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Lésions diffuses : les clés du succès 





• Lésions diffuses : définition angiographique
ØSténose coronaire significative > 20 mm en longueur
ØSténoses significatives multiples sur la même artère
ØSténose avec rétrécissement luminal sur l’ensemble de l’artère

Di Sciascio et al. , Am J Cardiol 2000

• Lésion diffuse : définition procédurale 
ØSténose nécessitant l’implantation d’un stent actif ≥ 28 mm de longueur

Hong SJ et al., IVUS –XPL Study, JAMA 2015

Lésions coronaires diffuses: définitions



Lésions coronaires diffuses: les enjeux

⬊ FFR post angioplastie

⬈ Thrombose de Stent

⬈ Resténose IS

⬈ Revascularisation Vaisseau Cible

Baranauska A et al., Eurointervention  2016; 2(12):1473-1480. 

Mauri L  et al., Am J Cardiol. 2004; 93: 1340-134680. 

Lemos PA et al., Circulation. 2004;109(11):1366

Konigstein M et al., Am Heart J. 2019 Jul; 213: 105–111.

ANGIOPLASTIE ?



Identifier les lésions « bonnes candidates »: la physiologie

Lésions coronaires diffuses: Les clés



CAS #1

FFR Fixe FFR Pullback

Perte de charge progressive



CAS #2

FFR Fixe FFR Pullback

« Jump » / lésion significative



PPG: A Quantitative Approach to CAD Patterns

The PPG algorithm accounts for both 
‘focality’ and diffuseness
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PPG is a diagnostic tool

Focal CAD

Localized disease
High translational 
gradient
Ideal for PCI

Diffuse CAD

Extensive disease
Low translational 
gradient
Not appropriate for 
PCI

Diffuse + Focal

Diffuse pressure 
losses with focal 
disease
Individualized 
decision making
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Analyser la lésion en profondeur:  l’imagerie

Lésions coronaires diffuses: Les clés



Lésions coronaires diffuses: l’imagerie endo-coronaire 

Définir la longueur de la lésion / choisir les zones d’atterrissage

Définir le calibre de l’artère

Analyser la composition de la lésion   

Préparation de la lésion: predilatation et plus si affinités… 

Choix du/des stents (diamètre et longueur)

Choix du ballon pour post dilatation



Lésion longue diffuse et critique de la CD2/CD3 Predilatation progressive ballons 2.0 x 15 puis 2.5 x 20 mm  



Analyse OCT 
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Pre-PCI : Appropriate landing zones ? 

Suitable UnsuitableAcceptable

Normal Fibrous Calcified Lipid

Restenosis

Dissection

Peri-PCI MI

RI
SK

Amabile , EuroPCR 2018



Lithotripsie endo coronaire / Shockwave 2.5 x 12 mm / 80 impulsions sur CD2-3 
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angiography-guidedstentgroup(P = .32). Ischemia-drivenTLR
was required in 17 patients (2.5%; 15 patients with ischemic
symptoms or a positive test and angiographic diameter ste-
nosis≥50%byquantitativecoronaryangiographicanalysis and
2 patients with angiographic ≥70% by quantitative coronary
angiographic analysis without ischemic symptoms or a posi-
tive stress test) in the IVUS-guided stent group and in 33 pa-
tients (5.0%; 30 and 3 patients, respectively) in the angiogra-
phy-guided stent group (HR, 0.51 [95% CI, 0.28 to 0.91];
P = .02).Therisk reductionofmajoradversecardiaceventswas
achieved in 48% of the IVUS-guided stent group.

Prespecifiedsubgroupanalyses showednostatistically sig-
nificant interactions among the subgroups (eFigure in

Supplement 2). In the post hoc analysis among the patients
within the IVUS-guided stent group, the patientswhodid not
meet the IVUS criteria had a significantly higher incidence of
theprimary endpoint comparedwith thosemeeting the IVUS
criteria for stent optimization (4.6%vs 1.5%, respectively;HR,
0.31 [95% CI, 0.11-0.86], P = .02; Figure 2B). In addition, the
per-protocol based comparison for the primary end point of
majoradversecardiaceventswasconsistentwith the intention-
to-treat comparison.At 1year, themajoradversecardiacevents
occurred in 2.8% in the patients who underwent IVUS-
guided stent implantation (n = 708) and in 5.9% in thosewho
underwent angiography-guided stent implantation (n = 692)
(HR, 0.47 [95%CI, 0.27-0.82]; P = .007).

