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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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Neuro Elutax SV drug-eluting balloon versus 
Wingspan stent system in symptomatic intracranial 
high-grade stenosis: a single-center experience 
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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 

Funding Statement: This research received no speafic grantfrom any 
funding agency in the public, commerdal, or not-for-profit sectors. 

Competing Interests Statement: No confl-icts of interest have to be re· 
ported. 

Data Sharing: NIA. 
1 Department of Neuroradiology, Cantonal Hospital Aarau, Aarau, 

Switzerland. 
2Department of Neurology, Cantonal Hospital Aarau, Aarau, 

Switzerland. 
3University of Bern, Bern, Switzerland. 

Correspondence to: Philipp Grnber, MD, MSc, Department of Neuro· 
radiology, Cantonal Hospital Aarau, Tellstrasse, CH·5001, Aarau, 
Switzerland; E·mail: philipp.gmber@ksa.ch 

Ann Vasc Surg 2019; •: 1-6 
https:lldoi.org/10.1016/j,avsg.2019, 10,043 
© 2019 Elsevier Inc. Ali rights reserved. 
Manuscript received: August 7, 2019; manuscript accepted: October I, 
2019; published online: • • • 

(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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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: 
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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

bl
e 

2 
O

ut
co

m
e 

of
 in

te
re

st
 r

ep
or

te
d 

in
 IC

A
D

 p
at

ie
nt

s 
tr

ea
te

d 
w

ith
 D

CB
 d

ur
in

g 
fo

llo
w

-u
p.

  

A
ut

ho
r 

Ye
ar

 o
f 

pu
bl

ic
at

io
n 

Ra
te

 o
f r

es
te

no
si

s,
 %

 (
D

EB
 

vs
. c

om
pa

ri
so

n 
gr

ou
p)

 
D

ur
at

io
n 

of
 fo

llo
w

 
up

, m
on

th
s 

Ra
te

 o
f p

er
ip

ro
ce

du
ra

l 
co

m
pl

ic
at

io
ns

, n
 (

%
) (

D
EB

 a
rm

) 
Ra

te
 o

f t
ec

hn
ic

al
 

fa
ilu

re
, n

 (
%

) 
(D

EB
 

ar
m

) 

Ra
te

 o
f v

es
se

l 
di

ss
ec

tio
n,

 n
 (

%
)(

D
EB

 
ar

m
) 

Re
m

ed
ia

l s
te

nt
 fo

r 
di

ss
ec

tio
ns

, n
 (

%
) 

(D
EB

 
ar

m
) 

Re
m

ed
ia

l s
te

nt
 fo

r 
el

as
tic

 
co

il,
 n

 (
%

) 
(D

EB
 a

rm
) 

H
. H

en
ke

s 
20

11
 

9 
vs

 5
0 

7.
5 

D
N

R 
8 

D
N

R 
D

N
R 

D
N

R 
Lu

ca
 

Re
m

on
da

 
20

18
 

13
 v

s 
55

 
4 

1(
12

.5
) 

1(
12

.5
) 

0 
D

N
R 

D
N

R 

Lu
ca

 
Re

m
on

da
 

20
18

 
0 

3 
0 

0 
0 

D
N

R 
D

N
R 

W
ei

 W
an

g 
20

18
 

3.
2 

7 
2 

(6
.5

) 
0 

2 
(6

.5
) 

0 
2 

(6
.5

) 
Ph

ili
pp

 
G

ru
be

r 
20

20
 

15
 

9 
4 

(1
1.

4)
 

D
N

R 
1 

(7
.6

) 
0 

0 

A
lv

in
 Y

i-C
ho

u 
W

an
g 

20
20

 
8.

3 
10

.7
 

4 
(1

1.
4)

 
1 

(3
) 

2 
(5

.1
) 

2 
(5

.1
) 

1 
(2

.5
) 

Sh
en

g 
G

ua
n 

20
20

 
D

N
R 

D
N

R 
1 

(9
.1

) 
1 

(9
.1

) 
1 

(9
.1

) 
D

N
R 

D
N

R 
Ju

 H
an

 
20

20
 

4.
8 

vs
 2

7.
4 

6 
1 

(2
.4

) 
D

N
R 

2 
(4

.8
) 

2 
(4

.8
) 

10
 (

23
.8

) 
Xi

m
en

g 
Ya

ng
 

20
20

 
0 

5.
5 

1 
(6

.2
) 

D
N

R 
1 

(6
.2

) 
D

N
R 

D
N

R 

A
bb

re
vi

at
io

n:
 D

N
R,

 d
id

 n
ot

 r
ep

or
t 

G. Li et al.

147



Clinical Neurology and Neurosurgery 213 (2022) 107065

5

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.  

