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Abstract
We report the results of transcranial ultrasound monitoring in three patients with intracranial arterial stenosis of the middle

cerebral artery treated with the only drug-eluting balloon certificated for intracranial use in highly symptomatic intracranial

arterial stenosis, ELUTAX “3” (AR Baltic Medical). We performed transcranial Doppler ultrasounds 24 h, 72 h, 10 days, 15

days and 30 days after the angioplasty, thereby measuring mean flow velocity (MFV) in the maximum stenosis area in

patients with symptomatic steno-occlusive disease of the middle cerebral artery treated with ELUTAX “3”. Two patients were

treated during mechanical thrombectomy (MT) due to acute ischemic stroke and one patient was treated on elective basis

due to symptomatic pre-occlusive stenosis, with recurrent transient ischemic attacks (TIAs) refractory to medical therapy. In

Case 1, the first transcranial Doppler ultrasounds evidenced MFV of 348 cm/s, with progressive MFV reduction until 15 days

post-treatment, with MFV of 177 cm/s. In Case 2, 24 h after angioplasty had an MFV of 258 cm/s, decreasing to 103 cm/s at

30 days. Case 3 had an MFV of 436 cm/s before angioplasty that immediately decreased after the procedure to 364 cm/s,

with a final MFV of 260 cm/s at 30 days. We have recorded a progressive MFV reduction in intracranial arterial stenosis, with

better outcomes in patients treated during MT. In our experience, the use of ELUTAX “3” for the treatment of symptomatic

intracranial arterial stenosis achieves a progressive improvement of stenosis, evident in the first weeks, to a higher extent in

cases of occlusive thrombosis. More studies are needed to provide more information about this device.
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Introduction

The first-line treatment for intracranial arterial steno-
sis (ICS) is currently medical therapy, as clinical
trials such as SAMMPRIS show that percutaneous
transluminal angioplasty and stenting involves a
high percentage of periprocedural complications
(14.7%) and up to 34% recurrences, most of them
due to restenosis.1

A drug-eluting balloon (DEB) has been recently
developed specifically for intracranial use, consisting
of paclitaxel (ELUTAX “3”), a potent lipophilic anti-
cancer agent with antiproliferative action on endovas-
cular smooth muscle cells, that reduces intimal
hyperplasia and, therefore, restenosis.2 It is the only
DEB with CE mark (Conformit�e Europ�eenne, CE) for
intracranial use in highly symptomatic ICS,3 but to
date there are no follow-up studies available that
describe the hemodynamic changes occurring in ICS
following treatment with intraarterial paclitaxel.

A simple, useful tool to monitor hemodynamic
changes in intracranial arterial flow is transcranial

Doppler ultrasounds (TCD).4 This non-invasive tech-
nique can be used to measure mean flow velocity
(MFV) in the area of maximum stenosis and, there-
fore, correlate it with the ICS degree.5,6

We report the results of ultrasound monitoring in
three patients with intracranial stenosis of the middle
cerebral artery (MCA) treated at our site with
ELUTAX “3” (AR Baltic Medical).

Methods

Patients with symptomatic steno-occlusive disease of
the MCA treated in our site with ELUTAX “3” were
screened.
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In all cases, the target lesion was crossed using a

Traxcess 0.01400 microwire (MicroVention, Tustin,

California, USA) and a microcatheter was advanced

distal to the lesion to perform an initial. We used

Trevo Pro 18 (Stryker Neurovascular, Kalamazoo,

MI, USA) as it is part of the standard equipment

for the treatment of the stroke in our hospital. With

the tip of the guidewire in a distal branch of the target

artery, ELUTAX “3” was then advanced with mono-

rail technique over an exchange system by adding a

docking wire.
The size and length of the balloon was chosen

based on the characteristics of the lesion.
We performed control ultrasound studies 24 h,

72 h, 10 days, 15 days and 30 days after the angio-

plasty, thereby measuring MFV in the maximum ste-

nosis area.
The studies were performed at the neurosonology

laboratory of a tertiary hospital by transcranial color-

coded ultrasonography, under baseline conditions,

through the temporal window with probe at

1–4MHz (Philips CX50), with the patient lying on

his back, at rest and with normal blood pressure

values. In case of insufficient temporal acoustic

window, it was allowed to use the echo-enhancer,

which was used in the rest of the tests in this patient.

Results

Two patients were treated with ELUTAX “3” during

mechanical thrombectomy (MT) due to acute ische-

mic stroke, in the first case for impossibility to per-

form it with the previous thrombus aspiration device,

with suspected arterial occlusion due to intracranial
atherosclerosis, and in the second case due to progres-
sive restenosis after thrombus aspiration.

Patient 3 was treated on an elective basis due to
symptomatic pre-occlusive stenosis of the left MCA,
with recurrent TIAs, refractory to aggressive medical
therapy.

Table 1 shows the demographic and clinical char-
acteristics of the patients treated with ELUTAX “3”.

Patient 1 is a 70-year old man with a history of left
carotid stroke six months before in his country of
origin treated with primary MT, with residual modi-
fied Rankin Scale of 1 due to intracranial atheroma-
tosis. He suffered a new stroke of the left MCA
(occlusion of M1 segment) treated with primary TM
due to the uncertain onset. During the procedure,
moderate to severe focal residual stenosis was

Table 1. Demographic and clinical characteristics of the patients treated with ELUTAX “3”.

Patient 1 Patient 2 Patient 3

Age (years) 70 66 41

Sex Male Male Male

Vascular risk factors HT, DLP HT, DLP, active smoker

(40 years-pack)

HT, obesity, OSAS

Treatment on admission Clopidogrel 75 mg,

Carbasalate calcium

100mg, Atorvastatin

40mg

Pravastatin 40mg Acetyl salicylic acid 150mg

Clinical signs Ischemic stroke left

MCA

Ischemic stroke right MCA Recurrent TIAs

History of stroke/previous TIA Yes No Yes

National Institute Health Stroke Scale

on admission (points)

15 18 0

ICS site Left proximal MCA Right proximal MCA Left proximal MCA

Treatment with ELUTAX “3” During MT During MT Deferred. TIAs refractory to

medical treatment

ICS degree in DSA after immediate

treatment

DSA: ICS 50–69% DSA: ICS 50–69% DSA: ICS >90%

Antithrombotic treatment post-

ELUTAX “3”

– 3 months clopidogrel 75mgþacetyl salicylic acid 100mg

– Atorvastatin 80mg

One month modified Rankin Scale 3 1 0

MCA: middle cerebral artery; ICS: intracranial arterial stenosis; MT: mechanical thrombectomy; HT: hypertension; DLP: dyslipidemia; OSAS: obstructive sleep

apnoea syndrome; TIA: transient ischemic attack; DSA: digital subtraction angiography.
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Figure 1. Hemodynamic changes after ELUTAX “3” in ICS mea-
sured with TCD. MFV: mean flow velocity.
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evidenced in the proximal segment of M1 of the left
MCA with a trend to reocclusion and difficulty to
advance the guide, for which angioplasty was per-
formed with ELUTAX “3”, achieving complete
revascularization with modified Thrombolysis in
Cerebral Infarction (mTICI) 3.

The first TCD control performed at 24 h evidenced
MFV of 348 cm/s, with progressive MFV reduction until
the last TCD performed at 15 days post-treatment, with
MFV of 177 cm/s. No subsequent ultrasonographic con-
trols are available as he returned to his country (see
Figures 1 and 2).

Figure 3. TCD control in Patient 2 at 24 h after angioplasty with ELUTAX “3” (a), 72 h (b), 10 days (c), 15 days (d) and 30 days (e) after
treatment. (f) and (g) correspond to DSA studies during MT: (f) shows right proximal M1 occlusion (*) and (g) shows the recanalization
after angioplasty with the DEB.

Figure 2. TCD control in Patient 1 at 24 h after angioplasty with ELUTAX “3” (a), 72 h (b), 10 days (c) and 15 days (d) after treatment. (e) and (f)
correspond to DSA studies during MT: (e) shows left M1 occlusion (*) and (f) shows the residual stenosis (*) after angioplasty with the DEB.
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Patient 2 is a 66-year old man with ischemic stroke

of the right MCA due to atheromatous occlusion of
the M1 segment, treated with fibrinolysis iv and rescue
TM, initially achieving partial revascularization with

high-grade residual stenosis, performing angioplasty
with ELUTAX “3” and achieving complete revascu-
larization (mTICI 3).

Initially at 24 h after ELUTAX “3”, he had MFV
measured with TCD of 258 cm/s, decreasing to 103 cm/

s at 30 days (see Figures 1 and 3). The patient had a
progressive clinical improvement, with National

Institute Health Stroke Scale 2 points at 30 days.
Patient 3 is a 41-year old man with finding of pre-

occlusive stenosis in proximal segment of the left
MCA after study of recurrent left carotid TIAs. The
patient had two to three TIAs daily despite the accu-

rate hemodynamic control and the aggressive medical
therapy with dual antiplatelet treatment and high-

dose statin. The last two TIAs occurred a few hours
before angioplasty with ELUTAX “3”, and he has
been asymptomatic since then.

Before the treatment, a neurosonologic study was

performed, finding in the left MCA an area of nar-

rowing of the flow with aliasing and murmur and

MFV of 436 cm/s, consistent with severe stenosis at

this level (which required administration of echo-

enhancer due to the absence of transtemporal

window in all the tests). Immediately after the angio-

plasty (1 h post-treatment), a MFV reduction to 364

cm/s was shown. In the next controls, a progressive

reduction was identified in the MFV, with final MFV

of 260 cm/s at 30 days (see Figures 1 and 4). There

were no immediate complications in any patient after

the procedure. No patient had more ischemic events

in the first months after the procedure.

Discussion

ELUTAX “3” is the only CE-marked DEB for the

treatment of ICS and its use is indicated in symptom-

atic, high-grade ICS. Several studies have shown that

the restenosis rate is lower with ELUTAX “3” than

Figure 4. TCD control in Patient 3 before angioplasty with ELUTAX “3” (a), 1 h (b), 24 h (c), 72 h (d) and 30 days (e) after treatment. (f)
corresponds to 3D DSA study of the same patient, with critical left MCA stenosis (*).
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with conventional metal stents, but they are limited to
case series or cohort studies with a small sample
size.1–3,7–10

As far as we know, this is the first article that
describes the time course of hemodynamic changes
caused by ELUTAX “3” in the ICS, measured by
TCD. We have used this DEB in two patients coming
to our site with acute ischemic stroke of the MCA with
severe residual ICS and in one patient with high-grade
symptomatic drug-resistant stenosis of the MCA.

We have recorded a progressive MFV reduction of
ICS, probably due to, on the one hand, the immediate
mechanical effect of angioplasty over ICS (enlarge-
ment of ICS that we saw in one patient where we
could perform TCD before the angioplasty and imme-
diately after it) and, on the other hand, to the antipro-
liferative endovascular effect occurring over the long
term, though it is already evident in the first weeks.

We have also seen better outcomes in the MFV
reduction in patients treated during MT with
ELUTAX “3” (Patients 1 and 2) than in the patient
with chronic ICS (Patient 3). This can be due to the
characteristics of the most chronic plaques, possibly
with more calcification and more fibroblastic and/or
cellular content, which would lead the MFV improve-
ment to be evidenced later. In addition, the latter
patient had a higher degree of ICS initially and there-
fore higher MFV, which can also affect the results.

We have no control TCD at 10 days due to the
difficulty for Patient 3 to travel to our site.