Table 3. Postintervention Intravascular Ultrasound (IVUS) Analysis of Target Long Lesions

Patients in the IVUS-Guided PCI Group Who Underwent
IVUS-Guided Stent Implantation

P ValueMet Criteriaa Did Not Meet Criteria
No. (%) of patientsb 363 (54) 315 (46)

Adjunct postdilatation, No. (%) 282 (78) 237 (75) .34

Final balloon size, mean (SD), mm 3.15 (0.45) 3.13 (0.42) .52

Maximal inflation pressure, mean (SD), atm 16.5 (3.9) 16.4 (4.4) .87

Proximal reference, mean (SD), mm2

External elastic membrane area 17.52 (5.34) 17.27 (5.04) .56

Lumen area 9.02 (3.51) 8.86 (3.27) .57

Minimal lumen area, mean (SD), mm2 6.09 (1.91) 5.71 (1.71) .008

Distal reference, mean (SD), mm2

External elastic membrane area 9.44 (3.98) 10.94 (3.83) <.001

Lumen area 5.55 (1.82) 6.83 (1.68) <.001

Abbreviation: PCI, percutaneous
coronary intervention.
a Defined as having a minimal lumen
cross-sectional area greater than
the lumen cross-sectional area at
distal reference segments.

b Twenty-two patients did not receive
IVUS-guided stent implantation
even though they were randomized
to that treatment group.

Table 2. Angiographic and Procedural Characteristics for Target Lesions

IVUS-Guided PCI Angiography-Guided PCI P Value
No. of patients with lesions 700 700

Coronary arteries, No. (%)

Left anterior descending artery 455 (65) 419 (60)

.14Left circumflex artery 96 (14) 108 (15)

Right coronary artery 149 (21) 173 (25)

Baseline quantitative coronary angiographic data,
mean (SD)

Reference vessel diameter, mm 2.89 (0.45) 2.85 (0.45) .13

Minimum lumen diameter, mm 0.83 (0.42) 0.82 (0.43) .56

Diameter stenosis, % 71.1 (14.3) 71.4 (14.4) .70

Lesion length, mm 34.7 (10.8) 35.2 (10.5) .41

Adjunct postdilatation, No. (%) 534 (76) 402 (57) <.001

Final balloon size, mean (SD), mm 3.14 (0.43) 3.04 (0.42) <.001

Overlapping stent, No. (%) 145 (21) 138 (20) .64

No. of stents per lesion, mean (SD) 1.3 (0.5) 1.3 (0.5) .48

Stent edge dissections, No. (%) 15 (2) 13 (2) .70

Coronary perforation, No. (%) 0 0

Maximal inflation pressure, mean (SD), atm 16.5 (4.1) 15.9 (4.1) .05

Postintervention quantitative coronary angiographic
data, mean (SD)

Total stented length, mm 39.3 (13.1) 39.2 (12.3) .90

Reference vessel diameter, mm 3.03 (0.44) 2.97 (0.43) .01

Minimum lumen diameter, mm 2.64 (0.42) 2.56 (0.39) <.001

Diameter stenosis, % 12.79 (8.66) 13.74 (8.05) .04

Abbreviations: IVUS, intravascular
ultrasound; PCI, percutaneous
coronary intervention.
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sortium and were previously described.16,17 All deaths were
considered cardiac deaths unless a definite noncardiac cause
could be established. Target lesion–relatedmyocardial infarc-
tion during the 1-year follow-up after hospital discharge was
defined as the presence of clinical symptoms, electrocardio-
graphic changes, or abnormal imaging findings ofmyocardial
infarction, combined with an increase in the creatine kinase
MB fraction above the upper normal limits or an increase in
troponin T or troponin I to a level greater than the 99th per-
centile of the upper normal limit.

