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Abstract 

Purpose Endovascular therapy (EVT) represents an alternative treatrnent rnodality for symptomatic intracranial high-grade 

atherosclerotic stenosis (sICAS); however, periprocedural complication rates as well as midterm restenosis rates represent 

relevant limitations of EVT. Drug-coated balloon percutaneous translurninal angioplasty (DCB-PTA) may overcome some 

of these shortcomings. The aim of thls study was to assess feasibility and safety as well as the stroke recurrence rate in 

33 patients. 

Methods A retrospective, monocentric cohort study of sICAS patients treated with DCB-PTA. Outcome measures were 

the periprocedural intracranial complication rate, the recurrent stroke rate and mortality during follow-up. 

Results This cohort study included 33 patients with 35 sICAS treated with DCB-PTA. Tue median age was 72 years 

(interquartile range, IQR 66-77 years); median clinica! and mean radiologica! follow-up time was 9 months (IQR 3-22 

months). Median preprocedural degree of stenosis (WASID) was 80% (IQR 73-80%) and median postprocedural residuai 

stenosis degree (WASID) was 50% (IQR 33-60%). Intracranial periprocedural complications occurred in 2 (6%) patients. 

Tue overall restenosis rate was 15% (n=5). In four patients a symptomatic ischemie re-event occurred within 7 months 

after the initial treatment. None of the patients died. 

Concluslon This DCB-PTA cohort study showed a relatively low intracranial complication rate of 6% with a symptomatic 

recurrence rate of 12%. Larger trials are needed lo validate these promising observations. 

Keywords Drug-coated balloon (DCB) · Percutaneous transluminal angioplasty (PTA) · Intracranial atherosclerotic 

disease (ICAD) · Ischemie stroke · Intracranial stenosis 

lntroduction 

Intracranial atherosclerotic disease (ICAD) is a common 

cause of stroke worldwide with a high stroke recurrence 

rate despite best medicai treatrnent [l, 2]. Endovascular 

treatrnent (EVT) of ICAD is associated with a high resteno-
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sis rate (up to 30%) for both percutaneous transluminal 

angioplasty with stenting (PTAS) and percutaneous trans

luminal angioplasty (PTA) [3, 4], which is a major mid

term to long-term limitation of thls treatrnent modality. To 

overcome thls shortcoming, drug-eluting stents (DES) and 

drug-eluting balloons (DCB) bave been developed, which 

bave been successfully used to treat atherosclerotic heart 

disease in interventional cardiology [5]. 

The drug-coated balloons (DCB) are mostly semicom

pliant balloons coated with an antiproliferative drug and 

a complex excipient enabling a rapid delivery of the ac

tive drug upon inflation to the vessel wall [6, 7]. These 

antiproliferative drugs inhibit smooth muscle celi prolifer-
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Table 2 Summary of outcome measures 

Outcome measures 

Modified Ranking Scale (mRS) score at follow-up, 
median (IQR) 
Postprocedural stenosis degree in percentage 
(WASID), median (IQR) 
Overall restenosis rate, no. (% yi 

Symptomatic ischemie re-events, no.(%) 

Relevant asymptomatic restenosis rate, no.(%) 

Intracranial periprocedural complications, no. (%) 

Extra.crani al peri.procedura! complications, no. (%) 

Dealh rate within lhe follow-up peri od, no. (%) 

N=33 

1 (0-1) 

50 (33--60) 

5(15%) 

4(12%) 

1(3%) 

2(6%) 

1(3%) 

0(0%) 

lQR interquartile range, NlHSS National !nstitute of Health Stroke 
Scale, mRS modified Ranking Scale Score, no nwnber, WASlD war
farin aspirin in symptomatic intracranial disease 
WJ'his overall restenosis rate consists of the relevant asymptomatic 
re-stenosis rate as well the restenoses witb syrnptomatic ischemie 
re-events 

restenosis symptomatic ischemie re-events occurred in 4 

(12%) with a median intervention to re-event interval of 

7 months (IQR 7-9.5 months). Median degree of restenosis 

(WASID) of these 4 symptomatic patients, who received 

conventional cerebral angiography when presenting with 

new symptoms, was 80% (IQR 78-83% ). Ali of these 4 pa

tients had a postprocedural degree of stenosis (WASID) of 

;,50% after DCB-PTA for the index event. In addition, ali 

of them had a history of smoking and 2 out of 4 patients 

suffered from diahetes mellitus. In addition, in one case 

a severe asymptomatic restenosis occurred after 6 months 

without clinica! symptoms. Finally, 4 of these patients were 

successfully retreated with DCB-PTA. 

Discussion 

This retrospective cohort study demonstrated the feasibility 

and safety of DCB-PTA treatment with a low intracranial 

periprocedural complication rate of 6% and a symptomatic 

recurrence rate of 12%. 

Only limited data on DCB-PTA in slCAD patients are 

available [9-11]. Treatment of s!CAD patients with high

grade stenosis (;, 70-99%) remains challenging as the only 

approved treatrnent regimen (best medicai treatrnent) re

vealed a disappointedly high stroke recurrence rate with 

21 % within 1.8 years [16]. Endovascular treatrnent in these 

patients is limited due to the high periprocedural compli

cation rate as well as the high restenosis rate in the fol

low-up period; however, the high periprocedural complica

tion rates [17] bave recently been challenged by the results 

of the WAEVE tria! (2.6%) (18]. In addition, data from a 

few DCB-PTA cohort studies revealed comparatively low 

periprocedural complication rates ranging from 0% to 6.5% 

that are supported by our findings with an intracranial com-
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plication rate of 6% [9-11]. The reason for the lower com

plication rates may be due to the advances of materiai tech

nology enabling a better maneuverability and navigahility, 

the growing experience of the treatrnent of intracranial le

sions since the era of endovascular stroke treatrnent and 

careful patient selection [ 19). 

A known long-term complication is restenosis secondary 

to neointimal hyperplasia induced by mechanical microin

juries during dilatation or sten! deployment [20]. Under the 

assumption that a restenosis with ;,50% luminal loss may 

provoke cerebral ischemie events again [21], the prevention 

of such lesions is of utrnost importance. Despite promising 

results [22), DES bave never become a standard procedure 

in the neurovascular field. The PTA alone revealed a simi

lar periprocedural complication rate compared to PTAS but 

seems to bave better long-term results regarding re-events 

compared to PTAS [23]; however, large RCT are lacking. 

Nevertheless, these results might also indicate an advantage 

in the long-term efficacy for DCB-PTA. Recent data from 

DCB PTA studies bave shown convincing results in the 

treatrnent of sICAD patients (9-11]. Our findings suppor! 

these results. Within a median follow-up of 9 months (IQR 

3-22 months), 12% symptomatic re-events occurred, which 

is lower than the natural course with 21 %, as reported in co

horts of s!CAS patients treated with best medicai treatrnent 

(BMT) only [16]. The reoccurrence of ischemie symptoms 

usually occurred around 7 months after the intervention, 

which has also been described for patients treated with 

PTAS [21]. A11 of these patients were smokers and half 

of them also suffered from diabetes, while the originai co

hort consisted of only 30% smokers and 30% diabetes pa

tients. This ohservation is not surprising, as diabetic patients 

in particular !end to develop restenosis after cardiologica! 

PTA [24]. lnterestingly, the pathophysiological influence of 

smoking on the development of restenosis after percuta

neous coronary intervention has not yet been defined [25]. 

Nevertheless, our data suggest thai these two vascular risk 

factors may promote stenosis in cerebral vessels. Further

more, due to our submaximal angioplasty technique, the 

initial median residuai stenosis of 50% may be too high in 

these cases. Probably, the residuai stenosis should be lower 

in these cases. 

Limitations are the retrospective nature of this cohort and 

the relatively small number of patients due to the fact that 

DCP-PTA is stili an off-label use in the neurovascular set

ting. Additionally, the radiologica! follow-up contrai with 

US only enables an approximate assessment of the treated 

stenosis; however, US follow-up is only justified because it 

is non-invasive and does not expose patients to additional 

radiation or possible complications of endovascular surgery. 

Furthermore, it is cost-effective. 
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ORIGINAL RESEARCH 
Neuro Elutax SV drug-eluting balloon versus 
Wingspan stent system in symptomatic intracranial 
high-grade stenosis: a single-center experience 

Philipp Gruber, 1•2 Carlos Garcia-Esperon, 2 Jatta Berberat, 1 Timo Kahles, 2 

Martin Hlavica, 1 Javier Anon, 1 Michael Diepers, 1 Krassen Nedeltchev, 2 Luca Remonda 1 

ABSTRACT 

Background lntracranial atherosclerotic disease 
is a well-known cause of ischemie stroke. Following 
the SAMMPRIS trial. medicai treatment is favored 
aver stenting. Drug-eluting balloons (DEB) are widely 
used in coronary angioplasty, showing better results 
than bare-surf ace balloons. There is little evidence of 
DEB employment in intracranial stenosis, especially of 
paclitaxel-eluted balloons (pDEB). The Neuro Elutax SV 
(Aachen Resonance) is the first CE certificated pDEB lor 
intracranial use. 
Objective Te compare pDEB Neuro Elutax SV 
(ElutaxDEB) with the Wingspan/Gateway stent system 
(WingspanStent). 
Materials and methods A single-center, open-
label, retrospective cohort study of 19 patients with 
symptomatic atherosclerotic intracranial high-grade 
stenosis treated with either ElutaxDEB or WingspanStent 
!rom a tertiary stroke center in Switzerland. 
Results Eight patients (42%) received ElutaxDEB. 
Median clinica! lollow-up was 1 O months lor the 
WingspanStent and 9.5 months lor ElutaxDEB (P=0.36). 
No differences were found in the clinica! baseline 
characteristics, with a median stenosis grade of 80% 
lor the WingspanStent and 81 % lor the ElutaxDEB 
(P=0.87). The compound endpoint 'ischemie re-event 
and/or restenosis' was significantly lower lor ElutaxDEB 
(13% vs 64%; P=0.03, OR 0.08 (95% Cl 0.007 te 0.93; 
P=0.043) than lor the WingspanStent. 
Conclusions The ElutaxDEB may be a promising 
alternative treatment lor patients with symptomatic 
high-grade intracranial stenosis showing a significantly 
lower rate of ischemie re-events or restenosis in 
comparison with the WingspanStent-treated patients 
with a similar safety profile. Further studies will be 
needed to definitively elucidate the raie of pDEB in the 
management of symptomatic intracranial high-grade 
stenosis. 

INTRODUCTION Intracranial atherosderotic disease (ICAD) is a well-known cause of stroke and is responsible for approximately 5-10% of all strokes and up to 50% in the Asian population, with an estimated 1-year stroke-free survival rate of 88%.1 Despite best medica} care, the annual risk of recurrent stroke in symptomatic ICAD is around 9-12%.2 Therefore, ICAD has to be regarded as a serious medical condition with a high risk of strokes. In order to 

....improve the poor outcome in ICAD, endovascular � 
revascularization using percutaneous transluminal � angioplasty with stenting (PTAS) was developed in fg the 2000s.3 4 As a result of the SAMMPRIS trial2, 5· medicai treatment rather than stenting is regarded � as first-line therapy because of the high incidence of fperiprocedural complications (14.7%).5 Restenosis 8is an additional major drawback in stent-treated 6,patients, with a recurrence rate of up to 34%. In � the post-SAMMPRIS era, there is still a debare $ about stenting as a possible alternative treatment,6-8 �because despite best medical treatment recurrence � rates in symptomatic high-grade stenosis are stil! l> considerable. � Following the first randomized clinical trial e(RCT) in 2006; recanalization using drug-eluting a, balloons (DEB) became a well-established tech- )5l nique in coronary angioplasty. However, there is � little evidence for rhe deployment of DEB in ICAD. gSeveral single-center case series have shown rhe gtechnical feasibility and safety of different drug- a. 
:��t�:�t:��:· s��h �;�;;�:r ��::�i�,��::���!;, [ Florida, USA), Taxus Express (Boston Scientific, -ifNatick, Massachusetts, USA) or the Endeavor '§' (Medtronic, Minneapolis, Minnesota, USA), which 0· are not primarily designed for neurovascular proce- 3dures and therefore considered off-label use.14 Tue }i 

Neuro Elutax SV (Aachen Resonance) is a CE certif- .::!_ icated, hydrophilic balloon- specifically designed g for neurovascular application-with an even 360' t;; coating of 2.2µg/mm2 paclitaxel, a highly hydro- � philic anticancer drug (figure 1). '< 
The aim of this study was to assess the feasibility, ::5 safety, and efficacy of PTA/Neuro Elutax SV DEB � compared with PTAS using the WingspanStent �system in patients with high-grade ICAD. [ 

a. 
MATERIALS AND METHODS � 

Patient selection E:' This retrospective study with an open-label cohort g:design was carried out at a tertiary stroke center � and approved by the loca! ethic committee. .,, We initially identified 40 patients with symptom- o atic intracranial high-grade stenosis who had been � treated endovascularly at our institution between [ January 2009 and September 2016. Endovascular ,!:!treatment was indicateci in patients with symp- g tomatic high-grade intracranial artery stenosis � (;;,70% in conventional cerebral angiography) with i
Gruber P, et al. I Neurolntervent Surg 2018;0:1-5. doi:10.1136/neurintsurg-2017-013699 !3� SNIS 
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Table 1 Demographic, clinica! baseline and target lesion 
characteristics 

Elutax Wingspan 
Characteristics (n=8) (n=11) 

Gendet; femal� n (%) 3(38%) 6(55%) 

Age (years), median (IQR) 68.5 (52-76) 67 (59-73) 

Clinica! follow-up (months), median 9.5 (4.5-27) 10 (6-58) 
(IQR) 

NIHSS score on admission, median (IQR) o (0-4) 2 (O-,;) 

Vasrular risk factors 

Hypertension, n (%) 6(75%) 8(73%) 

Diabetes, n (%) 1 (13%) 4(36%) 

Dyslipidemia, n (%) 3(38%) 7(64%) 

Coronary artery disease, n (%) 4(50%) 3(27%) 

Smoking, n (%) 1 (13%) 2(18%) 

Peripheral artery occlusive disease, 0(0%) 1 (9%) 
n(%) 

Atrial fibrillation, n (%) 1 (13%) 1 (9%) 

HistoJY of stroke, n (%) 3(38%) 4(36%) 

Medication on admission 

Aspirin, n (%) 3(38%) 7(64%) 

P2Y12 inhibitor, n (%) 1 (13%) 1 (9%) 

Dipyridamol� n (%) 1 (9%) 

Dual antiplatelet therapy, n (%) 1 (13%) 1 (9%) 

Vitamin K antagonist, n (%) 1 (13%) 0(0%) 

NOAC,n(%) 1 (13%) 0(0%) 

Anti-lipid agent n (%) 6(75%) 6(55%) 

Severity of stenosis 

Degree of stenosis (%) before 81% 80% 

interwntion, median (IQR) (72.5-92.5) (72-100) 

Degree of stenosis (%) 37.5% 10% 
aher intervention, median (IQR) (2(H;()) (10-50) 

Localization of target lesions 

Internal carotid artery, n (%) 0(0%) 1 (9%) 

Middle cerebral artery, n (%) 3(38%) 5(45%) 

Vertebra! arteJY, n (%) 3(38%) 3(27%) 

Basilar artery, n (%) 2 (25%) 2(18%) 

P value 

0.47 

0.86 

0.36 

0.28 

0.81 

0.26 

0.28 

0.53 

0.74 

0.39 

0.82 

0.96 

0.27 

0.82 

0.39 

0.81 

0.24 

0.24 

0.51 

0.87 

0.23 

0.39 

0.74 

0.64 

0.73 
IQR. lnterquartile range; mRS. modified Rankin Scale; NIHSS, National lnstitute of 
Health Stroke Scale; NOAC, novel oral anticoagulant. 

The overall severity of stenosìs in this study was 80% (median; 
IQR 75-95). The degree of stenosis was reduced from 81% 
(median; IQR 72.5-92.5) to 37.5 (median, IQR 20-60) in 
Elutax patients and from 80% (median, IQR 72-100) to 10% 
(median, IQR 10-50) in Wingspan patients (P=0.23) (table 1). 
Localization of the target lesions was quite similar in both groups 
(table 1). 

For the primary outcome (table 2), the compound endpoint 
of recurrent stroke!fIA and/or restenosis within the follow-up 
period of 9.5 months far the Elutax and 10 months far the 
Wingspan patients, respectively, was significantly lower for 
the Elutax patients (n= l, Wingspan n=7, P=0.03; logistic 
regression OR=0.08, CI 95%: 0.007 to 0.93, P=0.043). No 
other correlation with demographic or baseline characterìstics 
was faund (data not shown). 

No clinica! re-events-defined as TIA or stroke in the vascular 
territory of the farmerly treated stenosis within the fallow-up 
Gruber P, et al. I Neurolntervent Surg 2018;0:1-5. doi:10.1136/neurintsurg-2017-013699 

Ischemie stroke 

Table 2 Clinica! and technical outcome measures 

Elutax Wingspan 
Outcome measures (n=8) (n-11) P value 

Good dinical outcome (mRS score s2) at 5(63%) 9 (82%) 0.36 
follow-up 

mRS score on follow-up, median (IQR) 1 (0-3) 1 (0-2) 0.95 

Stroke or death within 30 days, n (%) 1 (13%) 0(0%) 0.24 

Technical success'°, n (%) 5(63%) 7 (64%) 0.96 

Transient ischemie attack. n (%) 6(75%) 5(45%) 0.21 

Compound recurrence rate, n (%) 1 (13%) 7 (64%) 0.03 

Clinica! re-event, n (%) 0(0%) 5(45%) 0.03 

Restenosis.n(%) 1 (13%) 6(55%) 0.068 

Spedfic complications. n (%) 0(0%) 2(18%) 0.21 

Generic complications, n (%) 0(0%) 1 (9%) 0.39 

Tedmical failure, n (%) 1 (13%) 0(0%) 0.24 

Number of devices used, median (IQR) 1 (1-2) 3 (2--4) 0.003 
*Technical success; defined as <50% resktual stenosis at the end of the 
intervention. 
mRS, modified Rankin Scale. 
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period-were reported for E)urax patients, whereas 5 (3645%) :, 
of Wingspan patients had new clinica! symptoms in the corre- l> 
sponding vascular territory (fIA n=4, minor stroke n= l). Of � 
those patients, four out of five underwent conventional DSA; e 
three of them needed immediate interventional procedure with ?> 

angioplasty or intra-arterial thrombolysis. Median time to recur- � 
rent strokeffJA was 3 months (IQR 1.5-4) alter the intervention. � 

Restenosìs rate-defined as any radiologica! evidence of g" 
stenosis degree >50%-tended to be higher in Wingspan treated g
patients (n =6) than in the Elutax patients (n= l, P=0.068). a. 

a'One death occurred owing to fatai vertebrobasilar stroke not 3 
related to the intervention (table 2). i?; Technical success---defined as < 5 0% residua! stenosis at the "E_ 
end of the ìnterventional procedure-was achieved in 63% of '5' 
the Elutax patients and 64% of the Wingspan patients (P=0.96). i;:
Furthermore, significantly fewer different devices were needed �
far successful recanalization in rhe Elutax group which required 8
one device (median, IQR 1-2) for each case compared with three .::!. 
devices (median, IQR 2-4) for each case in the Wingspan group g 
(P=0.003) (table 2). t;; 

There were no intraprocedural complicarions in 15/19 e: 

patients. Overall technìcal failure was 5% due to unsuccessful � 
deployment of a pDEB because of difficult local anatomica! 8 
conditions in an Elutax patient (Elutax: 13%; Wingspan: 0%, i 
P=0.24). Generic complications were reported lor only one l> 
Wingspan patients (9%) due to a groìn hematoma at puncture [ 
site, which had to be surgically evacuateci. Specific complications [ 
were seen in two Wingspan-treated patients: one had an intrap- � 
rocedural in-stent thrombosis and the other had a consecutive È:' 
hyperperfusion syndrome with transient neurological deterio- � 
ration. No other procedure-related neurologica! complications, � 
such as vessel perforation, dissections, subarachnoid hemor- ""C rhage, intracranial hemorrhage, or ischemie events, were found -. 
��� l 

Finally, there were no differences between the two groups in [ 
good clinica! outcome (modified Rankin Scale (mRS) score :,,2, ,!:! 
(rable 2), with a median mRS of 1 (JQR 0-3) for the Elutax 8 
patients, and a median mRS of 1 (IQR 0-2) for the Wingspan � 
patients, respectively (P=0.95). .s· 
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Angioplasty Using Drug-Coated Balloons in 
Ostia} Vertebra} Artery Stenosis 

Philipp Gruber, 1,2 latta Berberat.' Timo Kahles,2 Javier Anon, 1 Michae/ Diepers,1 

Krassen Nedeltchev,2-3 and Luca Remonda, 1,3 Aarau and Bern, Switzerland 

Background: Ostial vertebra! artery stenosis (OVAS) is a relevant cause of acute ischemie 
posterior circulation stroke, Percutaneous trans-luminal angioplasty (PTA) might offer a prom
ising treatment modality, but restenosis rate is high, So far, little is known about recanalization 
using drug-coated balloons (DCB) in OYAS, We aimed to show feasibility and safety al DCB
PTA in OVAS. 
Methods: Retrospective, monocenter case series al 12 patients with ostial vertebra! artery ste
nosis (2:50%) treated with PTA using a drug-coated balloon. 
Results: Median age was 69.5 years (IQR 57-78.5) with a Iemale rate al 41%. Patients were 
treated either wrth a SeOuent Please NEO or Neuro Elutax SV DEB. Median preinterventional 
stenosis degree was 75% (IOR 70-85) with a median lesion length al 4.5 mm (IOR 4-7.5). Me
dian postinterventional stenosis degree was 40% (IOR 27-50). AII treated vessels remained 
patent. No major complications such as dissection, vessel perforation, hemorrhage, or ischemie 
events occurred. Moreover, we did not detect any restenosis during a median follow-up period al 
6.1 months. The clinica! outcome was excellent with median mRS scale al O (IQR 0-1). 
Conclusions: PTA using drug-coated balloons is feasible and sale in patients with ostial verte
bra! artery stenosis. 

INTRODUCTION 

Approximately 20-25% ali o! ischemie strokes 
occur in the posterior circulation, and 10-20% of 
the patients with ostia! vertebra! artery stenosis 
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(OVAS) will suffer from a stroke.1
'

2 Furthermore, 
patients with a vertebrobasilar transient ischemie 
attack (TIA) due to OVAS (2:50%) have a 5-year 
risk of stroke recurrence of 30%.3 In addition, the 
risk o! stroke or death is six times higher in OV AS 
patients than in patients without OVAS.4 

Nevertheless, there is an ongoing debate on the 
treatment modalities lor OYAS patients whether pa
tients benefit frorn endovascular or from best
medical treatment alone since the VIST, V AST, and 
CA VATS trial.5

-
7 Today, best medicai treatment us

ing antiplatelet agents is considered first-line treat
ment o! OVAS.8 However, endovascular OVAS 
treatment might be considered especially in patients 
with hemodynamic vertebrobasilar insufficiency, 
bilatera! >70% vertebra! artery stenosis (VAS) and 
in patients with unilatera! VAS with contralateral 
hypoplastic or ocduded vessels. 9 Initial good clinica! 
results and high success rates have been reported lor 
percutaneous angioplasty with or without stenting. 
However, the restenosis rate was reported as high as 
10-67%.1

0'
11 
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Drug-Coated Balloon Versus 

Drug-Eluting Stent for 

Small Coronary Vessel Disease 

PICCOLETO Il Randomized Clinica! Trial 

VOL . •. NO . •• 2020 

Bernardo Cortese, MD,a Gaetano Di Palma, MD/ Marcos Garcia Guimaraes, MD,b Davide Piraino, MD,c 

Pedro Silva Orrego, MD," Dario Buccheri, MD,' Fernando ruvero, MD," Anna Perotto, RN," Giulia Zambelli, MD,c 

Fernando Alfonso, MDb 

OBJECTIVES This study sought to compare the performance of a novel drug-coated balloon (DCB) (Elutax SV, Aachen 

Resonance, Germany), with an everolimus-eluting stent (EES) (Abbott Vascular, Santa Clara, California) in patients with 

de novo Lesions. 

BACKGROUND Small vessel coronary artery disease (SVD) represents one of the most attractive fields of application 

for DCB. To date, several devices have been compared with drug-eluting stents in this setting, with different outcomes. 

METHODS The PlCCOLETO Il (Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment) trial was an 

international, ìnvestigator-driven, multicenter, open-label, prospective randomized controlled trial where patients with 

de novo SVO Lesions were randomized te DCB or EES. Primary study endpoint was in-lesion late lumen loss (LLL) at 

6 months (independent core Laboratory), with the noninferiority between the 2 arms hypothesized. Secondary endpoints 

were minimal Lumen diameter, percent diameter stenosis at angiographic follow-up, and the occurrence of major adverse 

cardiac events at 12 months. 

RESULTS Between May 2015 and May 2018, a total of 232 patients were enrolled at 5 centers. Alter a median of 189 

(interquartile range, 160 to 202) days, in-lesion LLL was significantly lower in the DCB group (0.04 vs. 0.17 mm; 

p = 0.001 for noninferiority; p = 0.03 for superiority). Percent diameter stenosis and minimal lumen diameter were not 

significantly different. At 12-month clinical follow-up, major adverse cardiac events occurred in 7 .5% of the DES group 

and in 5.6% of the DCB group (p = 0.55). There was a numerically higher incidence of spontaneous myocardial infarction 

(4.7% vs. 1.9%; p = 0.23) and vessel thrombosis (1.8% vs. 0%; p = 0.15) in the OES arm. 

CONCLUSIONS In this multicenter randomized clinical trial in patients with de novo SVD Lesions, a new

generation DCB was found superior to EES in terms of LLL as the angiographic pattern and comparable in terms of 

cllnlcal outcome. (Drug Eluting Balloon Efficacy for Small Coronary Vessel Dlsease Treatment [PICCOLETO 11]; 

NCT03899818) (J Am Coll Cardiol lntv 2020;•,•-•l © 2020 Published by Elsevier on behalf of the 

American College of Cardiology Foundation. 
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investigator-driven study with the Italian Society of lnterventional r.atdiology GISE as a sponsor. The role of GISE was to coor

dinate the centers and submit the protocol to the ethics conunittees. 