In our experience, the use of ELUTAX “3” for the
treatment of symptomatic ICS achieves a progressive
improvement of stenosis, which becomes evident in
the first weeks, to a higher extent in the case of occlu-
sive thrombosis. Larger sample studies, with a longer
follow-up time, are required to provide more infor-
mation about this new device.
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angioplasty with ELUTAX “3″ drug-eluting balloon
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A B S T R A C T

Background: Intracranial atherosclerotic disease is an important cause of ischemic stroke due to large vessel occlusion. The acute management of these occlusions is
challenging and associates an important risk of complications, especially when mechanical thrombectomy does not achieve vessel recanalization. In this context, the
ELUTAX “3″ drug-eluting balloon has been designed for neurological procedures. Nevertheless, there is not enough clinical evidence of this balloon. We report our
experience with ELUTAX “3” during mechanical thrombectomy, explaining the technical details and the outcome of the procedure, the subsequent management and
the clinical evolution of the patients.
Methods: We report four cases of patients with acute stroke due to intracranial atherosclerosis who were treated with the Elutax “3″ drug-eluting-balloon.
Results: Using the Elutax “3″ we achieved a complete recovery of the occluded arteries caliber (mTICI 3) and a good performance status of our patients on discharge,
with the only remarkable complication of a mild asymptomatic subarachnoid bleeding in one of them. The 90-days mRS in those patients was less or equal than 2,
and they have not experienced recurrence of the strokes in the long term follow-up.
Conclusions: In our experience, the Elutax “3″ might be a safe and effective therapeutic option in acute large vessel occlusion secondary to intracranial atherosclerotic
disease. However, further studies will be necessary to evaluate the efficacy and safety of this device.

1. Introduction

ICAD is a major cause of ischemic stroke due to LVO worldwide,
especially in Asian countries, where it is more common than cardi-
oembolic strokes [1–3].

The management of acute LVO secondary to ICAD is technically
more challenging and associates greater risk of recurrence of the stroke.
Although endovascular therapy has demonstrated to be superior to
standard medical treatment in anterior circulation LVOs [4], in ICAD-
related strokes MT often leads to re-occlusion, procedure complications
and residual stenosis [5].

Following the results of the SAMMPRIS and VISSIT studies, ag-
gressive medical treatment has been established as therapy of choice in
chronic symptomatic ICAD [6,7]. However, acute management of
ICAD-related strokes is controversial, especially when MT is not able to

recanalize the vessel. Different approaches, such as performing an an-
gioplasty with or without placing a stent [8,9] or using glycoprotein
IIb/IIIa inhibitors[10–12] have been proposed. Neither of them are
exempt of complications, and their effectiveness is not well established.
Hence, new treatment strategies have been searched for.

In this context, the ELUTAX “3″ DEB (AR Baltic Medical) has been
recently designed. It is a hydrophilic device created specifically for
neurological procedures. This balloon has a 360° and 2.2 μg/mm2 pa-
clitaxel coating and, after placing it in the area of maximum stenosis, it
is inflated with a maximum pressure of 6 ATM for at least 30 s, releasing
the drug film. Paclitaxel then coats the surface of the stenosis for 12
additional weeks, preventing restenosis thanks to its cytostatic effect on
the intimal vascular layer. This is a new therapeutic option with some
interesting advantages: the patient does not need dual antiplatelet
therapy, comparing to conventional stents, ant the device has a local

https://doi.org/10.1016/j.inat.2020.100768
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effect on the intracranial stenosis, avoiding systemic complications.
Nevertheless, there is not enough clinical practice information yet.

We report our initial experience in four patients with acute ICAD-
related LVO stroke, treated with ELUTAX “3″ DEB, explaining the
technical details and the outcome of the procedure, the subsequent
management and the clinical evolution of the patients (Table 1).

Case 1:. A 70-year-old man with previous left hemispheric ischemic
stroke treated by primary MT with mRS 1. He experienced a new stroke
of uncertain onset due to occlusion of the left M1 segment with a
penumbra area in perfusion-CT throughout the MCA territory and a
NIHSS of 15.

Under general anesthesia, the puncture of the femoral artery was
performed and a 8F introducer was placed. A NeuronMAX 088 sheath
(Penumbra Inc, Alameda, CA, US) was positioned in the petrous seg-
ment and a Catalyst 6 catheter (Stryker Neurovascular, Kalamazoo, MI,
US) was positioned in the cavernous segment of the ICA performing
angiographic series (Fig. 1A). The MT was attempted by contact as-
piration with an ACE 68 catheter (Penumbra Inc, Alameda, CA, US),
which did not achieve the recanalization of the vessel. Then, after
several attempts to cross the occlusion, a Traxcess 0.014″ micro-
guidewire (MicroVention, Tustin, California, US) could be advanced,
and a TrevoPRO 18 microcatheter (Stryker Neurovascular, Kalamazoo,
MI, US) was positioned distally in the MCA. This difficulty to cross the
occlusion led to suspecting it was a LVO caused by ICAD, so, using an
exchange guidewire, the ELUTAX “3″ was advanced and an angioplasty
was performed directly with an ELUTAX “3” 2.75 × 15 mm DEB. The
latter was inflated performing slow gradual increase in pressure infla-
tion, as recommended (1 ATM every 30 s) (Fig. 1B) to reach its nominal
pressure of 6 ATM, using a 50% mixture of iodinated contrast and saline
(the same solution was used to purge it). In control angiographic series,
recanalization of the affected vessel and its branches, mTICI 3, was
seen, with persistent severe stenosis in the M1 segment (Fig. 1C). After
24 h, a control brain CT was performed, showing no evidence of ICH,
and DAPT was started. The TCD and angio-CT (Fig. 1D) evidenced re-
sidual focal stenosis of over 50%. The patient was discharged 16 days
later with a NIHSS of 6 points, maintaining DAPT for 3months. The 90-
days mRS was 1. After one year of follow-up, he has not experienced
new strokes.

Case 2:. A 66-year-old man, smoker, with hypertension, dyslipidemia
and a baseline mRS of 0 points. The patient experienced an ischemic
stroke due to a right MCA occlusion in its proximal M1 segment, with a
NIHSS score of 18 points, a plain CT with ASPECTS of 5 points and a
perfusion CT with a penumbra area of over a 40% of the MCA territory.

After intravenous fibrinolysis with alteplase, and under general
anesthesia, a puncture of the femoral artery was performed, placing a
8F introducer. A NeuronMAX 088 sheath was placed in the petrous
segment and a Catalyst 6 catheter was placed in the cavernous segment
of the ICA, performing diagnostic angiographic series (Fig. 2A). The MT
was attempted by contact aspiration with an ACE 68 catheter achieving

partial revascularization of the vessel due to high-grade stenosis in the
terminal segment of the ICA (Fig. 2B), which in control angiographic
series progressed to complete occlusion of the MCA. To cross the oc-
clusion area, a Traxcess 0.014″ microguidewire and a TrevoPRO 18
microcatheter were used, subsequently replaced with a rapid exchange
by an ELUTAX “3″ 2.5x10mm balloon. Slow gradual inflation was
performed to reach its nominal pressure (6 ATM). Recanalization of
mTICI 3 (Fig. 2C) was achieved, with persistent severe stenosis in the
origin of the ACA (Fig. 2D). Twenty-four hours later, a control brain CT
was performed, without ICH findings, and DAPT was started. The
control TCD and the angioCT evidenced residual focal stenosis of
50–69%. The patient was discharged 7 days later with a NIHSS of 7
points, and maintaining DAPT for 3months. The 90-days mRS was 0, as
well as the mRS after one year of follow-up, and he has not experienced
new ischemic events.

Case 3:. A 53-year old woman, with hypertension, type 2 diabetes,
dyslipidemia, obesity and previous diagnosis of ICAD in the proximal
segment of the right MCA in 2016, under follow-up with TCD and
angioCT and with persistent subocclusive stenosis, treated with
acenocoumarol and ASA. The patient experienced a stroke of
uncertain onset on the right MCA territory, with NIHSS score of 7
points and a perfusion CT with penumbra area throughout this
territory.

Under general anesthesia, a puncture of the femoral artery was
performed, obtaining angiographic series, which evidenced severe ste-
nosis in the right supraclinoid ICA and the origin of both the ACA and
the MCA (Fig. 3A). The proximal segment of the MCA was accessed
through a tri-coaxial system comprising a Neuron 6F 90 cm catheter
(Penumbra Inc, Alameda, CA, US), a Sofia 5F 115 cm intermediate ca-
theter (MicroVention Inc, Aliso Viejo, CA, US) and an Echelon 0.017″
150 cm catheter (Medtronic, Dublin, Ireland). For intracranial naviga-
tion of the system, a Traxcess 0.014″ microguidewire was used. The
microcatheter exchange was performed using a Traxcess Docking wire
adapter (MicroVention Inc, Aliso Viejo, CA, US) of 115 cm, positioning
on the supraclinoid ICA stenosis an ELUTAX “3″ balloon of 2.5x10 mm
(Fig. 3B), and dilating it slowly to its nominal pressure (6 ATM). A
Gateway balloon (Stryker Neurovascular, Kalamazoo, MI, US) of
1.5 mm was then progressed to distal M1 segment and three progressive
dilations were performed proximally to the origin of the MCA. The final
controls evidenced complete recovery of the vascular caliber of the
MCA and the ICA (Fig. 3C), with severe residual stenosis in the origin of
the ACA. Twenty-four hours later a brain CT was performed, which
evidenced a subarachnoid bleeding in the sulci of the right convexity
and no signs of restenosis in the angioCT (Fig. 3D). Antiplatelet therapy
was started with ASA 100mg and the patient was discharged with
NIHSS of 0, maintaining treatment with simple antiaggregation and
removing anticoagulation. The 90-days mRS was 0. After one year of
follow-up, asymptomatic restenosis was seen in a control angioCT,
starting DAPT, but she did not experience new strokes.

Case 4:. A 75-year old man, smoker, with hypertension, diabetes and a

Table 1
Characteristics of the patients, arterial occlusions, outcome of the procedures, complications, clinical evolution and management.

Patient 1 Patient 2 Patient 3 Patient 4

Age 70 years old 66 years old 53 years old 75 years old
Gender Male Male Female Male
Baseline mRS 1 0 0 1
Baseline NIHSS 15 18 10 10
Occlusion Left M1 ICA+MCA Right M1 BA
mTICI 3 3 3 3
Complications No No Mild subarachnoid bleeding No
Anti-platelet therapy Dual antiplatelet therapy for 3months Dual antiplatelet therapy for 3months Single antiplatelet therapy Dual antiplatelet therapy for 3months
NIHSS at discharge 6 7 0 2
90-days mRS 1 0 0 2

B. Serrano Serrano, et al. Interdisciplinary Neurosurgery 22 (2020) 100768
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baseline mRS 1, who experienced a stroke about 12 h before due to
complete occlusion of the BA in its middle third and previous occlusion
of right V4, with a NIHSS score of 10 points.

Under general anesthesia, a NeuronMAX 088 sheath was placed in
the left V1 and diagnostic angiographic series were performed
(Fig. 4A). An attempt was made to perform MT by aspiration with ACE
68 catheter, without achieving any recanalization after two contact
aspirations. A Traxcess 0.014″ microguidewire was used to cross the
occlusion area and, after checking the permeability of the distal bran-
ches by contrast injections with a microcatheter, a Tigertriever 4x32
mm stent (Rapid Medical, Yokneam, Israel) was placed. A run was
performed together with simultaneous local aspiration (Fig. 4B),
achieving the opening of the intracranial stenosis and evidencing a
distal thrombus that occluded the left P1 segment (Fig. 4C). An
ELUTAX”3″ balloon of 3x10 mm was positioned centered in the stenosis
and inflated slowly to its nominal pressure (6 ATM), achieving the re-
covery of the vascular caliber. Then, the stenosis point was crossed with
an ACE 68 aspiration device to the level of BA bifurcation. After one
contact aspiration, the posterior circulation could be completely re-
canalized (Fig. 4D). A load of 250mg intravenous ASA was adminis-
tered during the procedure. Twenty-four hours later, a control brain CT
was performed, which evidenced infarction in the right hemi-
cerebellum, with no ICH findings, and DAPT was started. The patient
was discharged 7 days later with NIHSS of 2 points. The 90-days mRS

was 2. Ten months after the procedure, he has not experienced neither
restenosis nor focal symptoms.