The territory of the myocardial infarction was supplied
by the coronary artery containing the stented lesions
(implantedstent≥28mminlength).16-18Clinically relevantperi-
procedural myocardial infarction after PCI was defined as a
peak creatine kinase MB fraction of 10 or more times the up-
per limit measured within 48 hours of the procedure, or of 5
or more times the upper normal limit, with new pathological
Q waves in 2 or more contiguous leads, or new persistent left
bundle-branchblock according to the expert consensusdocu-
ment from the Society for Cardiovascular Angiography and
Interventions.19

Definite, probable, andpossible stent thrombosiswasde-
fined according to the recommendations of theAcademicRe-
searchConsortium.16,17,20 Ischemia-drivenTLRwasdefinedas
a repeat PCI or bypass surgery of the target lesionswith either
of the following: (1) symptoms of ischemia or a positive stress
test and angiographic diameter stenosis of 50% or greater by
quantitative coronary angiographic analysis, or (2) angio-
graphic diameter stenosis of 70% or greater by quantitative

coronary angiographic analysis without symptoms of ische-
mia or a positive stress test.16

Postprocedural clinical assessment, including the evalu-
ation of cardiac symptoms and compliance with medica-
tions, were performed in the hospital and after 1, 3, 6, and 12
months at the physician office visit. During follow-up, data
were collected andentered into a computer databaseby a spe-
cialist from a clinical data management center (Cardiovascu-
lar Research Center, Seoul, Korea).16 A blinded independent
clinical events committee adjudicatedall nonprocedural com-
ponents of the primary end point. The detailed descriptions
of the angiographic and IVUS analyses were presented in the
previous study.16,21

Statistical Analysis
Calculation of the sample size was based on a 2-sample and
2-sided test. We assumed the overall incidence of major ad-
verse cardiac events, including cardiac death, myocardial in-
farction, or ischemia-driven TLR, to be 7% at the 1-year
follow-up in the angiography-guided stent implantation
group.14,16,22-26This studywas designed as a superiority trial,
with an expected risk reduction of 50% in the IVUS-guided
stent implantation group for the primary end point.27 There-
fore, 700 patients were needed for each group, assuming a
2-sided α level of .05, statistical power of 80%, and an esti-
mated dropout rate of 5% to 10% (more details appear in
Supplement 1).

The primary analysis was performed with an intention-
to-treat analysis to compare whether IVUS-guided stent im-

Figure 1. Flow of Participants in the Impact of Intravascular Ultrasound Guidance onOutcomes of Xience Prime
Stents in Long Lesions Trial

13 372 Patients who underwent coronary
angiography during the screening period

11 972 Excluded a

1400 Randomized

698 Received ≥1 everolimus-eluting stent with
 total stent length ≥28 mm

1 Received ≥1 everolimus-eluting stent with
total stent length <28 mm

1 Underwent PCI but did not receive a stent

699 Received ≥1 everolimus-eluting stent with
 total stent length ≥28 mm

1 Received non–study drug-eluting stent with
total stent length ≥28 mm

700 Randomized to undergo intravascular
ultrasound–guided PCI
678 Underwent intravascular ultrasound–guided

PCI as randomized
22 Underwent angiography-guided PCI

17 Physician decision due to unfavorable
coronary artery anatomy
(eg, severe tortuosity)

5 Technical failure to deliver intravascular
ultrasound–guided catheter

700 Randomized to undergo angiography–guided PCI
670 Underwent angiography–guided PCI

as randomized
30 Underwent intravascular ultrasound–

guided PCI
22 Physician preference due to complex

lesions
8 Angiographically ambiguous anatomy

36 Lost to follow-up
4 Withdrew consent

34 Lost to follow-up
3 Withdrew consent

700 Included in primary analysis b 700 Included in primary analysis b

PCI indicates percutaneous coronary
intervention.
a Data were not collected regarding
specific reasons for ineligibility.

bAll patients were included in the
primary time to event analysis for
the duration of their follow-up,
including patients who withdrew
consent or were lost to follow-up.
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Guidage IVUS de l’angioplastie des lésions longues : Etude IVUS-XPL

Hong SJ et al., JAMA 2015;314(20):2155-63. 
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Discussion

In this randomized, multicenter trial of patients with long
coronary lesions, the use of IVUS-guided stent implantation
was associated with a significant 2.9% absolute reduction
and 48% relative reduction in the risk of major adverse car-
diac events at 1 year compared with angiography-guided
stent implantation. These differences were mainly driven by
the reduction of TLR in the IVUS-guided group. Accordingly,
our findings suggest better clinical outcomes for major
adverse cardiac events with IVUS-guided stent implantation
compared with angiography-guided stent implantation, par-
ticularly for diffuse long lesions.

