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Coronary artery stents
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Figure 1
First human coronary stent implantation in March 1986. (a) Restenosis post balloon angioplasty (b) Self-expanding WALLSTENT (c) Immediate 
results post stent (d) Angiographic results at 11-year follow-up.



In-stent restenosis

Even with the latest generation of DES, 

device-associated annual event rates of 2 to 3 

% are seen beyond the first year



Biomechanical            Fundamentals of co ronary biomechanics
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Biomechanical stresses acting on the arterial 
wall.The normal stress component is the blood 
pressure (red arrow), and the tangential stress 
component is the shear stress (green arrow).

Blood flow induced shear stresses at the vessel wall.The shear 
stress is defined by the product of blood viscosity and shear rate 
and for Poiseuille flow it can be directly computed from viscosity 
(η), flow rate (Q) and diameter (D).



SHEAR STRESS IN STENTED SEGMENTS



• The interventional treatment of coronary small-vessel disease, usually 
defined as lesions in vessels ≤2.75 or <3.0 mm, remains challenging

• Although DES are as effective in small as in large vessels, the resulting late 
lumen loss occupies a higher percentage of the respective vessel diameter - 
leading to higher rates of ISR and clinical events.

• DCB angioplasty for small-vessel disease (SVD) represents a compelling 
treatment option that may potentially reduce both restenosis and target 
lesion thrombosis by circumventing the implantation of a permanent 
metallic layer.

De novo lesions in small vessels
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They are composed of :
• Semicompliant polyurethane and nylon 

balloons 
• poated with antiproliferative drugs often 

encapsulated within a biocompatible, 
lipophilic polymer matrix. 

• Balloons are coated using micropipetting, 
dipping, spraying, or imprinting techniques

• Commonly coated with paclitaxel, due to its 
hydrophobic and lipophilic properties which 
enable delivery and drug retention in tissue 
after short balloon inflation.



Inclusion criteria:

stable or unstable angina, or an 

abnormal functional study and a single 

de novo lesion in a native coronary 

artery with a reference diameter 

between 2.25 mm and 2.8 mm. 

Exclusion criteria : 

• acute myocardial infarction within 

48 hours preceding the procedure 

• severe renal insufficiency (GFR 

<30 ml/min),

• known hypersensitivity or 

contraindication to the required 

medication, 

• malignancies with a life expectancy 

of less than three years. 

• Angiographic exclusion criteria 

encompassed lesions more than 22 

mm long, stenoses below 70% of 

the luminal diameter, unprotected 

left main stenosis, lesions with a 

major side branch (>2 mm), 

• restenoses. 

Primary endpoint :after six months in-segment late lumen loss 

Secondary endpoints :stent thrombosis, 

target lesion revascularisation, myocardial infarction 

death up to three years

paclitaxel-coated balloon 

Target lesion was dilated once for at least 30 seconds with the paclitaxel-coated 

balloon catheter  

The compliance of the balloon allowed for a diameter range from 2.3 mm (5 atm) 

to 2.8 mm (15 atm). 

In the case of severe elastic recoil or dissection, bare metal stents were deployed. 

PEPCAD I



Randomized Controlled trials on DCB Only in 
De Novo Lesions of Small Coronary Vessels



PICCOLETO

hypothesised), was not met due to an evident superiority of the

Taxus group (24.36 25.1% vs 43.66 27.4%, p¼0.029).

The PCB group also showed a higher rate of angiographic

binary restenosis, an unmet secondary end point of the study

(10.3% vs 32.1%, p¼0.043).

Figure 2 shows the cumulat ive frequency dist ribut ion of

minimal lumen diameter (MLD) (pre-PCI, post-PCI and at

control angiography).

All 57 pat ients of the study underwent 9 months clinical

follow-up (table 4). The number of pat ients who suffered

a MACEwas not stat ist ically different across study groups, but

a strong trend towards bet ter clinical outcomewasdiscovered in

the Taxus group (13.8% vs 35.7%, p¼0.054). This result was

mainly driven by the increased rate of TLR in the PCB group

(32.1% vs 10.3%, p¼0.15).

Two deaths were registered in the study populat ion (p¼0.98):

one pat ient in the PCB group died from intracranial haemor-

rhage and one in the PES group due to liver malignancy. No

cardiac death was observed across study groups, nor any stent

thrombosis/abrupt vessel closure. Only one pat ient in the PCB

group suffered an acuteQ-wavemyocardial infarct ion in a vessel

not t reated during index procedure (p¼0.30).

Figure 3 shows KaplaneMeier curves for MACE, showing

early failure of the PCB, mainly driven by increased TLR.