2. Discussion

Acute treatment of ICAD-related strokes is still controversial and
challenging. Vessel re-occlusion during MT is a common complication,
and studies have not demonstrated the superiority of glycoprotein IIb/
IIIa inhibitors or angioplasty alone or with self-expanding stents over
other treatments. On the other hand, these therapies have an important
risk of intracranial bleeding, vessel rupture or stent thrombosis.
Therefore, new therapies have been searched for, some of them fol-
lowing the results of coronary flow studies, since coronary artery oc-
clusions are usually caused by local thrombosis of atherosclerotic ves-
sels, with a similar mechanism of intracranial atherosclerotic-related
occlusions.

Considering primary percutaneous transluminal coronary angio-
plasty has the highest recommendation in acute myocardial infarction,
and the complications related to stent-retriever MT, Yang et al. have
compared primary angioplasty and/or stenting with conventional stent-
retriever MT. They have reported favorable functional outcomes and
lower asymptomatic ICH rates in the angioplasty and/or stenting group
[13]. However, most of the patients in this group had an ICA occlusion
and better collateral flow. Hence, these results may not be applicable to
MCA occlusions.

Fig. 1. A: PRE-ANGIOPLASTY Selective digital subtraction arteriography of the left ICA in anteroposterior view. Occlusion in segment M1 of the MCA. B: ANGI-
OPLASTY Image of arteriography without subtraction in anteroposterior view. After progressing through the occlusion, the angioplasty balloon is partially inflated,
observing its proximal (p) and distal (d) mark. C: POST-ANGIOPLASTY Recanalization of the MCA, with persistent severe focal stenosis in segment M1 (*). D:
CONTROL ANGIOCT. Recanalized MCA with moderate-severe residual stenosis.
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Bradley et al. have proposed the use of balloon-mounted stents as an
alternative to self-expanding conventional stents, due to their ad-
vantage of a swift single pass. Nevertheless, in their series an important
percentage of patients suffered peri-procedural complications, including
symptomatic ICH and stent thrombosis. Their results were, therefore,
worse than those seen for patients undergoing MT for LVO secondary to
embolic disease [14].

In randomized studies on coronary flow, a reduction in the rest-
enosis and clinical event rates has been shown with the use of pacli-
taxel-eluted balloons compared to conventional balloons [15]. Thus,
the use of these devices in the intracranial circulation has been con-
sidered for the treatment of chronic ICAD, including the ELUTAX “3″
DEB.

As we know, there is evidence of the use of other DEBs as secondary
prevention in patients with symptomatic ICAD [16]. Gruber et al. have
been the first to compare ELUTAX “3″ to the Wingspan stent (Stryker
Neurovascular, Kalamazoo, MI, US) in symptomatic ICAD, obtaining
better outcomes in terms of recurrence of stroke/TIA or restenosis,
without any statistically significant differences in evolution, complica-
tions or mortality [17]. However, to our knowledge, our patients are
the first patients with ICAD-related LVO strokes treated with the
ELUTAX “3” DEB in an acute phase.

Our preliminary experience with these four cases shows that it is an
easy navigation device, which reduces intimal hyperplasia, the main
cause of restenosis in patients with ICAD. A tri-axial support system was
used in all cases since the initial intention was to perform a conven-
tional MT. Then, once the diagnosis of ICAD-related stroke was made, a
microcatheter was first advanced distal to the lesion to perform an

initial angiogram to assess the vascular anatomy of major branch-vessel
as well as determine the length of the lesion to be treated. The size and
length of the balloon were chosen based on the characteristics of the
lesion. The entire lesion length should be covered by the balloon, and
the diameter should be smaller than the normal vessel size. Then, over
an exchange microguidewire, the Elutax “3″ was easily advanced and
positioned to cover the stenosis, slowly inflated to its nominal pressure.
Besides, once the purge of the balloon is done correctly, the visibility is
excellent.

These procedures allowed us to achieve a mTICI 3 recanalization in
all the patients, with a residual stenosis inferior to 70% and a good
performance status on discharge, which are all of factors of good
prognosis to prevent restenosis and future ischemic events. In addition,
the only remarkable complication was a mild asymptomatic sub-
arachnoid bleeding in one of the patients. As for mid-term results, the
mRS after 90 days for those patients was less than or equal to 2, and
after one year of follow-up they have not reported new ischemic events.

On the other hand, it must be highlighted that, using the Elutax “3″
DEB, subsequent DAPT is not required. Thus, in patients receiving al-
teplase it does not increase the risk of ICH. However, in our case we
maintained DAPT for at least three months in three of the patients due
to the lack of experience with this new device and because of the
persistent, at least 50%, residual stenosis.

3. Conclusions

Based on the results described, we consider this might be a ther-
apeutic option to take under consideration in acute LVO secondary to

Fig. 2. A: PRE-TREATMENT Selective digital sub-
traction arteriography of the right ICA in ante-
roposterior view. Occlusion in the origin of the
MCA. B: POST-ASPIRATION. After a run of me-
chanical aspiration, severe focal stenosis was seen
in the terminal segment of the ICA (*), that affects
the origin of the MCA and ACA. C: ANGIOPLASTY
Angiographic series following angioplasty with
ELUTAX “3″ balloon in segment M1 of the MCA and
terminal segment of the right ICA. The balloon is
deflated and the distal (d) and proximal (p) mark
can be seen. D: POST-ANGIOPLASTY Complete re-
covery of the MCA caliber, with persistent severe
stenosis in the origin of the ACA.
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Fig. 3. A: PRE-TREATMENT Selective brain arter-
iography of the right ICA. Subocclusive stenosis of
the supraclinoid ICA with minimum passage of fi-
liform contrast to MCA and ACA. Moyamoya type
arteriolar network around the bifurcation (*). B:
ANGIOPLASTY Once the stenosis has been crossed
an ELUTAX “3″ balloon of 2.5x10 mm is centered in
the maximum stenosis point (p, proximal mark; d,
distal mark). C: POST-ANGIOPLASTY Recovery of
the vascular caliber in the MCA and supraclinoid
ICA, with severe residual stenosis of the origin of
ACA. D: CONTROL ANGIOCT No restenosis is seen
in the segments treated. Adequate compensation of
the vascular territory dependent on the right ACA
from the left side.

Fig. 4. A: PRE-TREATMENT Selective cerebral ar-
teriography of the left vertebral artery. Complete
occlusion of the middle third of the BA. B: After
performing two contact aspirations, no recanaliza-
tion was achieved, which increased the suspicion of
intracranial stenosis. A Tigertriever stent extractor
was placed, centered in the occlusion together with
simultaneous aspiration by ACE 68. C:
POST-THROMBECTOMY Recanalization of the ba-
silar artery is seen, together with significant ste-
nosis of the middle third due to atheromatous ste-
nosis and distal occlusion of the proximal segment
of the left posterior cerebral artery (P1) (*). D:
FINAL CONTROL Complete recanalization of the
posterior circulation and recovery of vascular ca-
liber after two angioplasties with ELUTAX “3″
coated balloon in the intracranial stenosis of the
BA.
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ICAD, when MT is not effective or possible. However, further studies
with a higher number of patients are required to evaluate the efficacy
and safety of this device.
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REVIEW

Device profile of different paclitaxel-coated balloons: Neuro Elutax SV, Elutax ‘3’
Neuro and SeQuent Please NEO for the treatment of symptomatic intracranial high-
grade stenosis: overview of their feasibility and safety
Philipp Gruber and Luca Remonda

Department of Neuroradiology, Cantonal Hospital of Aarau, Aarau, Switzerland

ABSTRACT
Introduction: Intracranial atherosclerotic disease (ICAD) is highly prevalent and probably the most
common cause of stroke worldwide. Despite best medical treatment (BMT), the rate of recurrent stroke
in symptomatic ICAD patients is elevated, especially in those with high-grade stenosis. Thus, alternative
treatment options are needed. So far, endovascular ICAD treatment has been considered a second-line
therapy. However, recent progress in the endovascular acute stroke treatment challenges this issue.
Drug-coated balloon (DCB) – percutaneous transluminal angioplasty (PTA) represents a promising
alternative to BMT alone.
Areas covered: In this review, current clinical studies on paclitaxel-coated DCB-PTA in symptomatic
high-grade ICAD patients will be presented and discussed. Furthermore, technical profile of the
different paclitaxel-coated DCB, which has been used for intracranial use (Neuro Elutax SV, Elutax ‘3’
Neuro, and SeQuent Please NEO) are being presented.
Expert opinion: Despite limited data and its experimental (off-line) use, DCB-PTA has been demon-
strated to be feasible and safe in selected ICAD patients with symptomatic high-grade stenosis. DCB-
PTA offers several advantages compared to alternative endovascular therapy option as well as BMT
alone. Consequently, DCP-PTA might be a promising candidate for the future armamentarium in ICAD
treatment.
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1. Introduction

1.1. Intracranial atherosclerotic disease – a medical
treatment challenge

Intracranial atherosclerotic disease (ICAD) is highly prevalent
and is probably the most common cause of stroke worldwide
since the incidence in the Asian, Hispanic and African popula-
tions is high [1,2]. It has been shown that ICAD patients with
high-grade stenosis (≥70–99%) are at increased risk of recur-
rent stroke [3,4]. Current guidelines recommend an adequate
antiplatelet treatment combined with consequent treatment
of vascular risk factors such as hypertension, diabetes mellitus,
dyslipidemia, and nicotine abuse [5]. Despite this treatment
regimen, the stroke recurrence rate remains disappointingly
high, as the GESICA or WASID studies have shown [4]. There is
therefore a need for other treatment options in symptomatic
ICAD patients. The endovascular treatment of ICAD patients
has a long tradition and dates back to the early 1980s [6].
Despite promising results from several mono-center studies,
case series and cohort studies either using percutaneous
transluminal angioplasty (PTA) alone or percutaneous angio-
plasty with stenting (PTAS), the large-randomized SAMMPRIS
trial comparing PTAS with the self-expanding Wingspan stent
system (StrykerNeurovascular, Fermont, CA, USA) with aggres-
sive medical treatment failed to show the effectiveness of
PTAS in symptomatic ICAD patients [7]. Furthermore, the

VISSIT trial that compared PTAS using the balloon-mounted
Pharos Vitesse stent system (Codman&Shurtleff, Raynham,
Massachusetts, USA) compared to best medical treatment
(BMT) alone was prematurely terminated and demonstrated
the inferiority of PTAS in ICAD patients [8]. These results are
mainly due to the high peri-procedural complication rate in
the intervention arms (14.9% in the SAMMPRIS and 36.2% in
the VISSIT trial, respectively) [7,8]. Recently, these data were
challenged by the results of the post-marketing, mono-cohort,
multi-center WAEVE trial that looked at peri-procedural com-
plications within 3 days after PTS using the Wingspan Stent
system demonstrating a complication rate of 2.6% being sig-
nificantly lower than SAMMPRIS or the VISSIT trial, therefore
comparable to BMT alone [9]. These promising results are
mainly due to the rigorous selection criteria and the fact that
only comprehensive stroke centers with abundant experience
in endovascular ICAD treatment could participate in this trial.