The authors attest they are in compliance with human studies committees and animai welfare regulations of the authors' 

institutions and Food and Drug Administration guidelines, induding patient consent where appropriate. For more information, 

visit the JACC: Cardiovascular lnterventions author instructions page. 
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t. Introduction 

A B STR A CT 

Objective: Our study sought to compare the 12-month clinica I outcome of patients treated with paclitaxel-coated 
balloons (PCB) vs. sirolirnus-coated balloons (SCB) during coronary angioplasty. 
Background: Drug-coated baJloons represent an est.ablished therapeutic tool for percutaneous coronary interven
tions (PCI). A comparison between PCB and SCB is stili lacking. 
Methods: We performed an indirect comparison between two cohorts of patients previously included into two 
investigator-driven registries with clinica! primary endpoints, 494 treated with the Elutax SV PCB (AR Baltic, 
Llthuania) from the DCB RISE registry, and 596 treated with the Magie Touch SCB (Concept Medicai, India) 
from the EASTBOURNE registry. The primary endpoint was the rate of major adverse cardiovascular events 
(MACE) at 12-month clinica! follow-up. 
Results: After propensity score matching, a total of 580 patients were well match ed far baseline clinica! and pro
cedural characteristics and were analyzed. At 12 rnonths there was no significant difference between the 
matched DCB RISE and EASTBOURNE cohorts in terms of the primary endpoint MACE (10.3% DCB RISE vs. 
10.7% EASTBOURNE, p = 0.892}. No significant difference was obseived also regarding the rate ofTLR (7.9% 
DCB RJSE vs. 83% EASTBOURNE; p = 0.879, respectively). By mulcivarlate analysis, insulin-<iependent diabetes 
was the only predictor of MACE. 
Conclusions: In the SIRPAC study, the first indirect comparison between paclitaxel-coated and sirolimus coated 

balloons, no significant difference in clinical endpoints were found at 12-rnonth follow-up. Randomìzed studies 
are necessary to confirm these findings. 

© 2021 Elsevier !ne. Ali rights reserved. 

Despite an increasing use in the last decade and growing scientific 
evidences provided to date, drug coated balloons (DCB) are stili under

used by many interventional cardiologists. Their role for the treaonent 

of in-stent restenosis (ISR) [1 [ is widely acknowledged and current 

European Revascularization Guidelines recommend their use in either 

bare metal stent (BMS) or drug eluting stent (DES) restenosis, with a 

Class I (LoE A) recommendation [2). Although an officiai endorsement 

by clinica! guidelines for theìr use in "de novo" lesions is still lacking, 

there are severa! studies suggesting their role in such context especially 

in selected clinical and anatomical settings such as small vessel disease 

[3,4). In addition, DCB represent an appealing alternative in high

bleeding risk patients, where DES implantation may result in a higher 
risk of complications [5]. 

Abbrevfotions: BMS, Bare-Metal Stent; DE'5, Orug-Eluting Stent; DCB, Drug-Coated 
Balloon; ISR, ln-Stent Restenosis; MACE, Major Adverse Cardiovascular Event; Ml, 
Myocardial Infarction: PCB. Paclitaxel-Coatcd Balloon: PCI, Percutaneous Coronary 
lntervencion; SCB, Sirolimus-Coated Balloon: 1lR, Target Lesion Revascularization. 

• Corresponding author at: ùrdiovascu\ar Research Team. San Carlo Clinic. Fondazione 
Ricerca e Innovazione Cardiovascolare, Via Ospedale, 21, 20037, Paderno Dugnano, 
Milano.ltaly. 

E-mail address: boortese@gmail.oom (B. Cortese). 
1 Drs Cortese and Caiazzo are joint First Authors of this paper. 

https://doi .org/1 0.1016/j.c.arrev.2021.04.013 
1553-8389/Cl 2021 Elsevier Inc. Ali rights reserved. 

Most of the currently available DCB are coated with paclitaxel (PCB), 

a highly lipophilic anti-proliferative drug, chemically stable after tissue 
delivery [6]. However, new debatable findings regarding the long

term safety of paclitaxel-eluting devices ( either stents or balloons) for 

peripheral use have recently raised some concems in the interventional 

cardiology field. In fact, a meta-.malysis of patients with peripheral ar
tery disease located in the femoro-popliteal vessels suggested a higher 

risk of mortality after 2 and 4-5 years associated to the use of such 

Please cite this article as: B. Cortese, G. caiazzo, G. Di Palma, et al., Comparison between sirolimus and paclitaxel-coated balloon for 
revascularization of coronary arterie __ Cardiovascular Revascularization Medicine, https://doi.org/10.1016/j.carrev.2021.04.013 51
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Tablel 

lncidence of clini e.al endpoints at 12 months (matched cohorts ). 

DCBRISE EASTBOURNE p value 

(n � 290) (n � 290) 

MACE 30 (10,3) 31 (10,7) 0,892 

TLR 23 (7,9) 24(8,3) 0,879 

Ml 6 (2,1) 8 (2,7) 0,588 
Dcath 5 (1.7) 4(1.4) 0,737 
Bleeding 2 (0,7) o 0.157 

MACE = Major Cardiovascular Events: 11.R = Target Lesi on Revascularization; Ml= Myo

cardial lnfarction. 

3.3. Clinica I outcomes of the matched cohorts 

At 12 months there was no significant di!Terence between the 

matched DCB RISE and EASTBOURNE cohorts in terms of the primary 
endpoint MACE with 30 events (10.3%) in the DCB RISE vs. 31 (10.7%} 

in the EASTBOURNE (RR = 0.96; 95% O, 0.60-1.55; p = 0.892). No sta

tistica! difference was found in the rate of non-fatai acute MI with 6 

cases (2.1%) in the DCB RISE vs. 8 (2.7%) in the EASTBOURNE (RR =

0.75; 95% CI, 0.26-2.13; p = 0.588) or in the rate ofTLR with 23 events 

(7.9%) in the DCB RISE VS. 24 (8.3%} in the EASTBOURNE (RR = 0.95; 
95% CI, 0.55-1.65; p = 0.879, respectively). Finally, the rate of BARC 

2-4 major bleedings during the follow-up was negligible, without sìg
nificant differences between the treatment groups (RR = 5.0; 95% Cl, 

0.24-103.70; p = 0.157) (Table 3, Fig. 2). Fig. 3 shows the Kaplan
Meier curves of the prima,y endpoint and total death rate at 12 months 

follow-up, agaìn with no sìgnìficant dìfferences. 

3.4. Predicrors of odverse clinical ourcome 

Univariate analysis showed that diabetes, previous MI, ISR and DCB 

diameter were significant predictors far the occurrence of MACT. At 

multivariable analysis, diabetes remained the only independent predic
tor ofMACE (Exp B = 2.13; 95% O, 1.06-430; p = 0.034) (Table 4). 

54 
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4. Discussion 

SIRPAC is the first study which indirectly compares a SCB with a 

second-generation PCB in a real-world population of coronary artery 

disease patients. The main finding of the current study is the absence 

of significant differences between these 2 devices in terms of clinical 
endpoints at 1 year. Of note, such findings were confirmed also by the 

multivariate analysis, where the type ofDCB used had no predictive im

pact on the outcome. 

The results of this study are of partirular interest, considering the re

ceni waming about a supposed increased risk in late mortality with 

paclitaxel-eluting devices (DCB or DES} in patients undergoing 

femoro-popliteal angioplasty. issued after the publication of a meta

analysis by Katsanos et al. (7]; in addìtion to these unexpected results, 
last year the U.S. Food and Drug Administration issued a waming on 

the potential riskof paditaxel-eluting devices [17]. The Jack ofbiological 

plausìbìlìty for the supposed ìncreased mortality determined by pacli

taxel, and the fact that only first-generation devices were investigared 

with adeguate follow up, did noi stop the storm against paclitaxel 
[18-21]. 

Bitti et al. [22], in a new analysis done applying Bayes factors to the 

available studies, showed the results by the former meta-analysis to 
be in conclusive in terms of hard adverse events. Despite these results, 

such controversial messages led to a decrease in the use of 

paclitaxel-eluting devices far both peripheral and coronary interven

tions. Although a signal of late increased mortality cannot be ignored, 
it ìs important to point out that: 

- Single trials included in the meta-analysis by Katsanos were not 

powered enough for mortality; 

- Paclitaxel systemic exposure after peripheral or coronary interven

tions is small and self-limited in time, and drug tissue levels are un

detectable at 1 year, making it hard to explain how mortality could 

increase when the drug may nor be present anymore [19]; 

- Much hìgher dosages of paclitaxel were proven to be safe [23[. 

SIRPAC 12 months FU 
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Fig. 2. 12-months clinical outcomes of the SIRPAC study. 
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Treatment of coronary artery disease with a new-generation 
drug-coated balloon: final results of the ltalian Elutax SV 
rEg istry-DCB-RISE 
Bernardo Cortesea,b , Fabrizio D'Ascenzo0

, Raffaela Fetiveaud , Vruyr Baliane , 
Simonetta Blengino\ Massimo Fineschi9 , Renata Rogackah , Corrado Lettieri i , 
Andrea Paveii , Maurizio D'Amico0

, Arnaldo Polih , Gaetano Di Palmaa, 
Roberto A. Latinia , Pedro S. Orregoa and Romano Seregnia 

Aims Drug-coated balloons (DCBs) are a recognized 

alternative lo stents lor the treatment of in-sten! restenosis 

(ISR), and there is some initial clinica! evidence about their 

efficacy lor the treatment of small coronary vessels. Newer

generation DCBs were developed to overcome the reduced 

deliverability of the previous generation, also warranting a 

more effective drug delivery lo vessel wall. However, the 

vasi majority of new-generation DCBs stili Jack of reliabilily 

due lo paucity of clinical data. 

Methods Between 2012 and 2015, ali patients treated with 

Elutax SV DCB (Aachen Resonance, Germany) at nine ltalian 

centers were enrolled in this retrospective registry. Primary 

outcome was the occurrence of target-lesion 

revascularization (TLR) at the longest available follow-up. 

Secondary endpoints were procedura! success and 

occurrence of device-oriented adverse cardiovascular 

events including cardiac death, target-vessel myocardial 

infarction, stroke, and TLR. A minimum 6-month clinica! 

follow-up was required. 

Resutts We enrolled 544 consecutive patients lrealed et 583 

sites. Fifty-three per ceni of the patients had JSR, and the resi 

native vessel coronary artery disease. Procedura! success 

occurred in 97.5%. At the longest available clinical follow-up 

lntroduction 

In recent years, drug-coated balloons (DCBs) have 
emerged as a therapeutic option in che interventional 
field.1•2 Preliminary data showed how DCBs were a 
valuable treatment strategy in case of in-stent restenosis 
(ISR), either of bare-metal stent (BMS) or drug-eluting 
stent (DES).3-6 Later, DCBs have also been used for the 
treatment of native coronary vessel disease as an alterna
tive to DES in selected cases.7 Severa! paclitaxel-coated 
balloons were released and obtained che european com
munity mark, with different behavior and outcome, so 
that a 'class effect' does nor exist for this technology. 
Recent advances, both in terms of device deliverability 
and effective drug release, and retention led to the 
creation of the arbitrary names 'second-' or 'latest-gener
ation' DCBs. To this day, the clinica! outcome of any of 
this newer 'generation' ofDCBs is not available yet. With 

1558-2027 @ 2018 ltalian Federation of Cardiology. AII rights reserved. 

(average 13.3 ± 7.4 months), 5.9% of the patients suffered a 

TLR and 7.1% a device-oriented adverse c:ardiovascular 

evenl We did noi registe, cases of target-vessel abrupt 

oc:clusion. Al mullivariate analysis, severe calcificalion al the 

lesi on site was the first deterrninanlfor the oc:currence of TLR. 

Conc/usion This regislry on the performance of a new

generation DCB shows an adequate profile of safety end 

efficacy at mid-term clinica! follow-up. 

J Cardiovasc Med 2018, 19:000-000 
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the drug-coated balloon- Results of the ltalian elutax SV 
registry (DCB-RISE), we aim to investigate che clinica! 
performance of one of these devices. 

Methods 

We here report the main results of the DCB-RISE 
registry, an investigator-initiated, retrospective, all-comer 
real-world registry of patients who were treated with the 
Elutax SV (Aachen Resonance, Germany) DCBs. The 
aim of this registry was to assess che safery and efficacy of 
Elutax SV at che longest available clinica! follow-up. This 
study was nor funded and ethically approved. 

Study procedure 

All patients underwent percutaneous coronary interven
tion (PCI) following international guidelines8•9 and 
according to locai practice. Antithrombotic treatment 

DOl:1 0.2459/JCM.0000000000000632 
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Abstract 

Purpose: To report a retrospective observational analysis of standard balloon angioplasty (BA) vs. paclitaxel-coated 
balloon angioplasty (PCBA) for symptomatic centrai vein restenoses in patients with impaired native hemodialysis fistulas. 
Methods: A retrospective review was conducted of 27 consecutive patients ( 15 men; mean age 66± I 3.8 years, range 
39-90) with 32 centrai vein stenoses (CVS; 6 axillary, 11 subclavian, 12 brachiocephalic, and/or 3 superior cavai veins) 
treated successfully using BA. Freedom from reintervention after BA of de novo lesions was 7.4±7.9 months (range 1-24). 
Twenty-five (92.6%) patients developed symptomatic restenoses and were treated one or more times by BA (n=32) or 
PCBA (n=20) using custom-made paclitaxel-coated balloons (diameter 6-14 mm). Results: Technical (<30% residuai 
stenosis) and clinica! (functional fistula) success rates far the initial and secondary angioplasty procedures were I 00%. No 
minor/major procedure-associated complications occurred. Mean fallow-up was 18.4± 17.5 months. Kaplan-Meier analysis 
far freedom from target lesion revascularization (TLR) faund PCBA superior to BA (p=0.029). Median freedom from TLR 
after BA was 5 months; after PCBA, >50% of patients were event-free during the observation period (mean freedom from 
TLR IO months). Restenosis intervals were prolonged by PCBA (median 9 months) vs. BA (median 4 months; p=0.023). 
Conclusion: Paclitaxel-coated balloon angioplasty of centrai vein restenosis in patients with hemodialysis shunts yields a 
statistically significant longer freedom from TLR compared to standard balloon angioplasty. 
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lntroduction 

Syrnptomatic centrai vein stenosis (CVS) is a clinically rel
evant complication in hemodialysis patients. Stenoses of 
centrai veins typically result in dysfunctionaJ diaJysis 
shunts, venous collaterals, edema, ipsilateral extremity ten
demess, pain, and cellulitis.1 ,2 Further complications 
include shunt vein thrombosis and excessive bleeding after 
puncture for dialysis. CVS is commonly associaled with 
centrai vein catheterization with an incidence of 25% to 
50%3

•
4 or inserti on of pacemaker wires in up to 27%. ,__, Tue 

incidence ofCVS without previous centrai vein catheteriza
tion is about 1% to 10%.89 A typical mechanism for the 
development of CVS is intravasal trauma lo the venous 
endothelium, which results in inflantmation of the vessel 
wall. Microthrombus, intimai hyperplasia, and fibrotic 
aJleration finally lead to CVS. '0·" Tue pathophysiologicaJ 
mechanism of CVS in dialysis shunts without a history of 
centrai vein calhelerizalion is unclear. A higher venous 

blood flow and increased pressure after creation of a dialy
sis fistula are considered the cause. 8•9 

Endovascular treatrnenl with balloon angioplasty is gen
erally accepted as lhe primary treatrnent for CVS. 3•12 

However, reslenosis is frequent. Restenotic lesions are 
characterized by a significant increase in fibroplastic prolif
eration within the venous neointima and media as compared 
lo primary slenolic lesions.13 SeveraJ experimenlal14·" and 
clinical16--18 studies confirmed the hypothesis of vascular 
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Table I. Characteristics of Patients Treated for Centrai Vein Restenosis.a 

Standard Balloon Angioplasty Pacliraxel-Coated Balloon Angioplasty 

15 IO Patients 

Age, y 

Men 

66.8± I 5.0 (3�90) 

9 (56) 

64.5± I 1.2 (50-1!5) 

6 (60) 

Diabetes mellitus 15 IO 

Native arteriovenous fistula 

Dialysis access age, mo 

Location left arm 

15 

26.9±22.9 ( 1-67) 

IO 

IO 

50.9±62.8 (1-216) 

7 

1Continuous data are presented as the means ± standard deviations (range); categorica! data are given as the counts (percentage}. 

Figure 2. Scanning electron microscopy cross-sectional image 
illustrating (A) special balloon folding and (B) the paclitaxel
coated surface of Elutax SV completely covering the balloon. 
The drug itself is protected within the folds of the balloon. 

Statistica/ Analysis 

Continuous data are presented as the means ± standard 

deviations; categorica! data are given as the counts. Tue dif

ferences between groups were evaluated using the unpaired 

I test; differences achieving p<0.05 were considered to be 

statistically significant. Freedom from target lesion revas

cularization (TLR) was estimated using the Kaplan-Meier 

method; differences between groups were examined with 

the log-rank test. Statistica! analysis was performed using 

the Prism software for MacOSX (version 6.0.4, Graphpad, 

La Jolla, CA, USA). 

Results 

Primary technical success (residuai stenosis <30%) in the BA 

and PCBA groups was 100"/o (Figure 3). Additional dilation 

with larger balloons was performed in 10 BA patients and 8 

PCBA cases because of recoil with relevant residuai stenosis. 

The mean diameters were 8±2 mm for the standard balloons 

and 10±2 mm (range 6-14) for the coated balloons. 

Pretreatment with cutting balloons and posttreatment 

high-pressure balloon angioplasty were necessary in 2 patients 

in each group. No minor or major procedure-associated 

( 
Figure 3. Postinterventional venography after dilation with 
a I Qx40-mm paclitaxel-coated balloon depicts a successful 
reduction in the centrai venous stenosis. Consequently, there 
is an obvious improvement in venous inflow and a considerable 
reduction of venous collaterals. 

complications were observed. There was no relevant bleeding, 

hematoma, superior vena cava thrombosis, or worsening of 

hemodialysis fistula function alter BA or PCBA. Stent place

ment was avoided in ali patients. Function of the hemodialysis 

shunts normalized after intervention, which allowed appropri

ate use for dialysis. 

Four patients in the BA group experienced very early 

restenosis. One patient had 11 reinterventions within 

2.7±1.3 months, another patient had 4 reinterventions over 

7 .8±2.2 months, and 2 patients had recurrences after 1 and 

2 months. Although PCBA was under evaluation, the supe

rior results in the PCBA group finally led to crossover of 

these 4 patients to PCBA for ethical reasons. After cross

over to PCBA, the intervention-free time interval markedly 

increased up to 21 months. One patient died after 6 months 

without the need for reintervention. 

Over a mean follow-up of 18.4±17.5 months, 9 (33%) 

patients died after 7.2±5.9 months (median survival 6 

months, range 1-19); no death was related to the procedure. 

Failing hemodialysis fistula due to shunt occlusion after BA 

occurred in 4 patients after 4.0±3.1 months (range 1-9) and 

after PCBA in I patient after 3 months. 
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Abstract 

Rationale: Restenosis due to intimai hyperplasia (IH) is a major clinica! issue that affects the success of lower limb endovascular 
surgery_ After I year, restenosis occurs in 40% to 60% of the treated vessels_ The possibility to reduce IH using locai antiproliferative 
drugs, such as taxols, has been the rationale for the clinica! applications of drug-eluting stents and drug-eluting balloons (DEBs). The 
purpose of this study was to evaluate the clinica! and instrumental efficacy of DEBs versus simple percutaneous transluminal 
angioplasty (PTA) in patients affected by chronic limb ischemia (CLI) with tibial artery 'de novo" lesions. Methods: A retrospective 
analysis was performed and included ali consecutive patients who underwent endovascular treatment for CLI in our centers 
betweenjanuary 2011 and March 2013. lnclusion criteria were ( I )  'de novo" tibial artery stenosis and (2) Rutherford class >4. Lesions 
were further divided by T ransAdantic lnter-Societal Consensus (T ASC) classification into groups A, B, C, and D. Results: Between 
January 20 I O and March 2013, a total of 138 patients underwent simple PTA or DEB for CLI, and the groups were clinically and 
demographically homogenous. We decided to use DEBs in 70 cases. An improvement in the Rutherford Scale in cumulative and 
single TASC lesions classification was better in the DEB group (74% vs 51 %; P = .024) at 24 months than in the PT A group. In the 
DEB group, the increase in ankle-brachial index was significantly higher than in the PTA group (P = .039). Conclusions: Our 
experience in addition to the existing literature supports the use of DEB in patients with CLI Rutherford class >3. 

Keywords 

intimai hyperplasia, drug-eluting balloon, restenosis 

lntroduction 

Restenosis due to intimai hyperplasia (IH) is a major clinica! 
issue that affects the success of lower limb endovascular sur
gery. After I year, restenosis occurs in 40% to 60% of the 
treated vessels. The possibility to reduce 1H using locai anti
proliferative drugs, such as taxols, has been the rationale for the 
clinica! applications of drug-eluting stents and drug-eluting 
balloons (DEBs). TransAtlantic Inter-Societal Consensus 
(T ASC) II classification has been recently updated.1 The intent 
of this new revision is to previde a complete anatomie lower 
limb T ASC lesion classification, including the inftapopliteal 
segment, and an updated literature review of new endovascular 
techniques and practice pattems employed by vascular special
ists today.4 The new infrapopliteal lesion classification incor
porates severa! features that attempt to address the multivessel 
nature ofpossible inftapopliteal anatomies.6•

7
•

12 Occlusive dis
ease in a single tibia! artery rarely leads to clinica! signs or 
symptoms. Thus, a clinically significant reduction in distai 

arteria! perfusion requires multivessel disease that can occur 
from multiple anatomie patterns of arteria! occlusions. Accord
ing to the new TASC II classification, 1 the purpose of this study 
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Table 3. Type of Lesions and IRS. Table 4. ABI and RR in the Two Groups. 

IRS 

Cumulative 
T ASC Il A lesions 
T ASC Il B lesions 
T ASC Il C lesions 
TASC Il D lesions 

DEB 

74% 
76% 
86% 
65% 
55% 

PTA 

51% 
69% 
59% 
41% 
31% 

PValue 

.024 

.047 

.012 

.042 

.044 

Abbreviacions: DEB, drug-eluting balloon; IRS, Rutherford Scale; PTA, percu
taneous transluminal angioplasty; TASC, TransAtlantic lnter-Societal 

Consensus. 

Statistica/ Analysis 

Data were collected in a dedicated Office Xcel (Microsoft, 
Redmond, Washington) file and analyzed using SPSS 21.0 
software (IBM, Armonk, New York). Continuous variables 
with a normai distribution are expressed as the mean ± stan
dard deviation, and categorica! variables as frequency and 
percentage. The study required at least 11 O patients to provide 
2'.80% power to detect an improvement in the Rutherford 
classification, expressed as the change in the class number 
between baseline and the 24-month contro! (calculated for 
individuai patients). Significance between the treatment 
groups was tested by Cochran-Mantel-Haenszel statistics. 
Categorica! variables (given as number and percentage) were 
compared by the use of Fisher exact test. Survival and ampu
tation are presented as Kaplan-Meier analysis with Mantel
Cox log-rank test. Differences were considered statistically 
significant at P < .05. 

Results 

Between January 20 I O and March 2013, we treated 138 patients 
with CLI using simple PTA or DEB; the groups were clinically 
and demographically homogenous. We decided to perform 
DEB in 70 cases. Preoperative Rutherford classification 
showed an equa! distribution for both the groups, and the same 
results were obtained when considering the anatomy of the 
lesions with T ASC II classification1 (lesion types A, B, C, and 
D). An antegrade and retrograde approach was used in 83.3% 
(110 cases) and 16.7% (28 cases), respectively. 

Primary End Point 

Rutherford Scale in cumulative and single T ASC lesion clas
sifi cation was superior in the DEB group (74% vs 51 %; 
P = .024) at 24 months than in the PTA group. The TASC II 
B lesions showed further superior results with a significant 
improvement in IRS with respect to the PTA group (Table 3). 
When matching the IRS in both groups, a longer lesion was 
associated with worst long-term results, even if the DEB 
group had a superior significant improvement in IRS. 
Irrespective of the type of treatrnent, TASC II type C and 
D lesions showed the worst results when compared to types 
A and B. 

DEB 

ABI cumulative 0.64 ± 0.35 
ABITASC IIA 0.65 ± 0.19 
ABI TASC Il B 0.71 ± 0.23 
ABITASC Il C 0.49 ± 0.15 
ABI TASC Il D 0.40 ± 0.15 
RR cumulative (psv >2.4 m/s 19% 

+ stenosis >70%) 
RR TASC Il A 16% 
RR TASC Il B 15% 
RR TASC Il C 21% 
RR TASC Il D 38% 

PTA 

0.52 ± 0.22 
0.58 ± 0.15 
0.48 ± 0.12 
0.43 ± 0.21 
0.39 ± 0.21 

32% 

19% 
24% 
38% 
62% 

PValue 

.039 

.078 

.025 

.041 

.044 

.028 

.068 

.043 

.034 

.012 

Abbrevlations: ABI, ankl�brachial indcx; DEB, drug-cluting balloon; PTA, per

cutaneous trans.luminal angioplasty; RR. rate of restenosis; T ASC, T ransAdan
tk lnter-Societal Consensus; psv, peak of systolic velocity. 

0.8 +---------------------

0.6 +---------------------

0.4 +---------------------

0.2 +---------------------

- DEB -PTA 

12 

Figure I. Cumulative Survival Rate. 

Secondory End Point 

16 20 24 

In the DEB group, the increase in AB! was significantly higher 
than in the PTA group (P = .039; Table 4). For patients with 
T ASC B lesions, DEB was most beneficiai, resulting in a sig
nificant AB! increase and a lower RR (TASC B with DEB: 
from 0.35 ± 018 to 0.71 ± 0.23; TASC B with PTA: from 
0.36 ± 0.21 to 0.48 ± 0.12; P = .025). In patients with T ASC 
C and D lesions, the ABI improved less and the RRs were 
higher compared to the patients with TASC A and B lesions. 
Both the cumulative survival rate and the amputation rate 
showed significantly superior results for the DEB group 
(Figures 1 and 2). Major amputations were only performed in 
patients who were IRS 5 and 6. Ali analyzed variahles were 
sim.ilar between the PTA and the DEB groups. 

Discussion 

In practical terms, although the leve! of evidence is low, the 
initial revascularization strategy for femoropopliteal disease is 
commonly an endovascular approach.5'12•15 This is supported 
by a recent meta-analysis of the published literature regarding 
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Abstract 

Purpose This study intended to assess effectiveness and 

safety of the drug-coated balloon (DCB) angioplasty of 

infrapopliteal atherosclerotic Iesions in patients with criti

cai limb ischaemia (CLI) in a real-world setting. 