Whether IVUS-guided stent implantation will lead to
improved clinical outcomes remains uncertain. Even
though 4 meta-analyses (data mainly from observational
studies) indicated that IVUS-guided stent implantation was
associated with better clinical outcomes,8-11 conclusive evi-
dence regarding the effect of IVUS guidance on the clinical
outcomes of patients implanted exclusively with second-
generation DESs is limited. For instance, in 1 meta-analysis
that included the largest number of DES-treated patients
(26 503 total patients from 3 randomized trials and 14 obser-
vational studies), the proportion of patients who received
second-generations DESs was less than 45% of the overall
population. These findings showed that most of IVUS stud-
ies were composed of patients treated with first-generation

Figure 2. Kaplan-Meier Estimates ofOccurrence of Primary EndPoint for All Patients and for PatientsWhoUnderwent IVUS-Guided Stent Implantation
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All patientsA Patients in IVUS-guided PCI group who
underwent IVUS-guided stent implantation a

B

Cumulative incidence curves for the primary end point of cardiac death, target
lesion–relatedmyocardial infarction, and target lesion revascularization.
HR indicates hazard ratio; IVUS, intravascular ultrasound; PCI, percutaneous
coronary intervention.

a There were 30 patients in the angiography-guided PCI group who underwent
IVUS-guided PCI but they are not included in this analysis.

Table 4. Clinical Outcomes at 1 Year

IVUS-Guided PCI
(n = 700)a

Angiography-Guided PCI
(n = 700)a

Risk Difference
(95% CI)

Hazard Ratio
(95% CI)b P Valuec

Primary End Point

Major adverse cardiac eventd 19 (2.9) 39 (5.8) −2.97 (−5.14 to −0.79) 0.48 (0.28 to 0.83) .007

Secondary End Point

Cardiac death 3 (0.4) 5 (0.7) −0.30 (−1.11 to 0.52) 0.60 (0.14 to 2.52) .48

Target lesion–related myocardial infarction 0 1 (0.1) −0.15 (−0.45 to 0.14) .32

Ischemia-driven target lesion
revascularization

17 (2.5) 33 (5.0) −2.39 (−4.43 to −0.36) 0.51 (0.28 to 0.91) .02

Definite or probable stent thrombosis 2 (0.3) 2 (0.3) 0 (−0.57 to 0.56) 1.00 (0.14 to 7.10) >.99

Acute 1 (0.1) 1 (0.1)

Subacute 1 (0.1) 0

Late 0 1 (0.1)

Abbreviations: IVUS, intravascular ultrasound; PCI, percutaneous coronary
intervention.
a Data are expressed as No. of patients (cumulative 1-year Kaplan-Meier event
rate percentage).

bDerived from Cox proportional hazard regressionmodels.

c Calculated using the log-rank test.
d Included cardiac death, target lesion–relatedmyocardial infarction,
or ischemia-driven target lesion revascularization at 1 year.
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(7.4% vs. 4.0%, respectively; HR: 0.48; 95% CI: 0.28
to 0.83; p ¼ 0.048) (Figure 2C).

One-year landmark analysis for major adverse
cardiac events is presented in Table 3. Between 1 and
5 years, the primary endpoint of major adverse car-
diac events occurred in 17 patients (2.8%) receiving
IVUS guidance and in 31 patients (5.2%) receiving
angiographic guidance (HR: 0.53; 95% CI: 0.29 to 0.95;
p ¼ 0.031) (Figure 2B). A test for interaction between
treatment effect and time was not significant for
major adverse cardiac events (p for
interaction ¼ 0.817). There were no statistically sig-
nificant differences between year 1 and year 5 in the

landmark analysis between patients who did not
meet IVUS criteria and those who met IVUS criteria
for stent optimization (HR: 0.85; 95% CI: 0.32 to 2.27;
p ¼ 0.749) (Figure 2D). Also, a test for interaction
between treatment effect and time was not significant
among the patients in the IVUS-guided PCI group who
underwent IVUS-guided stent implantation (p for
interaction ¼ 0.159).