DISCUSSION
The PICCOLETO study failed to demonstrate any equivalence

between Dior PCB and Taxus stent for the treatment of small

coronary artery disease in terms of angiographic restenosis; if

pat ients in the PCB group showed a higher per cent diameter

stenosis, pat ients t reated with the Taxus stent experienced an

incidence of per cent diameter stenosis lower than expected.

Moreover, a strong trend towards bet ter clinical outcome with

the Taxus stent has been observed, mainly driven by a higher

revascularisat ion rate in the populat ion treated with PCB. The

present ndings do not support the original hypothesis of using

a PCB for PCI of small coronary artery disease. A simplist ic

explanat ion would resolvewith theaxiom that a stent is always

bet ter than a balloon. However, it is believed that before

drawing such conclusions, some considerat ions should bemade.

First of all, PCI of small coronary arteries has always brought

lit t le sat isfact ion to intervent ional cardiologists. If there is

a clear superiority of stent ing over balloon angioplasty for

coronary vessels with diameter $ 3.0 mm,15 this argumentat ion

is controversial for smaller calibre arteries.16 Drug-elut ing stent

use has changed this scenario, dramat ically reducing in-stent

restenosis rate and TLR in this set t ing.17 18 However, the

increased risk of stent thrombosis at any t ime after DES

implantat ion has cooled down the init ial enthusiasm. Stent

thrombosis risk seems independent from vessel calibre, but is

Table 1 Baseline clinical and angiographic characteristics

PCB
(n[ 28)

Taxus stent
(n[ 29) p

Men 22 (78.6%) 22 (75.9%) 0.81

Age6 SD (years) 686 9 676 10 0.67

Hypertension 21 (75.0%) 20 (70.8%) 0.61

Diabetes mellitus 13 (37.9%) 11 (46.4%) 0.51

Dyslipidemia 17 (60.7%) 13 (54.2%) 0.23

Previous revascularisation with CABG 3 (10.7%) 4 (13.8%) 0.72

Previous revascularisation with PCI 3 (10.7%) 4 (13.8%) 0.72

Previous myocardial infarction 5 (17.9%) 6 (20.7%) 0.78

Stable angina 13 (46.4%) 13 (44.8%) 0.90

Type B2/C lesions* 17 (60.7%) 20 (69.0%) 0.51

Bifurcation lesion 6 (21.4%) 7 (24.1%) 0.81

Lesion length6 SD (mm) 12.416 5.89 11.386 7.12 0.56

Reference vessel diameter6 SD (mm) 2.456 0.28 2.366 0.25 0.20

MLD6 SD (mm) 0.486 0.33 0.406 0.30 0.30

Lesion stenosis6 SD (%LD) 86.06 12.1 89.146 10.6 0.31

*According to ACC/AHA classification, SGEllis et al, Circulation 1990; 82(4):1193-1202.
CABG, coronary artery bypass intervention; LD, lumen diameter; MLD, minimal lumen
diameter; PCB, paclitaxel-coated balloon; PCI, percutaneous coronary intervention.

Table 2 Procedural characteristics

PCB
(n[ 28)

Taxus stent
(n[ 29) p

Multivessel PCI 17 (60.7%) 19 (65.5%) 0.70

Target vessel, LAD 15 (53.6%) 15 (51.7%) 0.89

Target vessel, LCX 5 (17.9%) 3 (10.4%) 0.41

Target vessel, RCA 8 (28.5%) 11 (37.9%) 0.45

Need to change PCB due to difficult
positioning

5 (17.9%) NA NA

Stents implanted per lesion 0.36 1.17 0.024

Stent or balloon diameter6 SD (mm) 2.486 0.30 2.546 0.10 NA

Stent or balloon length6 SD (mm) 18.66 5.24 18.96 7.63 NA

Lesion predilatation (uncoated balloon) 7 (25.0%) 25 (86.2%) 0.001

Maximal inflation pressure6 SD
(atmospheres)

7.716 2.2 13.416 1.38 0.02

Final MLD6 SD (mm) 2.476 0.22 2.636 0.23 0.009

Final lesion stenosis6 SD (%LD) 19.06 17.3 9.96 9.2 0.016

Angiographic success 96.4% 100% 0.30

Procedural success 96.4% 100% 0.30

LAD, left anterior descending artery; LCX, left circumflex artery; LD, lumen diameter; MLD,
minimal lumen diameter; PCB, paclitaxel-coated balloon; PCI, percutaneous coronary
intervention; RCA, right coronary artery.

Table 3 Six months angiographic outcome

PCB
(n[ 28)

Taxus stent
(n[ 29) p

Reference vessel diameter6 SD (mm) 2.546 0.47 2.586 0.24 0.73

MLD6 SD (mm) 1.116 0.65 1.946 0.72 0.0002

Per cent diameter stenosis6 SD 43.66 27.4 24.36 25.1 0.029

Angiographic binary restenosis 9 (32.1%) 3 (10.3%) 0.043

MLD, minimal lumen diameter; PCB, paclitaxel-coated balloon.

