wallis test will be applied, 
as appropriate. Associations across categorical variables will be 
analyzed using the chi-square test or Fisher’s exact test when 
expected frequencies are small. Correlations between continuous 
variables will be explored using Pearson’s or Spearman’s correlation 
coefficient, depending on their distribution.

A multivariate analysis will be conducted using Cox proportional 
hazards regression with forward stepwise selection, including vari-
ables that are significantly associated with outcomes (or show a 
trend) in the univariate analysis. Kaplan-Meier curves will be 
generated for event-free survival, and differences will be assessed 
using the log-rank test. 

Prespecified subgroup analysis

Subgroup analysis will be performed according to the following 
prespecified categories: type of calcified nodule (eruptive vs 
non-eruptive), age (<  75 vs ≥ 75 years), sex (male vs female), 
presence of diabetes mellitus (yes vs no), location of the calcified 
nodule within a true bifurcation lesion involving a side branch 
≥  2.5  mm (yes vs no), and clinical presentation (acute coronary 
syndrome vs chronic coronary syndrome). In addition, a prespeci-
fied OCT subgroup analysis will be performed in patients with 
available OCT imaging at both the end of the procedure and follow, 
including assessments of minimal lumen area (or minimal stent area 
in stented segments) and minimal lumen diameter.

Sample size calculation

The hypothesis is that DEB-PCI for CN is not inferior to state-of-
the-art DES-PCI in terms of LLL and net luminal gain at the lesion. 
The sample size calculation was based on an expected LLL of 
0.20 mm in the DES group, with a non-inferiority margin (delta) of 
0.30 mm, a significance level (alpha) of 5%, and a statistical power 
of 80%. The estimate of LLL in the control group was derived from 
previous studies evaluating the same DES platform.33-35 Assuming 
a 20% attrition rate for angiographic follow-up, 64  patients per 
group (128 patients in total) will be required to provide adequate 
statistical power. The study is not powered for clinical endpoints, 
which will be considered exploratory and hypothesis-generating.

Organization and ethical concerns 

The study protocol has been approved by the local ethics commit-
tees of all participant centers. Written informed consent will be 
obtained from all patients prior to enrollment. The DEBSCAN-IVL 
trial is an investigator-initiated study conducted in full compliance 
with Good Clinical Practice guidelines applicable to interventional 
and epidemiological research. The rights, safety, and well-being of 
all participants will be protected full compliance with the principles 
set forth in the Declaration of Helsinki, applicable EU legislation, 
and local legal requirements. Participant data will be handled 
confidentially and anonymously. The trial is registered at Clinical-
Trials.gov (NCT06657833). The sponsor of the study is Fundación 
EPIC. The study is supported by unrestricted research grants from 
Fundación EPIC, Shockwave Medical, Biotronik, and Medtronic.

The steering committee serves as the primary decision-making body 
of the trial and bears full responsibility for its scientific and clinical 
conduct. A clinical events committee (CEC), composed of indepen-
dent interventional cardiologists not participating in the study and 
blinded to treatment allocation, will adjudicate all clinical events 
and endpoints. The CEC will operate according to pre-specified 
definitions outlined in the study protocol and will remain blinded 
to the overall trial outcomes.

DISCUSSION

CN represent the most complex type of calcified lesion for PCI, as 
they are associated with the worst angiographic and clinical 
outcomes after DES implantation.1-8 Three main factors may 
contribute to these unfavorable results: the nature of the nodule 
per se, the plaque modification technique used, and the final revas-
cularization strategy (DES or DEB). Although our understanding of 
the origin and behavior of calcified nodules has grown, it remains 
unclear which lesions are likely to respond favorably to PCI, and 
which are not. Eruptive CN, for instance, may be more amenable 
to initial modification, yet paradoxically, they have also been asso-
ciated with higher rates of adverse clinical events during 
follow-up.29,36

Regarding plaque modification techniques, current evidence is 
limited. Rotational atherectomy (RA), while commonly used, is 
constrained by wire bias and frequently requires large burr sizes.2 
Although orbital atherectomy might overcome some of these limita-
tions, randomized data comparing it with other advanced plaque 
modification techniques are lacking.37 Balloon-based techniques, in 
contrast, may fail to cross severely stenotic nodular lesions but have 
the advantage of avoiding the wire bias inherent to atherectomy. 

However, conventional or scoring/cutting balloons often prove 
insufficient to fully modify the depth of nodular calcium, and very 
high-pressure special balloons carry the risk of overstretching the 
usually normal opposite vessel wall causing perforation. In this 
context, IVL has emerged as a promising alternative, offering the 
most robust evidence to date for nodular plaque modification.29,38 

Traditionally, stent implantation has been the standard definitive 
treatment for CN.23 However, stenting in nodular lesions frequently 
leads to suboptimal expansion and incomplete apposition, particu-
larly at the shoulders of the nodule. Moreover, In these patients, 
TLR is often driven not by classic in-stent restenosis, but by late 
protrusion of the calcified nodule through the stent struts.10,11,39 
These limitations have generated interest in a “leave nothing 
behind” strategy after effective plaque modification. 