The per-protocol-based comparison for the primary
endpoint of major adverse cardiac events was
consistent with the intention-to-treat comparison. At
5 years, major adverse cardiac events occurred in
5.8% of patients who underwent IVUS-guided stent

FIGURE 2 Kaplan-Meier Estimates of Occurrence of Primary Endpoint for All Patients and for Patients Who Underwent
Intravascular Ultrasound–Guided Stent Implantation

(A) All patients. (B) Landmark analyses for all patients. (C) Patients in intravascular ultrasound (IVUS)–guided percutaneous coronary intervention (PCI) group who
underwent IVUS-guided stent implantation. (D) Landmark analyses for the patients in IVUS-guided PCI group who underwent IVUS-guided stent implantation.
Cumulative incidence curves for the primary endpoint of cardiac death, target lesion–related myocardial infarction, and target lesion revascularization. CI ¼ confidence
interval; HR ¼ hazard ratio.

Hong et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 3 , N O . 1 , 2 0 2 0

5-Year Follow-Up of IVUS-XPL Trial J A N U A R Y 1 3 , 2 0 2 0 : 6 2 – 7 1
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Hong SJ et al., JAMA 2015;314(20):2155-63. 

Guidage IVUS de l’angioplastie des lésions longues : Etude IVUS-XPL

Hong SJ et al., J Am Coll Cardiol Intv 2020;13:62–71 . 

Critère de jugement primitif : Décès Cardiaque / IDM sur lésion cible / Revascularisation sur lésion cible  



Appliquer une technique rigoureuse et choisir ses outils

Lésions coronaires diffuses: Les clés



Lésions coronaires diffuses: Les outils

Les stents:

• DES de génération récente
• Bon profil
• Bonne conformabilité
• Bonne sécurité / risque de 

thrombose faible
• Zones d’overlapping les plus 

courtes possible

La post dilatation:

• Obligatoire 
• Repartie sur toute la longueur des 

stents
• Ballons non compliants
• Durée d’inflation: au moins 30s
• (Prendre ¼ de taille supplémentaire 

par rapport au stent implanté)

Les outils d’imagerie non invasive d’analyse de stent par rayons X : 
Stent Viz , Stent Boost, Stent Enhancer…  



Implantation de 3 stent Biofreedom ULTRA 2.5 x 24  , 2.75 x 33 , 2.75 x 36 mm 



Post dilatation avec BNC 2.75 x 20 mm (16 ATM / 30 s par inflation)





Lésions coronaires diffuses: La post dilatation

Registre Coréen IRIS-DES:

• 9525 patients avec lésion complexe 
traitée par DES

• 58% des patients avec lésion > 30 mm
• Analyse de l’impact  d’une stratégie iPSP

(Predilatation-Preparation / Sizing / Post 
dilatation) guidée par IVUS sur le 
pronostic.

• Post dilatation appliquée dans 58% des 
cas

• iPSP complet appliqué dans 35% des cas

Park H et al., J Am Coll Cardiol Intv 2020;13:1403–13 . 



Lésions coronaires diffuses: La post dilatation

Intracoronary imaging–guided PCI has been associ-
ated with a reduced risk of adverse cardiac events in
complex coronary lesions such as LMCAdisease (12,13),
long coronary lesions (14), and bifurcations (15). In
addition, minimal stent area and landing zone plaque
burden (also called geographic miss) as assessed by
IVUS are important criteria of stent optimization
(16–18). In the ADAPT-DES (Assessment of Dual Anti-
platelet Therapy With DES) IVUS substudy, the im-
plantation procedure changed in 74% after IVUS
evaluation (19). IVUS before stenting suggested the
necessity of aggressive pre–lesion modification for
optimal stent expansion, particularly in case of
severely calcified lesion and defined optimal stent
size, length, and location based on plaque and vessel

FIGURE 1 Adjusted Kaplan-Meier Curves With the Use of Inverse Probability Weighting in Patients With Complex Coronary Lesion Undergoing PCI

Kaplan-Meier curves showing the cumulative incidence of cardiac death (A), target-vessel MI (B), and target-vessel revascularization (C) in the iPSP vs. no iPSP groups.
iPSP ¼ intracoronary imaging–guided pre-dilation, stent sizing, and post-dilation; MI ¼ myocardial infarction; PCI ¼ percutaneous coronary intervention; TVR ¼ target
vessel revascularization.