1.2. Mid- to long-term complications in PTA and PTAS

Besides the above-mentioned limitations there are also mid-
to long-term complications in both PTA and PTAS, respec-
tively, concerning the restenosis rate. This issue is well
known and has been described in several series for both PTA
and PTAS with recurrent stenosis rate of up to 30% [10–12].
The main cause of restenosis is neointimal hyperplasia (NIH).
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Both PTA and PTAS lead to (micro-) lesions of the endothelium
and the intima portion of the vessel wall due to the mechan-
ical stress during dilatation. These lesions induce a complex
cascade of repair mechanism that finally results in excessive
smooth muscle and connective tissue proliferation. To over-
come this major disadvantage of PTA and PTAS, several anti-
proliferative, as well as immune-modulatory agents, have been
evaluated [13]. The highly lipophilic anti-proliferative microtu-
bule-stabilizer paclitaxel has been proven to be effective inhi-
bitor of NIH in vitro as well in vivo [14]. Clinical evidence for
the efficacy of drug eluted stents (DES) as well as drug-coated
balloon (DCB) is mainly derived from the peripheral endovas-
cular field. Feasibility, safety, and efficacy have been widely
shown in interventional cardiology studies for both DES and
DCB, respectively [15,16]. Recent encouraging results from the
Basket Small II trial demonstrated superiority of DCB (SeQuent
Please and SeQuent Please NEO) compared to DES in de novo
small coronary artery disease [17].

Currently, data on the use of DES as well as DCB in neuro-
vascular patients are limited. Promising data on DES has been
published in the early 2000 [18–21], but the interest on PTAS
and PTA dramatically decreased after the negative SAMMPRIS
and VISSIT trial [22].

2. Drug-coated balloon in the neurovascular field –
a potential candidate device for ICAD treatment

Given the high incidence of ICAD worldwide, as well as the
high risk of recurrent strokes – especially in ICAD patients with
symptomatic high-grade stenosis – there is a need for new
treatment concepts in addition to BMT alone [23]. DCB might
be a real alternative treatment modality to BMT alone and
offers several advantages compared to PTAS [24,25]. PTA in
ICAD patients has been shown to be feasible and safe due to
the advance of material technology over the last two decades.
Furthermore, the introduction of submaximal angioplasty
technique that intends to prevent PTA from feared vessel
dissection and the so-called ‘snow-plow’ effect (the involun-
tary occlusion of perforator vessel by plaque dislodgment
during PTA) [26] increased peri-procedural safety. In addition,

DCB-PTA enables a positive remodeling of the treated vessel
wall and keeps natural vessel vasomotion compared to PTAS.
There is no foreign material left in the vessel lumen compared
to PTAS, thus preventing long-term inflammatory reactions
caused by the foreign material. DCB-PTA leads to a more
efficient and homogeneous drug distribution over the treated
vessel wall compared to DES that covers only 15% of the
vessel lumen with drug due to stent-strut geometry [27].
There are no stent-related limitations for additional treatment.
Since there is a low risk of incomplete neointimal healing and
delayed endothelialization in DCB-PTA compared to DES [28],
the duration of dual antiplatelet therapy (DAPT) could be
shortened in patients treated with DCB-PTA compared to
patients treated with DES as recommended for cardiac
patients with 1 month [29]. Due to the high risk of intracranial
hemorrhage in the neurovascular field, long-term and aggres-
sive anti-aggregation should be avoided. Making DCB-PTA an
even more attractive treatment option since there are many
ICAD patients with additional co-morbidities such as atrial
fibrillation. Nevertheless, the post-procedural antiplatelet ther-
apy in DCB-PTA treated patients has to be elucidated for the
neurovascular field since there is no data available.

Economically, DCB-PTA might be more cost-effective com-
pared to PTA or PTAS using DES as it has been demonstrated
for the endovascular treatment of femoro-popliteal artery dis-
ease [30]. Accordingly, providing another advantage of DCB-
PTA technique.

The disadvantages of DCB-PTA are the potential early re-
coil and a larger degree of post-procedural residual stenosis
compared to DES.

Currently, all data regarding DCB-PTA in ICAD patients
correspond to paclitaxel-coated DCB-PTA systems. To the
best of our knowledge, there are no publicaly available data
concerning other drug-coating, such as Sirolimus – coated
balloons.

3. Current studies on paclitaxel-coated balloon-PTA
in the neurovascular field

In 2018, first reports on DCB-PTA for de novo symptomatic
high-grade ICAD patients were published (Table 1). We retro-
spectively compared a cohort of symptomatic high-grade
ICAD patients either treated with the first CE-certified DCB
for neurovascular use (Neuro Elutax SV) (n = 8) or treated
with the Wingspan – Stent System (n = 11) with a median
follow-up of 9.5 and 10.0 months, respectively [31]. The results
showed a significantly lower symptomatic and asymptomatic
recurrence rate with a lower complication rate in DCB-treated
patients compared to Wingspan stent patients. Another study
reported excellent feasibility and safety on a mono-cohort of
10 symptomatic ICAD patients treated with the SeQuent
Please NEO (b.braun, Melsungen, Germany) DCB – a latest
coronary DCB-PTA system [32]. In both studies, submaximal
angioplasty technique was performed for balloon deployment.
Of note, we did not perform any pre-dilation using
a conventional balloon PTA system. A third Chinese study on
symptomatic high-grade de novo ICAD patients demonstrated
good results in 30 patients treated with SeQuent Please (b.
braun Melsungen, Germany) – the previous DCB-PTA model of

Article highlights

● Intracranial atherosclerotic disease (ICAD) is highly prevalent and
probably the most common cause of stroke worldwide.

● Current guidelines recommend the best medical treatment (BMT) as
first-line therapy. Despite BMT, the stroke recurrence rate is elevated
in symptomatic ICAD patients with high-grade stenosis.

● Drug-coated balloon percutaneous trans-luminal angioplasty (DCB-
PTA) might offer an efficient alternative treatment option.

● Despite its current experimental use, DCB-PTA is feasible and safe in
well-selected ICAD patients.

● Neuro Elutax SV and SeQuent Please NEO have been proven to be
feasible and safe in ICAD patients with symptomatic high-grade
stenosis.

● Large randomized trials are needed to prove the concept that DCB-
PTA is effective in ICAD patients.

● To our opinion, DCB-PTA has the potential to play an important role
in the endovascular treatment of ICAD.
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the SeQuent Please NEO [33]. In contrast to our reported
practice, all stenoses were pre-dilated with a Gateway balloon.

Recently, another study demonstrated the successful use of
paclitaxel-coated DCB-PTA (SeQuent Plaese, b.braun,
Melsungen, Germany) in 14 patients with non-acute total
occlusion of the middle cerebral artery. In contrast to our
studies, DCB-PTA was performed after predilation with
a conventional balloon [34]. DCB-PTA has also been success-
fully used in intracranial restenosis of ICAD patients initially
treated with PTAS [35].

Current data suggest that the use of DCB-PTA in selected
patients with symptomatic high-grade intracranial stenosis is
safe and feasible. However, further randomized studies are
required to also prove its efficacy.

4. Profile of the different paclitaxel-coated balloons

4.1. Neuro Elutax SV

One retrospective study reported on the use of the Neuro
Elutax SV (Aachen Resonance, Aachen, Germany) being the
first CE-certified DCB for neurovascular purpose [36]. Neuro
Elutax SV DCB is a 360-degree Paclitaxel-coated DCB (2.2 μg/
mm2) consisting of a complex three-layer matrix that allows
uniform drug release and prevents from the rubbing effect –
the friction of losing Paclitaxel during the passage throughout
the body vessels by a seal layer. Additionally, there is a target
deposition modus (TDM) ensuring that paclitaxel will only be
released at a certain inflation pressure (6 atm) and only when
there is contact to the vessel. The recommended balloon
inflation time is 30 s. In certain circumstances, we extend it
to a maximum of 60 s. There is no pre-dilation needed.

The Neuro Elutax has a 0.017-inch tip profile and is avail-
able from length sizes of 10 to 30 mm as well as diameters
ranging from 1.5 to 4 mm. The working length is limited to
135 cm, which has to be extended at least to 150 cm to reach
more distant lesions. Neuro Elutax has a 5F-guiding catheter
as well as 0.014-inch guidewire compatibility. This DCB is
navigable, flexible and offers a good pushability. This DCB-
PTA system has a hydrophilic shaft coating. In our hands,
Neuro Elutax SV has proven to be effective in more proximal

lesions. However, in distal and very tortuous vessels it requires
some technical improvements since the balloon is to a certain
amount rigid and the PTA-catheter system is only available in
working length of 135 cm. Unfortunately, the CE certificate has
expired and is currently under reevaluation.

4.2. Elutax ‘3’ Neuro

The Elutax ‘3’ Neuro (AR Baltic Medical, Vilnius, Lithuania) DCB-
PTA system is currently the only available CE-certified DCB-PTA
system for neurovascular use representing a kind of successor
to the Neuro Elutax SV [37]. This DCB has a modified drug-
coating surface layer with a three-dimensional dextran-
paclitaxel formation. This specific coating intends to minimize
drug-loss during the DCB navigation through the body vessels.
Similar to Neuro Elutax SV, this possesses also a TDM, allowing
Paclitaxel to be released only upon contact with the vessel
wall and at a certain balloon inflation pressure (6 atm). The
recommended balloon inflation time is 15 s and thus shorter
compared to Neuro Elutax SV (30 s) or SeQuent Please NEO (30
s). Similar to Neuro Elutax SV no pre-dilation is necessary.

The Elutax ‘3’ Neuro is compatible with 5F guiding cathe-
ters and 0.014-inch guidewires. The Elutax ‘3’ Neuro is in
various balloon sizes available: nominal diameter from 1.5 to
4.0 mm as well as nominal balloon length from 10 mm to
40 mm. Furthermore, this DCB-PTA system has a hydrophilic
shaft coating and is also available in a working length of
144 cm that represents an advantage to reach distal lesions.
Currently, clinical data of Elutax ‘3’ Neuro are very limited.

4.3. SeQuent Please NEO

SeQuent Please NEO (b.braun, Melsungen, Germany) is
a latest-generation coronary DCB-PTA [38]. The coating of
SeQuent Please NEO consists of a complex, polymer-free
Paclitaxel and Iopromide matrix (3 μg/mm2). Similarly to
Neuro Elutax SV, SeQuent Please NEO enables a rapid drug
transfer from the balloon matrix to the vessel wall within 30 s.
No pre-dilation is needed.

This DCB is also available in various balloon sizes. Therefore,
the balloon length ranges from 10 to 40 mm and the balloon

Table 1. Summary of current studies of paclitaxel-coated balloon (pDCB)-PTA in symptomatic high-grade stenosis.