Methods Consecutive patients with criticai limb ischaemia 

who underwent infrapopliteal drug-coated balloon angio

plasty with the ELUTAX SV DCB were enrolled into the 

prospective, multicentre, single-arm observational registry. 

Primary outcome was clinica! improvement at 6 and 

12 months. Secondary outcomes were change in quality of 

life, primary patency, freedom from repeat revascularisa

tion, and amputation-free survival at 6 and 12 months. 

Results A tota! of 164 patients (74.7 ± 9.2 years) with 

CLI were included at nine German sites between Novem

ber 2015 and September 2017. The majority (79.9%) of 
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patients had diabetes mellitus, 57.3% had renai insuffi

ciency, and 35.3% had coronary artery disease. Mean 

lesion length was 71.2 ± 76.5 mm. The Rutherford cate

gory improved by 3.0 ± 2.0 (p < 0.0001) witbin 

12 months, resulting in a clinica! improvement by at least 

one Rutherford category in 80.2% of the patients. Walling 

impairment questionnaire score, European Quality of Life 

index, and patient-reported pain improved significantly 

from baseline to 6 and 12 months. Primary patency was 

68.5%, freedom from target lesion revascularisation 90.6%, 

and amputation-free survival 83.5% at 12 months. 

Conclusion Infrapopliteal drug-coated balloon angioplasty 

with the ELUT AX SV DCB in patients with criticai limb 

ischaemia was efficacious and safe aver the medium term. 

The study is registered with Clinical.Trials.gov (Identifier: 

NCT02539940). 

Keywords Below the knee · Criticai limb ischaemia · 

Drug-coated balloon angioplasty · Drug-eluting 

balloon · lnfrapopliteal · Paclitaxel · Peripheral artery 

disease 

Introduction 

Patients with criticai limb ischaemia (CLI) bave a risk of 

about 50% of major amputation or death witbin the first 

year from presentation (1, 2]. Even after major amputation, 

almost half of those aged 70 and older probably will die in 

the following year (3]. 
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transmetatarsal or distai amputation and major amputation 
as above transmetatarsal amputation. 

Statistica! Analysis 

Continuous variables are reported as mean ± standard 
deviation (SD) and categorica! variables as counts and 
percentages. Differences between variables were assessed 
with the two-sided sign test or the Wilcoxon sign-rank test. 

Kaplan-Meier analysis was performed to estimate freedom 
from TLR, TVR, amputation, or death, as well as primary 

patency. Results are presented as parameter estirnates and 
their corresponding 95% confidence intervals (Cls). 
Logistic regression was used to assess predictors of clinica! 

improvement without the need of TLR at 6 months and the 
composite of death and any amputation at 12 months. 
Established candidate variables were pre-screened based 

on univariable analysis with a P value cut-off of 0.25 based 
on Wald test from logistic regression. Subsequently, vari
able selection for multivariable modelling was continued 
by stepwise backward regression with an entry and removal 

threshold P value of 0.1. A two-sided value of p < 0.05 
indicated statistica! significance. Statistica! analysis was 
performed using SPSS Statistics (version 25.0. IBM, 

Armonk, NY, USA). 

Results 

Study Population and Treatment 

From November 2015 to September 2017, 164 consecutive 
CLI patients with 248 infrapopliteal artery lesions were 
enrolled at nine German centres. Ali but one underwent 
DCB angioplasty with the ELUTAX SV DCB. About 80% 
of the patients had diabetes mellitus and 44% were obese. 
Fifty-seven per ceni of patients had renai insufficiency 
(Table I). Mean lesion length was 71.2 ± 76.5 mm. 

Chronic occlusion and severe calcification were present in 
43% and 27% of patients, respectively (Table 2). Inflow 
intervention was conducted in 31% and pre-dilation in 68% 
of patients (Table 3). Completion of DUS follow-up was 

55.5% (91 of 164 patients) at 6 months and 47.0% (77 of 
164 patients) at 12 months. 

Primary Effectiveness Outcome 

Rutherford category improved by 2.5 ± 2.0 at 6 months 

(p < 0.0001) and 3.0 ± 2.0 at 12 months (p < 0.0001) 
(Fig. lA). Clinica! improvement by al least one Rutherford 
category was ohserved in 74.0% (94 of 127 patients) at 
6 months (Fig. lB) and in 80.2% (85 of 106 patients) at 
12 months (Fig. lC). Excluding patients who did not 

Table 1 Patient demographics and c1inica1 characteristics (n = 164a) 

Age, years 74.7 ± 9.2 

Sex 

Fema1e 55 (33.5) 

Male 109 (66.5) 

Diabetes mellitus 131 (79.9) 

lnsulin dependent 82/130 (63.1) 

Hyperlipidemia 88/159 (55.3) 

Body mass index 29.2 ± 5.4 

> 30 71/162 (43.8) 

Hypertension 148 (90.2) 

Smoking 66/146 (45.2) 

Current 17/146 (11.6) 

Coronary artery disease 55/156 (35.3) 

Heart failure 41/160 (25.6) 

Rena1 insufficiency 94 (57.3) 

Cerebrovascular disease 29/154 (18.8) 

Stroke 24/154 (15.6) 

AB! (n = 83) 0.91 ± 0.46 

< 0.5 13/83 (15.7) 

"': 1.3 22183 (26.5) 

Ruthe,ford category 

3-severe claudication 7' (4.3) 

4-ischaemic rest pain 29 (17.7) 

5-minor tissue loss 109 (66.5) 

6-major tissue loss 19 (11.6) 

Previous amputation 42 (25.6) 

Major amputationc 7/164 (4.3) 

Medication 

Statin 100/162 (61.7) 

Platelet inhlbitor 64/163 (39.3) 

Categorica! values are presented as counts (percentages); contìnuous 
va1ues are presented as mean ± standard deviation 

8ane patient did not receive the study device. No information about 
the kind of treatment is a vailable 

bPhotoplethysmography indicated criticai limb ischaemia 

e Above transmetatarsal 

receive the study device or had peripheral artery diseases 
(PAD) of Rutherford category 3 at baseline, the 12-month 

incidence of clinica! improvement was 79.0%. 

Secondary Effectiveness Outcomes 

The WIQ score improved by 7.1 ± 27.9% (p = 0.0119) of 

the maximum score within 6 months and by 10.7 ± 32.4% 
(p = 0.0035) from baseline to 12 months (Fig. 2A). The 

EQ-5D index improved by 0.08 ± 0.30 (p = 0.0013) 
within 6 months and by 0.07 ± 0.33 (p = 0.0003) aver a 
period of 12 months (Fig. 2B). Patient-reported pain 
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Table 2 Lesion characteristicsa (n = 248) 

Lesion length, mm 

Total lesion length, mm 

Diameter stenosis, % 

Chronic total occlusion 

Artery based 
Patient based 
Severe calcificationb 

TASC classification
c 

TASCA 
TASC B 
TASC C 
TASC D 
Affected arteries 

Poplitea! artery 

Tibloperoneal trunk 

Anterior tibial artery 

Peronea} artery 

Posteri.or t
i

bial artery 

Number of crnral arteries with runoff to the foot 

o 

I 

2 

3 

71.2 ± 76.5 
107.2 ± 92.6 
89.4 ± 10.5 

105/273 (38.5) 
70/164 (42.7) 
22/83 (26.5) 

48/162 (29.6) 
68/162 ( 42.0) 
39/162 (24.1) 
7/162 (4.3) 
273 
29 (10.6) 
42 (15.4) 
100 (36.6) 
55 (20.1) 
47 (17.2) 

27/155 (17.4) 
73/155 (47.1) 
43/155 (27.7) 
12/155 (7.7) 

Categorica} values are presented as counts (percentages); continuous 
data are presented as mean ± standard deviation 

a Adjacent lesions without angiographic evidence of healthy segments 
20 mm or greater were considered as single lesion 
b Assessed by visual estimate or mediai calcification indicated by 
AB! 2: 1.3 
cloter-Society Consensus for the Management of Peripheral Arteria] 
Disease (TASC) classification of infrapopliteal lesions 

decreased by 1.2 ± 2.1 pain scale units (p < 0.0001) 

within 6 months and by I.O ± 2.8 units (p = 0.003) within 

12 months (Fig. 2C). ABI increased significantly from 

baseline to 6 months (1.1 ± 0.4, p = 0.0009) and from 

baseline to 12 months (1.2 ± 0.4, p = 0.0047). 

Freedom from TLR was achieved in 97 .1 % (standard 

error [SE] 1.4%) and 90.6% (SE 2.6%) of patients at 6 and 

12 months, respectively (Fig. 3A). Freedom from TVR 

(including TLR) was achieved in 94.9% (SE 1.9%) and 

88.4% (SE 2.8%) at 6 and 12 months, respectively 

(Fig. 3B). Patency at discharge was achieved in 97.8% 

(176 of 180 lesions). Cumulative incidence of patient

based primary patency was 91.6% (SE 3.0%) and 68.5% 

(SE 5.2%) at 6 and 12 months, respectively (Fig. 3C). Post 

hoc multivariable analysis revealed male sex as indepen

dent risk factor for worse clinica! response at 6 months 

(odds ratio [OR] 0.17, p = 0.010). Inversely, statin 
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Table 3 Procedure characteristics 

Ioflow intervention 

SFA 
PI 

P2 

P3 

Pre-dilation (patient-based) 
Pre-dilation (DCB-based) 
Balloon ]ength, mm 

Nominai diameter, mm 

Maximum pressure, atm 

Pre-dilation time, sec 

Drug-coated balloona 

DCB/lesion 

Balloon length, mm 

Norninal diameter, mm 

Maximum pressure, atm 

Inflation time, sec 

Post-dilation 

Scoring balloon 

Balloon length, mm 

Nominal diameter, mm 

Maximum pressure, atm 

lnflation time, sec 

Bailout stentingb 

Medication at 6 months 

Statin 
Platelet inhibitor 

Medication al 12 months 

Stalin 
Platelet inhlbitor 

51/164 (31.1) 
25/51 (49.0) 
10/51 (19.6) 
11/51 (21.6) 
5/51 (9.8) 
110/163 (67.5) 
159/286 (55.6) 
88.5 ± 46.6 
2.7 ± 3.3 
10.6 ± 3.3 
48.5 ± 41.8 

286 
1.15 
86.4 ± 43.8 
2.9 ± 2.2 
8.5 ± 2.0 
114.4 ± 34.7 
18/163 (li.O) 
2 (1.2) 
63.1 ± 47.1 
5.0 ± 8.8 
10.0 ± 3.3 
82.8 ± 59.7 
5/163 (3.1) 

98/137 (71.5) 
50/136 (36.8) 

89/119 (74.8) 
33/116 (28.4) 

Categorica! values are presented as counts (percentages); contìnuous 
va1ues are presented as mean ± standard deviation 

DCB drug-coated balloon; SFA superficial femoral artery; Pi proxi
mal poplitea! artery segment; P2 mid-popliteal artery segment; P 3 

distai poplitea! artery segment 
°One of 164 patients did not receive a drug-coated balloon 
bFour lesìons were stented due to dissection and one lesion due to 
residual stenosis > 30% 

medication at 6 months tended to be associated with clin

ica! improvement (OR 3.08, p = 0.053) (Fig. 4). 

Safety Outcomes 

Freedom from minor arnputation was 82.5% (95% CI: 

75.1-87.9) at 6 months and 77.8% (95% CI: 69.4-84.1) at 

12 months. Limb salvage was 97.l % (SE 1.4%) and 95.4% 

(SE 1.9%) at 6 and 12 months, respectively (Fig. 5A). 

Survival was 94.5% (SE 1.8%) and 87.8% (SE 2.7%) at 6 
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-1 
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Fig. 1 Distribution of Rutherford calegories at baseline and follow
ups (A), and clinica! improvement from baseline to 6 months (B) and 
to 12 months (C) 

and 12 months, respectively (Fig. 5B), and major ampu
tation-free survival was 90. 7% (SE 2.3%) and 83.8% (SE 
3.0%) at 6 and 12 months, respectively (Fig. 5C). 

A 

E 
:, 
E 

-� E 
o 

100 

80 

60 

Mean 
SD 

Patients 

B 1.0 

0.8 

:.,,� ..e 0.6 

1 0.4 
o "' 
� 0.2 

-0.2 

Mean 
SD 

,�p=0.�035� 

P= 0.0119 

+ 

25.8% 
27.1% 

162 

+ 

33.8% 
30.8% 
129 

p = 0.0013 
1 l 

0.68 
0.26 

+ 

37.5% 
33.3% 
116 

Patients 161 

0.76 

0.24 
129 

0.77 
0.28 
114 

e 10 

Mean 
SD 

-P= 0.003-

P<0.0001 

4.1 

2.6 

Patients 164 

3.1 
2.3 

130 

2.8 
2.5 
118 

Baseline 6 months 12 months 

Fig. 2 Quality of life at baselioe and at 6- and 12-month follow-ups 
expressed in Walking Impainneot Questionnaire score (A), European 
Quality of Llfe-5 Dimensions score (B), and patient-reported pain 
(C). Box plots indicate median and interquartile range. Whiskers end 
with the lowest and highest data point. Red dots represent means wilh 
their corresponding 95% confideoce interval. SD standard devìation, 
WIQ Walking Impairment Questionnaire, EQ-5D European Quality of 
Life-5 Dimensions score 
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A tota! of twenty patients (15. 9%) di ed within one year 

of the intervention. Five patients died from heart failure, 

four from sepsis, two each from stroke, renai failure, 

pneumonia, or haemorrhage, and one each from myocar

dial infarction or arrhythmia. One death remained unex

plained (Table 4). Without consideration of patients who 

did not receive the study device or had P AD of Rutherford 

category 3 at baseline, 12-month incidence of restenosis 

was 25.7%, of repeat revascularisation 11.3%, of minor or 

major amputations 26.5% and 5.3%, respectively, and of 

mortality 15.8%. 

Post hoc logistic regression revealed a higher BMI and 

intlow vessel intervention as independent predictors for a 

reduced risk of death or amputation at 12 months (OR 0.88 

[p = 0.007] and OR 0.37 [p = 0.040], respectively). Renai 

insufficiency tended to increase the risk of death or 

amputation (OR 2.2, p = 0.078) (Fig. 6). 

Discussion 

After angioplasty with the ELlff A.X SV DCB, the majority 

of patients improved clinically. A significant share reported 

on an improved quality of !ife that maintained throughout 

the following year. Repeat revascularisation was needed in 

about one of eight patients, and minor amputation in one of 

four. Eighty-four per ceni of the patients survived the first 

year after revascularisation without major amputation. 

Clinica! lmprovement 

Clinica! improvement and quality of !ife (QoL) are rarely 

reported in trials on CLI because limb salvage is para

mount. Although QoL is highly subjective, it is a useful 

complement of clinica! effectiveness outcomes. This study 

found a sustained improvement of QoL in a population 

with advanced disease and multiple comorbidities. 

Increased walking ability and activity might have con

tributed to patency and collateralisation. The favourable 

impact of statin on clinica! improvement is supported by 

previous results from the CRITISCH registry [13] and a 

large-scale Swedish registry [14]. Therefore, preventive 

pharrnacological treatment pursuant to guidelines [4] 

should be strongly recommended. The former registry 

additionally confirms the worse treatment response in men. 

Patency and Repeat Revascularisation 

Meta-analysis on three randomised trials that compared 

infrapopliteal DCB angioplasty with POBA in CLI patients 

(DEBATE-BTK [15], IN.PACT DEEP [16], BIOLUX P-11 

[ 171) reported on a non-significant trend in favour of DCB 

angioplasty regarding restenosis [7, 9]. However, 
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Fig. 3 Kaplan-Meier survi val estimates for freedom frorn target 
lesion revascularisation (A), freedom from target vessel revascular
isation (B), and primary patency (C). CI confidence interval, PP 

primary patency, TLR target lesion revascularisation, 7VR target 
vessel revascularisation 

heterogeneity was significant. One-year incidence of 

restenosis after POBA varied between 47 and 74% 

[6, 9, 15]. In contrast, incidence of restenosis after DCB is 

reported with 30% and thus is in line with the findings from 

this study. This advantage is probably due lo inhibition of 

neointimal proliferation by paclitaxel. 
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from the chronological order of its application. Finally, our explora

tive model needs to be validated externally. We will provi de this con

fìnnation in a timely manner in a subsequent publication. 

Conclusions 

In summary, our analysis found the use of DED to be safe for endo

vascular therapy of the lower limbs. Particularly with regard to long

tenn mortality, neither DCB nor DES was associateci with increased 

risk compared to non-DED. Furthermore, our analysis exemplarily 

demonstrates the signifìcance of health claims data for assessing ur

gent safety concems without undue delay. 

Supplementary material 

Supplemertary materiai is available at European Heartjoumal online. 
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Intracranial atherosclerotic disease (ICAD) is a well-
known cause of stroke and is responsible for approxi-
mately 5–10% of all strokes [1]. The annual risk of re-
current stroke in symptomatic ICAD is around 9–12% 
despite optimal medical treatment [2]. Patients present-
ing with symptomatic ICAD have been managed endo-
vascularly (ET) for over two decades. Still, although initial 
results of such treatment were encouraging, the rates of 
periprocedural complications and restenoses were high, 
15% and 34%, respectively [2].  

Recently, in order to improve the results of ET, nov-
el methods such as drug-coated balloons (DEBs) are in-
creasingly used in these patients. The DEBs are routinely 
used for the treatment of coronary artery disease, as well 
as in patients presenting with peripheral arterial lesions. 
Intracranial arteries (IA) are a new target for this endo-
vascular tool. Since IA differ from the coronary ones and 
those of the extremities, in terms of their morphology, 
there are some devices registered for this unique applica-
tion. The Elutax “3” Neuro drug coated balloon (AR Baltic 
Medical, Vilnius, Lithuania), which is a  hydrophilic bal-
loon covered with paclitaxel trapped in a dextran matrix, 
is one such device specifically designed for neurovascular 
applications. Of note, according to the manufacturer, this 
balloon does not require predilation, since the loss of its 
unique resistant polymer during the navigation through 
lesions is not higher than 5%. The balloons are avail-
able on a rapid exchange catheter, diameter 1.5–6.0 mm  
and length 10–40 mm.

In this report we present a case of ET in a 57-year-old 
patient presenting with stroke resulting from atheroscle-

rotic stenosis in the C5/C6 (clinoid/ophthalmic) segment 
of the internal carotid artery (ICA), who was managed 
with this specific endovascular device (first in Poland).

This patient presented with recurrent stroke of the 
left cerebral hemisphere. Angiography revealed a  short 
critical stenosis in the C5/C6 segment of the left ICA (Fig-
ure 1 A) and also 60% stenosis in the C5 segment of the 
right ICA. Furthermore, there was no adequate collateral 
inflow to the left cerebral hemisphere from the right side. 

Considering the previous history of this patient and 
angioarchitecture of his IA circle, we decided to address 
the lesion of the left ICA, endovascularly, using DEB and 
a proximal protection system. After introduction of the 
Mo.Ma 8F (Medtronic, Minneapolis, MA, USA) protection 
system, a Transcend wire (Boston Scientific, Natick, MA, 
USA) was navigated into the periphery of the left middle 
cerebral artery. One inflation of the 3.5 × 15 mm Elutax 
3 Neuro balloon, inflated under the pressure of 6 atm for 
30 s, was performed (Figure 1 B). Of note, the duration 
of the balloon inflation, in comparison with extracranial 
arteries, was relatively short. Still, the producer of this 
particular balloon recommends a  15 s inflation. Con-
sidering the characteristics of the lesion, we performed 
a longer inflation, yet the 30 s time also included a slow 
and gentle filling of the balloon. The final angiographic 
result of the procedure was good (Figure 1 C). The post-
procedural course of this patient was uneventful. He was 
discharged home with a  recommendation to use dual 
antiplatelet platelet therapy (DAPT) up to 6 months after 
the procedure. During the 6-month follow-up, the patient 
did not develop any new neurological symptoms, and the 
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follow-up digital subtraction angiography examination 
after 6 months confirmed the good result of the proce-
dure (Figure 1 D).

There are some technical issues associated with ET of 
such challenging cases that should be discussed. Implan-
tation of stents in the intracranial segments of the ICA 
is associated with a  high rate of severe complications, 
at the level of 5–15%. Therefore, the use of DEBs seems 
to be a promising alternative [3, 4]. There is also a high 
risk of periprocedural peripheral embolization; thus the 
use of proximal protection devices, which shield the 
brain during the procedure and allow for the use of any 
guidewire, seems indispensable. There are also some ad-
vantages of the Elutax “3” Neuro balloon. This device is 
dedicated to the treatment of lesions in the IA. It can also 
be used without prior predilation, which reduces the risk 
of dissection and the need for stent implantation [4]. Re-
garding postprocedural pharmacotherapy after the use 
of stents or DEB in IA, no widely accepted recommenda-
tions exist at the moment. In our patients we routinely 
use DAPT for 6–12 months. In this case, we asked the 
patient to take DAPT for 6 months, until the follow-up; 
then, he received only aspirin.

Finally, it should be emphasized that although ET of 
symptomatic stenosis of intracranial segments of the ICA 
can be a  life-saving procedure, it should be performed 
exclusively in centers with high expertise in carotid in-
terventions.
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Application of drug-coated balloons for intracranial atherosclerosis disease: 
a systematic review 
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A B S T R A C T

Background: Although percutaneous transluminal angioplasty and stenting (PTAS) was an effective and safe 
alternative treatment for severe intracranial atherosclerosis disease (ICAD), the high rate of restenosis remained a 
major issue for this endovascular procedure. Recently, the application of drug-coated balloons (DCB) in ICAD 
was developed to reduce restenosis. This systematic review aimed to evaluate the efficacy and safety of DCB 
angioplasty for ICAD. 
Methods: We searched relevant databases for eligible studies enrolling ICAD patients treated with DCB. The event 
rates of restenosis and periprocedural complications in the follow-up period were pooled with random-/fixed- 
effect models using Freeman-Tukey double arcsine transformation. Heterogeneity tests and publication bias tests 
were performed. 
Results: Two hundred and twenty-four ICAD patients treated with DCB from 9 eligible studies were included. Rate 
of stenosis in the DCB arm before treatment was ranged from 62% to 90% and reported median follow-up was 
ranged from 3 to 10.7 months. The pooled incidence of restenosis were 5.7% (95% confidence interval [CI] 
2.6%− 9.7%; I2 

= 0%, p = 0.516) and 5.9% for periprocedural complications (95% CI: 2.5–10.3%; I2 
= 0%, p =

0.649) in follow-up term. 
Conclusion: With the limitation of the low quality of the available evidence, angioplasty with DCB appears to be 
effective and safe in severe ICAD. Further larger randomized trials are needed to provide more definitive evi-
dence and to address the ideal clinical context for their application.   

1. Introduction

Intracranial atherosclerosis disease (ICAD) is a major cause of
ischemic stroke, responsible for approximately 17–35% and 10% of 
ischemic cerebrovascular events in Asians and Whites, respectively [1, 
2]. It has been demonstrated that patients with ICAD are at high risk of 
recurrence and poor prognosis especially in high-grade stenosis [3]. Due 
to the high periprocedural complications rate and high incidence of 
restenosis of percutaneous transluminal angioplasty and stenting (PTAS) 
used in ICAD [4,5], best medical treatment (BMT) remains the major 
preventive measure [6]. However, in a subgroup analysis of Stenting and 
Aggressive Medical Management for Preventing Recurrent Stroke in 

Intracranial Stenosis (SAMMPRIS) trial, the incidence of recurrent 
ischemic events beyond 30 days in the BMT group was threefold higher 
than in the PTAS group (6.2% versus 2.2%) [7]. Poor adherence to strict 
medical management caused patients to be unable to achieve target 
blood pressure and low-density lipoprotein cholesterol level. ICAD pa-
tients with high-grade stenosis are still confronted with a high risk of 
stroke recurrence. Thus, PTAS remains a crucial alternative for ICAD. 
Moreover, recent trials indicated promising results and reconfirmed the 
safety and efficacy of the application of PTAS in selective ICAD [8,9]. 

The introduction of balloon dilation with or without the implanta-
tion of the stent was able to significantly attenuate the rates of stenosis of 
intracranial arteries. Nonetheless, stent implantation might lead to 
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several certain issues including high restenosis rates and severe bleeding 
complications led by long-term duration use of dual antiplatelet treat-
ment (DAPT). The underlying mechanism of restenosis could be 
explained by neointimal hyperplasia and smooth muscle cell prolifera-
tion on intracranial arteries [10]. 

To reduce the incidence of restenosis and shorten the duration of 
DAPT, drug-coated balloon (DCB) was primarily developed in coronary 
artery disease (CAD) with combination therapy of angioplasty and 
antiproliferative drug to the vessel wall [11,12]. By inhibiting the pro-
cess of neointimal hyperplasia, the use of DCB could reduce the reste-
nosis in long term. Also, with the advantage of avoiding a permanent 
implant, the application of DCB alone could shorten the duration of 
DAPT and consequently, reduce the rates of any bleeding complications 
[13]. 

Several studies had reported the safety and efficacy of DCB used in 
ICAD. However, due to fewer enrolled cases, the merged results were 
needed to clarify the effect. Thus, to review current evidence, we con-
ducted a systematic review to outline studies results with the use of DCB 
for ICAD and to further elucidate the ideal clinical application. 

2. Material and methods

Our systematic review and meta-analysis were performed according
to the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines [14]. 

2.1. Literature search strategy 

We searched published studies up to June 2021 using the following 
databases: MEDLINE (PubMed), EMBASE, Web of Science, Wanfang 
Database (Chinese), and references from identified articles and pub-
lished reviews. We used the following keywords: “drug-coated balloon” 
or “drug-eluting balloon” and “intracranial atherosclerosis disease” or 
“ICAD”. We also screened the reference papers from retrieved articles 
not identified through the initial search. The detailed search strategy 
was also seen in Data Supplement (Table S1). 

2.2. Study selection and eligibility criteria 

Two authors (Alvin YC, Wang, and H Lin) decided about inclusion or 
exclusion according to the following criteria: i) patients with ICAD 
confirmed by clinical presentation and digital subtraction angiography; 
ii) studies enrolled ICAD patients undergoing PTA with DCB; iii) at least
one of the following outcomes should be reported: restenosis, peri-
procedural complication, technical failure.

We excluded those studies that 1) case reports with less than 5 cases; 
2) reviews or conference papers. Abstracts and titles were screened for
potentially relevant studies and assessed for eligibility in full text by two
independent reviewers (GM Li and HZ Qiao). Discrepancies were
resolved by consulting a third experienced researcher (Alvin YC, Wang).
Reference papers management and deduplication were performed in
ENDNOTE X9.2.