G. Li et al.

148



Clinical Neurology and Neurosurgery 213 (2022) 107065

6

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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The Effectiveness and Safety of Intracranial Angioplasty without Stenting 
as First Therapeutic Option for Symptomatic Intracranial Stenosis 
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Neurointervention, ICU, Neurology departments, Saudi German Hospital and King Fahad 
Medical City, Riyadh, KSA 
 
 
 
Introduction: 
 
Atherosclerotic intracranial arterial stenosis (ICAS) is one of the most common causes of 
stroke worldwide, associated with high risk of recurrent stroke in spite of presence of many 
therapeutic options. 
 
ICAS causes stroke in 5-10% of white people, 15-29% of black people, and up to 30% of 
Asian people. 
 
Knowing that the current ASA -guidelines (2021) recommend that the medical therapy (anti 
thrombotic, risk factors control, lifestyle modifications) is the first and main option for 
treatment of symptomatic ICAS (stroke or TIA patient) even if recurrent, while interventional 
therapy (angioplasty wit or without stenting) still questionable, so, more neuro interventional 
studies still needed. 
 
 
AIM: 
 
To evaluate the outcome, safety, and effectiveness of intracranial balloon angioplasty with 
DCB  (N-ELUTAX 3) without stenting as the first option for symptomatic intracranial 
stenosis compared to medical therapy and intracranial stenting. 
 
 
 
Method: 
 
This is an interventional randomized retrospective single center study carried out during 
period from 1 April 2020 to 31 March 2022 conducted at Saudi German Hospital, Riyadh 
KSA. 
Forty-five patients with symptomatic ICAS were enrolled and equally randomized in this 
study, where fifteen patients (medical group) underwent medical treatment(antiplatelets 
therapy+control risk factors+life style modification), fifteen patients (angioplasty group) 
underwent angioplasty without stenting using (drug-eluting ballon) and fifteen patients 
(stenting group) underwent angioplasty with stenting. 
 
 
 
 
 
 



 
 
All patients were subject to the following: 

1. Full medical history and neurological exam 
2. NIHSS and mRS scores at 3 points (time of presentation, 6 months, 1 year) 
3. Lab investigation related to stroke work up (CBC, Coagulation profile, liver and renal 

profile, HbA1C, lipid profile) 
4. Full cardiac assessment including ECG, TTE, in addition to TEE and Holter ECG if 

needed. 
5. Brain imaging and non-invasive cerebrovascular imaging including (CT, CTA) or (MRI, 

MRA) at three points (time of presentation, 6 months, 1 year) 
6. Diagnostic cerebral angiogram (DSA) 

 
 
53 patients were enrolled, matched and randomized 
 
Medical group 20 patients underwent aggressive medical therapy 
 
Angioplasty group 18 patients underwent intracranial angioplasty without stenting using 
drug eluting balloon N-ELUTAX “3” 
 
Stenting group 15 patients underwent intracranial angioplasty with stenting 
 
 
 
Inclusion criteria: 
 

1) Patient age between 25 and 80 years 
2) Symptomatic ICAS (TIA or Stroke) with 50% to 99% stenosis of major intracranial 

arteries: 
MCA (M1, M2, M3) 
ACA (A1, A2, A3) 
PCA (P1, P2, P3) 
Basilar artery (BA) 
Vertebral artery (VA) 
 

3) Patient presented with ischemic stroke or TIA for the first time with ICAS findng 
during stroke work up. 

 
 
Exclusion criteria: 
 

1) Patient below 25 years or more than 80 years 
2) No early intervention (during first 2 weeks of stroke) 
3) Complete infarction of territorial area supplied by targeted artery on DSA 
4) Complete occlusion of targeted artery on DSA 
5) Patient contraindicated to GA 
6) Asymptomatic ICAS 



7) Symptomatic ICAS less than 50%

Table-1:  General characteristics on presentation of patients with symptomatic intracranial 
stenosis. 