TABLE 3 Adjusted HRs for Primary Outcomes According to Components of iPSP

Univariate Analysis Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value

Pre-dilation 0.89 (0.69–1.15) 0.374 0.84 (0.64–1.11) 0.216

Stent-sizing 0.79 (0.67–0.93) 0.004 0.89 (0.74–1.07) 0.219

Post-dilation 0.79 (0.67–0.94) 0.006 0.80 (0.67–0.96) 0.016

The multivariate analysis model included 18 clinical variables: age, sex, body mass index, hypertension, diabetes
mellitus, prior history of MI, prior history of heart failure, prior history of stroke, hyperlipidemia, chronic kidney
disease, peripheral artery disease, chronic lung disease, atrial fibrillation, acute coronary syndrome at presen-
tation, left ventricular ejection fraction, disease extent of CAD (1-, 2-, or 3-vessel disease), involvement of LMCA,
and angiographically severely calcified lesion. The primary outcome was defined as the composite of cardiac
death, target vessel MI, or target vessel revascularization.

Abbreviations as in Tables 1 and 2.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 3 , N O . 1 2 , 2 0 2 0 Park et al.
J U N E 2 2 , 2 0 2 0 : 1 4 0 3 – 1 3 Intracoronary Imaging-Guided PSP in DES Implantation
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Park H et al., J Am Coll Cardiol Intv 2020;13:1403–13 . 

• iPSP améliore le pronostic 
• La Post dilatation est le paramètre le plus important dans le succès de la stratégie



Lésions coronaires diffuses: Les points clés du succès (?)

• Ne pas s’attaquer à toutes les lésions diffuses / savoir laisser sa place au 
traitement médical
• S’aider de la physiologie pour sélectionner les bons candidats
• Si décision d’angioplastie :
• Savoir s’aider de l’imagerie IVUS ou OCT avant et aprés
• Ne pas hésiter : dans la préparation de la plaque, dans la longueur du stent , dans le 

choix des ballons..
• Choisir une plateforme adaptée
• Stratégie de post dilatation « agressive » , même si résultat angiographique correct

• Ne pas négliger le haut risque ischémique résiduel post  angioplastie et 
envisager une DAPT plus longue.





Lésions coronaires diffuses: Rôle des DEB ? 
Primary Endpoint : In Lesion Late Loss
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6 months (for DES) and in patients with acute coronary 
syndrome for 12 months.19 Dual antiplatelet therapy was 
given for 3 months in patients treated with a comb-
ination of DCB and BMS, and for 6 months in patients 
with DCB and DES. In patients on oral anticoagulation, 
we followed the guidelines,1 irrespective of DCB or DES 
treatment.

All endpoints were adjudicated by an independent 
critical events committee. Follow-up was done after 6 and 
12 months with structured clinical questionnaires or 
phone calls to assess clinical events, medication, and 
quality of life.

Outcomes
The primary objective of this trial was to show non-
inferiority of DCB versus DES regarding MACE after 
12 months. MACE was defined as the composite of 
cardiac death, non-fatal myocardial infarction, and target 
vessel revascularisation. Cardiac death was defined as any 
death that was not clearly of extracardiac origin, and 
myocardial infarction, according to guidelines.20 Second-
ary endpoints were the single components of the primary 
endpoint, probable or definite stent thrombosis according 
to the Academic Research Consortium definition,21 major 
bleeding (defined as Bleeding Academic Research 
Consortium type 3 to 5 bleeding),22 and net clinical benefit 
(defined as the composite of MACE and major bleeding).

Statistical analysis
The required sample size to show non-inferiority of DCB 
versus DES in the primary endpoint at 12 months was 
estimated to be 758 patients (appendix). This estimation 
was done after the comparator stents were changed 
(between June 19, 2013, and Jan 24, 2014) and was 
calculated on the basis of an expected MACE rate 
of 7% for DCB14 and 10% for DES,23 with non-inferiority 
established if the upper limit of the two-sided 95% CI% 
of the absolute risk difference was less than 4% (non-
inferiority margin). Because the event rates of paclitaxel-
eluting stents were expected to be higher than the rates 
of everolimus-eluting stents,24 we calculated the sample 
size on the basis of the DES with expected lower event 
rates. Sample size was calculated with a resampling 
procedure (ie, we evaluated samples by sampling various 
sample sizes 9999 times from binomial distributions 
based on expected rates) and was set to ensure at least 
90% power (1–β=0·9) at a significance level of α=5%. To 
account for an overall dropout rate of 5%, 758 patients 
were needed to ensure 720 analysable patients. After the 
enrolment of 75% of patients, a blinded re-assessment of 
sample size was done, which showed that the trial could 
be continued without an increase in sample size.25 To test 
for non-inferiority, the absolute difference in MACE risk 
at 12 months between the DCB and DES groups and the 
two-sided 95% CI was analysed in the per-protocol 
population by applying a continuity corrected mod-
ification of Wilson’s score method. We used the 

ZCU method to calculate the p value for non-inferiority.26 
For sensitivity analyses, we repeated non-inferiority 
analyses on the full analysis population.

