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Abstract

Purpose Endovascular and surgical treatments of stenosis

of the extracranial internal carotid artery (ICA) are com-

mon procedures, yet both introduce a risk of restenosis due

to endothelial hyperplasia. Drug-coated balloons (DCBs)

are designed to decrease neointimal hyperplasia, however

rarely used in the neurovascular setting. This study retro-

spectively analyzes mid-term results of DCB-treated in-

stent restenosis (ISR) of the ICA.

Materials and Methods The medical history, comorbidi-

ties, and periprocedural data of patients receiving DCB

treatment for [ 50% ISR of the ICA after carotid artery

stenting were analyzed. Follow-up after DCB treatment

was performed with Doppler ultrasound. Suspicious cases

were checked with CT- or MR-angiography and—if there

was agreement between the modalities—validated with

digital subtraction angiography. Potential risk factors for

restenosis and differences in outcomes after PTA with

three types of DCB balloons were evaluated.

Results DCB treatment was performed in 109 cases, 0.9%

of which involved in-hospital major stroke; no minor

strokes occurred. A total of 17 patients (15.6%) had

recurrent ISR after DCB treatment, after a mean time of

30.2 months (7–85 months). Tobacco use was significantly

associated with a higher incidence of recurrent ISR.

Conclusion DCB angioplasty for ISR is an effective

treatment that may delay and decrease restenosis. Treating

comorbidities and adopting lifestyle changes may addi-

tionally help prevent ISR.
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Graphical Abstract

Drug-coated balloons for treatment of internal carotid artery restenosis after stenting: 
a single-center mid-term outcome study. 

Drug-coated balloons vs. 
cardiac in-stent restenosis:

Drug-coated balloons vs. ICA 
in-stent restenosis:

109 ICA in-stent restenosis, 
treated with drug-coated 
balloon

Retrospective analysis 
regarding procedural safety, re-
stroke, re-restenosis, 
comorbidities

Single-center study shows favourable outcomes in ICA in-stent restenosis treatment. Confirms the previously published data and 
supplements it with mid-term results with a comparatively high number of participants.
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Introduction

In the treatment of moderate- to high-grade stenoses of the

ostium of the internal carotid artery (ICA), carotid artery

stenting (CAS) is a common and established procedure

with long-term results that are comparable to surgical

options [1–3].

CAS may lead to proliferation to the vessel’s endothe-

lium, and neointimal hyperplasia is believed to be a major

factor influencing in-stent restenosis (ISR) [4]. In the

CREST study, in which end points of death/stroke/my-

ocardial infarction were analyzed in patients with ICA

stenosis who were randomly assigned to receive CEA or

CAS, patients with rather than without ICA ISR had a

higher risk of recurrent stroke [5].

In a 2019 meta-analysis of more than 16,000 carotid

interventions, the cumulative risk of[ 70% restenosis has

been found to be 5.2% at 12 months after CAS [6]. The 2018

International Carotid Stenting Study (ICSS) has reported a

40% five-year cumulative risk of restenosis after CAS.

Again, restenosis significantly influenced the incidence of

ipsilateral recurrent stroke in the study population [7].

Drug-coated balloons (DCBs) are devices specifically

designed to challenge neointimal hyperplasia [8, 9].

In the neurovascular setting, after pioneering works by

Vajda et al. in 2009 [10] and 2011 [11], and despite

promising additional data in 2012 [12] and 2014 [13],

further reports on DCB treatment of ISR have been sparse

but remain promising [14–16].

To further elucidate the role of DCBs in the treatment of

ISR, we analyzed mid-term results of ICA ISR treated with

DCB.

Methods

This single-center retrospective analysis was conducted in

accordance with the Declaration of Helsinki and was

approved by the local ethics committee. All patients were

informed in detail about the specific use and off-label

indications for DCBs in ISR, and written informed consent

was obtained from all patients before the procedure.

Patient Selection and Evaluation

Both symptomatic and asymptomatic patients with

extracranial carotid artery stenosis (NASCET[ 50%)
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confirmed by digital subtraction angiography and treated

with CAS in an elective or acute setting between 2009 and

2023 were retrospectively analyzed.

Patients with suspected ISR[ 50%, concordant on

Doppler and CT-/MR-angiography imaging, after confir-

mation by digital subtraction angiography, were treated

with conventional balloons or DCBs, with or without

additional stent implantation. The appropriate treatment

method (bare balloon vs. DCB vs. balloon angioplasty and

re-stenting) was carefully considered by our neurovascular

team, on the basis of the morphology and length of the ISR.