DEB have demonstrated to be safe and effective in various settings, 
particularly small vessel disease and in-stent restenosis, where DES 
implantation may be less favorable.13 Therefore, their use has 
grown significantly in recent years.14 In the context of calcified 
lesions, there are concerns that adequate drug-uptake may be 
compromised, but preliminary evidence suggests DEB may offer 
good outcomes after adequate plaque preparation.15-17 For instance, 
Ito et al.18 evaluated a total of 81 patients with de novo lesions 
treated with DEB, including 46 with calcified lesions. While LLL 
and restenosis appeared slightly higher in the calcified group, these 
differences were not statistically significant and did not translate 
into worse clinical outcomes at 2 years. Notably, 82% of these 
lesions were pre-treated with RA. Similarly, Nagai et al. reported 
a TLR rate of 16.3% in 190 severely calcified lesions treated with 
RA followed by DEB.19 Rissanen et al. found MACE rates of 14% 
and 20% at 12 and 24 months, respectively, in 82 complex de novo 
calcified lesions treated with DEB after RA and balloon predilation, 
with very low rates of clinically driven TLR.20 Furthermore, 
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favorable findings have been reported by Shiraishi et al., including 
a subset of calcified nodules.16

Comparative studies have further explored DEB vs DES in calcified 
lesions. Ueno et al.21 conducted a single-center cohort study 
comparing the clinical outcomes of 166 severe calcified lesions 
treated with either DEB or DES after RA at a median follow-up of 
3 years. The TLR rates were similar across the groups (15.6% vs 
16.3%; P = .99), while LLL was significantly lower in the DEB group 
(0.09  mm vs 0.52  mm; P =.009). Iwasaki et al.22 compared 194 
patients with de novo calcified lesions in non-small vessels the RA 
+ DEB vs RA + DES strategies. There were no significant differ-
ences at 1 year in terms of MACE, cardiac death, myocardial 
infarction, TLR or hemorrhage.

Despite this data on the performance of DEB in calcified lesions, 
evidence on the safety and efficacy profile in the CN setting is 
lacking. However, given the high likelihood of suboptimal stent 
expansion and malapposition in this setting, which may lead to 
increased MACE risk,24 a metal-free strategy using DEB following 
optimal plaque modification seems to be an attractive and feasible 
approach.

Intracoronary imaging-guided PCI has been consistently associated 
with improved procedural outcomes and a reduction in major 
adverse cardiovascular events, including mortality, particularly in 
complex lesions.40 Intracoronary imaging plays a pivotal role in this 
context. Compared with conventional angiography, it provides a far 
more accurate assessment of coronary disease severity and plaque 
morphology.1 This is particularly relevant in calcified and complex 
lesions, where procedural planning and outcomes are significantly 
impacted by the detailed anatomical insights obtained. OCT, in 
particular, offers superior spatial resolution compared to IVUS, 
allowing for precise quantification of the calcium burden.28,41

In the case of CN, OCT enables accurate assessment of the plaque 
substrate and procedural results, including stent expansion and appo-
sition, or in DEB-treated lesions, the extent of plaque modification.

The DEBSCAN-IVL trial will be comparing the safety and efficacy 
profile of DEB vs DES after lesion preparation with IVL in patients 
with CN, assessing both angiographic and clinical outcomes. More-
over, the trial will provide valuable information on the underlying 
plaque morphology and the response to different PCI strategies 
following the systematic use of intracoronary imaging. The central 
hypothesis of the study is that a DEB strategy, after IVL-based 
plaque modification in calcified nodules, is not inferior to DES 
implantation in terms of LLL and net gain, while potentially 
reducing the risk of long-term adverse events through improved 
biocompatibility and vessel healing. In addition, the analysis will 
be stratified according to nodule morphology, specifically differen-
tiating eruptive vs non-eruptive CN, 2 entities that are thought to 
have distinct biological behavior and potentially different response 
to plaque modification and PCI.6,7,29,36 This stratified analysis may 
provide novel insights into the prognostic and therapeutic implica-
tions of nodule subtype and guide future individualized interven-
tional strategies.

CONCLUSIONS

The DEBSCAN-IVL trial is an investigator-initiated, multicenter, 
open-label, prospective, randomized, controlled clinical trial 
designed to compare the safety and efficacy profile of the use of 
DEB or DES after IVL in CN. The co-primary endpoints are LLL 
and net gain at 9 ± 1 months of angiographic follow-up. The find-
ings are expected to inform clinical decision-making and support a 
more individualized approach on the management of this specific 
type of calcified coronary disease.
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WHAT IS KNOWN ABOUT THE TOPIC? 

–	 CN are among the most complex calcified lesions for PCI, 
as DES often result in suboptimal expansion, malapposi-
tion, and long-term adverse events. IVL is an effective and 
safe technique for modifying nodular calcium. DEB have 
proven effective in complex lesions such as small vessel 
disease and in-stent restenosis, suggesting potential 
utility where stent implantation might be suboptimal. 
However, robust evidence on the safety and efficacy of 
DEB specifically for CN after IVL is currently lacking.
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WHAT DOES THIS STUDY ADD?

–	 The DEBSCAN-IVL trial will be the first randomized study 
to compare DEB and DES after IVL in patients with CN. It 
will evaluate angiographic endpoints such as late lumen 
loss and net luminal gain, as well as procedural and clin-
ical outcomes. The study is expected to provide crucial 
insights into whether a “leave-nothing-behind” approach 
with DEB can achieve comparable efficacy to DES while 
potentially improving vessel healing and reducing long-
term complications in this challenging patient population.
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