Publication

N. of DCB
treated
patients Type of study

DCB-PTA
system

Follow-up
period in
months

DCB deployment
technique

Post-
procedural
stenosis
degree

Peri-
procedural

complications
Asymptomatic
restenosis

Symptomatic
restenosis

Gruber
P. et al.
JNIS
2018
[31]

8 Retrospective
comparison of
pDCB-PTA vs
Wingspan-PTAS

Neuro Elutax
SV (Aachen
Resonance)

9.5 Submaximal
angioplasty

37.5%
(20–60)

0 1 (13%) 0

Gruber
P. et al.
JNIS
2018
[32]

10 Retrospective
monocohort
study

Sequent
Please NEO
(b.braun)

3 Predilatation with
conventional

50%
(45–53)

0 0 0

Han J et al.
JNIS
2018
[33]

30 Retrospective
monocohort
study

SeQuent
Please (b.
braun)

9.8 Submaximal
angioplasty

20%
(10–40

2 (6.5%) 1 (3.5%) 0

pDCB, paclitaxel drug-coated balloon; N., number; PTA, percutaneous transluminal angioplasty; PTAS, percutaneous transluminal angioplasty with stenting.
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diameter from 2.0 to 4.0 mm. SeQuent Please NEO is compa-
tible with 5F-guiding catheters as well as 0.014-inch guide-
wires. This DCB-PTA has a hydrophilic shaft coating and the
working length is up to 145 cm, which enables reaching more
distant lesions. The navigability, the flexibility, and pushability
of this DCB are good. In our hands, more distant lesions as
well as more tortuous vessel could be treated using the
SeQuent Please NEO DCP-PTA system. Additionally, the
SeQuent Please NEO has recently proven its efficacy in small
(≤3 mm) coronary artery disease [17].

5. General technical considerations

DCB-PTAs are usually performed under general anesthesia.
Prior to the intervention, patients have to be under DAPT
(aspirin and clopidogrel). Activated clotting time (ACT) test is
performed and body weight-adjusted bolus of intravenous
heparin is given prior to the procedure.

Intervention is recommended to be performed on a biplane
angiography system. We prefer to gain access via the right
common femoral artery using a 7F long-sheath. Rarely is
a brachial access used for DCB-PTA – especially in posterior
circulation stenosis – but this has so far been without any
clinical evidence.

Prior to the intervention, we perform a four-vessel angio-
gram to assess the general vessel conditions and in particular
the targeted vessel lesions. Under fluoroscopic guidance, we
prefer to advance a 6F-guiding catheter for the anterior circu-
lation in the cervical segment of the internal carotid artery and
for the posterior circulation in the proximal segment of the
subclavian artery. The targeted lesion will be explored using
a 0.014-inch guidewire. The tip of the guidewire will be posi-
tioned distal to the lesion. In monorail technique, the DCB-PTA
system will be advanced and precisely centered over the
target lesion. We do not perform pre-dilation and we do not
use any kind of protection device. During the angioplasty
maneuver, the DCP will be slowly inflated performing submax-
imal angioplasty technique [26], thus preventing from dissec-
tion and perforator branch occlusions (‘snow-plow’ effect).
Before deflation, the DCB stayed submaximally inflated for
30 s. We do always a control angiogram after angioplasty to
assess the immediate effect of DCB. If it is needed, we repeat
the DCB-PTA maneuver.

Feared adverse events of the DCB-PTA technique are early
recoil of the stenosis that would need additional DCB-PTA runs
or bailout stenting, as well as dissection of the vessel or
distant embolic ischemic events or perforator ischemic events
due to mechanical manipulation of the atherosclerotic lesion
[39]. Thus, submaximal angioplasty technique intends to
diminish these adverse events as shown by Dumont et al.
with a 5% major periprocedural complication rate [26]. But,
as already stated by McTaggart, a problem of DCB-PTA will be
the balance of submaximal angioplasty and the attempt of
whole drug coverage of the vessel wall [25], leading to a less
effective drug delivery and a potential higher restenosis rate.

Besides these potential major adverse events of DCB-PTA,
generic complications of endovascular therapy such as access
site complications (i.e. groin hematoma around 1–9%,

dissection, fistula) contrast agent reaction as well as allergic
reactions can occur [40].

6. Conclusion

Given the high incidence of ICAD worldwide and the high risk
of stroke recurrence despite BMT alone, there is a need for
alternative treatment options. Recent data suggested that
DCB-PTA using a paclitaxel-coated DCB is feasible and safe in
selected ICAD patients with symptomatic high-grade stenosis.
Therefore, DCB-PTA might be a promising candidate for the
future endovascular treatment alternative in patients with
symptomatic high-grade stenosis.

Of note, these first clinical experiences of DCB-PTA in symp-
tomatic ICAD patients are still rather preliminary and has to be
currently regarded as experimental. However, given the pro-
mising results and high potential of this technique, more
research on that topic should be carried out in order to
strengthen the evidence of the efficacy of that technique.
Thus, large randomized controlled trials should be prompted
to prove the efficacy of DCP-PTA in this setting.

7. Expert opinion

These first studies on DCB-PTA show feasibility and safety in
patients with symptomatic high-grade ICAD. Since the rapid
technological and clinical advances in endovascular acute
stroke treatment in the last decade, there is a growing interest
on ICAD treatment. However, the dogma of conservative treat-
ment of ICAD patients as first-line therapy might only be
challenged if the efficacy of DCB-PTA is proven. Therefore,
large randomized studies are needed to clarify this important
question. In view of the positive results of the WAEVE trial, it
might be realistic to expect that endovascular ICAD treatment
will regain popularity. The key areas are the technological
improvement of DCB-PTA systems to adapt to the specific
needs of the neurovascular field. An important issue is the
flexibility of the DCB that facilitates the navigability of these
DCBs. Further, the working lengths for the DCB-PTA systems
have to be adapted for intracranial use, i.e. preferably longer
than ≥145 cm.

As certain concerns have recently been raised about pacli-
taxel-coated devices, alternative coating strategies such as
other neointimal antiproliferative drugs (e.g. Sirolimus,
Zotarolimus, or Everolimus) and coating matrices for intracra-
nial application need to be evaluated. In addition, little data
are available to date on the safety of drug-coated devices in
brain tissue. Further pre-clinical and clinical data are needed.

Future research could help establish DCB-PTA as a real
treatment option for the neurovascular field – especially for
ICAD. In addition, this research will contribute to a better
understanding of the mechanism effect of DCB treatment in
the cerebral vasculature and improve the clinical selection of
patients. Therefore, next trials in this area should answer the
question whether DCB-PTA in symptomatic ICAD patients
will be efficient. We believe – given the high prevalence of
ICAD and the high rate of stroke recurrence despite the
BMT – that endovascular procedures for the treatment of
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ICAD patients will regain popularity. Since DCB-PTA treat-
ment in ICAD patients is still experimental in nature, it
remains to be elucidated whether DCB-PTA – especially
paclitaxel-coated DCB – will become established as
a standard treatment in 5 years. Nevertheless, the DCB-PTA
technique is a very promising candidate for the future endo-
vascular armamentarium of ICAD treatment.

7.1. Five-year view

Due to the high incidence of ICAD worldwide (particularly in
Asia) and the additional high risk of recurrent ischemic events
despite BMT, alternative treatments are needed for symptomatic
ICAD patients. Despite the currently rather experimental char-
acter of DCB-PTA in symptomatic ICAD patients, we believe that
DCB-PTA will be a real treatment option and accordingly
a promising candidate for the future armamentarium of ICAD
treatment. However, it might take some time before the con-
cerns about endovascular therapy in ICAD patients are partially
or completely resolved. However, DCB-PTA offers several advan-
tages over PTAS, such as no foreign bodies remaining in the
vascular lumen, uniform drug coverage of the entire vessel
lumen, positive remodeling, and even a shorter DAPT duration.

Of course, despite the promising results of several small
studies, large randomized controlled trials are mandatory to
shed light on the effectiveness of this DCP-PTA technique in
ICAD patients. In addition, the current DCB-PTA systems require
additional modifications in navigability, pushability and working
length in order to adapt these systems perfectly to the specific
needs of the neurovascular field, since the vessels are usually
tortuous and technically demanding. There is also a need to
define who among symptomatic ICAD patients will benefit most
from such endovascular therapy. Possibly symptomatic ICAD
patients with hemo-dynamically relevant stenoses as well as
patients with unstable plaques could be good candidates for
this endovascular treatment [1].

In conclusion, preliminary data have demonstrated the feasi-
bility and safety of DCB-PTA in small cohort studies. Despite its
current rather experimental character, DCB-PTA offers several
advantages over PTAS and BMT alone, hence DCB represents
a promising candidate for the future ICAD treatment.
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AbsTrACT
background intracranial atherosclerotic disease 
is a well-known cause of ischemic stroke. Following 
the saMMPris trial, medical treatment is favored 
over stenting. Drug-eluting balloons (DeB) are widely 
used in coronary angioplasty, showing better results 
than bare-surface 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 for 
intracranial use.
Objective To 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 
from a tertiary stroke center in switzerland.
results eight patients (42%) received elutaxDeB. 
Median clinical follow-up was 10 months for the 
Wingspanstent and 9.5 months for elutaxDeB (P=0.36). 
no differences were found in the clinical baseline 
characteristics, with a median stenosis grade of 80% 
for the Wingspanstent and 81% for the elutaxDeB 
(P=0.87). The compound endpoint ’ischemic re-event 
and/or restenosis’ was significantly lower for elutaxDeB 
(13% vs 64%; P=0.03, Or 0.08 (95% ci 0.007 to 0.93; 
P=0.043) than for the Wingspanstent.
Conclusions The elutaxDeB may be a promising 
alternative treatment for patients with symptomatic 
high-grade intracranial stenosis showing a significantly 
lower rate of ischemic 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 role of pDeB in the 
management of symptomatic intracranial high-grade 
stenosis.

InTrOduCTIOn
Intracranial atherosclerotic 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 
medical care, the annual risk of recurrent stroke 
in symptomatic ICAD is around 9–12%.2 There-
fore, 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 
the 2000s.3 4 As a result of the SAMMPRIS trial2, 
medical treatment rather than stenting is regarded 
as first-line therapy because of the high incidence of 
periprocedural complications (14.7%).5 Restenosis 
is an additional major drawback in stent-treated 
patients, with a recurrence rate of up to 34%. In 
the post-SAMMPRIS era, there is still a debate 
about stenting as a possible alternative treatment,6–8 
because despite best medical treatment recurrence 
rates in symptomatic high-grade stenosis are still 
considerable.

Following the first randomized clinical trial 
(RCT) in 2006,9 recanalization using drug-eluting 
balloons (DEB) became a well-established tech-
nique in coronary angioplasty. However, there is 
little evidence for the deployment of DEB in ICAD. 
Several single-center case series have shown the 
technical feasibility and safety of different drug-
eluting stents or DEB.10–13 Several different DES 
are available, such as Cipher (Cordis, Miami Lakes, 
Florida, USA), Taxus Express (Boston Scientific, 
Natick, Massachusetts, USA) or the Endeavor 
(Medtronic, Minneapolis, Minnesota, USA), which 
are not primarily designed for neurovascular proce-
dures and therefore considered off-label use.14 The 
Neuro Elutax SV (Aachen Resonance) is a CE certif-
icated, hydrophilic balloon— specifically designed 
for neurovascular application—with an even 360° 
coating of 2.2 µg/mm2 paclitaxel, a highly hydro-
philic anticancer drug (figure 1).

The aim of this study was to assess the feasibility, 
safety, and efficacy of PTA/Neuro Elutax SV DEB 
compared with PTAS using the WingspanStent 
system in patients with high-grade ICAD.

MATerIAls And MeThOds
Patient selection
This retrospective study with an open-label cohort 
design was carried out at a tertiary stroke center 
and approved by the local ethic committee.

We initially identified 40 patients with symptom-
atic intracranial high-grade stenosis who had been 
treated endovascularly at our institution between 
January 2009 and September 2016. Endovascular 
treatment was indicated in patients with symp-
tomatic high-grade intracranial artery stenosis 
(≥70% in conventional cerebral angiography) with 
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recurrent or progressive stroke/transient ischemic attack (TIA) 
despite medical treatment. Most patients had at least one platelet 
inhibitor or oral anticoagulant and received high-dose statins. 
Furthermore, lifestyle modification and/or drug treatment was 
established for reduction of risk factors for secondary stroke 
prevention.