Only patients with confirmed ISR[ 50% and exclusive

DCB treatment were included.

The pre-procedural evaluation included a neurological

and degree –of –stenosis assessment and platelet function

test (Multiplate�, Roche Diagnostics/VerifyNow�, Wer-

fen). ISR was considered symptomatic if a patient experi-

enced transient ischemic attacks (TIAs), amaurosis fugax

or cerebral infarction of the corresponding ICA territory in

the preceding six months, or acute cerebral ischemia in the

preceding seven days.

Patients were considered asymptomatic if they had

neither stroke nor TIA within the preceding six months.

The NASCET method [17] was used to determine the

degree –of –stenosis.

Baseline demographics; risk factors; and clinical and

periprocedural data were retrospectively collected from our

hospital’s database.

Procedure and Technical Data

Patients received dual antiplatelet therapy for at least

three days before the procedure, and general anesthesia

(GA) was preferred. The aforementioned platelet function

tests were performed on the day of the procedure to ensure

adequate platelet inhibition. A 6 F guiding catheter was

used for selective catheterization of the common carotid

artery. Diagnostic angiography was performed to confirm

the degree and morphology of the ISR. Unfractionated

heparin was infused as a bolus of 3000–5000 IU. A 0.014-

inch microguidewire was then navigated beyond the ISR.

A DCB of the proper size, preferably a 4/20-mm balloon,

was used to cover the whole length of the ISR. Oversizing

was deliberately avoided. The DCB was kept inflated for

60–90 s, then deflated and withdrawn. A final angiogram

was obtained in all cases. Technical success was defined as

restoration of blood flow within the stent, with residual

stenosis below 30%. The balloon catheters used were

Emperor� (AR Baltic Medical, Vilnius, Lithuania; n = 7),

SeQuent� Please (B. Braun SE, Melsungen, Germany;

n = 50), and SeQuent� Please NEO (B. Braun SE, Mel-

sungen, Germany; n = 52).

Post-procedural Period

Arterial blood pressure should be maintained at a systolic

level of 120–130 mmHg for at least 24 h. A neurological

assessment and, in most cases, post-procedural computed

tomography or magnetic resonance imaging (MRI) were

performed before hospital discharge. Periprocedural neu-

rological events were documented and categorized as

follows:

• TIA: reversible focal neurological deficit\ 3 h.

• Cerebral hyperperfusion syndrome: symptoms associ-

ated with brain edema and intracerebral/subarachnoid

hemorrhage.

• Stroke: acute, persistent focal neurological deficit with

cerebral ischemia; categorized as:

– Major stroke – an increase on the mRS of C 3

points.

– Minor stroke – an increase on the mRS of B 2

points from pre-stroke status.

All patients were scheduled for ISR checkup through

Doppler sonographic imaging at 3, 6, 9, and 12 months

after CAS, and then every six months thereafter. The

occurrence of recurrent stenosis after DCB therapy was

defined as the primary outcome.

Statistical Analysis

Continuous data are described as the mean, median, min-

imum, and maximum. Hazard ratios with 95% confidence

intervals (CIs) were estimated with Cox regression to

analyze the influence of continuous data on survival time.

Numbers and percentages were used to describe categorical

data. The incidence rates of ISR were calculated as events

per 100 years. Incidence rate ratios (IRRs) were calculated

to compare the incidence rates between groups. For inci-

dence rates and IRRs, 95% CIs are given. Equality of

survivor functions was compared with log-rank tests. All

statistical tests were two-sided and had a significance level

of 0.05. Stata/IC 16.1 for Unix was used for the statistical

analysis.

Results

Among 3489 patients who underwent CAS in the men-

tioned period, 190 patients received treatment for ISR at

our hospital. Exclusive treatment with DCB angioplasty

was performed in 109 patients, all of which were techni-

cally successful and are reported herein.

This patient cohort included 38 women and 71 men, and

the median age was 68 years (range: 32–86 years). The
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distribution of symptomatic vs. asymptomatic stenosis was

n = 5 vs. n = 104 (95.4%).

The most common comorbidities were arterial hyper-

tension (79.8%), dyslipidemia (49.5%), tobacco use (45%),

and diabetes mellitus (40.4%; Table 1).