2.3. Data extraction and methodological quality evaluation 

The following variables were extracted by two independent in-
vestigators (GM Li and WL Yang) from the included studies and tran-
scribed into a standardized data extraction template. The following 
information (if available) was extracted from included studies: first 
author, title, year of publication, region, study design, sample size, age 
(median or mean), gender(%), rate of stenosis degree before and after 
angioplasty, time from ischemic event to intervention, devices of DCB 
used, comparison group, duration of follow up, outcome and frequency 
of outcome. Restenosis was defined as 1) > 50% stenosis degree during 
follow-up; 2) with/or without clinical symptoms; 3) assessed by DSA or 
other reported detection methods. Periprocedural complications were 

defined as stroke or death within 30 days. 

2.4. Statistical analysis 

All statistical analyses were performed by the ‘meta’ package [15] 
running in R version 4.1 [16]. We adopted a narrative approach 
describing the participant characteristics. To estimate the pooled pro-
portions of restenosis and periprocedural complications, 
Freeman-Tukey double arcsine transformation was performed as it was 
suitable for studies with zero event [17]. Study heterogeneity was 
expressed as % (low [25%], moderate [50%], and high [75%] and 
Cochrane Q statistic [significance level < 0.05]) [18]. Both fixed- and 
random-effects summary estimates were reported. Publishing bias was 
assessed by Begg’s and Egger’s tests [19]. If the two-side p-value of 
Begg’s and Egger’s test was lower than 0.05, publication bias was 
considered statistically significant. 

3. Result

3.1. Literature research 

The flow chart summarized the searching process and study identi-
fication (Fig. 1). Initial databases searches yielded 2036 articles after 
removal of duplicates. After screening titles and abstracts, 2006 articles 
were excluded for case report, reviews articles, abstract articles or 
irrelevant to the study. Of these, full texts of 30 potentially relevant 
studies were retrieved for further identification. According to the in-
clusion or exclusion criteria, 21 studies were excluded for the following 
reasons: irrelevant to the current analysis (n = 6), DCB was used in 
extracranial arteries (n = 10), DCB was used in MCA total occlusion(n =
1), DCB was used for predilation before stent implanting (n = 1), case 
reports (n = 3). Finally, 9 eligible studies were enrolled for further 
analysis [20–28]. 

Fig. 1. Flowchart for study screening and selection.  
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3.2. Study characteristics 

Detailed characteristics of 9 included studies were summarized in  
Table 1 and Table 2. Overall, the studies were published between 2011 
and 2020. All studies were retrospective enrolled. Of these, three studies 
compared DCB with conventional balloons [20], wingspan system [21], 
any stents [27], and rest of them were single-arm designs. Two studies 
reported the application of Neuro Elutax SV (Aachen Resonance), a CE 
certificated DCB, and one study reported unknown DCB devices. Most of 
the enrolled studies selected SeQuent Please (B Braun, Melsungen, 
Germany) for angioplasty. Five studies were performed in China, 3 in 
Switzerland and 1 in Germany. 

A total of 224 subjects were identified, with an average age ranging 
from 56 to 73 years. The proportion of male subjects ranged from 57.1% 
to 100%. The rate of stenosis in the DCB arm before PTA ranged from 
62% to 90%. Median follow-up duration was reported in 8 studies and 
ranged from 3 to 10.7 months. 

3.3. Proportion of restenosis and periprocedural complications in ICAD 
treated with DCB 

Eight studies reported the outcome of restenosis and periprocedural 
complications in ICAD treated with DCB during follow-up. Proportion of 
restenosis and periprocedural complications was relatively low in 
enrolled studies. No restenosis event was described in 2 studies [22,28] 
while 15% in another study [24]. No periprocedural complication was 
reported in 1 study [22] and 13% in another paper [21]. Pooled esti-
mates were 5.7% for restenosis (95% confidence interval [CI] 2.6%−

9.7%; I2 = 0%, p = 0.516) ( Fig. 2) and 5.9% for periprocedural com-
plications (95% CI: 2.5%− 10.3%; I2 =0%, p = 0.649) (Fig.3) in the 
follow-up term. For both outcomes, the funnel plots were symmetric 
(Figs.S1–2) and publication bias was not detected as Begg’s and Egger’s 
test was not statistically significant in both groups (P＞0.05). Technical 
failure rates were ranged from 0% to 13%. 

4. Discussion

Our research found no randomized trial to study the efficacy and

safety of DCB use in ICAD. Moreover, the overall quality of the enrolled 
studies was low due to retrospective, single-arm design and small sample 
size. Our study provided low-quality evidence to support the promising 
safety and efficacy of the application of DCB in ICAD. 

4.1. DCB for restenosis 

Restenosis was considered a crucial risk factor for long-term ischemic 
events recurrence [20,29]. Age, smoking, lesion location, poor adher-
ence to rigorous medical treatment were contributed to the progression 
of restenosis [30,31]. Stents implantation was considered as another risk 
factor leading to restenosis, induced by the development of atheroscle-
rotic plaque inside the stent [32]. Two previous meta-analyses reported 
that for symptomatic intracranial stenosis, stent implanting (14.8%, 
95% CI, 11.9–17.9%) was more likely to develop into restenosis than 
balloon angioplasty alone (11.5%, 95%CI: 6.9%− 19.1%) [33,34]. To 
our best knowledge, the major underlying mechanism of restenosis was 
intimal hyperplasia and excessive proliferation of vascular smooth 
muscle cells [35]. This process, characterized by early foamy macro-
phage infiltration, atherosclerotic plaque development, and necrotic 
core plaque formation, was observed in bare-metal stents and occurred 
earlier and more frequently with drug-eluting stents (DES) [36]. The 
inflammatory response was also an important potential mechanism for 
intimal hyperplasia and vascular smooth muscle cell proliferation [37, 
38]. Furthermore, intracranial arteries might be more susceptible to 
inflammatory changes and plaque instability due to prominent expres-
sion of proinflammatory proteasomes [40]. 

To lower the rate of restenosis, drug-coated devices, loaded with 
antiproliferative drugs (e.g., paclitaxel, sirolimus), were firstly devel-
oped in CAD, including DES and DCB. Those anticancer agents could 
inhibit the proliferation of smooth muscle cells and reduces intimal 
hyperplasia [41], as well as alleviate inflammatory response. The 
application of DES in CAD significantly reduced the incidence of reste-
nosis [42–44]. Also, for ICAD subjects, a meta-analysis reported the 
encouraging effect of DES to reduce the incidence of restenosis (5.2%, 
95%CI:1.5–11.1%) [45]. However, DES might be associated with an 
increased incidence of late thrombotic complications, most likely due to 
the prolonged endothelization process resulting from the sustained drug 

Table 1 
Characteristics of participants from enrolled studies.  

Author Year of 
Publication 

Region Participants No. of 
Cases 
Enrolled 

Male, 
% 

Age (mean 
or median) 

Rate of stenosis 
in DCB arm 
before PTA, % 

Devices of 
DEB 

Comparison 
group 

DAPT Duration 

H. Henkes 2011 Germany ICAD with 
ISR 

51 72.5 67 62% SP Conventional 
Balloon 

1 year 

Luca 
Remonda 

2018 Switzerland ICAD 8 62.5 68.5§ 81% NESV Wingspan 
System 

unknown duration 
for DCB alone and 6 
months for stents 

Luca 
Remonda 

2018 Switzerland ICAD 10 100 73§ 78% SP None 3 months 

Wei Wang 2018 China ICAD 30 80 57.4 82% SP None 3 months for DCB 
alone and 6 months 
for stents 

Philipp 
Gruber 

2020 Switzerland ICAD 33 81.2 72§ 80% SP or 
NESV 

None 3 months 

Alvin Yi- 
Chou 
Wang 

2020 Taiwan, 
China 

ICAD 35 57.1 61.3 77% SP None 3 months 

Sheng 
Guan 

2020 China ICAD with 
ISR 

11 90.9 56 76% SP None 3 months 

Ju Han 2020 China ICAD 42 71.4 57.6 90% SP Any stents 3 months for DCB 
alone and 6 months 
for stents 

Ximeng 
Yang 

2020 China ICAD 16 93.8 63.1 75% Unknown None 3 months 

§ expressed in median
Abbreviation: ICAD: intracranial atherosclerosis disease; ISR:in-stent restenosis; PTA: percutaneous transluminal angioplasty; SP: SeQuent Please; NESV: Neuro Elutax
SV; DAPT: Dual antiplatelet therapy; DCB: drug-coated balloon.
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release and chronic inflammatory response [46,47]. More importantly, 
stent implantation required prolongation of DAPT which was associated 
with more bleeding complications. 

DCB was a drug delivery system by balloon dilation. As previously 
discussed, the application of DCB might achieve a lower incidence of 
restenosis by means of antiproliferative effect and no stent re-
quirements. Beyond that, balloon inflation provided a broader area of 
surface contact and ensured homogeneous delivery of the drug to the 
vessel wall. DCB also had the benefits of potential improvement in 
delayed arterial healing, luminal gains, and early restoration of normal 
vessel anatomy [48]. Moreover, the application of DCB was less likely to 
develop into bleeding complications since a shorter duration of DAPT 
was allowed for 1–3 months for DCB use alone [49]. 

Our review reported relatively lower rate of restenosis for 5.7% (95% 
CI: 2.6%− 9.7%) compared with one-year restenosis of 17.6% (18/102) 
in WOVEN (Wingspan One-year Vascular Events and Neurologic Out-
comes) study [50] and one-year symptomatic in-stent restenosis of 9.6% 
(95%CI: 6.1%− 14.9%) in the SAMMPRIS stent cohort [51]. Although 
post-procedure residual stenosis indices were slightly high (0–50%) in 
the DCB group, the stenosis rates in long-term follow-up were lower than 
the post-procedural term in 2 reported studies (absolute luminal gain: 
7.4%− 10%) [25,27]. This was supposed to be associated with the role of 
vascular healing of DCB. The SEDUCE study also demonstrated the po-
tential arterial healing effect of DCB with the usage of optical coherence 
tomography (OCT) in CAD. It suggested that DCB was associated with a 
good healing pattern at late follow-up [52]. 

4.2. Duration of DAPT for DCB alone 

Although the evidence regarding the duration of DAPT following 
treatment with a DCB in ICAD was lacking. eight of enrolled studies 
reported 3 months duration of DAPT except for one study [20] that 
adopted a 1-year duration of DAPT (Table 1). One of enrolled studies 
reported that shorter-term DAPT (3 months) did not increase the rate of 
recurrent ischemic events (13.2% vs 2.6%, P = 0.219), compared with 
stent implantation with longer-term DAPT (6 months) [27]. Currently, 
clinical trials in CAD treated with DCB alone suggested 1–3 months 
duration without significantly increasing ischemic events [11,53]. 
Another review also recommended 4 weeks duration for DCB treatment 
alone in stable coronary disease [54]. Thus, a shorter duration of DAPT 
was acceptable for ICAD with DCB alone, especially in those patients 
with a high risk of bleeding complications. 

4.3. Periprocedural complications in application of DCB 

In our systematic review, we found that the pooled proportion of 
periprocedural complications in ICAD treated with DCB was 5.9% (95% 
CI: 2.5%− 10.3%), which was lower than stent implantation from a 
previous study (16%) [55]. Additional stenting procedure was consid-
ered to be the major factors for higher periprocedural complications. 
However, balloon angioplasty without stent implantation also had a 
similarly high rate of periprocedural complications in ICAD (16.3%, 
95% CI: 9.9%− 26.8%) [33]. Moreover, in our enrolled studies, pre-
dilation with conventional balloons was needed for the introduction of 
DCB as well as stent implant procedure. The additional procedure might 
not be the major reason for the high incidence of periprocedural com-
plications in ICAD. Several studies indicated that high periprocedural 
complications had been criticized for the study designs, including short 
lead-in phase, low volume of institutions, the inexperience of the oper-
ator, and inadequate patient selection [56,57]. Recent trials with 
modified inclusion criteria had reported a lower rate of periprocedural 
complications with 2% [58], 2.4% [8], 4.3% [59], respectively. 

Arterial dissection was another complication that should be noticed 
in the application of DCB in ICAD since the arterial wall needed to 
sustain at least twice dilations by the balloon catheters. The incidence of 
arterial dissection was ranged from 4.8%− 9.1% and only 4 cases Ta
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required immediate remedial stents [25,27]. We had discussed previ-
ously that mild or moderated dissection needed no intervention as it 
might heal by itself and facilitate a later luminal gain [25]. Also, the rate 
of dissection in our enrolled studies was relatively lower than balloon 
angioplasty alone (13.8%, 95%CI: 9.6%− 19.8%). Nonetheless, the 
remedial stent was still needed for severe dissection causing flow 
limiting or arterial occlusion. To avoid dissection, submaximal angio-
plasty technique was recommended in two enrolled studies [21,22] and 
no dissection was reported. Although submaximal angioplasty might 
lead to high residual stenosis, < 50% residual stenosis was sufficient to 
meet the metabolic demands of the ischemic territory distal to the 
occlusive lesion with the advantage of luminal gain from DCB applica-
tion [60]. Moreover, excessively faster inflation and oversize of the 
balloon were crucial risk factors for arterial dissection. In our review, 
DCB was slowly inflated for 30–60 s allowing adequate drug transfer and 
then slowly deflated. The diameter of DCB was selected based on 
80–100% of the normal vessel diameter. A post-interventional angio-
gram was also needed for 10–15 min later following the initial angio-
plasty to detect any flow-limiting dissection or thrombus formation. 

4.4. Technical success in the application of DCB 

The technical failure rate was ranged from 0% to 13% in the enrolled 
studies. Currently, the rigidity of the drug-loading balloon catheter 
prevented itself from passing the tortuous vascular anatomy was the 
major reason for technical failure. In the earlier phase, DCB was used as 
predilation followed by the implantation of stent systems [61] or as 
direct angioplasty without predilation [24] in ICAD. However, DCB 
predilation was failed in 19% of the cases instead of conventional 
balloon predilation. Thus, current studies reported lesions should be 
predilated with a more flexible, smaller diameter conventional balloon 
to facilitate the subsequently attempted advancement of DCB over the 
stenotic vessel lesion. Tortuous intracranial vasculature was also 
thought to be another reason for technical failure. For those patients, we 
had previously recommended applications of intermediate catheters for 

providing proximal support. For extremely tortuous anatomy, we re-
ported the balloon anchor tracking (ANTRACK) technique to advance 
the intermediate catheter close to the lesion [62]. 

Elastic recoil causing more than 50% residual stenosis rate required 
immediate remedial stent implantation. Compared to coronary arteries, 
instead of lipid infiltration, proliferative fibrosis of the intima or 
adventitia was more commonly seen in intracranial atherosclerosis [63, 
64]. That could be the reason for elastic recoil in angioplasty for ICAD. 
Although twice dilation could provide adequate mechanical force to the 
lesion, the incidence of bail-out stent for elastic recoil was relatively 
high in two enrolled studies (2 cases, 6.5%; 10 cases, 23.8%). Severe 
elastic recoil remained a major issue for the application of DCB in ICAD. 

4.5. Implications for future researches with DCB 

To date, currently available data indicated that DCB angioplasty was 
effective and safe for ICAD. However, there were still some issues that 
needed to be solved. First of all, DCB angioplasty for ICAD was not 
approved in some countries. The off-label use of DCB in ICAD might lead 
to certain ethic issues and discouraged the clinical application of DCB. 
Although Neuro Elutax SV was certified for the treatment of intracranial 
lesions, SeQuent Please without intracranial indication was the most 
widely used DCB device in our enrolled studies. Secondly, the number of 
studies and sample sizes to evaluate the efficacy of DCB in the ICAD was 
limited. Also, most of the currently enrolled studies set restenosis as 
outcome of interest whereas other randomized clinical trials used stroke, 
death or disability as main outcome variable. Although the incidence of 
restenosis was highly related to ischemic events, it was still unable to 
clarify whether DCB was more effective than other treatments or not. 
Thirdly, the potential neurotoxicity of the anti-cancer drug loaded on 
the balloon causing damage to the brain remained concerned. 

Thus, to further demonstrate the efficacy and safety of DCB in ICAD, 
prospective and larger sample sizes clinical trials are urged to be per-
formed. Advance evidence for DCB in ICAD is still required before 
widespread clinical utilization. We notice that a prospective, 

Fig. 2. Forest plot summarizing the proportion of restenosis in ICAD patients treated with DCB during follow-up.  

Fig. 3. Forest plot summarizing the proportion of periprocedural complications in ICAD patients treated with DCB during follow-up.  
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multicenter, randomized controlled clinical trial is ongoing to evaluate 
the efficacy and safety of intracranial DCB catheters in the treatment of 
symptomatic intracranial atherosclerotic disease (NCT04631055). This 
study plans to enroll 180 ICAD patients with 70–99% degree stenosis 
and compare the incidence of restenosis between DCB angioplasty and 
stent implantation. 

In future clinical trials, we advised high-resolution magnetic reso-
nance (HRMR) to evaluate the characteristic of intracranial plague 
before DCB angioplasty. With the underlying mechanism of the anti- 
inflammatory effect of anti-proliferative agents [65,66], DCB could 
show another potential benefit during the inflammatory state in the 
plaque. HRMR might help us to differentiate unstable plaque or dis-
sections and characterize the inflammatory status of intracranial plague. 
Contrast enhancement on plaque indicated a high inflammatory burden 
[67] and we considered it should be treated with DCB to further reduce
the restenosis by inhibiting the inflammatory response. HRMR might be
useful in patient selection to distinguish the ICAD subjects who were
needed to be treated by DCB. Likewise, the use of HRMR helped us to
identify the anatomical relationship between intracranial lesions and
branch arteries and guided us to avoid the ‘snow-plowing’ effect [68].

Another issue is that the paclitaxel is considered a cytotoxic agent 
which might lead to some neurotoxic events [69]. Sirolimus was another 
widely used effective anti-proliferative drug. Preclinical studies indi-
cated that higher dosages of paclitaxel might lead to a more unstable 
phenotype of the plaque due to increased apoptosis in the vessel wall 
compared with sirolimus [70]. In hypoxic conditions, the 
anti-proliferation effect of paclitaxel was significantly weaker than 
sirolimus in inhibiting hypoxic cell proliferation and the potential 
mechanism was related to inhibitions of HIF-1α expression and glycol-
ysis [71]. Sirolimus was also thought to be no neurotoxic in the canine 
cerebral vasculature [72]. Therefore, sirolimus-coated devices may be 
safer and more effective in the hypoxic territory from plaque given the 
condition of restricted blood flow to the brain tissue in mostly ICAD. 

Recently, newer-generation sirolimus-coated balloons (SCB) had 
been developed with advanced delivery technologies and they exhibited 
similar efficacy and safety compared with paclitaxel-coated balloons 
(PCB) in the treatment of coronary DES in-stent restenosis [73]. Lower 
major adverse cardiovascular events (MACE) and target lesion revas-
cularization (TLR) rates were observed in other SCB used prospective 
registry studies [74,75]. Although no report about the application of 
SCB in cerebral arteries diseases, SCB may have an emerging role in 
treating ICAD in terms of preclinical studies and CAD reports. 

5. Conclusions

From our comprehensive study, we considered that DCB angioplasty
was an effective and safe procedure for ICAD. It might become a 
promising alternative treatment for ICAD. DCB angioplasty alone had 
some potential advantages in treating ICAD from literature review, 
including anti-restenotic effect, the introduction of no stent implant, and 
shorter duration of DAPT. Nonetheless, the current studies did not 
support widespread application in clinical utilization. Further prospec-
tive clinical trials were needed to address the effectiveness of DCB an-
gioplasty in ICAD. Also, the development of newer DCB devices with 
advanced anti-proliferative drugs and a more flexible catheter was 
necessary for intracranial use. 
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Introduction

Both acute thrombotic and chronic critical lower 
limb ischaemia are associated with high morbidity 

and mortality, and also with a  high risk of unsuc-
cessful revascularisation of the limb, requiring its 
amputation. Routine management of both types of 
limb ischaemia consists of anticoagulation followed 
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A b s t r a c t

Introduction: Mechanical thrombectomy is an alternative to local thrombolysis for the treatment of severe ischaemia 
in the femoropopliteal segment, but stent implantation is usually required after this procedure. The use of drug-elut-
ing balloons (DEBs) may overcome long-term problems associated with stents, but it remains unclear how often such 
a treatment is technically feasible and efficient.
Aim: This post hoc single-centre study was aimed at assessment of the feasibility, safety and efficacy of mechanical 
thrombectomy followed by application of DEBs.
Material and methods: Fifty-one patients, aged 69.1 ±11.6 years, were managed for acute thrombotic or chronic 
critical ischaemia in the femoropopliteal segment using the Rotarex device. Following mechanical thrombectomy, on 
condition that there was no significant residual stenosis or dissection, lesions were managed with paclitaxel-coated 
DEBs, which was a desired strategy (24 patients). The remaining 25 patients underwent stent implantations, which 
was regarded as bailout treatment. Final follow-up was scheduled 12 months after the procedure.
Results: The primary-assisted patency rate after mechanical rotational thrombectomy with additional balloon angio-
plasty and/or stenting was 97.1% (49 patients). The early mortality rate was 2.0% (1 patient) and the amputation 
rate was 4.1% (2 patients). There were no late mortalities or limb amputations at 12-month follow-up, but significant 
restenoses occurred in 13 (27.1%) patients. These restenoses were more frequent in patients who underwent stent 
implantation (45.5%) than those managed with DEBs (12.5%), and in patients managed for secondary lesions.
Conclusions: In selected patients mechanical rotational thrombectomy in the femoropopliteal segment followed by 
application of DEB is a safe, effective and long-lasting method of revascularisation.

Key words: critical ischaemia, stent, drug-eluting balloon, mechanical thrombectomy, acute limb ischaemia.
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by open surgical repair of occluded arteries (usually 
bypass grafting) [1–4]. Yet, such a treatment in pa-
tients with acute thrombotic ischaemia is associated 
with an amputation rate at the level of 10–70% and 
in-hospital mortality even as high as 15% [5]. In pa-
tients with critical limb ischaemia the amputation 
rate after surgical revascularization is at the level of 
20–25% and the 2-year mortality rate in these pa-
tients is about 50% [2, 5, 6]. Although local throm-
bolysis is associated with better clinical outcomes 
and currently it is preferred to surgical revascular-
ization [7–10], not all occlusions can be opened by 
thrombolytic agents. Those primarily atherosclerot-
ic poorly respond to thrombolysis. Moreover, even 
if thrombolysis is successful, these arteries usually 
re-occlude and stent implantation is often required, 
which carries another problem ‒ in-stent stenosis or 
occlusion, primarily associated with intimal hyper-
plasia within the stent. Mechanical thrombectomy 
seems to be an alternative treatment modality [5, 
11–14], but stent implantation with similar late 
problems is usually required after this endovascular 
procedure. The use of drug-eluting balloons (DEB) 
instead of stents may theoretically overcome clini-
cal problems associated with stents, but it remains 
unclear how often such a  treatment is technically 
feasible in these challenging patients and how ef-
ficient mechanical thrombectomy not augmented 
with stent implantations is in the long run. 

Aim

This post hoc single-centre study was aimed at 
assessment of the feasibility, safety and efficacy 
of mechanical thrombectomy followed by applica-
tion of DEBs for acute thrombotic or chronic critical 
ischaemia of the lower limbs in the femoropoplite-
al segment. We also analysed how often the use of 
rotational thrombectomy enabled an endovascular 
procedure not accompanied by stent implantation, 
and whether the utilisation of DEBs instead of stents 
was associated with a better clinical outcome.

Material and methods

We reviewed our register of endovascular in-
terventions and identified patients with acute 
thrombotic ischaemia or chronic critical lower limb 
ischaemia due to occlusions in the femoropoplite-
al segment, who were managed using mechanical 
rotational thrombectomy (Rotarex®s device; Straub 

Medical AG, Wangs, Switzerland). Technical success 
of mechanical rotational thrombectomy was defined 
in terms of absence of relevant post-procedural re-
sidual stenosis, with cutoff at the level of 50%. Pri-
mary-assisted patency rate was defined as exempt 
from significant stenosis (cutoff at the level of 30%) 
in the target artery following rotational thrombec-
tomy and additional endovascular interventions 
during the primary procedure, such as balloon an-
gioplasty and stenting.  

Potential risks and benefits associated with such 
a procedure were discussed with the patients, and 
all patients gave their written informed consent. 
Clinical indications for mechanical rotational throm-
bectomy in our centre included:
–  occlusions and/or critical stenoses of the distal

femoral artery (distally from the profunda femoris
artery) or the popliteal artery (with or without in-
volvement of its branches);

–  atherosclerotic, atherothrombotic and atheroaneu-
rysmatic lesions;

–  primary lesions and secondary lesions after pre-
vious balloon angioplasty or stent implantations.

Exclusion criteria comprised: highly calcified 
lesions,  no adequate vascular access, contraindi-
cations for antiplatelet therapy, and lack of the pa-
tient’s consent. 

