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Abstract 

Background 

Coronary bifurcation lesions (CBL) are associated with impaired outcome. The role of drug-coated 

balloons (DCB) in this setting has been only investigated in small studies so far. 
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Aim 

We here describe the design of PRO-DAVID study, aiming at investigating the clinical outcomes 

of a “provisional DCB” versus a "standard" approach (provisional or upfront two stent techniques) 

for the treatment of complex CBL. 

Methods and results 

The PRO-DAVID trial is a prospective, open-label, randomized, multicentric clinical trial of the 

interventions with true CBL (Medina 1,0,1; 1,1,1; 0,1,1) of unprotected left main (LM), and non-

left main (non-LM) CBL with affected significant side branche (SB). The study hypothesis is that 

a “provisional DCB approach” with PCI using first DCB in SB after optimal predilatation and then 

DES implantation in the main vessel will be non-inferior to standard bifurcation-PCI as per EBC 

recommendations. The calculated sample size is 602 patients in total, and allocation is 1:1. The 

primary study endpoint is  a composite of cardiac death, target vessel MI, or clinically-driven target 

lesion revascularization (TLR) at 12 months, and patients will be followed up for up to 3 years. 

Implications 

CBL management with stents only is associated with impaired outcome, and some preliminary 

data on the performance of DCB show their safety and efficacy in this setting. PRO DAVID study 

is an adequately powered randomized trial with clinical endpoints aimed to test DCB use in true 

CBL.  

Keywords: DCB; coronary bifurcations; study design. 

Introduction 

Preferred and gold standard approach for the majority of patients with non-true and non- left main 

coronary bifurcation lesions (CBL), or true CBL with a side branch (SB) length <10mm, is the 

stepwise provisional stenting (PS).1,2 The PS strategy is a treatment philosophy, rather than a 

technique3, recommended by the European Bifurcation Club (EBC) since its inception4 as the 

preferred strategy to treat CBL, not only when the use of a single stent is planned but also when a 

final use of 2 stents is required during the procedure. PS is layered and sequential, with the aim of 

performing an optimal treatment with a single stent whenever possible and performing stenting of 

the SB or assigned SB (aSB) when necessary, using the T, T and small protrusion (TAP), or culotte 
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implantation techniques.1,2  This recommendation is based on clinical research which compared 

various implantation techniques of two stents with provisional technique 5-13  as well as meta-

analyses of data from these studies.14-20 The results of EBC MAIN trial21 proved that PS approach 

should be the first choice for the majority of patients with true left main CBL with an SB lesion 

length <10 mm, and these patients are treated equally well as with a more complex upfront two-

stent technique, with reduced number of balloons and stents, complexity and duration of the 

procedure, contrast dye use, fluoroscopy time and total X-ray dose. 

Optimal strategy to treat true complex CBL (Medina classification 1,0,1; 1,1,1; 0,1,1) is still a 

subject of debate. As bifurcation lesion complexity increases, an intentional (upfront) 2-stent 

strategy appears more favorable, especially with a long (>10 mm) diseased SB/aSB. 

Chinese physicians pioneered DK crush technique and established practical, easy-to-use 

classification criteria to differentiate simple from complex bifurcation lesions in the DEFINITION 

trial.22 Main idea of this approach is that inclusion of lesion complexity as a parameter might have 

led to different stenting strategies. Benefit of 2-stent techniques for complex bifurcation lesions 

was confirmed in DEFINITION II study23, where a systematic 2-stent approach was associated 

with a significant improvement in clinical outcomes compared with PS. Two-stent strategies and 

especially DK crush, are complex and demanding techniques that require extensive technical skills 

and experience, knowledge of technical steps, and the ability to identify and correct complications. 

Based on the results of a single randomized study, DKCRUSH-V,24 in which planned DK crush 

reduced TLF at 1-year compared with PS strategy in patients with true distal LM bifurcation 

lesions, EAPCI/EACTS revascularization guidelines25 gave a Class IIb recommendation, level of 

evidence B, for double-kissing crush (an upfront two-stent technique) over a provisional approach.  