Hundred-seven procedures (98.2%) were performed

under GA. Thirty-five patients (32.1%) had an ISR

exceeding 75%, and eight patients (7.3%) had a history of

radiotherapy to the neck (Table 2).

One patient (0.9%) suffered a major stroke due to

intraprocedural embolic M1 occlusion after ipsilateral

DCB angioplasty, although the thrombus was immediately

removed by mechanical thrombectomy.

No other neurological event and no myocardial infarc-

tion was observed in the in-hospital phase. A total of 68

patients underwent MRI after treatment, which revealed

clinically inapparent microlesions on diffusion-weighted

imaging (DWI) in 23 patients (33.8%). Three (2.8%)

patients had minor complications at the femoral access site.

The primary outcome of recurrent ISR exceeding 50%

occurred in 17 patients (15.6%) after a mean time of

30.2 months (7–85 months). All of these patients required

follow-up treatment due to symptomatic ISRS (n = 12) or

recurrent ISR[ 75% (n = 5). Tobacco use (11/17, 64.7%)

showed a statistically significant association with recurrent

ISR (p = 0.005; Fig. 1). Five of the eight included patients

with a history of neck radiation were represented in that

group. Regarding the different balloon models, the mean

time after re-intervention for the recurrent ISR was longer

in patients treated with SeQuent� Please NEO, but the

difference was not statistically significant. Furthermore,

there were no significant differences in the results between

the individual balloon models (Tables 3, 4).

Discussion

The aim of this study was to investigate the effect of DCB

on ISR in patients after CAS with regard to time –to –

restenosis after DCB angioplasty and safety/periprocedural

aspects. Published data on ICA ISR treated with DCBs are

sparse, and studies covering higher patient numbers have

shorter mean follow-up times compared to the mean fol-

low-up time of 30.2 months in this study [18–20]. How-

ever, with 15.6% recurrence of ISR[ 50% at a mean time

–to –restenosis after DCB angioplasty of 32.6 months,

results from this study are comparable with data found in

the literature (0–23% restenosis[ 50%; mean time –to –

restenosis 23 months).

The differences between the mean time –to –restenosis

of the studies and our data can possibly be explained by the

different numbers of cases and follow-up periods as well as

the selection of patients.

Regarding patient selection, a report published by Wu

et al. [16] shows promising results for DCB treatment of

patients with post-radiation stenosis of the ICA. Radiation-

induced atherosclerosis of the ICA is a fast-progressing,

Table 1 Baseline demographics and risk factors

Total (n = 109)

Sex

Female 38 (34.9%)

Male 71 (65.1%)

Age (years)

Median 68

Range 32–86

Atrial fibrillation 10 (9.2%)

Diabetes mellitus 44 (40.4%)

History of tobacco use 49 (45%)

Arterial hypertension 87 (79.8%)

Peripheral artery disease 24 (22%)

Coronary artery disease 29 (26.6%)

Dyslipidemia 54 (49.5%)

Table 2 ICA-stenosis details at presentation for initial angioplasty

Total (n = 109)

Location of ISR

Right 51 (46.8%)

Left 58 (43.2%)

NASCET (%)

50–75% 74 (67.9%)

[ 75% 35 (32.1%)

Previous neck radiation 8 (7.3%)

Fig. 1 Estimated rates of patients without recurrent ISRS in relation

to tobacco use
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aggressive form of vessel disease compared with lifestyle-

induced atherosclerosis [21]. We observed a remarkably

high proportion of patients with neck irradiation with re-

restenosis after DCB treatment of the ICA (62.5%). Yet,

the mean time –to –re-restenosis was nearly twice the

entire follow-up time reported by Wu et al.: 12 months of

follow-up vs. 22.8 months until re-restenosis after DCB

treatment in our data. The pathomechanism underlying this

type of ICA stenosis might be more sensitive to drug-

eluting devices than plain devices, because of the high

proportion of neointimal hyperplasia; consequently, treat-

ing radiation-induced ICA restenosis with DCBs may be

beneficial.

The statistical significance of the association between

continuous tobacco use and the development of recurrent

ISR suggests that past and/or current tobacco use and a

history of radiotherapy to the neck increase the risk of ISR,

but may also indicate that addressing neointimal hyper-

plasia through DCB treatment may be only part of the

solution. Lifestyle modification and management of

comorbidities may therefore influence the risk of ISR after

DCB treatment [22]. However, particularly in smokers with

a history of radiotherapy to the neck, short-term checks for

ISR may be advisable.