In this study we did not include patients present-
ing with arterial emboli. From June 2014 to Novem-
ber 2016 there were 51 eligible patients, 26 men and 
25 women, with a  mean age of 69.1 ±11.6 years. 
Thirteen (25.5%) patients were managed for acute 
non-embolic occlusions of the distal femoral artery 
and/or popliteal artery and its branches. Out of 
these patients, 6 (46.2%) presented with an acutely 
occluded stent. Thirty-eight (74.5%) patients were 
admitted to the hospital because of critical limb 
ischaemia resulting from atherothrombotic lesions 
at the same level as patients with acute ischaemia. 
In this group there were 5 (13.2%) patients with 
thrombotic occlusions after balloon angioplasty and 
18 (47.4%) patients with chronically occluded stents. 
A majority of patients presented with grade 4 and 5 
(21 and 25 patients, accordingly) of the Rutherford 
classification, and 5 patients presented with severe 
ischaemic ulcers (grade 6 in this classification). The 
demographic profile of both groups of patients and 
their co-morbidities are presented in Table I, while 
localisations and characteristics of arterial lesions 
are described in Table II. 
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Endovascular procedures were performed 
through ipsi- or contralateral femoral access. Before 
intervention all patients received 300 mg of clopido-
grel and 75 mg of aspirin. During endovascular in-
tervention patients were administered intravenously 
unfractionated heparin. Dosing of heparin depended 
on the duration of the procedure. We used 110 cm or 
135 cm long 6 Fr Rotarex®s catheters. Firstly we nav-
igated through the occluded segment with a 0.018”  

guidewire and then performed 2–6 passages of the 
Rotarex system. After at least 2 passages of the 
rotational catheter, control catheter angiography 
was performed. If there was still over 50% steno-
sis, balloon angioplasty was performed. Afterwards, 
if there was no major residual stenosis (over 40%) 
in the target artery and no significant dissection, 
this area was managed with paclitaxel-coated DEBs, 
such as Elutax SV (Aachen Resonance, Aachen, 

Table I. Clinical characteristics of patients

Parameter All patients
(n = 51)

Critical limb ischaemia 
(n = 38)

Acute non-embolic limb 
ischaemia (n = 13)

Male/female ratio 26/25 (51.0/49.0%) 17/21 (44.7/55.3%) 9/4 (69.2/30.8%)

Patients’ age [years] 69.1 ±11.6 70.2 ±11.8 67.9 ±15.5

Diabetes mellitus type 2 20 (39.2%) 12 (31.6%) 8 (61.5%)

Cigarette smoking 17 (33.3%) 13 (34.2%) 6 (46.2%)

Hypercholesterolaemia 22 (43.1%) 16 (42.1%) 6 (46.2%)

Arterial hypertension 44 (86.3%) 34 (89.5%) 10 (76.9%)

Family history cardiovascular disease 9 (17.6%) 7 (18.4%) 2 (15.4%)

History of myocardial infarction 11 (21.6%) 7 (18.4%) 4 (30.8%)

Table II. Localisations and characteristics of arterial lesions

Variable All patients
(n = 51)

Critical limb ischaemia 
(n = 38)

Acute non-embolic limb 
ischaemia (n = 13)

Distal part of femoral artery 12 (23.5%) 10 (26.3%) 2 (15.4%)

Popliteal artery 14 (27.5%) 10 (26.3%) 4 (30.8%)

Distal part of femoral artery and 
popliteal artery

16 (31.4%) 13 (34.2%) 7 (53.8%)

Popliteal artery and its branches 7 (13.7%) 5 (13.2%) 2 (15.4%)

Popliteal artery with aneurysmatic 
dilatation

3 (5.9%) 1 (2.6%) 2 (15.4%)

Distal part of femoral artery and 
popliteal artery with aneurysmatic 
dilatation

2 (3.9%) 2 (5.3%) 0

Mean length of the lesion [mm] 247.0 ±135.8 253.2 ±129.9 303.8 ±140.0

Thrombosis in the area of lesion 34 (66.7%) 22 (57.9%) 12 (92.3%)

Total occlusion of the target artery 44 (86.3%) 31 (81.6%) 13 (100%)

Degree of stenosis (%) 93 ±3.1 92 ±2.2 100

Ankle/brachial index at baseline 0.2 ±0.1 0.4 ±0.15 0.2 ±0.15

Primary lesion 26 (51.0%) 19 (50.0%) 7 (53.8%)

Restenotic lesion 25 (49.0%) 19 (50.0%) 6 (46.2%)
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Germany) or Luminor (iVascular, Barcelona, Spain). 
This was a desired strategy, which was possible in 
24 patients (49.0%). In 25 (51.0%) patients arteries 
revealed significant stenoses despite balloon an-
gioplasty, or there were severe (grade C or higher) 
dissections. These patients underwent stent implan-
tations, which was regarded as a bailout treatment. 
In addition, 6 (11.8%) patients presenting with over 
60% residual stenosis following balloon angioplasty 
and/or significant peripheral embolisation received 
alteplase intra-arterially (5 mg as a bolus, and then 

15 mg during 12 h). Details regarding results of ro-
tational mechanical thrombectomy with the Rotarex 
system are given in Tables III and IV.

All patients were assessed before discharge from 
the hospital. They were discharged with the recom-
mendation of dual antiplatelet therapy with aspirin 
(75–150 mg daily) and clopidogrel (75 mg daily). 
Their follow-ups were scheduled 30 days, 6 and  
12 months after the procedure. Since there was 1 death 
and 2 amputations during the hospital stay, only  
48 patients were followed up (24 patients managed 

Table III. Results of rotational mechanical thrombectomy with Rotarex system in patients with acute vs. 
critical leg ischaemia

Variables All patients
(n = 51)

Critical limb ischaemia 
(n = 38)

Acute non-embolic limb 
ischaemia (n = 13)

Number of passages of the Rotarex 
system 

3 ±2 4 ±2 3 ±1

Degree of stenosis after mechanical 
thrombectomy (%)

54 ±15 55 ±15 45 ±13

Duration of mechanical  
thrombectomy [min]

5 ±2 7 ±2 5 ±2

Patients finally managed with 
drug-eluting balloons

24 19 5

Degree of residual stenosis after  
drug-eluting balloons (%)

13.5 ±4 10.5 ±6 12.5 ±9

Patients finally managed with stents 27 19 8

Degree of residual stenosis after  
stenting (%)

11.5 ±4 10.5 ±6 10.5 ±6

Ankle/brachial index at hospital 
discharge

0.73 ±0.10 0.75 ±0.12 0.75 ±0.14

Table IV. Results of rotational mechanical thrombectomy with Rotarex system in patients finally managed 
with drug-eluting balloons vs. those managed with stents.

Variable All patients
(n = 51)

Patients managed with drug-
eluting balloons (n = 24)

Patients managed with 
stents (n = 27)

Patients presenting with critical limb 
ischaemia 

38 (74.5%) 19 (79.2%) 19 (70.4%)

Patients presenting with acute 
non-embolic limb ischaemia

13 (25.5%) 5 (20.8%) 8 (29.6%)

Number of passages of the Rotarex 
system

4 ±2 3 ±1 4 ±1

Degree of stenosis after mechanical 
thrombectomy (%)

47 ±20 41 ±18 45 ±13

Degree of residual stenosis after  
balloon angioplasty and/or  stenting (%)

14.3 ±6 21.5 ±12 10.5 ±6

Ankle/brachial index at hospital 
discharge

0.71 ±0.14 0.72 ±14 0.70 ±0.12
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with DEBs and 22 patients who underwent stent im-
plantation). At each visit patients underwent physi-
cal examination, evaluation of degree of limb isch-
aemia according to the Rutherford classification and 
duplex sonography of the recanalised arteries. Pa-
tients were also evaluated in a case of clinical wors-
ening or delayed wound healing. Clinical worsening, 
restenosis revealed by sonographic examination and 
delayed healing of an arterial ulcer were the indica-
tions for control angiography and reintervention. 

Statistical analysis

Multivariate stepwise backward conditional lo-
gistic regression analysis was used to determine 
independent predictors of restenosis/occlusion. The 
significance of this analysis was set at p < 0.05. 

Results

Technical success of mechanical rotational 
thrombectomy alone was achieved in 20 (19.6%) 
patientsand there was a 97.1% primary-assisted pa-
tency rate (49 patients) after additional balloon an-
gioplasty and stenting. In 2 (4.1%) patients despite 
recanalisation of the target artery and stenting this 
procedure clinically failed and in both of them am-
putations of ischaemic limbs were performed during 
the hospital stay. Such an unfavourable outcome oc-
curred in 1 patient presenting with acute thrombotic 
limb ischaemia and in 1 with chronic critical isch-
aemia. In both patients, in addition to occlusions of 
the distal femoral artery and popliteal artery, there 
were occlusions of the branches of the popliteal 
artery. There was one in-hospital death (mortality 
rate: 2.0%). This patient died because of intracranial 
bleeding, which probably was associated with infu-
sion of alteplase. There were local complications as-
sociated with mechanical thrombectomy in 5 (9.8%) 
patients – distal embolisation in 4 patients, which 
was successfully managed with aspiration and local 
infusion of alteplase, and perforation of the artery 
in 1 case, which required implantation of a covered 
stent. There were neither mortalities nor major ad-
verse events, such as myocardial infarction, stroke or 
limb amputation in all 48 remaining patients during 
12 months of follow-up. At 12 month follow-up the 
clinical status of the majority of ischaemic limbs had 
improved. Only 1 (2.1%) patient suffered from rest 
pain and 7 (14.6%) patients from severe claudica-
tion. There were no patients presenting with isch-

aemic ulcers. Details are given in Figure 1. In 13 pa- 
tients (27.1%, excluding deceased and amputated 
patients) duplex sonography revealed occlusions or 
severe stenoses in the target arteries. These lesions 
primarily occurred in patients managed for second-
ary lesions (12 limbs). There was only 1 patient with 
restenosis after primary intervention. Also, resteno-
ses and occlusions at follow-up were significantly 
more frequent in patients who underwent stent im-
plantation (10 patients; 45.5%) than in those man-
aged with DEBs (3 patients; 12.5%) – Figure 2. The 
risk of recurrent lesions was higher in patients with 
chronic critical lower limb ischaemia (11 patients; 
30.6%) than those managed for acute thrombotic 
occlusions (2 patients; 16.7%). Details are described 

Figure 1. Degree of ischaemia according to the 
Rutherford classification before intervention 
and at 12-month follow-up
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Figure 2. Kaplan-Meier event-free curves dis-
playing the freedom from restenosis/reocclu-
sion in patients managed with drug-eluting bal-
loons (DEB) vs. those managed with stents
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in Table V. The logistic regression analysis revealed 
that peripheral embolisation during the procedure 
and more than 4 passages of the Rotarex system 
were significantly associated with a  higher risk of 
restenosis/occlusion (hazard ratio: 5.6 and 5.0; p = 
0.018 and 0.025 respectively).

Discussion

In this post-hoc analysis we have demonstrat-
ed that the majority of severe atherothrombotic le-
sions in the femoropopliteal segment that result in 
acute or chronic critical limb ischaemia, and are not 
highly calcified, can be reopened using mechanical 
rotational thrombectomy. In our patient series the 
primary-assisted patency rate after thrombectomy 
augmented by balloon angioplasty and stenting was 
as high as 97.1%. in the in-hospital amputation rate 
was 4.1%. Such management was also safe. In-hos-
pital mortality was 2.0%, which was significantly 
lower than after an open surgical revascularization. 
Moreover, in 49% of patients it was possible to avoid 
stent implantation and instead to manage the area 
of occlusion with DEB. 

Analysis of the clinical outcome of our patients at 
12-month follow-up demonstrated that mechanical
rotational thrombectomy with the Rotarex system
followed by DEB was not inferior to such a throm-
bectomy assisted by stent implantation. Actually,
the results after DEB were better; there were fewer
restenoses and no amputations. Yet, stents were im-
planted in patients with more advanced pathology
and therefore these differences should be interpret-
ed with caution. Similarly, although we identified
peripheral embolisation during the procedure and
more than 4 passages of the Rotarex system as risk
factor of reocclusion, these events were probably
predictors of more advanced arterial disease, and

thus the risk of reocclusion in these patients was 
higher. Similarly worse late results in patients who 
required local fibrinolysis in addition to mechanical 
thrombectomy have already been reported by Kro-
nlage [5]. 

Large epidemiological studies have revealed 
a significant risk of major amputation and/or mor-
tality associated with open surgical revascularization 
for acute and critical leg ischaemia [1–3, 15]. Conse-
quently, local fibrinolysis or endovascular thrombec-
tomy is currently suggested to be a preferred treat-
ment modality [16–20]. In the large study by Freitas 
et al., who managed with Rotarex 525 patients pre-
senting with acute and subacute ischaemia, with 
an average length of occluding lesions of 159 mm, 
there was 1.1% mortality and a 2.3% major ampu-
tation rate during 30-day follow-up. Adverse events 
associated with the treatment occurred in 6.9% of 
patients and mortality after 1 year was 8% [19]. Sim-
ilar outcomes were reported by Kronlage et al. They 
managed 202 patients and in this group amputa-
tion-free survival was 94.3% [5]. 

Although mechanical thrombectomy with the 
Rotarex system has been demonstrated to be both 
relatively safe and efficient [5, 7–9, 14, 16–19], it re-
mains to be established how to optimize such treat-
ment. Even if short-term results are encouraging, 
long-term patency rates in the femoropopliteal seg-
ment after  standard balloon angioplasty or stent im-
plantation are relatively low. The 1-year reocclusion 
rate after balloon angioplasty is at the level of 60% 
[21–28]. Stents do not seem to be a proper solution 
either. When implanted in this part of the arterial 
system, especially in the distal part of the popliteal 
artery or in its branches, a significant proportion of 
currently available stents occlude in the long run, ei-
ther because of a fracture, or due to thrombosis and 
intimal hyperplasia [21–29]. Although novel wire-in-

Table V. Number of patients presenting with severe restenoses and occlusions at 12-month follow-up (pa-
tients who died or had their limbs amputated during first hospitalization were excluded)

Parameter All patients Critical limb 
ischaemia (n = 36)

Acute non-embolic limb 
ischaemia (n = 12)

All patients (n = 48) 13 (27.1%) 11 (30.6%) 2 (16.7%)

Patients managed with drug-eluting balloons (n = 24) 3 (12.5%) 3 (15.8%) 0

Patients managed with stents (n = 24) 10 (41.7%) 8 (47.1%) 2 (28.6%)

Patients managed for primary lesions (n = 22) 1 (4.5%) 1 (6.7%) 0

Patients managed for secondary lesions (n = 26) 12 (46.2%) 10 (47.6%) 2 (40.0%)
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terwoven Nitinol or helically shaped stents, exhibit-
ing a swirling flow, try to overcome these problems, 
they are not yet routinely used and their actual long-
term advantage remain to be proven [30–35]. On 
the other hand, long-term patency rates in the fem-
oropopliteal segment after DEBs are higher than af-
ter standard balloon angioplasty [36–47], while the 
problems associated with stents are avoided. 

The results of our study suggest that the use of 
DEB after mechanical thrombectomy for thrombotic 
acute or critical leg ischaemia resulting from arte-
rial occlusion in the femoropopliteal segment could 
be a desired treatment strategy. However, it should 
be emphasized that it was a retrospective analysis 
and the groups of patients were not fully compara-
ble. A  larger prospective study should be designed 
and performed in order to fully compare the clini-
cal value of DEBs with stents in these challenging 
patients. Also, probably some novel area-dedicated 
stents (such as the aforementioned helically shaped 
ones) should be applied in such a trial. 

Conclusions

The short and intermediate term results from this 
nonrandomised study indicate that the combination 
of mechanical thrombectomy with DEB is safe and 
feasible for the treatment of intermediate to long 
superficial femoral artery/popliteal artery lesions in 
selected patients with severe limb ischaemia. The 
DEB group had higher rates of primary patency and 
freedom from restenosis than the group of patients 
with stent implantation.
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BACKGROUND Native vessel coronary artery disease represents 1 of the most attractive fields of application for drug-

coated balloons (DCBs). To date, several devices have been compared with drug-eluting stents (DESs) in this setting with

different outcomes.

OBJECTIVES The authors sought to compare the short- and long-term performance of the paclitaxel DCB with the

everolimus-eluting stent in patients with de novo lesions in small coronary vessel disease.

METHODS PICCOLETO II (Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment) was an academic,

international, investigator-driven, multicenter, open-label randomized clinical trial in which patients were allocated to a

DCB (n ¼ 118) or DES (n ¼ 114). We previously reported the superiority of DCBs regarding in-lesion late lumen loss at

6 months. Herein we report the final 3-year clinical follow-up with the occurrence of major adverse cardiac events

(MACEs), a composite of cardiac death, nonfatal myocardial infarction, target lesion revascularization, and its individual

components.

RESULTS The 3-year clinical follow-up (median 1,101 days; IQR: 1,055-1,146 days) was available for 102 patients

allocated to DCB and 101 to DES treatment. The cumulative rate of all-cause death (4% vs 3.9%; P ¼ 0.98), cardiac death

(1% vs 1.9%; P ¼ 0.56), myocardial infarction (6.9% vs 2%; P ¼ 0.14), and target lesion revascularization (14.8% vs

8.8%; P ¼ 0.18) did not significantly differ between DCBs and DESs. MACEs and acute vessel occlusion occurred more

frequently in the DES group (20.8% vs 10.8% [P ¼ 0.046] and 4% vs 0% [P ¼ 0.042], respectively).

CONCLUSIONS The long-term clinical follow-up of the PICCOLETO II randomized clinical trial shows a higher risk of

MACEs in patients with de novo lesions in small vessel disease when they are treated with the current-generation DES

compared with the new-generation paclitaxel DCB. (Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease

Treatment [PICCOLETO II]; NCT03899818) (J Am Coll Cardiol Intv 2023;16:1054–1061) © 2023 by the American College
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AB BR E V I A T I O N S

AND ACRONYM S

DCB = drug-coated balloon

DES = drug-eluting stent

LLL = late lumen loss

MACE = major adverse

cardiovascular event(s)

MI = myocardial infarction

PCI = percutaneous coronary

intervention

SVD = small vessel disease

TLF = target lesion failure

TLR = target lesion

revascularization
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I n the last decade, the necessity of developing
newer therapies to mitigate the potential risk of
long-term adverse events after percutaneous

coronary interventions (PCIs) has emerged. Although
drug-eluting stents (DESs) represented a terrific
improvement from the technological point of view,
leading to the treatment of theoretically any complex
coronary anatomy,1 their performance in some lesion
settings, including small vessel disease (SVD), is
lower and associated with an almost 2-fold risk of
target lesion failure (TLF) at 1 year.2-4 Moreover,
with the currently available DESs, the long-term fate
remains associated with a low but constant increase
in adverse events.5 In this regard, some devices
have been developed aimed at reducing late-
occurring adverse events. Among them, drug-coated
balloons (DCBs) have been increasingly adopted for
de novo coronary lesions, particularly in SVD.

Several DCBs have been tested in the native coro-
nary artery disease setting with good angiographic
and clinical results compared with first- or second-
generation DESs,6-8 but only a few of them have
long-term clinical data available.

The aim of PICCOLETO II (Drug Eluting Balloon
Efficacy for Small Coronary Vessel Disease Treatment)
was to test the long-term efficacy and safety of 1 of
the latest-generation paclitaxel DCBs in comparison
with 1 of the most widely used DESs (Xience
everolimus-eluting stent, Abbott Vascular) in patients
with de novo SVD.

METHODS

STUDY DESIGN AND POPULATION. PICCOLETO II
(NCT03899818) is an academic, investigator-driven,
randomized, multicenter, open-label, clinical trial
performed at 5 European centers. The study protocol
was presented and approved at the coordinating
center (ASST Fatebenefratelli-Sacco), and all partici-
pating centers’ ethics committees in 2015. Patients
included in this study were enrolled between May
2015 and May 2018. The protocol was designed in
accordance with the Declaration of Helsinki and the
Good Clinical Practice guidelines. All participants
provided written informed consent before being
enrolled in the study.

We included patients hospitalized either for stable
or unstable coronary artery disease scheduled for PCI.
The angiographic inclusion criterion was native cor-
onary vessel disease with a reference diameter be-
tween 2 and 2.75 mm and stenosis >70% (by
investigator’s judgment and visual estimation). The
exclusion criteria have been reported elsewhere.6 In
brief, they are recent ST-segment elevation
myocardial infarction (<48 hours), highly
calcific coronary artery, highly tortuous
target vessel, index lesion located in the left
main trunk, aorto-ostial lesion, previous
stent implantation at target vessel, target
lesion with chronic total occlusion or longer
than 25 mm, high thrombus burden, and
target lesion involving a major bifurcation.
Figure 1 shows the study flowchart.

INTERVENTION. The open-label randomiza-
tion was performed just after coronary angi-
ography, and patients were randomized 1:1
between the DCB (Elutax SV) and the DES
(Xience everolimus-eluting stent), allowing 1

single lesion per patient. In case of the necessity of
additional lesion treatment, this should have been
performed before the study lesion with any device
deemed necessary by the operator. The study protocol
strongly encouraged predilatation with any device in
both arms in order to ensure optimal angiographic
results. The DCB inflation time had to be at least 30
seconds. If the lesion preparation or the DCB in the
DCB arm led to major, flow-limiting dissection or
vessel recoil, the investigator was allowed to implant a
DES as a bailout. Conversely, investigators were
encouraged not to stent the type A-B coronary dis-
sections according to previous experiences. In case of
bailout stenting, the protocol suggested using stents
shorter than the DCB previously used.

The PCI procedure and antithrombotic agent used
were performed according to current European Soci-
ety of Cardiology guidelines.9 The subsequent
antithrombotic regimen in the DCB arm followed the
GISE (Italian Society of Interventional Cardiology)
Consensus Document with a minimum of 30 days of
dual antiplatelet treatment in case of stable coronary
artery disease and 6 to 12 months in case of acute
patients. In DES-treated patients, we followed the
European guidelines with a minimum of 6 months of
dual antiplatelet therapy (12 months in acute coro-
nary syndrome patients).

STUDY DEVICE. The technical characteristics of the
study devices have been described previously.10

This DCB elutes paclitaxel loaded on a folded
balloon at a dosage of y2.2 mg/mm2 (tolerance of 1.4-
3.00 mg/mm2). The drug is added with the matrix
dextran aiming at preserving paclitaxel delivery to
the vessel wall, ensuring tissue persistence for the
following days.10

STUDY ENDPOINTS. The primary endpoint of this
study was the angiographic in-lesion late lumen loss
(LLL) assessed by an independent core laboratory
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FIGURE 1 Study Flowchart and Follow-Up of PICCOLETO II Study

CEC ¼ clinical events committee; DCB ¼ drug-coated balloon; EES ¼ everolimus eluting stent(s); fup ¼ follow-up; LLL ¼ late lumen loss;

SV ¼ small vessel.
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(University of Ferrara), and noninferiority was hy-
pothesized. The other study endpoints were proce-
dural success, which was defined as angiographic
success and the absence of in-hospital cardiovascular
complications, and major adverse cardiovascular
events (MACEs), a composite of cardiac death, all
myocardial infarctions (MIs), target lesion revascu-
larization (TLR), and the individual components of
MACEs at 1 and 3 years. All clinical events have been
censored and assessed by an independent clinical
events committee after blindly reviewing all docu-
ments. The 3-year clinical follow-up was prespecified
in the study protocol.
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STATISTICAL ANALYSIS. The study hypothesis was
that the DCB was noninferior to the DES in terms of
in-lesion LLL. Accordingly, we assumed an LLL
of 0.20 mm in the DES arm with a delta of 0.35, alpha
of 5%, power of 90%, and a noninferiority margin of
0.25 mm. Thus, a total of 230 patients to be enrolled
in the PICCOLETO II trial, including a possible attri-
tion rate of 10%, was calculated. Cox proportional
hazards models and Kaplan-Meier curves were used
to analyze time-related events. HRs were presented
with 95% CIs. For baseline characteristics, continuous
variables were reported as mean � SD (Mann-Whitney
U test) and categoric variables as frequency with



TABLE 1 Clinical Characteristics of the Study Population

at Baseline

DES
(n ¼ 114)

DCB
(n ¼ 118) P Value

Male 87 (76.9) 83 (70.3) 0.25

Age, y 66 (50-82) 64 (48-80) 0.32

Hypertension 76 (67.2) 77 (65.2) 0.74

Diabetes 40 (35.4) 45 (38) 0.65

Insulin-dependent diabetes 15 (13.3) 21 (17.8) 0.66

Smoke 19 (16.7) 23 (19.5) 0.84

Dyslipidemia 63 (55) 72 (61) 0.66

Renal failure (eGFR <60 mL/min) 12 (10.6) 4 (3.3) 0.03

Previous MI 34 (30) 45 (38) 0.19

Previous CABG 4 (3.5) 4 (3.3) 0.95

Previous PCI 60 (53) 59 (50) 0.33

LVEF 58 [7] 58 [10] 0.89

Clinical presentation
Stable angina 63 (55.7) 64 (54.2) 0.81
Unstable angina 18 (16) 17 (14.4) 0.74
NSTEMI 23 (20.3) 25 (21.1) 0.87
STEMI, late comers 9 (8) 12 (10.3) 0.34

Values are n (%) or median (IQR) unless otherwise indicated.

CABG ¼ coronary artery bypass grafting; DCB ¼ drug-coated balloon;
DES¼ drug-eluting stent; eGFR ¼ estimated glomerular filtration rate; LVEF ¼ left
ventricular ejection fraction; MI ¼ myocardial infarction; NSTEMI ¼ non–ST-
segment elevation myocardial infarction; PCI ¼ percutaneous coronary interven-
tion; STEMI ¼ ST-segment elevation myocardial infarction.

TABLE 2 Lesion Characteristics and Procedural Aspects

DES
(n ¼ 114)

DCB
(n ¼ 118) P Value

SYNTAX score 17 [12] 16 [11] 0.36

Bifurcation lesion 14 (12.3) 15 (12.7) 0.94

Multivessel disease 86 (76) 86 (72.8) 0.5

Target vessel LAD 44 (39) 47 (40) 0.31

Target vessel LCX 35(31) 44 (37.2) 0.12

Target vessel RCA 34 (30.2) 27 (22.8) 0.19

Total contrast use, mL 155 [67-289] 152 [75-301] 0.37

Total fluoroscopy time, min 11 [4-67] 13 [5-59] 0.22

Predilatation 78 (69) 99 (84) 0.007

Postdilatation 66 (59.4) 4 (3.3) 0.001

Scoring balloon use for lesion preparation 18 (15.8) 26 (22) 0.13

Number of devices used 1.12 [1-1.41] 1.03 [1-1.12] 0.004

Length of device used, mm 18.3 � 6.9 21.8 � 8.2 0.006

Mean inflation pressure, atm 13.7 � 2.5 11.4 � 3.3 0.03

Mean duration of inflation, s 21.4 � 11.8 49.2 � 14.5 0.002

Bailout stenting — 8 (6.7) —

Angiographic success 113 (99.1) 116 (98.3) 0.88

Procedural success 112 (98.2) 116 (98.3) 0.92

Intracoronary imaging use 11 (9.6) 12 (10.2) 0.62

Peak troponin I after the intervention, ng/mL 6.14 � 5.80 3.6 � 3.21 0.09

Values are mean � SD or n (%) unless otherwise indicated.

LAD ¼ left anterior descending; LCX ¼ left circumflex; RCA ¼ right coronary artery; SYNTAX ¼ Synergy Be-
tween PCI With Taxus and Cardiac Surgery; other abbreviations as in Table 1.
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percentage, with 95% CIs determined by the Wilson
score method. Adjusted odds ratios were calculated
with the logistic regression model and the HR with
the Cox model. All analyses were performed by
intention-to-treat. All P values <0.05 were consid-
ered statistically significant. All statistical analyses
were performed with SPSS software (version 26,
SPSS, Inc).
RESULTS

Of the 232 patients enrolled in the study, 114 patients
were allocated to the DES and 118 to the DCB group.
Importantly, group allocation was performed before
lesion preparation. Significant differences between
groups regarding the main clinical characteristic of
the population enrolled were not observed (Table 1).
Table 2 describes the procedural characteristics, with
more patients undergoing lesion predilatation in the
DCB arm and longer devices used in the DCB arm. The
bailout stenting rate, which was always performed
with the DES, was only 6.7%.