All eligible patients had to be over 18 years and were recan-
alized either with PTA with Neuro Elutax SV paclitaxel DEB 
or PTAS using the well-described and approved Wingspan stent 
system consisting of the WingspanStent and Gateway balloon. 
Patients treated with other stent systems or other device combi-
nations were excluded. This stringent selection process was used 
to define two homogeneous treatment groups and resulted in 
19 patients fulfilling all the above-mentioned criteria (PTA n=8, 
PTAS n=11).

Procedures
Most of the interventional procedures were performed 
under general anesthesia (n=16, 84%). All procedures were 
performed on a Philips Allura Xper FD20/20 biplane angiog-
raphy system (Philips Medical System, Best, the Netherlands) 
according to departmental protocol, with intraprocedural modi-
fication if required. Briefly, access was achieved through the 
right common femoral artery, where a 7F long-sheath system 
was placed. After conventional catheter-based angiography 
an interventional procedure was performed with the following 
two device systems: Neuro Elutax SV (Aachen Resonance, 
Luxembourg)—a CE-certificated DEB specifically designed for 
neurointerventional procedures—with length 10–30 mm and 
diameters from 1.5 to 4 mm; and Wingspan stent system (Boston 
Scientific, Natick, USA) with Gateway PTA balloon catheter 
(Stryker Neurovascular, Fremont, California, USA)—a Food and 
Drug Administration approved angioplasty system specifically 
designed for the neurovascular arteries—as the standard and 
reference PTAS system.

For the Wingspan stent system the over-the-wire technique 
was used. The Neuro Elutax SV DEB is a monorail system. 

Submaximal angioplasty technique was performed for DEB 
deployment with a balloon inflation time of 30 s.15

The decision about which device to use was at the discretion 
of the neurointerventionalist in charge. Dual antiaggregation 
with aspirin and clopidogrel was initiated for at least 6 months 
in all patients treated with PTAS. In patients treated with pDEB 
Elutax, two patients received therapeutic anticoagulation 
owing to atrial fibrillation, three aspirin/clopidogrel, and three 
aspirin alone.

Imaging
The degree of stenosis before and after intervention was deter-
mined according to NASCET criteria in cerebral digital subtrac-
tion angiography (DSA).16 The follow-up stenoses were assessed 
according to the underlined follow-up imaging technique.

Outcome measures
The primary outcome was the compound endpoint of recurrent 
stroke/TIA and/or restenosis. Restenosis was defined as radiolog-
ical evidence of postinterventional stenosis of >50% measured 
by ultrasound, MRI, CT angiography or cerebral angiography 
during a median follow-up period of 4 months (range 1–9) 
for the Wingspan and 3 months (range 3–3.5) for the Elutax 
patients. Any focal neurological symptom related to the corre-
sponding vascular territory occurring within the follow-up 
period was considered as recurrent stroke or a TIA. Secondary 
outcomes were stroke or any death within 30 days and good 
clinical outcome (modified Rankin Scale (mRS) score ≤2) at 
follow-up.

statistical analysis
Epidemiological, clinical and radiological data were acquired 
from the medical records.

All data were anonymized and reviewed by the authors. All 
statistical analyses were performed by using the STATA/IC 
14.1 software (StataCorp LLc, Texas, USA). Study parameters 
were compared between the two patient groups using either a 
two-tailed t-test for continuous variables or the Wilcoxon rank 
sum test for categorical variables. Logistic regression analysis 
was performed. For all results, a P value <0.05 was considered 
statistically significant.

resulTs
A total of 19 patients (9 (47%) female) with 20 lesions (one 
tandem lesion) were eligible for this study. Eight patients (42%) 
were treated with a pDEB Elutax SV and; 11 patients (58%) with 
a Wingspan stent system. The median clinical follow-up was 9.5 
months (IQR 4.5–27) for the Elutax patients and 10 months 
(IQR 6–58) for the PTAS patients, respectively (P=0.36). There 
were no significant differences in the epidemiological and clin-
ical baseline characteristics between the two groups (table 1). 
Median age was 68.5 years (IQR 52–76) for the Elutax patients 
and 67 years (IQR 59–73) for the Wingspan patients (P=0.86). 
Both groups had similar distributions of vascular risk factors, 
such as hypertension, diabetes, dyslipidemia, smoking and atrial 
fibrillation (table 1). Median National Institute of Health Stroke 
Scale (NIHSS) score was 0 (IQR 0–4) for the Elutax patients 
and 2 (IQR 0–6) for the PTAS patients (P=0.28). Seventy-five 
percent of the Elutax patients and 45% of the Wingspan patients 
had TIAs as initial presenting symptom (P=0.21). Nearly all 
patients (90%) were on antiplatelet or anticoagulant therapy and 
received an anti-lipid agent before admission.

Figure 1 (A) Neuro Elutax SV balloon catheter—CE certificated—
specifically designed for neurovascular applications, with a 360° 
coating of paclitaxel, a common anticancer drug inhibiting intimal 
hyperplasia. (B,C) Illustrative case of a patient with a symptomatic 
right-sided V4 segment 70% stenosis of the vertebral artery treated 
with the Neuro Elutax SV; before (B) and after (C) procedural cerebral 
angiography. A reduction of stenosis from 70% to 20% was achieved.
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The overall severity of stenosis 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/TIA and/or restenosis within the follow-up 
period of 9.5 months for the Elutax and 10 months for the 
Wingspan patients, respectively, was significantly lower for 
the Elutax patients (n=1, 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 characteristics 
was found (data not shown).

No clinical re-events—defined as TIA or stroke in the vascular 
territory of the formerly treated stenosis within the follow-up 

period—were reported for Elutax patients, whereas 5 (3645%) 
of Wingspan patients had new clinical symptoms in the corre-
sponding vascular territory (TIA n=4, minor stroke n=1). Of 
those patients, four out of five underwent conventional DSA; 
three of them needed immediate interventional procedure with 
angioplasty or intra-arterial thrombolysis. Median time to recur-
rent stroke/TIA was 3 months (IQR 1.5–4) after the intervention.

Restenosis rate—defined as any radiological evidence of 
stenosis degree >50%—tended to be higher in Wingspan treated 
patients (n=6) than in the Elutax patients (n=1, P=0.068).

One death occurred owing to fatal vertebrobasilar stroke not 
related to the intervention (table 2).

Technical success—defined as <50% residual stenosis at the 
end of the interventional procedure—was achieved in 63% of 
the Elutax patients and 64% of the Wingspan patients (P=0.96). 
Furthermore, significantly fewer different devices were needed 
for successful recanalization in the Elutax group which required  
one device (median, IQR 1–2) for each case compared with three 
devices (median, IQR 2–4) for each case in the Wingspan group 
(P=0.003) (table 2).

There were no intraprocedural complications in 15/19 
patients. Overall technical failure was 5% due to unsuccessful 
deployment of a pDEB because of difficult local anatomical 
conditions in an Elutax patient (Elutax: 13%; Wingspan: 0%, 
P=0.24). Generic complications were reported for only one 
Wingspan patients (9%) due to a groin hematoma at puncture 
site, which had to be surgically evacuated. Specific complications 
were seen in two Wingspan-treated patients: one had an intrap-
rocedural in-stent thrombosis and the other had a consecutive 
hyperperfusion syndrome with transient neurological deterio-
ration. No other procedure-related neurological complications, 
such as vessel perforation, dissections, subarachnoid hemor-
rhage, intracranial hemorrhage, or ischemic events, were found 
(table 2).

Finally, there were no differences between the two groups in 
good clinical outcome (modified Rankin Scale (mRS) score ≤2, 
(table 2), with a median mRS of 1 (IQR 0–3) for the Elutax 
patients, and a median mRS of 1 (IQR 0–2) for the Wingspan 
patients, respectively (P=0.95).

Table 1 Demographic, clinical baseline and target lesion 
characteristics

Characteristics
elutax
(n=8)

Wingspan
(n=11) P value

Gender, female, n (%) 3 (38%) 6 (55%) 0.47

Age (years), median (IQR) 68.5 (52–76) 67 (59–73) 0.86

Clinical follow-up (months), median 
(IQR)

9.5 (4.5–27) 10 (6–58) 0.36

NIHSS score on admission, median (IQR) 0 (0–4) 2 (0–6) 0.28

Vascular risk factors

  Hypertension, n (%) 6 (75%) 8 (73%) 0.81

  Diabetes, n (%) 1 (13%) 4 (36%) 0.26

  Dyslipidemia, n (%) 3 (38%) 7 (64%) 0.28

  Coronary artery disease, n (%) 4 (50%) 3 (27%) 0.53

  Smoking, n (%) 1 (13%) 2 (18%) 0.74

  Peripheral artery occlusive disease, 
n (%)

0 (0%) 1 (9%) 0.39

  Atrial fibrillation, n (%) 1 (13%) 1 (9%) 0.82

  History of stroke, n (%) 3 (38%) 4 (36%) 0.96

Medication on admission

  Aspirin, n (%) 3 (38%) 7 (64%) 0.27

  P2Y12 inhibitor, n (%) 1 (13%) 1 (9%) 0.82

  Dipyridamole, n (%) 0 1 (9%) 0.39

  Dual antiplatelet therapy, n (%) 1 (13%) 1 (9%) 0.81

  Vitamin K antagonist, n (%) 1 (13%) 0 (0%) 0.24

  NOAC, n (%) 1 (13%) 0 (0%) 0.24

  Anti-lipid agent, n (%) 6 (75%) 6 (55%) 0.51

Severity of stenosis

  Degree of stenosis (%) before 
intervention, median (IQR)

81%
(72.5–92.5)

80%
(72–100)

0.87

  Degree of stenosis (%) 
after intervention, median (IQR)

37.5% 
(20–60)

10%
(10–50)

0.23

Localization of target lesions

  Internal carotid artery, n (%) 0 (0%) 1 (9%) 0.39

  Middle cerebral artery, n (%) 3 (38%) 5 (45%) 0.74

  Vertebral artery, n (%) 3 (38%) 3 (27%) 0.64

  Basilar artery, n (%) 2 (25%) 2 (18%) 0.73

IQR, Interquartile range; mRS, modified Rankin Scale; NIHSS, National Institute of 
Health Stroke Scale; NOAC, novel oral anticoagulant.

Table 2 Clinical and technical outcome measures

Outcome measures
elutax
(n=8)

Wingspan
(n=11) P value

Good clinical outcome (mRS score ≤2) at 
follow-up

5 (63%) 9 (82%) 0.36

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 ischemic attack, n (%) 6 (75%) 5 (45%) 0.21

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

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

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

Specific complications, n (%) 0 (0%) 2 (18%) 0.21

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

Technical 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% residual stenosis at the end of the 
intervention.
 mRS, modified Rankin Scale.
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dIsCussIOn
To our knowledge, this is the first cohort study reporting a pDEB 
specifically dedicated to neurovascular application (Elutax 
SV) and the Wingspan stent system in patients with intracra-
nial symptomatic high-grade atherosclerotic arterial stenosis. 
During a median follow-up period of 9.5 months (Elutax) and 
10 months (Wingspan), recurrent stroke/TIA was significantly 
lower in Elutax-treated patients than in the Wingspan group. 
Likewise, restenosis tended to be lower in Elutax patients. There 
was no significant difference in complication rate and outcome 
at follow-up.