The full-analysis population was defined as all patients 
matching inclusion criteria who provided informed 
consent and were assigned to a treatment group. To form 
the per-protocol population, we excluded patients from 
the full-analysis population with major protocol violations 
(received neither DCB nor DES despite being randomised, 
unapproved procedures, received the opposite treatment 
than randomised due to complications) or patients lost to 
follow-up. Patients in the per-protocol population were 
analysed as treated. We used Cox proportional hazards 
models and Kaplan-Meier curves to analyse the time-
dependent occurrence of events; hazard ratios (HRs) are 
presented with 95% CI. For baseline characteristics, 
continuous variables are reported as mean and SD, 
whereas categorical variables are reported as frequency 
and proportion. 95% CIs presented for secondary 
endpoints are not adjusted for multiple testing and 
inferences drawn from these might be not reproducible. 
The primary analysis in the per-protocol population had 
no missing values by definition. In sensitivity analyses 
on the full-analysis population, we assumed no event 
for patients who were lost to follow-up. We analysed 
secondary endpoints in the full-analysis population, 
according to the intention-to-treat principle with patients 

Figure 1: Trial profile
TIMI=thrombolysis in myocardial infarction. DCB=drug-coated balloons. DES=drug-eluting stents.
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to the type of DCB and the fact that geographical 
mismatch was not prevented.29 By contrast, the BELLO 
study16 tested the efficacy of a paclitaxel-eluting balloon 
using urea as matrix (IN.PACT Falcon; Medtronic, Santa 
Rosa, CA, USA) against a first-generation paclitaxel-
eluting stent (Taxus Liberté) and enrolled 182 patients. 
The primary angiographic endpoint of non-inferiority 
regarding angiographic in-stent or in-balloon late loss 
after 6 months was met, and the combined clinical 
endpoint showed similar event rates for both groups 
after 6 and 36 months.30 Although more than 95% of 
lesions were treated with optimal lesion preparation in 
BELLO, this measurement was true for only 25% of 
lesions in PICCOLETO. Therefore, the use of a DCB 
with favourable clinical data, the prevention of geo-
graphical mismatch and an optimal lesion preparation 
might have contributed to the positive result of BASKET-
SMALL 2. The study was not powered to detect dif-
ferences in the single components of the primary 
endpoint. The potential long-term benefit of DCB over 
permanently implanted stents might not be seen until 
after 2–5 years.30 Long-term follow-up data of the current 
study are still being collected and will be reported in 
due time.

MACE, n/N (%) Hazard ratio (95% CI) pinteraction
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Figure 4: Subgroup analyses of MACE and hazard ratios
Cox proportional hazards models were fitted with time-to-MACE as outcome and with patients censored at last observation if experiencing no event. All analyses 
were done on the full analysis population with the treatment group as assigned to patients at randomisation. MACE=major adverse cardiac events. DCB=drug-coated 
balloons. DES=drug-eluting stents. ACS=acute coronary syndrome.

Figure 5: Cumulative incidence rates for MACE
According to the actual treatment that patients received. MACE=major adverse cardiac events. 
DCB=drug-coated balloons. DES=drug-eluting stents.
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in both treatment groups since stents were also implanted 
in patients in the DCB group, mostly in other parts of the 
coronary vasculature; however, rates were low and not 
statistically different between the DCB and DES groups 
(0·79% vs 1·60%; 0·73 [0·16–3·26]). There was no acute 
vessel closure in DCB lesions. Rates of major bleeding 
were low and similar between the DCB and DES groups 
(1·1% vs 2·4%; 0·45 [0·14–1·46]) and rates of the net 
clinical benefit were similar in the DCB and DES groups 
(7·9% vs 9·6%; 0·81 [0·50–1·32]). None of the subgroups 
showed strong differential effects between the treatment 
groups (interaction tests; figure 4).

MACE proportions after 12 months were generally 
higher in men than in women but were similar within 
both treatment groups (figure 4). The interaction did not 
differ between sex and treatment (interaction term 0·93 
[0·25–3·41]; p=0·9127).