Data for DK crush studies originate from a single group of expert operators,26  thus in a daily 

clinical practice where less experienced operators with a limited number of true bifurcations 

performed annually are faced with the challenge of treating complex CBL, it is imperative to find 

a standardized and universal approach that would be simple, quick and safe, with a high percentage 

of procedural success, with a small number of complications, good long term results, with a small 

expenditure of material and contrast volumes, and shorter procedure and fluoroscopy times. 
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The role of drug-coated balloons for coronary bifurcation lesions 

The drug-coated balloon (DCB) technology allows bringing a high concentration of an 

antiproliferative drug with immediate and rapid local delivery even with short contact times 

between the balloon surface and the vessel wall, sufficient for effective drug delivery without a 

durable polymer and further permanent metal prosthesis. The application of DCB in SB is an 

attractive and intriguing solution for treating complex BL (Table 1).27,28 

Table 1. Potential advantages of DCB use for CBL. 

potentially easier procedure including fewer steps 

homogeneous drug distribution at all segments of bifurcation 

reduced risk of carina distortion 

no risk of late events related to: stent malapposition, under-expansion, 

fracture, and struts protrusion or double layer 

unnecessary or easier wire recrossing of branches 

unnecessary kissing balloon inflation and proximal optimization technique 

potential late lumen enalrgement at all segments 

 

The rationale for such an approach lies in the many theoretical advantages of DCB. The application 

of DCB in SB respects the original anatomy of bifurcation, which is especially important in the 

carina area, and allows for an homogeneous application of a high dose of the antiproliferative drug 

on the entire blood vessel surface and avoids the risk of incomplete coverage of the bifurcation 

area. In the case of a successful DCB application in the SB, unnecessary use of the stent is avoided, 

obviating long-term stent failure related to stent malapposition, under-expansion, and fracturing, 

the scaffolding of the SB ostium, overlapping and crushing of multiple metal layers and polymers 
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with uncontrolled drug release. Further, from the technical standpoint wire jailing, rewiring, and 

deformation of the stent with kissing balloon inflation may be avoided with DCB .29 

The application of DCB has a theoretical advantage over the application of a regular balloon, with 

an expected positive remodelling of the vessel and plaque stabilization, better late angiographic 

results30-34 as well reduced risk of neoatherosclerosis. Studies with intravascular ultrasound and 

optical coherence tomography,35,36 have shown a trend toward positive remodelling with the use 

of DCB. A meta-analysis including 349 patients37 showed that DCB use in SB was associated with 

lower SB late lumen loss compared with balloon angioplasty. 

Another advantage of using DCB in CBL is the possibility to reduce the PCI complexity and the 

rate of two or more stents implantation. PCI strategies for complex coronary bifurcation lesions 

should be individualized, considering the anatomical differentiation of coronary bifurcation lesion 

differences, disease burden, and definition of complexity.  

To investigate the possible role of DCB in CBL, a certain number of small-sized clinical studies 

were conducted. There is a high level of heterogeneity regarding treatment strategies and the 

procedural phase where DCB was used. Some studies in fact combined DCB and bare-metal stent 

(BMS),38-41 others DCB and POBA ,42,43  or DCB-only strategies;44-48 however, in the majority of 

the cases a combination of DCB and DES was investigated49-53. Unfortunately, all these studies 

are of small size, with only four being randomized. Moreover, precise description of lesion 

characteristics are often missing, or the type and complexity of CBL according to Medina 

classification, and finally only surrogate endpoints were used in the majority of these studies. 

Notably, so far all the CBL studies investigating DCB used a paclitaxel-coated balloon. In the end, 

we believe that a well known and described DCB, with solid clinical background, should be used 

for this trial54-57. 

Expert opinion is that in general the use of DCB appears effective and safe when deployed in the 

SB and that larger randomized trials are required and that provisional stenting with DES in the 

main branch and DCB in the side branch could be a valuable treatment option.29  
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Ongoing studies and future directions 

The available studies that examined the performance of a DCB strategy for CBL unfortunately 

share the aforementioned limitations. Future well-designed randomized clinical trials with strict 

inclusion criteria, a clear flowchart for lesion predilatation, and criteria for bail-out stenting are a 

true necessity. We believe that DCB should be compared to best-in-class DES with "hard" clinical 

endpoints and a follow-up of at least 5 years.   