Figure 1 Flow chart of study population of the PICCOLETO trial. PCB,
paclitaxel-coated balloon; PES, paclitaxel-eluting stent.
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Dior PCB (Eurocor, Bonn, Germany) VS Taxus Libertè DES 
(Boston Scientific Corporation, Natick, MA, USA) 

Primary end point of the study was the per cent diameter 
stenosis of the culprit lesion at 6 months angiographic follow-
up , where non-inferiority between the two study groups was 
hypothesised. 
Secondary end points of the study were:
-angiographic binary restenosis (non-inferiority); 
-occurrence of major adverse cardiac events (MACE: death, 
new ST elevation myocardial infarction12 and TLR) at 9 months 
clinical follow-up (non-inferiority). 

This was attributed to inadequate drug delivery due to the DCB design, 
as well as poor vessel preparation before DCB use.



Primary endpoint :final stenosis <30% in the DCB arm and 
<20% in the DES
Secondary: minimal lumen diameter (MLD) and 6-month 
percent diameter stenosis, MLD, and binary restenosis. 
Clinical endpoints were major adverse cardiovascular 
events (MACE, a composite of cardiac death, MI, target 
lesion revascularization [TLR]) and the single components 
of MACE at 1 year

DCB (paclitaxel with dextran) VS everolimus-eluting stent (EES) 
 noninferiority between the 2 arms hypothesized 



BELLO

the primary endpoint of the study was 
angiographic in-stent (in-balloon) late lumen loss 
at follow-up angiography. Secondary endpoints 
included the occurrence of major adverse cardiac 
events (MACE), defined as the composite of 
death, Q- or non–Q- wave MI, or target vessel 
revascularization (TVR) at 30 days and 6 months. 
Additional prespecified secondary endpoints 
included target lesion revascularization (TLR), 
binary reste- nosis, device success, and 
procedural success. 

DEB VS DES



RESTORE

Primary endpoint : target lesion revascularization (TLR) >30 days post-

procedure 

Secondary endpoints : in-device %DS, 

late loss (LL), 

binary restenosis rates, 

target lesion failure (TLF; a composite of cardiac death, target vessel MI, or 
ischemia-driven TLR),
definite or probable device thrombosis on the basis of the Academic 
Research Consortium definitions 
 

 

Restore DCB VS the RESOLUTE Integrity DES 

The Restore DCB was noninferior to the second-
generation RESOLUTE Integrity DES for the 
secondary  endpoint of in-segment (MLD; LLL)



BASKET-SMALL 2
• acute coronary 

syndrome, 
• chronic angina 

pectoris, 
• or silent ischemia, 

angiographic lesions 
in native coronary 
arteries with a 
diameter of 2 mm to 
less than 3 mm. 

eligible for enrolment

randomisation was possible if 

predilatation of the lesion 
with an angioplasty 
balloon was successful—
ie, if an acceptable 
angiographic result was 
obtained (no higher-grade 
dissections National Heart, 
Lung, and Blood Institute 
grade C to F, no decreased 
blood flow (thrombolysis 
in myocardial infarction 
score ≤2), or no residual 
stenosis >30%) 

The primary objective of this trial was to show non- 
inferiority of DCB versus DES regarding MACE after 
12 months. 

Primary endpoint :
MACE was defined as the composite of cardiac 
death, non-fatal myocardial infarction, and target 
vessel revascularisation at 1 year
Secondary endpoint:
Clinical outcomes: MACE; All-cause mortality
Target-lesion revascularization (TLR)
Stent thrombosis or vessel ocllusion
Bleeding events
MACE at longer follow-up (24-36 month) 

In summary,  BASKET-SMALL 2 - first large 
randomised controlled trial testined the efficacy of 
a paclitaxel-iopromide-coated DCB versus second-
generation DES in a large all-comer population 
regarding clinical endpoints. Study showed that DCB 
are non-inferior to DES in lesions of small native 
coronary arteries regarding MACE up to 12 months, 
with similar event rates for both groups.



Conclusion

• DCB or DEB may be particularly advantageous over DES in the treatment of small vessels by providing an 
immediate and homogenous drug uptake, avoiding inflammatory reaction to stent struts or polymers, and 
respecting the normal vessel anatomy 

• DEB  provide a therapeutic option in very small vessels (􏰁2.25 mm), which comprised more than half of the 
lesions treated in this study, for which DES sizes are not available. These lesions continue to be associated 
with high rates of restenosis 

• DEB Is appropriate with high bleeding risk profile patients, for preventing continuous treatment with 
antiplatelet therapy 

The Nature of The Problem
Life is short,art is long,opportunity fleeting,experience treacherous,judgment difficult..

- Hippocrates (460-400 B.C) 
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