We previously reported the primary endpoint of
the PICCOLETO II study, which showed the superi-
ority of the DCB vs the DES in terms of in-lesion LLL
(0.04 � 0.28 mm vs 0.17 � 0.39 mm; P ¼ 0.03).6 Other
angiographic and procedural parameters were not
significantly different between the 2 study groups as
well as the 12-month clinical outcome.6

After a median of 1,101 days (IQR: 1,055-1,146 days),
102 patients (86%) in the DCB arm and 101 (88.5%)
in the DES arm underwent the scheduled clinical
follow-up or had available clinical information. All-
cause mortality occurred in 4 patients per group
(P ¼ 0.98); 2 patients died of cardiac causes in the
DCB group (1 fatal MI not related to the target vessel
and 1 end-stage heart failure) and 1 in the DES group
(unexplained and unwitnessed sudden death)
(P ¼ 0.56). Four cases of target vessel thrombosis in
the DES arm and none in the DCB arm (P ¼ 0.042)
were observed. TLR was not significantly lower in the
DCB arm (9 patients [8.8%] vs 15 [14.8%] in the DES
arm; P ¼ 0.18). The MACE rate (ie, the primary
endpoint of the present study) was significantly lower
in the DCB arm compared with the DES arm (n ¼ 11
[10.8%] vs n ¼ 11 [20.8%]; P ¼ 0.046) (Central
Illustration, Table 3).

Figure 2 depicts the Kaplan-Meier curves of MACEs
according to treatment allocation for the entire length
of follow-up.
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CENTRAL ILLUSTRATION Long-Term Study Findings
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Comparison between drug-coated balloons (DCBs) and drug-eluting stents (DES) in coronary vessels <2.75 mm. MACE ¼ major adverse

cardiac event(s); PICCOLETO II ¼ Drug Eluting Balloon Efficacy for Small Coronary Vessel Disease Treatment; TLR ¼ target lesion

revascularization.
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DISCUSSION

SUMMARY OF THE STUDY RESULTS. PICCOLETO II
was a multicenter, multinational, open-label inves-
tigator-driven, randomized clinical trial aiming at
assessing the short angiographic performance of a
novel paclitaxel DCB and its long-term outcome
compared with a new-generation DES. The similar
angiographic performance of the 2 strategies (but
superiority in the case of the primary endpoint LLL
for the DCB) was previously reported. The results of
the latest clinical follow-up of PICCOLETO II, here-
with presented, confirm the safety and the efficacy of
this device with DCB, showing for the first time a
significant reduction in MACEs and target vessel
thrombosis at 3 years compared with the mod-
ern DES.

LONG-TERM EVENTS WITH DESs. The currently
available DESs are highly performing devices in terms
of safety and efficacy. However, in the very long-term,
they still remain associated with a very low but
165
constant risk of adverse events such as TLF every
year. In a recently reported very long-term outcome
study, this event rate with current DESs eventually
reached 43.8% after 10 years, with a yearly rate of
3.3% after year 1.5 On top of this, in the case of more
complex lesion subsets, such as SVD or in case of long
stenting, this late failure can lead to a 2-fold rate in
TLF.2-4 The current patient population routinely
treated in all catheterization laboratories shares a high
bleeding risk, a phenomenon also associated with
higher rates of adverse clinical events after DESs.11

COULD DCB PREVENT LONG-TERM EVENTS?.

Theoretically, DCB angioplasty could be associated
with a flattening of the adverse event curve in the
long-term because this technology does not require
any prosthesis implantation, and DESs are associated
with adverse events, probably related to the perma-
nent metallic prosthesis itself. Moreover, some
paclitaxel DCBs have shown a late positive vessel
remodeling effect when used in native vessel disease,
eventually leading to an LLL proximal to 0 mm.12,13



TABLE 3 Clinical Outcome After 3 Years (Kaplan-Meier

Estimates)

DES
(n ¼ 101)

DCB
(n ¼ 102) P Value

All-cause death 4 (3.96) 4 (3.92) 0.98

Cardiac death 1 (1) 2 (1.96) 0.56

Myocardial infarction 7 (6.9) 2 (1.96) 0.14

TLR 15 (14.8) 9 (8.8) 0.18

Vessel thrombosis 4 (3.96) 0 0.042

MACE 21 (20.8) 11 (10.8) 0.046

Values are n (%) unless otherwise indicated.

MACE ¼ major adverse cardiac event(s); TLR ¼ target lesion revascularization;
other abbreviations as in Table 1.
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Of note, this effect can be particularly appealing in
small- or midsize vessels like the ones treated in the
current study. Other studies have previously shown a
drastic reduction in TLF after the first 9 to 12 months
after DCB application. In the BELLO (Balloon Elution
and Late Loss Optimization) randomized trial, the In-
Pact Falcon paclitaxel DCB (Invatec-Medtronic)
showed a significant reduction in the rate of MACEs
compared with first-generation DESs (14% vs 30%;
P ¼ 0.015) with very few events after 7 months from
the index procedure.14 Similarly, a meta-analysis of
4,590 patients treated with the paclitaxel DCB vs
other treatment options showed reduced rates
of cardiac (risk ratio [RR]: 0.53; 95% CI: 0.33-0.85;
P ¼ 0.009) and total (RR: 0.73; 95% CI: 0.53- 1.00;
P ¼ 0.047) mortality with few adverse events after
12 months.15 The long-term follow-up of PICCOLETO
II shows a divergence between the curve of events
after 20 months, with an almost straight line in the
FIGURE 2 Kaplan-Meier Curves of the Study Endpoint MACEs Accor

MACE ¼ major adverse cardiac event(s); other abbreviations as in Figur
DCB arm. It is difficult to speculate on the behavior of
the DCB after the first months from intervention,
with 1 possibility being the quiescence of any effect
related to a DCB PCI, compared with some detri-
mental effects of the permanent prostheses implan-
ted on the vessel wall at the long-term clinical follow-
up. However, the findings of this report should be put
into the context of a study not powered for clinical
endpoints, with 14% of patients lost at follow-up and
with more patients with renal failure (glomerular
filtration rate <60 mL/min) in the DES arm. More-
over, the low use of intravascular imaging (10% in
each group) might be responsible for a higher risk of
stent underexpansion, leading to a higher risk of
stent thrombosis.

MORTALITY AFTER DCB USE. A few years ago a
meta-analysis shed light on a hypothetical increase in
mortality after paclitaxel application for peripheral
interventions.16-19 Conversely, a meta-analysis on
“coronary” applications for DCBs and other large re-
ports and data sets showed no association between
paclitaxel DCB use and mortality.15,20 The 3-year
outcome of the BASKET SMALL II (Basel Stent Kos-
ten Effektivitäts Trial Drug Eluting Balloons vs Drug
Eluting Stents in Small Vessel Interventions) study
shows similar cardiac (HR: 1.29; 95% CI: 0.63-2.66;
P ¼ 0.49) and all-cause mortality (HR: 1.05; 95% CI:
0.62-1.77; P ¼ 0.87) between DCBs and DESs.21 Our
current 3-year findings reported here further confirm
the lack of any association between all-cause mor-
tality and paclitaxel application in the coronary field,
with 4 cases both in the DCB and the DES arm but
none of them related to a potentially toxic effect of
ding to Treatment Allocation for the 3-Year Follow-Up

e 1.
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PERSPECTIVES

WHAT IS KNOWN? Small vessel coronary artery

disease still represents a challenging subset for DESs

with an increase in long-term adverse events.

WHAT IS NEW? This is the first randomized study

between the new-generation DCB vs the DES in small

vessels to show 1) an improved angiographic outcome

at 6 months and 2) reduced clinical events (MACEs

and acute vessel closure) after 3 years.

WHAT IS NEXT? A larger study adequately powered

for hard clinical endpoints is needed in order to

confirm these findings in a larger data set of patients.
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this drug in other organs. All these findings corrobo-
rate the thesis that a correlation between the
currently available paclitaxel DCB and mortality does
not exist in the coronary field.

STUDY LIMITATIONS. As previously stated,6 this
study has several limitations. First, treatment
assignment was performed in an open-label fashion;
thus, biases in the initial reports and the clinical
follow-up cannot be completely eliminated despite
the blinded clinical event committee and the inde-
pendent core laboratory used. Second, the selection
of centers to participate in PICCOLETO II was done
according to a 5-year experience using DCBs for
native vessel disease, which was also reflected by the
low bailout stenting rate; thus, such results might not
be reproducible in other settings. Another limitation
is that we decided to include the MACE rate as the
cumulative secondary endpoint instead of target
vessel failure, with the inherent limitation of
including MI and not target vessel MI as an endpoint.
At the time of protocol drafting, we did not expect a
major role determined by this endpoint at the long-
term follow-up. Finally, and most importantly, we
report a 3-year clinical outcome that was prespecified
in the study protocol, but the study design and the
final population were not powered enough for draw-
ing definitive conclusions on the long-term clinical
outcome. A study including a larger population and
an ad hoc clinical primary endpoint is necessary to
confirm our preliminary findings.

CONCLUSIONS

PICCOLETO II long-term data show for the first time a
reduction in late adverse clinical events with DCBs
167
compared with current era DESs in de novo lesions,
mainly driven by a reduction of vessel thrombosis
and MACEs after 1 year with DCBs. An adequately
powered study should be conducted to confirm these
preliminary findings.
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Results of New Dual-Drug Coated Balloon
Angioplasty versus POBA for
Femoropopliteal Lesions

Marianna Sallustro,1 Antonio Peluso,1 Davide Turchino,1 Isidoro Maione,1 Flavia Vita,2

Eugenio Martelli,3 Raffaele Serra,2 and Umberto Marcello Bracale,1 Naples, Catanzaro and

Caserta, Italy

Background: The study aimed to assess the 24-month safety and effectiveness of a new gen-
eration drug-coated balloon (DCB) (Elutax; AR Baltic Medical, Vilnius Lithuaniadalso marketed
as Emperor in some European countries; Aachen Resonance, Germany, and AB Medica, Italy)
for the treatment of patients with femoropopliteal lesions.
Methods: From January 2019 to January 2020, DCB angioplasties using Elutax were performed
on 53 consecutive patients (53 limbs) with femoropopliteal lesions (group A) and compared with a
noncontemporary control group (group B) consisting of 71 patients (71 limbs) treated with plain old
balloon angioplasty (POBA) between January 2017 and January 2018. Before performing the an-
gioplasty, both groups underwent clinical examination, ultrasound evaluation, and computed to-
mography angiography to delineate subject clinical and baseline lesion characteristics. Primary
end point was primary patency rate at 24 months. Secondary end points included clinically driven
target lesion revascularization (CD-TLR), overall survival and limb salvage rates.
Results: In both groups technical success rate was 100% with bailout stenting performed in
16.9% (9/53) of lesions in group A, while stenting was necessary in 22.5% of lesions (16/71)
in group B. Patients treated with Elutax exhibited lower 24-month restenosis/reocclusion rate
and improved primary patency compared to those treated with POBA (restenosis/reocclusion
rate: 9.4% vs. 25.3%, CI 95% 0.01e0.30, P ¼ 0.034; primary patency: 88.2% vs. 71.5%, log
rank P ¼ 0.03). Twenty-four-month CD-TLR rate was 7.5% for DCB versus 18.3% for POBA.
No device or procedure-related deaths occurred, and no 30-day mortality was observed in either
group. During the follow-up period, the limb salvage rate was 94.9% for A group and 92.1% for B
group. All minor amputations occurred in limbs presented with chronic limb threatening ischemia
(CLTI). Overall survival was 91.7% for group A and 89.4% for group B.
Conclusions: Paclitaxel + Dextran DCB angioplasty proved safe and effective in managing
chronic lesions of femoropopliteal arteries. Our experience has shown superior primary patency
rate for Elutax when compared to POBA.
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INTRODUCTION

European guidelines1 recommend an endovascular

strategy for lesions<25 cm in both artery symptom-

atic femoropopliteal disease and below knee artery

disease as a first-line treatment. For chronic limb

threatening ischemia (CLTI), the guidelines recom-

mend a revascularization strategy in accordance

with lesion complexity.

Surgical revascularization was once the only

strategy available but in recent years endovascular

approaches have gained popularity due to their

faster recovery times and correspondingly lower

morbidity and mortality rates, particularly in pa-

tients with multiple medical comorbidities.

That being said, higher restenosis rates and low

long-term patency rates remain limiting factors for

the endovascular approach. In order to improve

the primary patency rate following plain old balloon

angioplasty (POBA), bare-metal stents may be

implanted, even if the presence of a permanent

metallic scaffold seems to increase restenosis and

occlusions.

Over the last years, Paclitaxel-based drug-coated

balloons (DCB) and drug-eluting stents (DES)

have been showing promise for the treatment of pe-

ripheral artery disease and have been introduced to

help with lowering restenosis and improving

patency rates.2 Several meta-analyses have reported

the superior performance of paclitaxel-based DCBs

compared to standard POBA for femoropopliteal pe-

ripheral artery lesions,3,4 causing some authors to

consider DCB a first choice for treatment of de

novo stenosis. Many commercial devices are avail-

able and a new generation of DCBs can combine

two drugs to improve results.

A published meta-analysis of randomized

controlled trials has shown an increased risk of mor-

tality within 5 years following application of

paclitaxel-coated DCB and DES in femoropopliteal

lesions,5,6 postulating a dose-dependent relation-

ship between the death and paclitaxel administra-

tion. However, it remains unclear whether

treatment of femoropopliteal lesions with a

paclitaxel-coated DCB leads to an increase in all-

cause mortality in a real-world setting.

The objective of this study is to analyze the safety

and effectiveness of a new generation DCB (Elutax;

AR Baltic Medical, Vilnius Lithuaniadalso mar-

keted as Emperor in some European countries;

Aachen Resonance, Germany, and AB Medica,

Italy) for femoropopliteal lesions and to demon-

strate a reduction in restenosis rates and need for

reintervention compared to standard POBA, using

a case-control study as a model.

MATERIALS AND METHODS

We retrospectively reviewed for a case-control study

a prospectively maintained registry of all patients

with symptomatic femoropopliteal artery lesions

treated with Elutax between January 2019 and

January 2020 and POBA between January 2017

and January 2018. Approval from the investiga-

tional review board of the Interuniversity Center

of Phlebolymphology, International Research and

Educational Program in Clinical and Experimental

Biotechnology (approval number: ER.ALL.2018.

49 A) was obtained. Inclusion criteria were Ruther-

ford class from 3 to 5, significant femoropopliteal

stenosis or occlusion >40 mm in length with

patency of at least 1 below-the-knee vessel, and

life expectancy >1 year. Exclusion criteria were oc-

clusion longer than 25 cm, occlusion of all below-

the-knee vessel, multilevel atherosclerotic disease

requiring additional procedures (i.e., iliac angio-

plasty/stenting, common femoral artery endarterec-

tomy, and so on), and preplanned major

amputation (Table I). Indications for intervention

included the following: lifestyle-limiting intermit-

tent claudication (Rutherford 3), ischemic rest

pain (Rutherford 4), minor tissue loss-nonhealing

ulcer, and focal gangrene with diffuse pedal

ischemia (Rutherford 5). All patients had a

computed tomography angiography to study the

features of the arterial lesions and plan the

intervention.

Prior to procedure, patient demographics, clinical

presentation, and ankle-brachial index (ABI) assess-

ment and comorbidities were identified and

recorded (Table II).

Fifty-three consecutive patients (36 males)

treated with Elutax were enrolled and defined as

group A, and 71 consecutive patients (47 males)

treated with POBA were defined as group B. Sub-

jects were followed for a total of 24 months and un-

derwent duplex ultrasonography evaluationat

30 days and 6, 12, and 24 months, thereafter. We

performed additional ultrasonographic evaluation,

for patients who clinically needed re-evaluation

due to recurrent symptoms and/or worsening pain

at rest in the limb treated, and nonhealing lesions.

Ultrasound performance and interpretation was

blinded. Assessments at 1, 6, 12, and 24 months

included the occurrence of reintervention (target

vessel recanalization, target lesion revascularization

(TLR), and amputation), major adverse cardiovas-

cular and cerebrovascular events (MACCE) and

health status. Primary patency, defined as freedom

from restenosis (duplex ultrasonography peak sys-

tolic velocity ratio �2.4) and/or reocclusion, was
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analyzed throughout 24 months per study protocol

and considered as the primary end point. Secondary

end points included the following: clinically driven

target lesion revascularization (CD-TLR) rate,

defined as rate of patients with restenosis/reocclu-

sion of the target vessel with need for revasculariza-

tion due to recurrence of symptoms; overall survival

and limb salvage rate.

Statistical analysis was carried out with version

April 1, 1106 2009e2021 RStudio, PBC. Continuous

variables (age, body mass index, ABI, target lesion

reference vessel diameter and length, sheath size,

predilation balloon diameter, length and pressure,

number of treatment balloons per subject) and out-

comes (ABI, procedural time, follow-up time and

hospital stay) were analyzed with aWelch two sam-

ple t-test, while categorical variables (males, current

smoker, hypertension, diabetes, insulin-dependent

diabetes, dyslipidemia, coronary artery disease,

prior myocardial infarction, chronic kidney disease,

previous amputation and stenting, Rutherford cate-

gory, popliteal involvement, total occlusion, no. of

patent runoff vessels, contralateral femoral access,

type of lesion and need for stenting) with a two-

sample test for equality of proportions with continu-

ity correction. Categorical outcomes (restenosis/

reocclusion, CD-TLR, target limbmajor amputation,

all-cause death and MACCE-related death) were

analyzed with Fisher’s test.

The KaplaneMeier method was used to evaluate

time-to-event data. Difference in the survival curves

between the treatment groups was assessed using

the log-rank test.

The DCB used for our study was Elutax, a third-

generation balloon that is the newest of its kind,

which enables a long-term drug release over a

period of months with only a single inflation.

The balloon integrated two different drugs

(Dextran + Paclitaxel) on its surface: Dextran, which

provided an antithrombotic effect to reduce erythro-

cyte aggregation, platelet adhesiveness and function

while activating plasminogen with a thrombolytic

effect, and Paclitaxel which blocked progression of

cellular mitosis inhibiting cell division and prolifer-

ation to reduce restenosis.6e8

Local anesthesia was administrated to all patients.

An ipsilateral or contralateral femoral approach was

used to perform procedure. After the introducer

sheath was successfully inserted, 3500 UI heparin

sodiumwas administrated. In all cases we used plain

balloon with a diameter of 1 mm undersized to the

reference vessel diameter (RVD) to predilate target

lesion. After that, the lesions were dilated with Elu-

tax balloon using a diameter 1:1 ratio to the RVD,

which ranged from 4.0 to 6.0 mm. Elutax was

inflated at 10 atmospheres for at least 180 sec ac-

cording to manufacturer’s instructions for use. As

flow limiting dissection is a significant risk factor

for restenosis/occlusion, in cases of a flow-limiting

dissection or >50% residual stenosis after Elutax

angioplasty, a bailout stent (Everflex Self-

Expanding Peripheral Stent System; ev3 Inc. Ply-

mouth, Minnesota, United States) was deployed.

Following procedure, all patients were prescribed

with a dual antiplatelet therapy, acetylsalicylic acid

(aspirin, 100 mg/d) and clopidogrel (75 mg/d) for

24 months, and a single antiplatelet therapy was

indefinitely prescribed thereafter. No significant dif-

ference about the adherence to anti-platelet therapy

between the POBA and Elutax groups was observed.

Standard and advanced wound care was continued

after intervention until healing was achieved. Pri-

mary and secondary end points were assessed at

24 months and no patients were lost to follow up

during this period.

RESULTS

Both treatment groups had similar demographics,

comorbidities, and lesion characteristics at baseline

(Table II). Cardiovascular risk factors were prevalent

in the patients included in the study (Table II), and

13.7% of patients suffered from chronic kidney dis-

ease. Half the patients presented with CLTI (Table

II). Mean lesion length was 121.5 ± 58.1 mm in

Table I. Study enrollment criteria

Inclusion criteria Exclusion criteria

Rutherford 3e4e5 Rutherford 0e1e2e6

Significant femoropopliteal stenosis or occlusion

>40 mm in length

Occlusion longer than 25 cm

At least 1 below-the-knee vessel with distal runoff Poor distal runoff (occlusion of all below-the-knee vessel)

Life expectancy >1 year Multilevel atherosclerotic disease requiring additional

procedures

Preplanned major amputation
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the Elutax group versus 113.6 ± 53.2 mm in the

POBA group (P ¼ 0.441). Forty-two (79.2%) of 53

Elutax-treated lesions and 54 (76%) of 71 POBA-

treated lesions were occlusions. Thirty-three-point

nine percent and 38% of the lesions in groups A

and B respectively, had only 1 distal outflow vessel

with the remainder having at least 2 distal outflow

vessels. Owing to the >50% residual stenosis

(CLTI limbs, 4) and flow-limiting dissections (CLTI

limbs, 5), 9 superficial femoral lesions in group A

and 16 in group B required stent placement, result-

ing in a stent-assisted technical success rate of

Table II. Subject clinical, baseline lesion, and procedural characteristics

Subject clinical characteristics

Overall Group A (Elutax) Group B (POBA)

CI 95%
P-value
(<0.05)(N ¼ 124) n ¼ 53/124 n ¼ 71/124

Age (years) 67.3 ± 8.1 67.3 ± 9.0 67.2 ± 7.4 [�3.15; 2.88] 0.927

Males 83/124 (66.9%) 36/53 (67.9%) 47/71 (66.1%) [�0.20; 0.16] 0.992

BMI (kg/m2) 27.0 ± 3.3 26.8 ± 3.4 27.2 ± 3.2 [�0.81; 1.60] 0.515

Current smoker 51/124 (41.1%) 19/53 (35.8%) 32/71 (45%) [�0.09; 0.28] 0.396

Hypertension(SAP>140 mm Hg

and/or DAP>90 mm Hg)

102/124 (82.2%) 43/53 (81.1%) 59/71 (83%) [�0.13; 0.17] 0.963

Diabetes (glycemia>125 mg/dL

and/or use of HD/insulin)

76/124 (61.2%) 31/53 (58.4%) 45/71 (63.3%) [�0.14; 0.23] 0.713

Insulin-dependent diabetes 30/76 (39.4%) 13/31 (41.9%) 17/45 (37.7%) [�0.29; 0.20] 0.900

Dyslipidemia(Tot. Chol.>240 mg/dL

and/or TGL>150 mg/dL and/or

use of LLD)

84/124 (67.7%) 35/53 (66%) 49/71 (69%) [�0.15; 0.21] 0.875

CAD 47/124 (37.9%) 19/53 (35.8%) 28/71 (39.4%) [�0.15; 0.22] 0.825

Prior MI 16/124 (12.9%) 9/53 (16.9%) 7/71 (9.8%) [�0.21; 0.06] 0.368

CKD (GFR<60 ml/min/1,73m2) 17/124 (13.7%) 5/53 (9.4%) 12/53 (16.9%) [�0.06; 0.20] 0.351

Previous amputation 4/124 (3.2%) 3/53 (5.6%) 1/71 (1.4%) [�0.12; 0.04] 0.416

Previous stenting 12/124 (9.6%) 8/53 (15.1%) 4/71 (5.6%) [�0.22; 0.03] 0.145

ABI 0.52 ± 0.09 0.51 ± 0.08 0.52 ± 0.09 [�0.02; 0.04] 0.527

Rutherford 3 57/124 (45.9%) 26/53 (49%) 31/71 (43.6%) [�0.24; 0.13] 0.678

Rutherford 4 41/124 (33%) 16/53 (30.1%) 25/71 (35.2%) [�0.13; 0.23] 0.692

Rutherford 5 26/124 (20.9%) 11/53 (20.7%) 15/71 (21.1%) [�0.14; 0.15] 1.000

Baseline lesion and procedural

characteristics

Popliteal involvement 32/124 (25.8%) 13/53 (24.5%) 19/71 (26.7%) [�0.14; 0.19] 0.941

Target lesion RVD (mm) 5.1 ± 0.6 5.1 ± 0.6 5.1 ± 0.6 [�0.21; 0.23] 0.938

Target lesion length (mm) 117 ± 55.2 121.5 ± 58.1 113.6 ± 53.2 [�28; 12.3] 0.441

Total occlusion 96/124 (77.4%) 42/53 (79.2%) 54/71 (76%) [�0.19; 0.13] 0.839

No. of patent runoff vessels

1 45/124 (36.2%) 18/53 (33.9%) 27/71 (38%) [�0.14; 0.22] 0.781

2 36/124 (29%) 14/53 (26.4%) 22/71 (30.9%) [�0.13; 0.22] 0.722

3 43/124 (34.6%) 21/53 (39.6%) 22/71 (30.9%) [�0.27; 0.10] 0.418

Contralateral femoral access 107/124 (86.3%) 47/53 (88.6%) 60/71 (84.5%) [�0.17; 0.09] 0.686

Type of lesion

De novo 101/124 (81.4%) 41/53 (77.3%) 60/71 (84.5%) [�0.08; 0.22] 0.435

Restenosis/reocclusion 19/124 (15.3%) 9/53 (16%) 10/71 (14%) [�0.17; 0.11] 0.848

Intrastent restenosis/reocclusion 4/124 (3.2%) 3/53 (5.6%) 1/71 (1.4%) [�0.12; 0.04] 0.416

Sheath size (French) 5.8 ± 0.7 5.8 ± 0.8 5.8 ± 0.7 [�0.31; 0.22] 0.735

Predilation balloon diameter (mm) 4.3 ± 0.7 4.3 ± 0.8 4.2 ± 0.7 [�0.31; 0.24] 0.806

Predilation balloon length (mm) 74.7 ± 27.3 75.8 ± 28 73.9 ± 26.9 [�11.8; 8.01] 0.704

Predilation balloon pressure (atm) 8.5 ± 2.7 8.5 ± 2.9 8.5 ± 2.6 [�1.07; 0.92] 0.885

No. of treatment balloons per subject 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.2 [�0.13; 0.08] 0.603

Need for stenting 25/124 (20.1%) 9/53 (16.9%) 16/71 (22.5%) [�0.10; 0.21] 0.591

BMI, body mass index; SAP, systolic arterial blood pressure; DAP, diastolic arterial blood pressure; HD, hypoglycemic drugs; TGL,

triglycerides; LLD,lipid-lowering-drugs; CAD, coronary artery disease; MI, myocardial infarction; CKD, chronic kidney disease; GFR,

glomerular filtration rate; RVD, reference vessel diameter.
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100%. Technical success, defined as residual diam-

eter stenosis �50% for non-stented patients or

�30% for stented patients, was achieved in 100%

of the subjects in both groups.