One interesting, ongoing trial is DCB-BIF,58 where investigators are randomizing a total of 784 

patients with true CBL (maximum SB length 10 mm) to DCB or POBA for SB after provisional 

stenting in MB. 

Another potentially interesting strategy for the management of CBL is the use of DCB applications 

in both branches (the so-called "full-DCB approach"). This strategy implies sequential 

predilatation and final drug application of SB followed by MB. This strategy seems appealing and 

modern, however, there are some limitations that need to be addressed, including the fate and 

management of eventual residual dissections, and the need for expert DCB users. A pilot study 

with surrogate endpoints (B. Cortese, study design of PICCOLETO V RCT) has been proposed 

for the EBC meeting in 2022, to test the feasibility and safety of such a full-DCB approach. 

PRO-DAVID study design 

We here present the rationale and design of the PRO DAVID study (PROspective, open label, 

randomized, multicentric clinical trial: Drug-coated balloon for side brAnch treatment Vs. standard 

stenting In true complex bifurcation coronary Disease, NCT04403048) in patients with true CBL 

(Medina 1,0,1; 1,1,1; 0,1,1) of unprotected left main CBL, and non-left main CBL with 

prognostically significant, severely involved SB. We aim to demonstrate how a “provisional DCB 

approach” with PCI using first DCB in SB after optimal predilatation and then DES implantation 

in the main vessel will be non-inferior to standard bifurcation-PCI as per EBC recommendations. 

Study design 

The PRO DAVID trial is a prospective, open-label, randomized, trial with a planned enrolment of 

602 patients at 20 European centers. The study will include patients with either stable angina 

pectoris or stabilized non–ST elevation myocardial infarction (NSTEMI) requiring percutaneous 

coronary interventions with true CBL (Medina 1,0,1; 1,1,1; 0,1,1) of unprotected left main (LM) 
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CBL, and non-left main (non-LM) CBL with affected important SB (most likely to supply at least 

10% of fractional myocardial mass by angiographic criteria alone). The SB should have a proximal 

reference size 2,5 mm and  70% diameter stenosis in the ostium of LM CBL and  90% in non-

LM CBL, by visual estimation. Lesion length in both LM and non-LM CBL will be 10 mm or 

longer (Figure 1). Complete clinical and angiographic inclusion and exclusion criteria are listed in 

Tables 2 and 3. 

Figure 1 

 

 

TABLE 2 Clinical inclusion and exclusion criteria for PRO DAVID study 

Clinical inclusion criteria: 

• stable CAD 

• ACS (either unstable angina or 

stabilized NSTEMI) 

• age ≥18 years  

Clinical exclusion criteria: 

• STEMI <72 hours preceding  

• cerebrovascular accident within 6 months 

• surgical procedure within one week 

• pregnant/nursing women 
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• clinical and anatomical eligibility for 

PCI (local Heart Team) 

• patients with mental and logistical 

conditions for further monitoring and 

follow-up for 3 years 

• written informed consent 

 

• LV ejection fraction <30% 

• cardiogenic shock 

• severe valvular disease 

• unfavorable long-term prognosis - patient 

life expectancy less than 12 months 

• creatinine > 2,0 mg/dl (>177 mmol/L) 

• active bleeding or coagulopathy 

• untreatable hypersensitivity, allergy or 

contraindication to: aspirin, heparin, 

clopidogrel, prasugrel, steel, sirolimus, 

everolimus, zotarolimus, biolimus or 

contrast agents 

• treatment of hyperthyroidism, 

administration of immunosuppressives or 

anticoagulant therapy, addiction to 

alcohol or drugs 

• patients included in another clinical trial 

 

CAD: coronary artery disease; ACS: acute coronary syndrome; PCI: percutaneous coronary 

intervention; STEMI: ST-elevation myocardial infarction; LV: left ventricle. 
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TABLE 3 Angiographic inclusion and exclusion criteria for PRO DAVID study 

Inclusion criteria: 