Characteristics All (N=53) 
Treatment Groups 

Medical 
(N=20) 

Interventional 
(N=33) 

P-value

Age, mean ± SD 61.75± 7.48 65.55 ± 6.30 59.45 ± 7.27 0.002 
Sex (male) 37 (70%) 14 (70%) 23 (70%) 0.984 
Diabetes Mellitus 31 (58%) 11 (55%) 20 (61%) 0.696 
Hypertension 48 (91%) 17 (85%) 31 (94%) 0.280 
Dyslipidemia 16 (30%) 8 (40%) 8 (24%) 0.226 
Smoking 19% (36%) 10 (50%) 9 (27%) 0.094 
Clinical 
Diagnosis 

AIS 50 (94%) 20 (100%) 30 (91%) 0.165 
TIA 3 (6%) 0 (0%) 3 (9%) 

Brain 
Imaging 

ACI 36 (68%) 14 (70%) 22 (67%) 0.801 
PCI 17 (32%) 6 (30%) 11 (33%) 

Vascular 
Imaging 

MCA 28 (53%) 12 (60%) 16 (49%) 

0.549 
PCA 6 (11%) 2 (10%) 4 (12%) 
ICA 7 (13%) 1 (5%) 6 (18%) 
VA 4 (8%) 1 (5%) 3 (9%) 
BA 7 (13%) 3 (15%) 4 (12%) 
ACA 1 (2%) 0 (5%) 0 (0%) 

NIHS (mean ± SD) 9.6±4.23 1.70 ±2.32 10.15 ±5.01 0.159 
mRS (mean ± SD) 2.58±1.13 2.35±0.99 2.73 ±1.21 0.222 



Table-2: Characteristics of the presentation of patients with symptomatic intracranial stenosis 
who underwent neuro-intervention. 
 
 
 
 
Characteristics 

 
All (N=33) 

Neuro-interventional Group 
Angioplasty 
(N=15) 

Stenting  
(N=18) 

P-value 

Age, mean ± SD 59.45± 7.27 59.07 ± 7.01 59.78 ± 7.67 0.737 
Sex (male) 23 (70%) 12 (80%) 11 (61%) 0.240 
Diabetes Mellitus 20 (61%) 8 (53%) 12 (67%) 0.435 
Hypertension 31 (94%) 14 (93%) 17 (94%) 0.894 
Dyslipidemia 8 (24%) 5 (36%) 3 (17%) 0.226 
Smoking 9% (27%) 6 (40%) 3 (17%) 0.134 
Clinical 
Diagnosis  

AIS 30 (91%) 13 (87%) 17 (94%) 0.439 
TIA 3 (9%) 2 (13%) 1 (6%) 

Brain 
Imaging 

ACI 22 (67%) 9 (60%) 13 (72%) 0.458 
PCI 11 (33%) 6 (40%) 5 (28%) 

 
 
Vascular 
Imaging 

MCA 16 (49%) 7 (46%) 9 (50%)  
 
0.197 

PCA 4 (12%) 4 (27%) 0 (0%) 
ICA 6 (18%) 2 (13%) 4 (22%) 
VA 3 (9%) 1 (7%) 2 (11%) 
BA 4 (12%) 1 (7%) 3 (17%) 
ACA 0 (0%) 0 (0%) 0 (0%) 

DSA (mean ± SD) 86% ±11% 88% ±8% 84% ±13% 0.295 
NIHS (mean ± SD) 10.15±5.01 10.33 ±6.30 10.00 ±3.80 0.859 
mRS (mean ± SD) 2.73±1.21 2.80±1.52 2.67 ±0.91 0.768 

 
 
 
 
Result(s): 
 
The angioplasty group had a better clinical and radiological outcome with NIHSS below or 
equal (6) at 12 months follow up post-procedure in (100%) of the patients in the angioplasty 
group, in comparison to (80%) of the patients in both medical group and stenting group. We 
also observed, a better functional outcome with MRS score (0:1) at 12 months follow-up 
post-procedure in (93,3%) of the patients in the angioplasty group, in comparison to (66,7%) 
in the medical group and (80%) in stenting group.  

Brain imaging (CT or MRI) show (no significant new insult )at 12 months follow up post-
procedure in the angioplasty group in (100 %) of the patients, while( 80%) of the patients in 
both medical and stenting groups show (no significant new insult). In addition to, 
cerebrovascular imaging(CTA or MRA) show (no significant restenosis) at 12 months follow 
up post procedure in angioplasty group in (100%) of the patients in comparison to (80%) in 
the medical group and (80%) in stenting group. 