The restenosis/reocclusion rate at 24-months was

significantly lower with Elutax than with POBA

(restenosis/reocclusion rate: 9.4% vs. 25.3%, odds

ratio [OR] 0.30, 95% confidence interval [CI]:

0.08e0.95, P ¼ 0.034). The KaplaneMeier estimate

of primary patency was 88.2% for Elutax compared

to 71.5% for POBA (log rank P ¼ 0.03; Fig. 1).

Elutax-treated patients showed no significant differ-

ence in CD-TLR rate at 24 months (7.5% vs. 18.3%,

OR: 0.36, 95% CI: 0.08e1.28, P ¼ 0.114) compared

with patients treated with POBA (Table III, Fig. 2).

The mortality rate at 24-months was similar in

both groups (5.6% vs. 8.4%, OR 0.65, 95% CI:

0.10e3.23, P ¼ 0.731). The KaplaneMeier estimate

of overall survival was 91.7 % for Elutax compared

to 89.4% for POBA (log rank P ¼ 0.5; Fig. 3). Four

were MACCE-related deaths (1.8% vs. 4.2%, OR:

0.43, 95% CI: 0.008e5.64, P ¼ 0.635) while 3/124

and 2/124 were respiratory insufficiency- and septic

state-related deaths.

During the follow-up period of 24 months, 2

above-the-knee amputations in group A versus 5

amputations in group B were observed (3.7% vs.

7%, OR: 0.52, 95% CI: 0.04e3.33, P ¼ 0.697). The

KaplaneMeier estimate of limb salvage was 94.9%

for Elutax compared to 92.1% for POBA (log rank

P ¼ 0.4; Fig. 4).

No deaths or other major complications (i.e.,

rupture, perforation, embolization of distal arteries,

and contrast nephropathy) were observed in any of

the patients within 30 days after procedure in either

group.

DISCUSSION

Several randomized trials report on the superior

benefits/major advantages of employing DCB over

POBA in patients with femoropopliteal disease,7,9,10

denoting higher patency rates compared to un-

coated balloons.

Our study demonstrates that performing endo-

vascular DCB angioplasty with Elutax can be safe

and effective in treating patients with atheroscle-

rotic femoropopliteal lesions leading to high levels

of technical success, limb salvage and patency rates

as well as low prevalence of procedure-related com-

plications, even in limbs presenting CLTI and long-

segment occlusion lesions.

Elutax has been used in several trials to treat de

novo coronary and intracranial artery stenosis

resulting in a more favorable angiographic outcome

of ‘‘new generation’’ DCBs versus other DCBs,

thereby demonstrating their feasibility and safety

in patients with symptomatic high-grade stenosis

and is supported by significantly lower rates of

ischemic re-events or restenosis.11,12

Treatment of long steno-occlusive femoropopli-

teal lesions is associatedwith a high risk of dissection

to rechannel vessel increasing the impact of future

restenosis, so it could be necessary stents implanta-

tion even if in short no flow limiting dissections it

should be unnecessary.13 Long-segment occlusions

typically treated with subintimal recanalization us-

ing balloon cause tears and dissections. In such cases

the use of DCB could improve angioplasty result and

late vascular remodeling.14

Because flow-limiting dissection is a significant

risk factor for restenosis/reocclusion,14 25 out of the

124 treated cases in our study required stent place-

ment due to flow-limiting dissections. Moreover, it

was found that, when compared to POBA, DCB was

associated with decreased arterial wall fibrosis after

Fig. 1. The Kaplan-Meier estimate of primary patency.
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overstretch injuries by balloon angioplasty and

reduced degrees of constrictive remodeling and neo-

intimal hyperplasia.11,15 Notwithstanding these

findings, however, the effects of various DCBs or

stents on the subintimal channel require further

investigation.

Severe calcification reducing the antirestenotic

effect of the drug is considered a risk factor for reste-

nosis in the femoropopliteal segment16 following

DCB angioplasty,17 and to support this 5 reocclusion

episodes did occur in our Elutax group while in the

POBA angioplasty group the reocclusion rate was

even higher (18/71). These patients had been elec-

ted for surgical or hybrid procedures benefiting

from the complementary role of endovascular and

surgical treatments which compensated for unsatis-

factory results of both approaches.18,19

Infrapopliteal outflow is considered a significant

factor potentially affecting the primary patency

rate of femoropopliteal occlusive diseases. Salapura

et al.20 reports that restenosis or reocclusion

occurred in 23% of subjects with compromised

outflow and 11% of patients with good runoff

1 month after femoropopliteal angioplasty, though

restenosis or reocclusion incidence increased at

approximately identical rates in both groups after

6 months (49% vs. 43%) and 12 months (57% vs.

52%) leading the authors to conclude that patients

are predisposed to early restenosis or reocclusions

if there is a compromised postprocedural infrapopli-

teal outflow. A retrospective review21 of 86 patients

treatedwith angioplasties for femoropopliteal occlu-

sions found that a decreased primary patency and

limb salvage rate was significantly associated with

isolated popliteal artery outflow or one tibial vessel

outflow during a mean follow-up time of 2.4 years

(880 ± 68.84 days), suggesting that the impact of

infrapopliteal outflow on long-term patency after

Fig. 2. The Kaplan-Meier estimate of CD-TLR.

Table III. Safety and effectiveness outcomes (24-months)

Safety and effectiveness
outcomes (24 months)

Overall Group A (Elutax) Group B (POBA)
Odds
ratio CI 95%

P-value
(<0.05)N ¼ 124 n ¼ 53/124 n ¼ 71/124

Restenosis/reocclusion

(No. of restenosis or

reocclusions/total limb

treated)

23/124 (18.5%) 5/53 (9.4%) 18/71 (25.3%) 0.30 [0.08; 0.95] 0.034

CD-TLR 17/124 (13.7%) 4/53 (7.5%) 13/71 (18.3%) 0.36 [0.08; 1.28] 0.114

Target limb major amputation 7/124 (5.6%) 2/53 (3.7%) 5/71 (7%) 0.52 [0.04; 3.33] 0.697

All-cause death 9/124 (7.2%) 3/53 (5.6%) 6/71 (8.4%) 0.65 [0.10; 3.23] 0.731

MACCE related death 4/124 (3.2%) 1/53 (1.8%) 3/71 (4.2%) 0.43 [0.008; 5.64] 0.635

ABI 0.8 ± 0.12 0.85 ± 0.12 0.77 ± 0.12 - [�0.11; �0.03] <0.001

Procedural time (min) 86.4 ± 34.5 85.1 ± 36.5 87.4 ± 33.2 - [�10.2; 15.0] 0.711

Hospital stay (days) 2 ± 1.8 2 ± 2 2 ± 1.7 - [�0.71; 0.65] 0.934

Follow-up time (months) 24 ± 0 24 ± 0 24 ± 0 - NA NA

Technical success 124/124 (100%) 53/53 (100%) 71/71 (100%) NA NA NA

CD-TLR, clinically-driven target lesion revascularization; MACCE, major adverse cardiovascular and cerebrovascular events; NA, not

applicable.
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popliteal DCB angioplasty requires a longer follow-

up period. A systematic review and meta-analysis

by Katsanos et al. reported an increased risk of all-

cause mortality following the application of

paclitaxel-coated balloons and stents in the femoro-

popliteal artery.6 In our study, no coating related

adverse events were observed at 12- and

24-months follow-up with the Elutax approach.

Moreover, overall survival at 24 months was higher

in the Elutax group than in the POBA one (91.7%

vs. 89.4%, log-rank P ¼ 0.5; Fig. 1C). Due to the

limited follow-up period, we were unable to eval-

uate the long-term safety of Elutax angioplasty in

femoropopliteal artery lesions and further research

with a longer follow-up duration is undoubtedly

required for safety concerns. Several studies have

proven that paclitaxel-DCB is also effective in treat-

ing limbs with CLTI caused by infrapopliteal lesions

as evidenced by relief of rest pain and promotion of

ulcer healing, citing that they give better results in

outcomes when compared to POBA angioplasty.3,4,9

Due to the favorable results revealed by our anal-

ysis and reported herein, we can conclude that

paclitaxel + dextran DCB is considered a safe and

effective modality for treating femoropopliteal le-

sions, albeit a longer follow-up period is necessary

to confirm its long-term efficacy.

CONCLUSIONS

New generationDCBs have firmly secured their pro-

pitious role in femoropopliteal disease proving

excellent short-term patency and low TLR rates

when compared to POBA alone. They have also

been shown to be safe. Given the reduction in TLR

and its ease of use, new generation DCBs can be

considered an attractive alternative to conventional

POBA.More randomized trials are necessary to opti-

mize the drug dosage needed so as to ensure better

long-term outcomes. This can be done by evaluating

paclitaxel + dextran-based DCBs and establishing

their safety in femoropopliteal disease.

The results of our study lead us to conclude that,

when compared with POBA, treatment with Elutax

provides superior clinical benefits throughout early

and midterm follow-up bearing in mind, however,

that longer-term outcomes are as yet uncertain

and need to be studied further.

The authors would like to thankMrs Juliet Ippolito for reviewing

the English language.
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Abstract
Purpose In-stent restenosis (ISR) following internal carotid artery (ICA) stenting is relatively common with an estimated
incidence of 5%. Treatment options include repeat angioplasty with conventional or drug-eluting balloons (DEB), repeat
stent angioplasty and surgical intervention. Application of DEB in ISR of the coronary and peripheral arteries is an
established method; however, data on DEB treatment of ICA ISR are sparse. In this work, results from a retrospective
cohort of 45 patients harboring 46 ICA ISR lesions treated with DEB angioplasty are presented.
Methods Clinical, procedural and imaging data from DEB angioplasty treatment of 46 high-grade ICA ISR lesions in
45 patients, performed between 2013 and 2021 were collected. A single type of DEB (Elutax, Aachen Resonance, Aachen,
Germany) was used in all procedures. Imaging follow-up was performed by regular Doppler ultrasound (DUS), verified
by computed tomography angiography (CTA) in cases suspicious for a recurrent ISR.
Results Technical success was 100%. Intraprocedural and postprocedural complications were not encountered. Clinical
follow-up was obtained in all patients. Recurrent stroke in the affected territory was not encountered. A recurrent ISR
following DEB treatment was confirmed by DUS and CTA in 4/46 (8.7%) of the lesions and were retreated with DEB.
A third recurrent ISR occurred in a single case (2%) and following a second DEB retreatment there were no signs of
a fourth recurrence after 36 months follow-up.
Conclusion The use of DEB angioplasty is a safe and effective treatment of ICA ISR lesions, yielding significantly better
results compared to other modalities. Randomized multicenter studies are warranted.

Keywords Stent · Carotid · Restenosis · Intervention · Drug-eluring balloons
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Introduction

Atherosclerotic stenotic lesions of the proximal internal
carotid artery (ICA) are responsible for up to 20% of severe
acute ischemic stroke cases [1] and despite the advances in
medical treatment, the invasive treatment of these lesions by
an endovascular or surgical approach remains an important
option of stroke prevention, in symptomatic and asymp-
tomatic cases alike [2]. The recent large randomized trials
comparing the safety and efficacy of carotid stenting (CAS)
vs. endarterectomy (CEA) [3–5] showed similar outcomes
in stroke prevention with both methods, initiating a shift
in the treatment paradigm from favoring endarterectomy
towards equal acceptance of both modalities [6].

A drawback of both CEA and CAS is the development
of neointimal hyperplasia resulting in a progressive, signifi-
cant in-stent recurrent stenotic lesion (ISR). The underlying
pathology and the composition of the material causing lumi-
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nal narrowing is completely different compared to the orig-
inal atherosclerotic plaque. The neointimal tissue is covered
with endothelium and there is no debris material within the
plaque, therefore the risk of increased thrombogenicity and
embolization is minimal [7]; however, rapid progression of
the luminal narrowing can lead to decreased blood flow ve-
locity and may ultimately result in a thrombotic occlusion
of the ICA. Accordingly, a significantly increased risk of
ipsilateral stroke has been reported in patients with in-stent
restenosis by multiple randomized trials [2, 4, 8, 9], un-
derlining the importance of timely diagnosis and effective
treatment of ISR lesions.

The literature on the treatment of ICA ISR is relatively
sparse and randomized trials are lacking. Available treat-
ment options include repeated CAS, endarterectomy or re-
angioplasty (percutaneous transluminal angioplasty) (re-
PTA) using a conventional or a drug-eluting balloon (DEB)
[10]. Although the safe and effective application of pacli-
taxel-eluting DEBs is well established for the treatment
of ISR in other vascular territories including the coronary
[11], peripheral [12] and intracranial [13] arteries, results
of a mere 33 DEB re-PTA procedures of ICA ISR have
been published in case series in the literature altogether
[14].

In the present retrospective study, we report our single
center experience in the treatment of ICA ISR with re-PTA
using a paclitaxel-eluting balloon in 46 ICA ISR lesions.

Fig. 1 Schematic drawing illustrating the treatment and follow-up al-
gorithm of recurrent stenotic lesions following carotid artery stent-
ing. ICA internal carotid artery, DEB drug-eluting balloon, ISR in-stent
restenosis, PTA percutaneous transluminal angioplasty, FU follow-up

Methods

Patient Cohort, Detection of ISR and Preprocedural
Imaging

This is a single center retrospective cohort study based
on clinical and imaging data obtained from Moritz Kaposi
Teaching Hospital, Kaposvár, Hungary. The flow chart for
patient inclusion is shown in Fig. 1. Between March 2013
and March 2021 a total of 950 stent-PTA procedures were
performed in the institution, using Wallstent (Boston Sci-
entific, Natick, MA, USA) and Roadsaver (Terumo, Tokyo,
Japan) stents, following multidisciplinary team (MDT) de-
cisions. Postprocedural follow-up included outpatient visits
every 3 months in the first year and every 6 months there-
after. Carotid Doppler ultrasound (DUS) examination was
performed at each visit, with Doppler velocity measure-
ments using proper angle correction techniques and B-mode
imaging assisted by color duplex. Peak systolic velocity
(PSV) ratios in the stented ICA segment and the common
carotid artery (CCA) greater than 2 were used as cut-off
values for significant (>50%) in-stent restenotic lesions, as
described elsewhere [15, 16]. In the case of a suspected ISR
lesion, verification was achieved by supra-aortic intracranial
CTA performed on a dual-source CT scanner (SOMATOM
Definition Flash, Siemens, Erlangen, Germany) (Fig. 2).

Procedure

Patients with high-grade (>50%) ISR lesions were sched-
uled for DEB re-PTA. The advantages and disadvantages
as well as risks of the application of conventional or drug-
eluting balloons were thoroughly discussed with the pa-
tients prior to the procedure and written informed consent
was obtained in each case. Procedures were performed with
the patient under local anesthesia, with an anesthesia team
present in stand-by, using a 6 French femoral or radial ac-
cess. All patients received an IV dose of 5000IU Na-hep-
arin after access was secured. The degree of ISR lesions was
first verified with selective injection of the common carotid
artery on the affected side, followed by the insertion of a 6F
guide catheter into the CCA. A filter device was not applied.
A 0.014-inch microwire was advanced through the ISR le-
sion into the petrosal segment of the ICA, 0.5mg atropine
was administered IV as premedication for the prevention
of extreme bradycardia/asystole during the dilatation of the
ICA bulbus and a 6× 30mm paclitaxel-eluting balloon (Elu-
tax, Aachen Resonance, Aachen, Germany) was inflated
under manometer control to nominal pressure (6atm) for
30s. The inflation time was shortened and the balloon was
deflated immediately if the patients’ heart rate fell under
50bpm. Following deflation, the balloon was removed and
control angiographic series were performed to document the
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Fig. 2 Illustrative case demonstrating the DEB re-PTA procedure of an ISR lesion of the right-sided ICA in a 63-year-old female patient. A high-
grade stenotic lesion in the proximal portion of the right ICA (arrows in a) was treated with stent implantation, followed by angioplasty with
good result (b). The DUS after 6 months suggested a high-grade ISR in the location of the original lesion, which was verified by dual-source
CTA (c) and catheter angiography (d, arrowheads in c–e point to the stenotic lesion). e, f Angioplasty using a paclitaxel eluting balloon was
performed with good morphological results (g). The patient had the last follow-up DUS 52 months after the DEB re-PTA procedure, showing no
signs of a recurrent ISR. ICA internal carotid artery, DEB drug-eluting balloon, ISR in-stent restenosis, DUSDoppler ultrasound, PTA percutaneous
transluminal angioplasty, CTA computed tomography angiography

effect of re-PTA and to exclude intracranial emboli. At the
end of the procedure, the femoral access sites were closed
by closure device (Angio-Seal, Terumo, Tokyo, Japan) and
the radial access sites were closed by manual compression.

Medication

All patients received 5000IU sodium heparin IV at the be-
ginning of the procedure. Oral dual antiplatelet therapy with
100mg of acetylsalicylic acid and 75mg of clopidogrel was
maintained for 6 months and clopidogrel monotherapy was
continued thereafter. Patients managed with long-term sin-
gle or dual anti-platelet treatment (SAPT or DAPT) were
always examined with Multiplate test (Roche Deutschland
Holding GmbH, Grenzach-Wyhlen, Germany) to evaluate
the efficacy of SAPT/DAPT treatment and if necessary,
to provide treatment with another type of anti-aggregation
drug.

Postprocedural Follow-up

Postprocedural follow-up was similar to that following
the initial stent-PTA and included outpatient visits every
3 months in the first year and every 6 months thereafter.
Carotid Doppler ultrasound (DUS) examination was per-
formed at each visit. Peak systolic velocity (PSV) values

of 220cm/s and 300cm/s were used as cut-off for luminal
narrowing rates of >50% (moderate) and >70% (severe)
ISR, respectively. In cases of a suspected repeated ISR le-
sion, verification was achieved by CT angiography (CTA).
Thin slice (0.6mm) series were reviewed using multiplanar
reformatting (MPR). The axis of the stented segment was
identified in two perpendicular planes and axial images,
perpendicular to this axis were reviewed throughout the
entire stented segment. The relatively small diameter of the
ICA still did not allow exact determination of the percent-
age of the luminal narrowing, therefore a binary paradigm
was used (ISR confirmed or rejected). If CTA confirmed
a recurrent ISR lesion, the clinical and imaging data were
reviewed by a MDT consisting of neurologists, vascular
surgeons and interventional neuroradiologists for treatment
decision. According to the MDT decision, an additional re-
PTA procedure using the same technique and DEB balloon
was performed, as described above.

Primary endpoints were death resulting from vascular
disease, transient ischemic attack (TIA), and stroke related
to the treated ICA. The secondary endpoint was a recurrent
ISR lesion during follow-up.
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Table 1 Patient data, lesion characteristics and risk factors of the cohort

Patient nr. Age (years) Gender Time of ISR detection after CAS (months) ISR ECST (%) Risk factors

1 62.8 m 4.1 80–90 HT, DM, hBMI

2 63.4 m 69.1 50–70 HT, smoking

3 47 m 8.2 70–80 HT, DM, smoking

4 73 m 43.8 50–70 HT, hBMI, HL

5 71.4 m 9.7 60–70 HT, smoking, hBMI

6 70.1 f 186.2 80–90 HT, DM, HL

7 67.9 m 14 70–80 HT, smoking, hBMI, HL

8 66.1 m 34.3 60–70 HT, DM, smoking, hBMI, HL

9 69.2 m 8.5 80–90 HT, smoking

10 66.6 f 7.4 80–90 HT, smoking, HL

11 73.9 m 3.4 70–80 HT, smoking, HL

12 67.4 f 3.7 60–70 HT, DM

13 63.2 m 3.9 70–80 HT, smoking, HL

14 68.5 m 7.4 50–60 HT, smoking

15 62.1 f 4.8 60–70 HT, smoking, hBMI

16 57.3 m 19.8 50–60 HT, smoking, HL

17 71 m 3 70–80 Smoking, hBMI

18 62.2 m 9.7 50–60 HT, smoking, hBMI

19 60.6 m 14.3 80–90 HT, smoking, hBMI

20 75.9 m 12.1 80–90 HT, Smoking

21 67.7 m 1.4 70–80 HT, DM, smoking, hBMI, HL

22 71.2 f 8.9 60–70 HT, smoking, hBMI, HL

23 59.2 m 10 80–90 HT, smoking, hBMI

24 60.7 m 66.4 50–60 HT, smoking, hBMI

25 62 m 17.1 60–70 HT, DM, smoking, hBMI, HL

26 69.1 m 6.2 70–80 HT, smoking

27 64.6 m 6.3 60–70 HT, DM, smoking, hBMI, HL

28 56.5 m 5.9 60–70 HT, DM, hBMI, HL

29 55.8 m 5.4 60–70 HT, DM, smoking, hBMI

30 67.3 m 9.3 50–60 HT, smoking, HL

31 51.2 m 8.6 60–70 HT, DM, hBMI, HL

32 61.4 m 5.5 50–60 HT, smoking, hBMI, HL

33 67.9 m 6.5 80–90 hBMI

34 52 m 5.3 60–70 HT, DM, HL

35 65.1 m 8.4 70–80 HT, DM, hBMI, HL

36 58.3 f 13 60–70 HT, HL

37 65.7 f 4.2 50–60 HT, smoking, hBMI, HL

38 67.8 m 6.3 60–70 HT, smoking, hBMI, HL

39 69.9 m 7.7 60–70 HT, DM, hBMI, HL

40 63.3 f 6.2 80–90 HT, smoking, hBMI

41 68.6 m 9.5 70–80 HT, smoking, hBMI, HL

42 64.9 m 46.6 50–60 HT, smoking, hBMI, HL

43 61.1 f 18.6 50–60 HT, smoking, hBMI

44 59.9 f 11.6 70–80 HT, DM, hBMI, HL

45 65.4 f 4.9 90–99 HT, smoking, hBMI, HL

46 52.3 m 3.7 70–90 Smoking, hBMI

ISR in-stent restenosis, CAS carotid artery stenting, ECST European Carotid Surgery Trial, HT hypertension, DM diabetes mellitus, hBMI high
body mass index, HL hyperlipidemia

K



Treatment of In-stent Restenosis of the Internal Carotid Artery Using Drug-eluting Balloons

Fig. 3 Diagram showing the frequency of newly detected ISR lesions in the follow-up period following CAS. ISR in-stent restenosis

Data Collection and Statistical Analysis

Recorded baseline data included age, sex, history of hyper-
tension, atrial fibrillation, diabetes, dyslipidemia, history of
smoking and presence of a neoplastic disease at the time and
following the re-PTA intervention. Collected preprocedural
parameters included the type of stent and dates of the initial
stent-PTA, detection of ISR and the re-PTA procedure.

The degree of luminal narrowing caused by the intimal
hyperplasia was calculated on non-subtracted DSA images
using the method applied in the ECST trial [17], as the
extent of in-stent intimal hyperplasia can be precisely de-
termined using the stent wall as a reference, corresponding
to the ECST method of stenosis calculation.

The site of vascular access and the type of anti-aggrega-
tion medication was also recorded. The registered technical
success and outcome parameters were the following: rate of
successful re-PTA, defined as less than 50% residual steno-
sis, procedural complications (ischemic stroke from distal
emboli), postprocedural adverse events (access site compli-
cations) the length of the follow-up period, modified Rankin
scale (mRS) at the last follow-up and the occurrence of any
stroke during follow-up. Due to the COVID-19 pandemic,
most of the last follow-up visits were performed by tele-
phone interview. If a patient died during the follow-up, the
cause of death was recorded when possible.

Ethical approval for retrospective patient data retrieval
was granted by the Institutional Review Board (IG/02169-
000/2020). Written informed consent was waived due to the
retrospective nature of the study. The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Results

Between March 2013 and March 2021, endovascular treat-
ment of 46 high-grade (>50%) in-stent restenosis (ISR) le-
sions at the origin of the ICA by angioplasty using a drug-
eluting balloon (DEB) was performed in our institution in
45 patients (median age 64.9 years; age range 46.9–75.8
years; male/female ratio 3.2/1), with 1 patient developing
bilateral ISR. During the same period, altogether 950 ICA
stent-PTA procedures were performed in the same center,
giving an estimated ISR rate of around 5%, although the
exact rate of ISR cannot be specified as detailed analysis of
the non-ISR cases was not performed.

Patient demographics, ISR lesions characteristics and
risk factors are listed in Table 1.

Overall, 16 lesions (35%) developed in a Roadsaver and
30 lesions (65%) in a Wallstent.

Although 52% (24/46) of the original ICA lesions were
symptomatic at the time of stent implantation, only 1 of
the 46 ISR lesions (2%) was symptomatic with mild hemi-
paresis, homonymous hemianopsia and central facial palsy,
the remaining asymptomatic lesions were detected during
regular DUS follow-up. The imaging work-up in cases of
a suspected ISR on DUS always included a CTA in order
to exclude false positive DUS readings, before performing
invasive imaging (DSA). A CTA positive for ISR could be
confirmed by the DSA series in all the cases.

The median time between the stent-PTA and the detec-
tion of the ISR lesions was 8.2 months (range 1.4–186.2
months) and 24% (11/46) of the ISR lesions developed
more than 1 year following the CAS procedure. The fre-
quency of ISR lesion development is shown in Fig. 3.
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The average luminal narrowing caused by ISR measured
on the DSA images was 70±2% (standard error of mean),
ranging from 50% to 90%. Technical success, defined by
a residual stenosis less than 50% was reached in all cases,
with an average residual stenosis rate of 27±2%, ranging
from 5% to 49%. Intraprocedural and postprocedural com-
plications were not encountered. An exemplary case is pre-
sented in Fig. 2.

Clinical follow-up data could be obtained in all the 45 pa-
tients (100%), either by direct communication at personal or
telemedical follow-up visits, telemedicine interviews of rel-
atives or the general practitioner or by looking up follow-up
data through the National eHealth Infrastructure (EESZT)
database, with an average follow-up time of 31.7 months
(range 1–96 months). There were no recurrent strokes in the
territory of the treated ICA in any of the patients. Of the
45 patients 9 (20%) died during the follow-up period. The
cause of death was a neoplasm in 6 cases (4 pulmonary,
1 renal, 1 head and neck cancer), consequences of anterior
spinal artery syndrome in 1 case and unknown in 2 cases.
Of the 6 fatal neoplasms 3 (50%) were already diagnosed
at the time of the DEB re-PTA procedure. The 2 patients
with unknown cause of death were lost to follow-up 3 and
24 months after the re-PTA procedure, death was confirmed
by relatives via telephone interview but the exact cause
could not be retrieved in these cases.