ICAD is a common cause of ischemic stroke and patients with 
high-grade intracranial stenosis (70–99%), in particular, are at 
high risk of developing an ischemic event in the vascular terri-
tory of the stenosis.17 These lesions may be amenable to intra-
cranial angioplasty, but several concerns have been raised about 
this technique.

Evidence derived from cardiology has proved the efficacy and 
safety of DEB in coronary angioplasty. Since the first RCT of 
pDEB in coronary angioplasty for in-stent thrombosis, which 
found a significantly lower restenosis rate in the pDEB group 
(5% vs 43%, P=0.002),9 the benefit of pDEB has become evident 
and the superiority of pDEB over conventional balloon catheters 
has also been proved in long-term follow-up studies.18 19

Conversely, the role of DEB, and especially pDEB, in the 
neurovascular setting is still unclear. Since the publication of the 
SAMMPRIS trial in 2011,2 best medical care is regarded as the 
preferred treatment for ICAD because of the high periprocedural 
complication rate of 14.7%. This rate was considerably higher 
than in previously published data— for example, data from 
the European INTRASTENT multicentric registry, which had 
an intrahospital event rate of 7%.20 Furthermore, a high inci-
dence of recurrent stenosis of up to 31% appears to be a major 
problem with intracranial stenting, despite growing experience 
in procedural feasibility, safety, and durability of revasculariza-
tion.21 22 These restenoses may result in up to 39% of patients 
having a TIA or stroke.23 Therefore, enthusiasm for using intra-
cranial stenting has declined over the past years.

A review of intracranial angioplasty showed a relatively low 
incidence of 30-day major complications of ≤6%, but the rate of 
symptomatic and angiographic restenosis after 6 months was still 
5–30%.24 By using drug-eluted devices for the ICAD treatment, 
the rate of restenosis and clinical re-events may be reduced, as 
was shown in early studies.11–13 However, their efficacy has not 
yet been totally confirmed in ICAD. So far, a study of a large 
cohort of 95 patients with ICAD treated with a sirolimus-coated 
coronary DES system (Coroflex Plaese Stent) has reported 
promising results, with a low restenosis rate of 3.9% and a low 
periprocedural complication rate of 0.9%.10 In our study, a pacl-
itaxel-coated balloon specifically designed for neurovascular 
application was used. Restenosis is mainly caused by intimal 
hyperplasia. Paclitaxel is a highly lipophilic anticancer drug and 
has an antiproliferative effect. By inhibiting the proliferation of 
smooth muscle cells, paclitaxel reduces intimal hyperplasia.25 
Thus, paclitaxel has been proved to be a potent agent to prevent 
restenosis.26

Preliminary good results with pDEB have been shown in 
different small case series for the treatment of restenosis in 
internal carotid artery stenosis.27 28 But, experience of pDEB 
treatment in ICAD is limited to only one case series of 51 patients 
with ICAD, demonstrating a significantly lower restenosis rate 
than with a conventional stent system (9% vs 50%) during a 
mean follow-up of 6.5 and 7.5 months, respectively.29 Our 
results support these findings that pDEB-treated patients have 

less restenosis and fewer cerebrovascular re-events than patients 
treated with conventional bare-metal stent and uncoated balloon 
catheters. The relatively high rate of restenosis of 36% in our 
Wingspan group is not surprising and is in-line with previous 
reports of up to 34%.24

Interestingly, despite the submaximal angioplasty technique 
with greater residual stenosis, the restenosis rate remained low. 
This is of special interest, because there are concerns about the 
effective interaction of the drug-coated surface of the DEB and 
the targeted vessel walls when the submaximal angioplasty tech-
nique is applied.24

Furthermore, the technical success rate was lower for both 
groups (Elutax vs Wingspan) with 63% and 64%, respectively, 
compared with previous studies with success rates of 70–100%.22 
Our results might be related to the submaximal angioplasty 
technique and low patient number. Despite the small number 
of patients, the technical failure rate was comparably low, with 
only one unsuccessful pDEB deployment in an anatomically 
difficult lesion. The deployment failure might be due to the 
greater rigidity and stiffness of the balloon because of the coated 
surface. Subsequent technical advances in catheter design may 
overcome this problem in the future, and may lead to softer and 
more flexible balloons.

No other severe incidents, such as vessel perforation, dissec-
tions, subarachnoid hemorrhage, or intracranial hemorrhage, 
occurred either in the short or long term. Therefore, the overall 
safety for the pDEB patients was good and lower as reported for 
PTAS patients in a recent meta-analysis.30 Thus, a large sample 
size is needed, to definitively confirm the success rate and safety 
profile of the Neuro Elutax SV.

Finally, clinical outcome was favorable, with a median mRS 
score of 1 in both groups. However, there are differences in 
the initial NIHSS and clinical presentation in the two groups 
with insignificant, but a higher proportion of TIAs in the pDEB 
patients than in the PTAS patients, which might have biased the 
outcome for each group.

Major limitations are the retrospective design, lack of 
randomization and the small number of eligible patients because 
following the SAMMPRIS trial, patients with ICAD are primarily 
treated with platelet inhibitors without mechanical recanaliza-
tion. Furthermore, the follow-up was relatively short. Because 
of the retrospective design, routine follow-up DSA to describe 
the treated stenosis at 90 days is not a common procedure at 
our institution, thus follow-up imaging is always based on ultra-
sound or other non-invasive imaging techniques. In addition, 
these data are obtained from only one experienced high-volume 
single center and thus may not be generally applicable.

Finally, our observations suggest that drug-eluting balloon 
angioplasty might be a valid option for patients with ICAD 
with intractable disease despite best medical care, because the 
technical advances of newer DEB generations has led to a lower 
complication rate with an overall good clinical and radiological 
outcome. Thus, large-scale, prospective studies are needed.

COnClusIOn
The pDEB Neuro Elutax SV may be a promising alternative 
treatment for highly selected patients with ICAD, showing a 
lower recurrence rate than with the PTAS Gateway/Wingspan 
with a similar safety profile and technical success rate. Despite a 
significant difference in the recurrence rate, conclusions have to 
be reached with caution owing to the limitations of this study. 
Further studies will be needed to clearly elucidate the role of 
pDEB in the management of symptomatic intracranial high-
grade stenosis.
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Angioplasty Using Drug-Coated Balloons in
Ostial Vertebral Artery Stenosis
Philipp Gruber,1,2 Jatta Berberat,1 Timo Kahles,2 Javier Anon,1 Michael Diepers,1

Krassen Nedeltchev,2,3 and Luca Remonda,1,3 Aarau and Bern, Switzerland
Background: Ostial vertebral artery stenosis (OVAS) is a relevant cause of acute ischemic
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 OVAS. We aimed to show feasibility and safety of DCB-
PTA in OVAS.
Methods: Retrospective, monocenter case series of 12 patients with ostial vertebral artery ste-
nosis (�50%) treated with PTA using a drug-coated balloon.
Results: Median age was 69.5 years (IQR 57e78.5) with a female rate of 41%. Patients were
treated either with a SeQuent Please NEO or Neuro Elutax SV DEB. Median preinterventional
stenosis degree was 75% (IQR 70e85) with a median lesion length of 4.5 mm (IQR 4e7.5). Me-
dian postinterventional stenosis degree was 40% (IQR 27e50). All treated vessels remained
patent. No major complications such as dissection, vessel perforation, hemorrhage, or ischemic
events occurred. Moreover, we did not detect any restenosis during a median follow-up period of
6.1 months. The clinical outcome was excellent with median mRS scale of 0 (IQR 0e1).
Conclusions: PTA using drug-coated balloons is feasible and safe in patients with ostial verte-
bral artery stenosis.
1,2

INTRODUCTION

Approximately 20e25% all of ischemic strokes

occur in the posterior circulation, and 10e20% of

the patients with ostial vertebral artery stenosis
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(OVAS) will suffer from a stroke. Furthermore,

patients with a vertebrobasilar transient ischemic

attack (TIA) due to OVAS (�50%) have a 5-year

risk of stroke recurrence of 30%.3 In addition, the

risk of stroke or death is six times higher in OVAS

patients than in patients without OVAS.4

Nevertheless, there is an ongoing debate on the

treatmentmodalities for OVAS patients whether pa-

tients benefit from endovascular or from best-

medical treatment alone since the VIST, VAST, and

CAVATS trial.5e7 Today, best medical treatment us-

ing antiplatelet agents is considered first-line treat-

ment of OVAS.8 However, endovascular OVAS

treatment might be considered especially in patients

with hemodynamic vertebrobasilar insufficiency,

bilateral >70% vertebral artery stenosis (VAS) and

in patients with unilateral VAS with contralateral

hypoplastic or occluded vessels.9 Initial good clinical

results and high success rates have been reported for

percutaneous angioplasty with or without stenting.

However, the restenosis rate was reported as high as

10e67%.10,11
1
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During the last decade, drug-eluting stents (DES)

and drug-coated balloons (DCB) have been estab-

lished in the field of interventional cardiology with

convincing short- and long-term results.12 In line

with these observations, several case series as well

as cohort studies in OVAS patients treated with

DES have been published and demonstrated feasi-

bility and safety with high technical success rates

of 98.8% and low morbidity.8 DES in patients with

high-grade OVAS appear to have lower restenosis

rates compared to the previously used bare-metal

stents (BMS).13,14 Data on treatment of high-grade

OVASwith DCB is scarce.15 DCB offers the opportu-

nity to prevent restenosis through a drug-coated

matrix that releases antiproliferative drugs inhibit-

ing neointimal hyperplasia16 on one hand and omits

the permanent deployment of extraneous material

on the other hand.

In this case series, we assessed feasibility and

safety of DCB-PTA in patients with OVAS (�50%)

using Neuro Elutax SV (Aachen Resonance,

Aachen, Germany) and SeQuent Please NEO (B.

Braun Melsungen, Germany).
METHODS
Patient Selection
In this retrospective monocenter case series, we

screened our stroke database for patients

(�18 years) with OVAS (�50%) treated with

DCB-PTA within the last 3 years. The OVAS degree

was based on a multimodality imaging approach

(CTA, MRA, and or US) that has to be confirmed

by conventional angiography.

We identified 12 patients with either symptom-

atic OVAS (n ¼ 10) or treatment of OVAS in order

to improve the collateral situation in two patients

suffering from complex occlusive vasculopathies

with additional high-grade stenosis of the internal

carotid arteries, as well as stenosis or occlusion of

the contralateral vertebral artery. Thus, our indica-

tions were high-risk patients with recurrent TIAs

or manifest strokes in the posterior circulations

and additional OVAS, as well as patients with com-

plex occlusive, supra-aortic vasculopathies with

concomitant high-grade OVAS andwith insufficient

collateral circuits.

The local ethics committee (Ethikkommission

Nordwest und Zentralschweiz, EKNZ, 2018-

01,204) approved the study.
Procedure
Preinterventionally, patients received either a dual

antiplatelet therapy (DAPT) with aspirin 100 mg
and clopidogrel 75 mg (n ¼ 9; 75%) or in case of

concomitant atrial fibrillation anticoagulation with

rivaroxaban 15 mg and antiplatelet therapy with

clopidogrel 75 mg (n ¼ 3; 25%) according to the

PIONEER-AF trial.17 Prior to the intervention, an

additional heparin bolus (range 2,500e5,000 I.E)

adjusted for body weight was administered accord-

ing to activating clotting time (ACT) blood test.

Most of the procedures were performed under gen-

eral anesthesia (n ¼ 9; 75%).