• de novo CBL with affected side branch 

(Medina classification 1,0,1; 1,1,1; 

0,1,1) 

• side branch diameter ≥2,5 mm (visual 

estimation) 

• LM SB-DS ≥70% and SB lesion length 

> 10 mm 

• non-LM: SB-DS ≥ 90% and SB lesion 

length > 10 mm 

• side branch length ≥ 10mm 

Angiographic exclusion criteria: 

• high thrombotic burden (angiographic 

definition: spheric, ovoid, or irregular 

intraluminal filling defect or lucency 

surrounded on three sides by contrast 

medium seen just distal or within the 

coronary stenosis in multiple 

projections or a visible embolization of 

intraluminal material downstream) 

• severe tortuosity 

• chronic total occlusion of either vessel 

• SYNTAX score >32 

• severe calcification (intravascular 

imaging or angiographic definition: 

multiple persisting opacifications of the 

coronary wall visible in more than one 

projection surrounding the complete 

lumen of the coronary artery at the site 

of the lesion) 

• patients who had a stent implanted ≤15 

mm from the lesions included in the 

study 
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• lesions on the aortocoronary venous or 

arterial grafts 

• in-stent restenosis or restenosis in a 

segment closer than 4 mm from the 

target lesion   

 

CBL: coronary bifurcation lesion; LM: left main stem; SB: side branch; DS: diameter stenosis. 

Study endpoints 

Study primary endpoint will be target lesion failure (TLF) assessed during clinical visit at 1 year. 

TLF is defined as a composite of cardiac death, target vessel MI (TV-MI), or clinically-driven 

target lesion revascularization (TLR). 

The study's bifurcation-oriented composite endpoint includes cardiac death, target bifurcation MI, 

and ischemia-driven target bifurcation revascularization. The patient-oriented composite endpoint 

is all-cause mortality, MI, any revascularization, and stroke. Study endpoints are listed in Table 4. 

Additional variables that will be included in the electronic case report form are listed in the 

supplement material. 

TABLE 4 Primary and secondary endpoints 

Primary and point 

• Combined endpoint of target lesion failure (TLF) (composite of cardiac death, target 

vessel MI (TVMI), or clinically-driven target lesion revascularization (TLR) at 12 

months 

Secondary end points 

• Study bifurcation-oriented endpoint: composite of cardiac death, target bifurcation MI, 

target bifurcation revascularisation 
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• Patient-oriented composite endpoint: all-cause mortality, MI, any revascularisation, 

stroke 

• Clinical endpoints at 1,12, 24 and 36 months 

o All-cause mortality 

o Cardiac death 

o MI 

o Stent thrombosis ( definite, possible,probable) 

o Target lesion MI 

o Target bifurcation revascularisation 

o Any revascularisation 

o CCS angina class 

MI: myocardial infarction; CCS: Canadian Class of angina System. 

Study procedure 

Patients are enrolled according to clinical inclusion and exclusion criteria, and only fully eligible 

patients are randomized (Figure 2). Patients are randomized to the provisional DCB approach, or 

to the conventional approach. The principal structure of the provisional DCB approach is shown 

in Figure 3,  and procedural details about the provisional DCB approach can be found in the 

supplement material. In the conventional approach,  according to the preference of the operator, 

patients can be treated with the standard provisional approach or intentional (upfront) 2-stent 

approach. According to EBC consensus document, any of the following techniques can be used in 

this group: DK crush, T, TAP,  Culotte,  DK/culotte.1,2  
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Figure 2 

 

Figure 3 
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Core laboratory analysis 

The angiographic analysis is performed for all patients in both treatment arms. The target 

bifurcation is analyzed by applying a 7-segment model. Balloon-treated segments are analyzed as 

stented segments. Analysis of pre-PCI includes reference size, percent diameter stenosis, minimal 

lumen diameter, lesion length, and angulations. The pre and post-PCI angiograms are analyzed by 

observers blinded to treatment allocation. All analyses are performed by an independent core 

laboratory.  

Sample size calculation 

Estimates for median 1-year rates of TLF are based on the following evidence and assumptions. 