Follow-up DUS imaging results after the initial DEB re-
PTA were available in all the 46 lesions with a median
follow-up time of 24 months (range 1–96 months) and re-
vealed an asymptomatic, high-grade (>50%) recurrent ISR
lesion in 4 cases (8.7%), which was additionally verified by
CTA. All the recurrent lesions developed in male patients
and were treated by a second DEB re-PTA, as described ear-
lier, with subsequent clinical and imaging follow-up. There
were no symptoms of ischemia in the affected hemisphere
throughout the follow-up period. A third high-grade asymp-
tomatic recurrence of neointimal hyperplasia was detected
in a single case (2%) 12 months after the second DEB re-
PTA. This lesion was again treated with a third DEB re-
PTA, with a most recent follow-up after 36 months show-
ing no signs of a fourth recurrent ISR.

Discussion

In this retrospective cohort of 45 patients, the safety and ef-
ficacy of a paclitaxel-eluting balloon has been shown for the
treatment of in-stent restenosis of the extracranial carotid
artery. None of the primary endpoint events of vascular
death, TIA and stroke in the territory of the treated ICA
occurred. A recurrent ISR lesion following DEB re-PTA,
as secondary endpoint occurred in 8.7% of the lesions and
was successfully treated with a second and in one case with

a third re-PTA procedure, without further recurrent ISR le-
sions during the follow-up period. To our awareness, the
study presents the largest case series to date on the treat-
ment of ICA ISR using a DEB device, showing significantly
better results in the prevention of recurrent stenotic lesions
compared to other methods published in the literature.

The reported rates of ISR following CAS vary widely
between 3% and 31%, depending on the extent of luminal
narrowing used as threshold, the Doppler criteria applied
during follow-up and the length of the follow-up period
[14, 18, 19, 22]. The present study does not attempt to ana-
lyze the parameters responsible for the development of ISR
in the investigated patient cohort, we can only estimate the
primary ISR rate in our center to be around 5%, based on
the total number of CAS procedures and the detected ISR
lesions during follow-up in the same time period. While
this is a rough estimate, as a detailed analysis of the fol-
low-up data from all the CAS patients has not been per-
formed, our result is similar to the 5.7% ISR rate (>50%)
reported in a recent meta-analysis considering more than
16,000 stented carotid arteries [20].

The average luminal narrowing was 70% (i.e., se-
vere) in the present cohort, yet only 1 lesion (2%)
was symptomatic, which might raise questions regard-
ing the indication for a preventive invasive treatment.
The ISR was first identified as a relevant problem
in the coronary arteries, resulting in the development
of drug-eluting coronary stents (DES) [24]. To our
knowledge, there is currently no medical treatment
available to stop or reverse the development of neoin-
timal hyperplasia. The risk of stroke associated with
ISR was assessed in a secondary analysis of the Inter-
national Carotid Stenting Study (ICSS). The analysis
found a 40.7% cumulative 5-year risk of at least mod-
erate (50%) ISR and those patients had a significantly
higher risk of ipsilateral stroke compared to individu-
als without ISR [25]. Our personal experience, which
confirms this finding, is that ISR is a progressive con-
dition with a potential risk of stent occlusion when left
untreated and DEB angioplasty provides a repeatable,
low-risk treatment option. It should be noted however
that randomized studies need to be conducted in or-
der to clarify the indication of a preventive invasive
treatment.

Recent reviews on the treatment of ICA ISR emphasize the
lack of evidence and randomized controlled trials (RCTs)
for guidance in the indications and the selection of treatment
methods [10, 21]. Huang et al. recently reviewed 35 studies
on the treatment of carotid ISR, covering 1374 procedures
[10] and reported repeat CAS (66.3%), PTA with conven-
tional balloons (17.5%) and endarterectomy (CEA) (14.3%)
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among the most favored treatment options. The results of
the three methods were similar in the rates of stroke and
TIA in the postoperative period (PTA 1.1%, rCAS 1.1%,
CEA 1.5%). CEA was associated with postoperative death
rate of 2.5%, whereas the rate of long-term stroke and TIA
in the PTA group was 5.7%. The rate of ISR recurrence was
27.8%, 8.2% and 1.6% after PTA, repeat CAS and CEA,
respectively.

The largest single center cohort on ICA ISR re-PTA us-
ing conventional balloons has been published recently by
Mihály et al. with 46 lesions treated by re-PTA using con-
ventional and in 3 cases using a paclitaxel-eluting balloon
[22]. The authors reported a 21.7% ISR recurrence and
6.5% stent occlusion rate after a median follow-up period of
29.5 months, giving a combined recurrence rate of 28.2%,
which is similar to the 27.8% recurrence rate reported in
the review by Huang et al. [10].

The literature on DEB re-PTA treatment of carotid ISR
has been analyzed recently by Bhatia et al. [14]. They found
data from DEB treatment of altogether 33 ICA ISR lesions,
including their 2 own cases, of which 11 (33%) ISR le-
sions were symptomatic. Technical success rates, procedu-
ral safety and follow-up results were promising, with three
asymptomatic and one symptomatic recurrent ISR lesions
(4/33, 12%) occurring in the follow-up period.

In the present study, all ICA ISR lesions were treated
exclusively by DEB re-PTA. This was based on the en-
couraging results of an earlier study with the participation
of 1 of the authors comparing the efficacy of DEB versus
conventional balloons in the re-PTA of 63 intracranial ISR
lesions and showing a markedly reduced recurrence ISR
rate of 9% with DEB versus 50%, with conventional bal-
loons [13]. Our ICA ISR recurrence rate of 8.7% in the
present study is very similar to these earlier intracranial
DEB re-PTA results (9%) [13] and is around one third of
the 27–28% recurrence rate reported with conventional bal-
loons in other studies [10, 22]. Our ISR recurrence rate
after DEB re-PTA is also very similar to the 8.2% result
following repeat CAS [10]. It should be, however, noted
that sequential recurrent lesions can effectively be man-
aged by repeated DEB re-PTA procedures but that might
not be straightforward with repeat CAS interventions, as
the implantation of a third or even a fourth co-axial stent in
the same vessel segment can be problematic.

Our study has several limitations: the observational and
nonrandomized design is subject to methodological and se-
lection biases inherent in this form of study. The imaging
results were not verified by a core laboratory. There may
be bias due to patients lost to follow-up and missing data in
the retrospective dataset. A detailed analysis of the primary
stent-PTA procedures was not performed. Only one type of
DEB was used in the present cohort and it is conceivable
to assume that differences in drug type, concentration and

the method of fixation on the balloon could significantly
influence the efficacy of different DEBs [23].

Conclusion

The DEB re-PTA using a paclitaxel-eluting balloon is a safe
and effective alternative to other treatment options for ex-
tracranial carotid ISR. The primary recurrence rates are
at around one third of those reported in the literature for
re-PTA with conventional balloons. The recurrent lesions
could again be safely managed by additional DEB re-PTA
procedures, finally resulting in complete prevention of ISR.
Although data on the usefulness of DEB technology in the
field of carotid ISR management are accumulating from ret-
rospective cases series, larger scale prospective, controlled
studied are much needed for the establishment of this tech-
nology in the toolbox of neurovascular interventionists.
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Background: The use of drug-coated balloons (DCBs) in small-vessel coronary artery disease (SVD) remains con-
troversial.
Methods:Weperformed ameta-analysis of all randomized controlled trials (RCTs) reporting the outcomes ofDCB
vs. DES in de-novo SVD. We included a total of 5 RCTs (1459 patients), with (DCB n = 734 and DES n = 725).
Results: Over a median follow-up duration of 6 months, DCB was associated with smaller late lumen loss (LLL)
compared with DES (mean difference −0.12 mm) (95% confidence intervals (CI) [−0.21, −0.03 mm], p =
0.01). Over a median follow-up of 12 months, both modalities had similar risk of major adverse cardiovascular
events (MACE) (8.7% vs. 10.2%; odds ratio (OR): 0.94, 95% CI [0.49–1.79], p = 084), all-cause mortality (1.17%
vs. 2.38%; OR: 0.53, 95% CI [0.16–1.75], p = 0.30), target lesion revascularization (TLR) (7.9% vs. 3.9%; OR: 1.26,
95% CI [0.51–3.14], p = 0.62), and target vessel revascularization (TVR) (8.2% vs. 7.8%; OR: 1.06, 95% CI
[0.40–2.82], p = 0.91). DCBs were associated with lower risk of myocardial infarction (MI) compared with DES
(1.55% vs. 3.31%; OR: 0.48, 95% CI [0.23–1.00], p = 0.05, I2 = 0%).
Conclusion: PCI of SVDwith DCBs is associatedwith smaller LLL, lower risk ofMI, and similar risk of MACE, death,
TLR, and TVR compared with DES over one year. DCB appears as an attractive alternative to DES in patients with
de-novo SVD, but long-term clinical data are still needed.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Small vessel coronary artery disease (SVD) is often treatedwith per-
cutaneous coronary intervention (PCI) [1], but is a complex lesion sub-
set and is associated with high risk of major adverse cardiovascular
events (MACE). Current treatment options for SVD include standard
balloon angioplasty, drug-eluting stents (DES), and drug-coated bal-
loons (DCBs). Balloon angioplasty is associated with high restenosis
rates due to elastic recoil and adverse remodeling [2]. DES have been as-
sociated with worse outcomes in smaller compared with larger vessels

[3–5] likely due to the small vessel caliber with little room to accommo-
date neointimal tissue growth.

Drug-coated balloon (DCB)-only PCI has emerged as an alternative
treatment option to de-novo coronary artery disease and in-stent reste-
nosis (ISR). [6–8] However, the outcomes with DCB in SVD have been
controversial [9–15]. We performed a systematic review and meta-
analysis to compare the angiographic and clinical outcomes of DCB vs.
DES in SVD.

2. Methods

The currentmeta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines
(PRISMA) [16]. We performed a systematic computerized search lim-
ited to the English language through Medline, Embase, and Cochrane
databases from January 2000 to January 2021 using the following search
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terms separately and in combination; “Drug-eluting balloon,” “DEB,”
“drug-coated balloon,” “DCB,” “paclitaxel-coated balloon,” “PCB,”
“small-vessel coronary artery disease,” and “small-vessel disease.” We
screened the retrieved studies' bibliographies, previous reviews, and
ClinicalTrials.gov for any relevant studies not found through the initial
search.

2.1. Study selection and data collection

We included randomized controlled trials (RCTs) that compared
outcomes with DCB vs. DES in the treatment of de-novo SVD (reference
vessel diameter ≤ 3mm) (Fig. S1). In the DCB arm, stentingwas allowed
only as a bailout strategy in case of suboptimal results, defined as persis-
tent residual stenosis, vessel recoil, or flow-limiting dissection.

The datawere extracted by two independent investigators (KB,MM)
and confirmed by a third investigator (MS). The data included baseline
study characteristics, baseline clinical and angiographic characteristics
of the included patients and lesions, and the outcomes of interest. Dis-
crepancies among investigators were settled by consensus. The in-
cluded studies' bias risk was assessed using the Cochrane risk
assessment tool for RCTs (Table S2) [17]. Potential publication bias
was assessed using the Egger test by visually examining the funnel
plots (Fig. S2).

2.2. Study outcomes

The clinical outcomes of the current study included periprocedural
myocardial infarction (MI) and long-term outcomes, including MACE,
target lesion revascularisation (TLR), target vessel revascularisation
(TVR), MI, all-cause mortality, and angiographic late lumen loss (LLL)
measured by quantitative coronary angiography. Definitions of out-
comes by each study included are shown in Table S1. Results were re-
ported at the longest follow-up time available and according to the
intention-to-treat analysis.

2.3. Statistical analysis

Statistical analysis was conducted using Review Manager software
(Version 5.3.5. Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). Descriptive analyses were conducted using fre-
quencies for categorical variables and means with standard deviations
(SD) for continuous variables. Categorical variables were compared

using Fisher's exact or chi-square tests, while continuous variables
were analysed using the two-sample t-test. Tests were two-tailed, and
a p-value of ≤0.05 was considered statistically significant.

Odds ratios (ORs) ormeandifferences (MD)with 95% confidence in-
tervals (CIs) were presented as summary statistics. Statistical heteroge-
neity across trials was assessed by I2 statistics, with I2 statistic values
<25%, 25% to 50%, and >50% considered as low, moderate, and a high
degree of heterogeneity, respectively. The DerSimonian and Laird
random-effects model and inverse variance model were used to calcu-
late OR and MD, respectively. We performed a sensitivity analysis ex-
cluding the study by Cortese et al. given use of a first-generation DCB
and lack of adequate lesion preparation (25%) [11]. We performed an-
other sensitivity analysis comparing DCBs vs. second-generation DES
[10,12,14].

3. Results

We included a total of 5 RCTs (1459 patients), with (DCB n = 734
and DES n = 725). The characteristics of the included studies are de-
scribed in Table 1. Only three studies compared the outcomes with
DCB vs. second-generation DES [10,12,14]. We used both the 6 months
(for angiographic outcomes) and 3 years (for clinical outcomes) publi-
cations for the BELLO study [13,18]. Bailout stenting in the DCB-only
group occurred in 10% of patients ranging between 5.1% to 35.7%, with
recent studies reporting fewer bailout stenting events. The baseline clin-
ical and angiographic characteristics of the included patients and lesions
are summarized in Table 2.

3.1. Outcomes

Both technical (98.8 vs. 99.2%, p = 0.96) and procedural (97.1% vs.
98.1%, p = 0.26) success was similar between both groups. There was
no difference in the risk of periprocedural MI with DCB compared
with DES (2.2% vs. 3.9%; OR: 0.56, 95% CI [0.21, 1.48], p = 0.25, I2 =
0%) (Figs. 1 and 2).

During a median follow-up duration of 6 months (range 6–9
months), DCBs were associated with smaller LLL compared with DES
(MD: −0.12 mm (95% CI [−0.21, −0.03 mm], p = 0.01, I2 = 56%)).
Over a median follow-up of 12 months (range 9–36 months), both
arms had similar risk of MACE (8.7% vs. 10.2%; OR: 0.94, 95% CI [0.49,
1.79], p = 0.84, I2 = 59%), all-cause mortality (1.17% vs. 2.38%; OR:
0.53, 95% CI [0.16, 1.75], p = 0.30, I2 = 0%), TLR (7.9% vs. 3.9%; OR:

Table 1
Characteristics of the included studies.

Study Trial/registry Study
type

Number of
patients with
DCB/DES

Balloon/stent type Country
(# of
centers)

Follow-up
time
(months)

Enrolment
dates

Vessel
size

Bailout
stenting %

Primary
endpoint

Cortese et al.
2020

PICCOLETO II RCT 118/114 Elutax DCB (AR Baltic Medical,
Vilnius, Lithuania)/Xience DES
(Boston Scientific, USA)

Europe
(5)

12 May 2015 –
May 2018

2.00–2.75
mm

6.8% In-lesion LLL
at 6 months

Tian et al. 2020 RESTORE-SVD RCT 116/114 RESTORE DCB (Cardionovum,
Germany)/RESOLUTE DES
(Medtronic, USA)

China
(12)

24 August
2016 – June
2017

2.25–2.75
mm

5.2% Percentage
diameter
stenosis at 9
months

Jeger et al. 2018 BASKET-SMALL 2 RCT 382/376 SeQuent Please DCB (B. Braun,
Germany)/Xience (Abbott
Vascular, USA) or Taxus or
Promus DES (Boston Scientific,
USA)

Europe
(14)

12 April 2012 –
February
2017

<3 mm in
diameter

5.1% MACE at 12
months

Latib et al. 2012 BELLO RCT 90/92 IN.PACT Falcon DCB
(Medtronic, USA)/Taxus Liberte
DES (Boston Scientific, USA)

Italy
(15)

6–36
months

Not
discussed

<2.8 mm 20.2% In-segment
LLL ta 6
months

Cortese et al.
2010

PICCOLETO RCT 28/29 Dior DCB (Eurocor,
Germany)/Taxus DES (Boston
Scientific, USA)

Italy (1) 9 August 2007
and August
2008

≤2.75 mm 35.7% Percentage
diameter
stenosis at 6
months

DCB: drug-coated balloon; DES: drug-eluting stent; LLL: late lumen loss; MACE: major adverse cardiovascular events; RCT: arandomized controlled trial.
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1.26, 95% CI [0.51, 3.14], p=0.62, I2= 54%), and TVR (8.2% vs. 7.8%; OR:
1.06, 95% CI [0.40, 2.82], p=0.91, I2= 46%) (Figs. 2 and 3). DCBwas as-
sociatedwith lower risk of MI compared with DES (1.55% vs. 3.31%; OR:
0.48, 95% CI [0.23, 1.00], p = 0.05, I2 = 0%).

On sensitivity analysis and exclusion of the study by Cortese et al.
2010, both modalities had similar risk of MACE (OR: 0.74, 95% CI [0.43,

1.27], p = 0.28, I2 = 39%), all-cause mortality (OR: 0.46, 95% CI [0.13,
1.71], p = 0.25, I2 = 0%), TLR (OR: 0.87, 95% CI [0.40, 1.89], p = 0.72,
I2 = 23%), and TVR (OR: 0.68, 95% CI [0.29, 1.59], p = 0.38, I2 = 0%).
DCBs remained associated with lower risk of MI compared with DES
(OR: 0.43, 95% CI [0.20, 0.92], p=0.03, I2=0%). This sensitivity analysis
yielded similar results with much reduction in heterogeneity (Fig. S3).

DCB had similar risk of MACE (OR: 0.97, 95% CI [0.61, 1.53], p=0.89,
I2=0%), all-causemortality (OR: 0.60, 95% CI [0.07, 4.90], p=0.63, I2=
0%), TLR (OR: 1.29, 95% CI [0.53, 3.18], p=0.57, I2= 0%), TVR (OR: 0.76,
95% CI [0.42,1.39], p = 0.37, I2 = 0%), and MI (OR: 0.48, 95% CI [0.21,
1.08], p = 0.08, I2 = 0%) compared with second-generation DES
(Fig. S4). A summary of the study results is shown in Fig. 4.

4. Discussion

Themain findings of our study can be summarized as follows: 1) the
use of DCB in SVD PCI is associated with smaller late lumen loss over 6
months and a lower incidence of MI during a median follow-up of 12
months, 2) both DCBs and DES are associated with a similar risk of
MACE, death, TLR, and TVR when used in PCI of SVD, 3) When compar-
ing DCBs and second-generation DES, bothmodalities were comparable
with a similar risk of clinical events at amedian follow-up of 12months.

In our analysis, DCBs were associated with lower risk of MI com-
pared with DES during a median follow-up of 1 year. DES are currently
commonly used in SVD PCI. Other options include regular balloon an-
gioplasty or medical therapy, which might not be adequate in severely
symptomatic patients or when the goal is to achieve complete revascu-
larization. However, DES may have limitations in SVD, as suggested by
the higherMI risk with DES in our study. DES are associatedwith neoin-
timal hyperplasia and late occurrence of neoatherosclerosis and stent
thrombosis, which can be exaggerated in small vessels with little
room to accommodate the neointima [19]. DES had more LLL in our
study. The risk of ISR is higher in smaller caliber vessels, longer lesions,
and patients with diabetes mellitus, that are commonly associated with
SVD [20]. Previous studies have demonstrated that the risk of MACE, in-
cluding MI, was almost double in small vessels as compared with large
vessels treated with DES [4,5]. It is possible that with further follow-
up, the gap favoring DCB will widen given that the current-generation
DES have a perpetual 2% yearly risk of stent-related adverse events
[21], but longer-term studies are required.

Table 2
Baseline characteristics of the included patients and lesions.

DCB (n = 734) DES (n = 725) p-value

Age mean ± SD 65.30 ± 10.23 66.47 ± 10.40 0.030
Men % 74.68 73.37 0.609
Multivessel Disease % 70.96 [588] 66.46 [582] 0.110
Hypertension % 78.01 81.75 0.086
Dyslipidemia % 66.02 64.76 0.652
Diabetes % 35.79 37.02 0.664
Current smoking % 22.11 20.16 0.396
Previous MI % 38.46 32.12 0.013
Family history of CAD % 36.78 30.73 0.017
Prior CABG 7.37 7.56 0.969
Prior PCI 53.93 52.69 0.673
Vessel involved
LAD 28.83 27.12 0.503
LCx 40.47 39.28 0.681
RCA 17.44 19.20 0.423
Diagonal 14.24 [206] 10.97 [206] 0.395
OM/Ramus Intermedius 13.54 [206] 17.22 [206] 0.369
PDA/PL 21.31 [206] 22.26 [206] 0.909
LVEF Baseline mean ± SD 58.18 ± 4.77 59.60 ± 4.219 p < 0.001
Lesion/procedural characteristics
Bifurcation lesion 8.31 [528] 9.84 [519] 0.451
AHA B2/C Lesion 44.47 [234] 46.67 [235] 0.700
Minimal luminal diameter (mm) 0.61 ± 0.25 0.61 ± 0.26 1.000
Reference vessel diameter (mm) 2.42 ± 0.25 2.41 ± 0.29 0.480
Lesion length (mm) 12.91 ± 6.46 12.81 ± 6.27 0.764
Predilation 80.21 [738] 78.93 [731] 0.587
Bailout stenting 10.04 [328] 0.9 [228] p < 0.001
Procedural success 97.11 [738] 98.13 [731] 0.267
Lesion success 98.85 [262] 99.20 [257] 0.967

CABG: Coronary artery bypass graft; CAD: coronary artery disease; DCB: drug-coated bal-
loon; DES: drug-eluting stent; LAD: left anterior descending; LCx: left circumflex; LVEF:
Left ventricular ejection fraction; MI: Myocardial infarction; OM: obtuse marginal; PCI:
Percutaneous coronary intervention; PDA: posterior descending artery; PL: posterolateral;
RCA: right coronary artery.
Numbers between square brackets represent the number of subjects with a reported var-
iable when different from the baseline.

Fig. 1. Outcomes with drug-coated balloons vs. drug-eluting stents in small vessel coronary artery disease. DCB: drug-coated balloon; DES: drug-eluting stent.
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The use of DCBs in SVD offers many advantages, mainly due to
avoiding permanent prosthesis implantation. Having a smaller profile,
they are more deliverable in smaller vessels compared with DES. They
are more attractive to use in patients at higher bleeding risk, as the rec-
ommended duration of dual antiplatelet therapy is only four weeks
[12,22]. Most importantly, DCBs are associated with vascular healing
and positive remodeling, particularly in small coronary lumens
[23,24]. In our analysis, late lumen loss was lower with DCBs compared
with DES at six months, an effect that is expected to be more pro-
nounced with more extended angiographic follow-up.

The use of DCBs in SVD has limitations. DCBs require adequate lesion
preparation, which sometimes can be difficult and carries the risk of
suboptimal results (e.g., persistent residual stenosis and dissections),
necessitating bailout stenting. Iatrogenic dissections have a higher
chance of healing with DCBs [25]. The risk of restenosis is higher type
for C or greater dissections, hence such lesions should be treated with

bailout stenting. In contrast, types A and B dissections can be treated
with a DCB-only strategy. Our study found that the rate of bailout
stenting in more recent studies did not exceed 7%, which appears ac-
ceptable. The acceptance of this strategy, especially by less experienced
operators, might be a challenge as the default response to most dissec-
tions is stenting. Another limitation of DCBs is that, unlike DES, the class
effect of DCBs cannot be established. The notion that “not all DCBs are
created equal” is crucial in understanding clinical outcomes and choos-
ing the right tool. There is heterogeneity in the excipient, drug mount-
ing technology, and drug transfer rate, leading to mixed clinical trial
results. The lack of a “class effect”was also shown in the SCAAR “Swed-
ish Coronary Angiography and Angioplasty Registry” [26] and empha-
sized in the European revascularization guidelines [27]. There are
emerging promising data on the use of sirolimus-coated balloons but di-
rect comparison with the currently available paclitaxel-coated balloons
is still required [28].

Fig. 2. Pooled analysis of the odds of periprocedural myocardial infarction, major adverse cardiovascular events, all-cause mortality, and myocardial infarction with drug-coated balloons
vs. drug-eluting stents in small vessel coronary artery disease; the summary statistic is the odds ratios and mean differences calculated according to the Mantel-Haenszel method with
random effects, respectively; marker size is proportional to the study weight. DCB: drug-coated balloon; DES: drug-eluting stent.
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Fig. 3. Pooled analysis of the odds of target lesion revascularization and target vessel revascularization and mean difference in late lumen loss with drug-coated balloons vs. drug-eluting
stents in small vessel coronary artery disease; the summary statistic is the odds ratios and mean differences calculated according to the Mantel-Haenszel method and inverse variance
method with random effects, respectively; marker size is proportional to the study weight. DCB: drug-coated balloon; DES: drug-eluting stent.

Fig. 4. Summary of the study results.
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In our analysis, both DES and DCBs were comparable in MACE,
TLR, TVR, and all-cause mortality risk. This equivalency was also
demonstrated in our sensitivity analysis comparing DCBs vs.
second-generation DES. Our findings, especially with the lower inci-
dence of MI with DCBs, support using DCBs in SVD. Using DCBs fulfils
the concept of adequate treatment of atherosclerotic lesions and de-
livery of anti-restenotic drugs without leaving anything behind.
Larger randomized trials with longer follow-up are needed to
confirm our findings, and ensure the durability of DCBs in SVD. Our
results are generally similar to the study by Sanchez et al. in the over-
all outcomes [29]. We did not, however, perform metaregression
given the low number of included studies. Moreover, we performed
a pre-specified sensitivity analysis that showed equivalency of
DCBs and second-generation DES.

4.1. Limitations

Our study has several limitations. First, there is significant heteroge-
neity, given the differences in the type of DCB and the frequency of ad-
equate lesion preparation. We attempted to overcome this limitation
using random-effect models and by performing further sensitivity anal-
yses. Second, the study was performed using published data not
patient-level data. Third, bleeding outcomes were not consistently re-
ported and could not be analysed. Fourth, our results are reported at a
median follow-up time of 12 months, and more extended follow-up
data are needed. Finally, the number of trials is still limited and a beta-
error still possible for many outcomes assessed.

5. Conclusions

PCI of SVD with DCBs is associated with smaller LLL, a lower risk of
MI, and, with the limited data available so far, and similar risk of
MACE, death, TLR, and TVR compared with DES over one year. DCB ap-
pears as an attractive alternative to DES in patients with de-novo SVD,
but long-term clinical data are still needed.
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