All endovascular procedures were performed on

a biplane angiography system (Allura Xper, Philips,

the Netherlands). The tip of 6F guiding catheter was

placed via a 7F femoral access sheath into the prox-

imal part of the subclavian artery. Under roadmap

guidance, a flexible 0.0014-inch microwire (Syn-

chro2, Stryker Neurovascular, USA) was directed

across the lesion. The tip of the microwire was al-

ways placed into the distal part of the extracranial

vertebral artery. By monorail technique, a properly

sized Neuro Elutax SV or a SeQuent Please NEO

DCB was placed across the lesion covering at least

the plaque lesion length. Then, DCBs were gently

inflated to subnominal pressure (first run with first

device: median 9 bar, interquartile range IQR 6e
10 bar) according to submaximal angioplasty tech-

nique as described elsewhere and kept inflated for

30e60 sec.18 In all cases, a final postprocedural angi-

ographywas performed to document the final result

as well to exclude vessel dissection, distal emboliza-

tion, or vessel perforation. Within 24 hours after the

procedure, patients were controlled for immediate

restenosis with ultrasound. These results served

also as a baseline examination for follow-up

imaging.

Postprocedurally, one patient initially on DAPT

was newly diagnosed with atrial fibrillation and

was switched to rivaroxaban 15 mg and clopidog-

rel 75 mg/d. In addition, another four patients

initially on DAPT were switched to aspirin only

directly after the intervention. Furthermore, all pa-

tients were under lipid-lowering medication, and

vascular risk factors were controlled and treated

if necessary.
Outcome Measurements
We measured postprocedural angiographic stenosis

degree according to the VOTE method criteria,19 as

well as the postprocedural short-term (within

24 hours) and long-term ultrasonographic stenosis

degree according to the nomogram of Ranke

et al.20 Additionally, all periprocedural complica-

tions as well as clinical follow-up (mRS) were

assessed.



Table I. Cohort characteristics and outcome parameters of the study

N ¼ 12

Clinical characteristics

Age in years (yrs), median (IQR) 69.5 yrs (57e78.5)

Sex (female), n (%) 5 (41)

Hypertension, n (%) 12 (100)

Dyslipidemia, n (%) 10 (83)

Diabetes mellitus, n (%) 3 (25)

Heart disease, n (%) 7 (58)

Atrial fibrillation, n (%) 4 (33.3)

History of nicotine abuse, n (%) 8 (67)

NIHSS, median (IQR) 0 (0e0)

Lesion Characteristics

Lesion side (left), n (%) 12 (100)

Preinterventional stenosis degree VOTE in percentage, median (IQR) 75% (70e85)

Lesion length in mm, median (IQR) 4.5 (4e7.5)

Most common clinical symptom: vertigo/dizziness 7 (58%)

Contralateral vertebral artery (VA)

Hypoplastic V4-segment of the VA 2 (17%)

Occlusion/Pseudo-occlusion of the VA 2 (17%)

High-grade stenosis (�70) 2 (17%)

Moderate stenosis (�50%) 2 (17%)

Procedure Characteristics

General anesthesia, n (%) 9 (75)

Neuro Elutax-SV as first DCB, n (%) 6 (50)

SeQuent Please NEO as first DCB, n (%) 6 (50)

Second larger-size DCB use, n (%) 4 (44)

Change to another DCB, n (%) 1 (11)

Outcome Measures

Modified ranking scale score at follow-up, median (IQR) 0 (0e1)

Postinterventional stenosis degree VOTE in percentage e median (IQR) 40% (27e50)

Mean follow-up period in months 6.1

Recurrent clinical ischemic event, n 0

Restenosis rate at follow-up, n 0

Overall major periprocedural complications, n 0

Dissection, n 0

Vessel perforation, n 0

Hemorrhage, n 0

Distal ischemic event, n 0

Mortality, n 0

DCB, drug coated balloon; IQR, interquartile range; NIHSS, National Institute of Health Stroke Scale; no., number; VA, vertebral

artery; VOTE, vertebral origin treatment with endovascular therapy method; yrs, years.
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RESULTS

In this case series, median age was 69.5 years (IQR

66e76). There was a female rate of 41%.Most prev-

alent vascular risk factors were hypertension

(n ¼ 12; 100%), followed by dyslipidemia (n ¼ 10,

83%) (Table I). Eleven patients were also under pre-

vious antiplatelet therapy (APT) (n ¼ 7), dual anti-

platelet therapy (DAPT) (n ¼ 2), or anticoagulation

(n ¼ 1) as well as anticoagulation and APT (n ¼ 1).

Prior to the intervention, 11 patients were already

under Statin therapy. All culprit lesions were

located on the left side. In 33% (n ¼ 4) of the
patients, additional stenoses on the same side were

found, of whom one patient with a concomitant

high-grade V2/V3 segment stenosis of VA was addi-

tionally treated with PTA-DCB. In 67% (n ¼ 8) of

the patients, a moderate-to-severe contralateral

vertebral artery lesion was found such as occlusion,

bilateral OVAS, or hypoplastic vertebral arteries

(Table I).

Preinterventional stenosis degree according to

the VOTE method was 75% (IQR 70e85).

Neuro Elutax SV DCB and Sequent Please NEO

DCB were equally used as first-line in three cases.

In four cases, the initially used DCBs were changed



Fig. 1. Central illustration: Illustrative case of DCB use in

ostial vertebral artery stenosis. Patient with known

extensive atherosclerotic arteriopathy of supra-aortic ar-

teries. (A) Preprocedural angiogram of a high-grade,

excentric OVAS of the left vertebral artery. (B) Intrapro-

cedural inflated angioplasty balloon (SeQuent Please

NEO). four-time angioplasty with two times

2 mm � 10 mm SeQuent-Please NE0 and two times

with a 3 mm � 10 mm SeQuent Please NEO. (C) Postpro-

cedural angiogram with residual stenosis (50%) with

good restoration of antegrade flow.
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to larger sized DCBs of the same manufacturer. One

patient required a switch from Neuro Elutax SV

DCBs (attempt with two different sizes) to SeQuent

Please NEO DCB). Final deployment of DCBs was

technically successful in all cases.

Median postprocedural stenosis degree was 40%

(IQR 27e50) and ultrasonographically the treated

vessel remained open within the first 24 hours.

There was no correlation between the initial lesion

characteristics and outcome. The clinical outcome

was excellent with median modified Ranking Scale

(mRS) Score at follow-up of 0 (IQR 0e1).

We did not observe any major complication such

as vessel dissection, vessel perforation, ischemic or

hemorrhagic intracranial events.

During a mean follow-up period of 6.1 months,

postprocedural ultrasound findings showed in 7

(58%) patients normalized flow profile and in 5

(42%) patients residual stenosis. During this

follow-up period, no clinical recurrent strokes

occurred.
DISCUSSION

Our findings showed that OVAS treatment with

DCB in appropriately selected patients is feasible,

safe, and revealed sustained short-outcome results

(Fig. 1). These findings are in line with a previous

case report of DCB in OVAS.15

Vertebral artery stenosis is the second most com-

mon stenosis in the extracranial vasculature after

carotid artery stenosis and might have deleterious

effect if it becomes symptomatic. There is still the
question, which patients will benefit most from

endovascular therapy.
Anatomical Considerations
Most of our patients had also pathoanatomical

changes of the contralateral side and nearby all of

these lesionsdcomprising high-grade OVAS, hypo-

plastic VA, or occluded VAdtogether with the

culprit OVAS might also lead to vertebra-basilar

insufficiency. Thus, these OVAS should be endo-

vascularly treated as recommended by others.9,21

Interestingly, all culprit lesions were located on

the left side. As often reported in anatomical studies,

the left VA diameter is commonly the larger one of

both VAs.22,23 This might have some hemodynamic

implications in atherosclerotic VAs, because the left

VA might be the dominant artery in this constella-

tion. And, as soon as this VAwill be severely affected

by atherosclerosis, vertebrobasilar insufficiency will

occur.
Technical Considerations
Since endovascular mechanical vessel treatment

leads to vessel wall injuries, restenosis after endo-

vascular OVAS treatment remains a medical chal-

lenge and was reported to be as high as 25e30%

in stenting.24 The underlying pathobiological mech-

anism is smoothmuscle cell proliferation that causes

neointimal hyperplasia and that is considered to be

responsible for restenosis. Thus, DES/DCB use in-

tents to deliver antiproliferative and immune-

modulatory drugs that will prevent neointimal hy-

perplasia.12 So far, DES has shown to be feasible,
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safe, and effective25e27 as well as superior over bare

metal stents regarding restenosis rate as reported

with 4.5% (DES) versus 19.1% (BMS) and in a

meta-analysis of 442 OVAS patients with 4.7%

(DES) and 11.6% (BMS),14,28 since its first descrip-

tion in 2004.29 Nevertheless, stenting has some

shortcomings, which might be challenged by the

use of DCB30: First, DCBs are more flexible

compared to BMS/DES that may be of importance

regarding the tortuous vessel anatomymostly found

in OVAS patients. Second, compared to DES (strut

design), DCB covers the whole stenosis surface

with a homogenous drug delivery and thus might

better inhibit neointimal hyperplasia. Third, there

is no residual foreign body left in the treated vessels

and might enhance positive vessel remodeling.

Fourth, multiple balloon use in the same lesion is

possible. Fifth, since there is continuous mobility

of the subclavian artery and tortuous anatomy of

OVAS, restenosis could also be promoted by stent

fracture or kinking due to mechanical stress, which

could be detected up to 21.6%of cases,13,31 a finding

that cannot occur in DCB-PTA.

In addition, just recently, promising results have

been shown for DCB treatment in symptomatic

intracranial atherosclerotic disease (ICAD).32,33

These results might even encourage the use of

DCB also in the extracranial vasculature.

We observed no periprocedural complications.

This finding is similar to that reported from different

endovascular vertebral artery stenting studies with

0e5%,8,10 supporting that endovascular treatment

in OVAS is a relatively safe procedure. In addition,

we did not use any distal protection device to pre-

vent embolic events, as it has been described in

some studies for OVAS stenting.21 Additional de-

vices in this mostly tortuous vessel anatomy of

vertebral artery leads to additional complexity and

might lead to higher complication rates.

Our technical success was also high, which is

consistent with previous studies.8,14 We had also

no recurrent event, which has to be taken with

caution because of low number and short follow-up.

There is a low risk of delayed endothelization and

incomplete neointimal healing in DCB compared to

DES. Thus, there is no late and very late thrombosis

risk. Therefore, DCB patients might not need a pro-

longed duration of DAPT compared to DES patients

in whom duration of DAPT is recommended up to

3e6 months.34 In cardiac DCB patients, the dura-

tion of DAPT for 1 month was suggested to be suffi-

cient.35 Furthermore, in DCB studies using shorter

durations of DAPT (1e3 months), there was no sig-

nificant increase of major adverse cardiac events

compared to longer DAPT durations observed.12 Of
note, this might also be an advantage for complex

cardiovascular patients who need additional antico-

agulation such as in patients with AF. Thus, in our

cohort, 33.3% patients (n ¼ 3) were under novel

oral anticoagulant (rivaroxaban) combined with

clopidogrel without any bleeding complications.

The other nine patients received DAPT during the

endovascular procedure, and clopidogrel was dis-

continued immediately after the intervention in

four patients, after 2 months in three patients.
Limitations
Limitations are the small sample sizes and the lack of

randomization, as well as the relatively short follow-

up as it is known that in DCS, restenosis could

appear even 42 months after implantation. Never-

theless, this case series might serve as a pilot study

to encourage larger DCB-PTA studies in OVAS.
CONCLUSION

This study demonstrated the feasibility and safety

drug-coated balloon PTA in ostial vertebral artery

stenosis. Drug-coated balloons might be considered

as a novel treatment option in patients with ostial

vertebral artery stenosis.
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