In DKCRUSH V24 which included patients with complex CBL, TLF within 1 year occurred in 

10.7% assigned to a PS strategy. To test the non-inferiority of the DCB group, with an alpha error 

probability of 0.05 with power of 0.90, and allocation ratio of 1:1, SD 0.04, non-inferiority margin 

of 0.03 we calculated a total sample size of 602 patients (301 in each group) also taking in account 

a potential attrition rate of 10%. We estimate starting of enrollment of patients in Q3/2023. 

Follow-up 

Patients will be followed up by in-hospital visit at 12 months, and by telephone interview at 1, 24 

and 36 months. During visits, the following parameters will be assessed: angina symptoms (CCS 

class), medications (angina index), and clinical endpoints. Angina index is a scoring system where 

a point is scored for each of the following medications being taken by the patient: nitrate  

(sublingual or spray)  used  ≥1  during the week prior to question, nitrate (oral), blocker or 

ivabradine, calcium antagonist, nicorandil or other antianginals. The maximum angina index score 

on this system is therefore 5. 

Study conduction, data collection, and monitoring 

The study will be submitted to the local or national ethics committees as appropriate and to the 

Danish Data Protection Agency covering all sites within the European Union. The trial is registered 

with Clinicaltrials.gov NCT04403048. Only CE-marked equipment will be used and only for the 

approved indications. The principles in the Declaration of Helsinki will always be followed, and 

all patients will provide written informed consent for participation in the trial. 
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Data will enter directly a dedicated e-CRF in the secure Web-based trial management system. 

Imaging data including angiographic image runs will be uploaded to the study database, enabling 

remote monitoring and procedure feedback by the centralized core laboratory. The study is 

monitored according to the Good Clinical Practice guidelines. During the study period, monitors 

will ensure that the trial is conducted in compliance with the protocol, Good Clinical Practice, and 

applicable regulatory requirements. All events will be adjudicated by an independent Clinical 

Events Committee.  

Conclusions 

Coronary bifurcation lesion management is still associated with impaired outcome, mostly for a 

not negligible higher risk of SB failure with currently available techniques. The role of DCB in 

this setting is interesting, and showed promising results in small, clinically underpowered studies. 

PRO DAVID  is the first adequately powered clinical trial aimed to test DCB use in true CBL.  

Potential advantages of the techique described in this manuscript include the simplicity of the 

procedure, an acceptable crossover rates to bailout stenting, shorter procedure times, shorter 

radiation, and reduced consumption of contrast agents, wires, balloons, and stents. From PRO 

DAVID study we expect to encounter the non-inferiority between standard-of-care and a 

“provisional DCB approach” in terms of TLF at 12 months, and a sequential superiority during the 

upcoming years of follow up.  
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Figures legend 

Figure 1: PRO DAVID study flow chart (NCT04403048). 

SC: semicompliant balloon; NC: noncompliant balloon; ScB: scoring balloon; CB: cutting 

balloon; RA: Rotational atherectomy; IVL: Intravascular lithotripsy; TIMI: thrombolysis in 

myocardial infarction; DES: drug-eluting  stent; DCB: drug-coated  balloon; EBC: European 

bifurcation club; LM: left main; CBL: coronary bifurcation lesion; SB: side branch; MB: main 

branch; POT: proximal optimisation technique; KBI: kissing balloon  inflation. 

Figure 3: Provisional DCB approach in PRO DAVID trial. 

MB: main branch; SB: side branch; DCB: drug coated balloon; POT: proximal optimization 

technique; FFR: fractional flow reserve; TIMI: thrombolysis in myocardial infarction. 

Figure 4: Provisional DCB approach. 

SC: semicompliant balloon; NC: noncompliant balloon; ScB: scoring balloon; CB: cutting 

balloon; RA: Rotational atherectomy; IVL: Intravascular lithotripsy; TIMI: thrombolysis in 

myocardial infarction; DES: drug-eluting  stent; DCB: drug-coated  balloon; EBC: European 

bifurcation club; LM: left main; CBL: coronary bifurcation lesion; SB: side branch; MB: main 

branch; POT: proximal optimisation technique; KBI: kissing balloon  inflation. 
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