Recurrent ischemic events occurred in (0%) of angioplasty group, with (20%) of medical 
group and (13,3%) of stenting group. 



 
 
 
Table 3: Follow up characteristics of patients with symptomatic intracranial stenosis  
 
 
Characteristics 

 
All (N=53) 

Treatment Groups 
Medical 
(N=20) 

Interventional 
(N=33) 

P-value 

New Insult on 
Brain Imaging 

6 months 8 (15%) 4 (20%) 4 (12) 0.437 
12 months  7 (13%) 3 (15%) 4 (12%) 0.764 

Restenosis on 
Vascular Imaging 

6 months 7 (13%) 4 (20%) 3 (9%) 0.255 
12 months  7 (13 %) 4 ((20%) 3 (9%) 0.255 

 
 
NHISS Mean ± 
SD 

6 months 4.26 ±  5.15 4.45 ± 5.05 4.15±5.29 0.839 
DN 6 5.34 ± 6.20 4.25 ± 6.26 6 ±6.15 0.327 
RRN 6 0.51 ± 0.66 0.39±0.84 0.59±0.52 0.356 
12 months 3.23 ± 4.91 3.65±4.74 2.97±5.07 0.624 
DN 12 -6.36 ± 6.20 -5.05±5.90 -7.18±6.33 0.222 
RRN 12 -0.62 ± 0.62 -0.49 ± 0.78 -0.70±0.49 0.294 

mRS 6 months 1.07 ±1.36 1.25±1.52 0.97±1.26 0.493 
GFO 6 45 (85%) 16 (80%) 29 (88%) 0.437 
12 months 0.91±1.35 1.20±1.54 0.73±1.21 0.250 

  
GFO 12 

 
44 (83%) 
 

 
14 (70%) 

 
30 (91) 
 

 
0.049 

Rescurrence of Stroke 8 (15%) 4 (20%) 4 (12%) 0.437 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Table-4: Follow-up characteristics of patients with symptomatic intra-cranial stenosis who 
underwent neuro-intervention. 
 
 
 
Characteristics 

 
All (N=33) 

Treatment Groups 
Angioplasty 
(N=15) 

Stenting(N=18) P-value 

New Insult on 
Brain Imaging 

6 months 4 (12%) 0 (0%) 4 (22%) 0.051 
12 months  4 (12%) 0 (0%) 4 (22%) 0.051 

Restenosis on 
Vascular Imaging 

6 months 3 (9%) 0 (0% 3 (17%) 0.097 
12 months  3 (9%) 0 (0%) 3 (17%) 0.097 

 
 
NHISS Mean ± 
SD 

6 months 4.15±  5.29 3.13±  3.58 5.00 ±  6.36 0.299 
DN 6 6±  6.15 7.20 ±  6.25 5.00 ±  6.08 0.316 
RRN 6 0.59 ±  0.52 0.68 ±  0.34 0.52 ±  0.62 0.368 
12 months 2.97±  5.07 1.40 ±  1.92 4.28±  6.43 0.086 
DN 12 -7.18±  6.33 -8.93±  5.98 -5.72±  6.41 0.147 
RRN 12 0.70±  0.49 -0.87 ±  0.17 -0.58±  0.62 0.091 

mRS 6 months 0.97±  1.26 0.80 ±  1.01 1.11± 1.45 0.476 
GFO 6 29 (88%) 14 (93%) 15 (83%) 0.381 
12 months 0.73 ±  1.21 0.4 ±  0.63 1±  1.49 0.136 

  
GFO 12 

 
30 (91%) 
 

 
15(100%) 

 
15 (83%) 
 

 
0.097 

Rescurrence of Stroke 4 (12%) 0 (%) 4 (22%) 0.51 
 
 
 
 
 
Conclusions 
 
We conclude that intracranial balloon angioplasty using a drug-eluting balloon is superior to 
both medical therapy and intracranial stenting. We believe it is a safe first option of the 
treatment of symptomatic intracranial stenosis.  
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
CT brain: Scattered fronto-parieto-temporal hypodense foci +transcortical W-Z. 
Angioplasty done using N-ELUTAX “3” (1,5 x 20 mm). 
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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%)

K



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

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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