Within the two treatment groups, we did specific post-
hoc analyses regarding the combination of DCB with stents 
(DCB group) and the different stent types (DES group; per-
protocol population; figure 5). In the DCB group, 19 (5·1%) 
patients were treated with a combination of DCB and 
stents in the index lesion (mostly DES). MACE rates for 
DCB and stents were numerically higher than for DCB 
only (DCB with stent vs DCB only, 15·8% vs 7·0%; HR 2·11 
[95% CI 0·62–7·19]; p=0·2306). In the DES group, 94 
(28%) of 341 patients were treated with paclitaxel-eluting 
stents, which had numerically higher MACE rates than did 
everolimus-eluting stents (12·8% vs 5·7%, HR 2·04 
[0·88–4·76]; p=0·0987). The specific HR for the comparison 
between DCB and everolimus-eluting stents was 1·21 
(0·63–2·32; p=0·5751) and was 0·52 (0·26 to 1·04; 
p=0·0649) for the comparison between DCB and paclitaxel-
eluting stents. 

Discussion
The BASKET-SMALL 2 trial showed the non-inferiority 
of DCB versus DES regarding clinical events in a large 
all-comer population undergoing PCI in native small-
vessel coronary artery disease. After 12 months, MACE 
rates were low and similar between the groups.

The DCB technique is based on the interaction of a 
highly lipophilic drug with a coating matrix and allows 
for fast and homogenous drug delivery into the vessel 
wall. Although many devices exist on the market, 
balloons coated with paclitaxel and iopromide have 
shown favourable clinical results and are the most 
widely used to date.9 DCB is an established treatment 
option for the treatment of in-stent restenosis,5–8 but, 
in native small-vessel coronary artery disease, the 
technique has been tested in smaller studies only.15,16 
Advantages of DCB are the potential for favourable 
vascular remodelling after angioplasty in the absence of 
a stent, the theoretical lack of any stent thrombosis, and 
the option of shortening dual antiplatelet therapy to 
only 4 weeks. Possible limitations relate to the early days 
of interventional cardiology, in which the method of 

plain balloon angioplasty—at that time in the absence 
of dual antiplatelet therapy—was restricted by acute 
vessel closure due to elastic recoil and flow-limiting 
dissections.28 Therefore, in our study, rigorous lesion 
preparation according to established recommendations10 
to achieve an acceptable angiographic result before use 
of DCB was mandatory to avoid complications.

So far, only two randomised controlled trials have 
assessed the efficacy and safety of DCB versus DES in 
native small-vessel coronary artery disease.15,16 The 
PICCOLETO study15 tested the effect of a paclitaxel-
eluting balloon (Dior; Eurocor, Bonn, Germany), in 
which the drug adhered to the roughened surface without 
matrix, compared with a first-generation paclitaxel-
eluting stent (Taxus Liberté) and was prematurely 
stopped after 57 patients were enrolled. The findings 
showed an increase in the primary angiographic 
endpoint (% diameter stenosis) in the DCB group versus 
the DES group after 6 months and also an increase in the 
combined clinical endpoint, which was mainly attributed 

Figure 2: Major adverse cardiac events by study group
Data are absolute difference in event rates between the DCB and DES groups. The p-value tests whether the 
absolute difference in rates is equal to the pre-defined non-inferiority margin (0·04). DCB=drug-coated balloons. 
DES=drug-eluting stents.
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Figure 3: Cumulative incidence rates for MACE
Full analysis population. MACE=major adverse cardiac events. DCB=drug-coated balloons. DES=drug-eluting 
stents.
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Lésions coronaires diffuses: Les points clés du succès (?)

• Ne pas s’attaquer à toutes les lésions diffuses / savoir laisser sa place au 
traitement médical
• S’aider de la physiologie pour sélectionner les bons candidats
• Si décision d’angioplastie :
• Savoir s’aider de l’imagerie IVUS ou OCT avant et aprés
• Ne pas hésiter : dans la préparation de la plaque, dans la longueur du stent , dans le 

choix des ballons..
• Choisir une plateforme adaptée
• Stratégie de post dilatation « agressive » , même si résultat angiographique correct

• Ne pas négliger le haut risque ischémique résiduel post  angioplastie et 
envisager une DAPT plus longue.