All applied DCBs had a paclitaxel coating; however, the

doses and excipients differed: 2.2 lg/mm2 and dextran as

excipient for the Emperor� DCB (as stated by the manu-

facturer) and 3 lg/mm2 for the SeQuent� Please [23] and

SeQuent� Please NEO DCB with iopromide as excipient

(as stated by the manufacturer). Excipients enhance the

amount of drug transferred to the vessel wall. However, the

extent of drug transfer varies considerably among different

excipients/models of DCBs [24]. Thus, the differing results

for the applied devices might be explained by different

degrees of drug transfer or different doses in the device

coating.

Regarding periprocedural safety, the 0.9% incidence of

major stroke and no death suggest that DCBs can be con-

sidered safe. The majority of procedures were performed in

GA. In CAS, local anesthesia is believed to be responsible

Table 3 Characteristics and

procedural data for patients with

recurrent ISR

Total (n = 17)

Sex

Female 4 (23.5%)

Male 13 (76.5%)

Age (years)

Median 68

Range 53–78

Atrial fibrillation 1 (5.9%)

Diabetes mellitus 10 (58.8%)

History of tobacco use 11 (64.7%)

Arterial hypertension 14 (82.4%)

Peripheral artery disease 1 (5.9%)

Coronary artery disease 5 (29.4%)

Dyslipidemia 8 (47.1%)

Time from DCB treatment to recurrent ISR (months)

Mean 30.2

Range 7–85

Emperor�
n 2

Mean 36.5

Range 25–48

SeQuent� Please

n 9

Mean 24.1

Range 7–63

SeQuent� Please NEO

n 6

Mean 37.2

Range 8–85
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for the lower rate of myocardial infarction in comparison

with patients receiving open surgery in GA [25]. However,

for DCB treatment, we prefer GA to achieve better patient

tolerance to longer balloon inflation times and higher pre-

cision in stenosis treatment through machine-assisted

breath-holding. It is also easier in GA to handle sudden

fluctuations in blood pressure and epileptic seizures caused

by the inflation of the balloon.

Coating wash-off in the vascular system distal to the

treated lesion has been reported [26]. Regarding paclitaxel

doses, a systemic dose of approximately 300 mg is repor-

ted to cause peripheral neuropathy in oncology. This dose

greatly exceeds the total amount of paclitaxel in the coating

of a DCB; to date, there are no reports on pharmacological

effects of paclitaxel after DCB treatment in the

neurovascular setting [27]. Consistent with this, no patients

in this study reported symptoms or effects that could be

attributed to the use of DCBs in a vessel directly supplying

the brain. A definitive answer to the question of whether

and to what extent the brain is harmed by the use of a DCB

in a vessel directly supplying it can therefore not yet be

given.

The limitations of this study are the limited compara-

bility with previously published studies on the treatment of

ICA ISR by DCB and the paucity of data published on this

topic to date. In addition, this study lacked a control group,

thus decreasing the comparability of the results. Another

limiting factor of the study is the fact that a small pro-

portion of patients did not undergo imaging after the pro-

cedure; however, this was due to uneventful procedures in

Table 4 Analysis of the

influence of risk profiles

comprising specific

comorbidities on the prevalence

of recurrent ISR

n ATO* (y) ISR (n) Incidence per

100 years (95% CI)

p value**

IRR (95% CI)

Sex

Female 38 102.6 4 3.90 (1.46; 10.38) 0.436

Male 71 198.8 13 6.54 (3.80; 11.26) 1.68 (0.52; 7.06)

Atrial fibrillation

No 99 274.6 16 5.83 (3.57; 9.51) 0.699

Yes 10 26.9 1 3.72 (0.52; 26.42) 0.64 (0.02; 4.11)

Diabetes mellitus

No 65 152.3 7 4.60 (2.19; 9.64) 0.484

Yes 44 149.2 10 6.70 (3.61; 12.46) 1.46 (0.50; 4.51)

Tobacco use

No 60 203.0 6 2.96 (1.33; 6.58) 0.005

Yes 49 98.5 11 11.17 (6.18; 20.16) 3.78 (1.28; 12.44)

Arterial hypertension

No 22 56.6 3 5.30 (1.71; 16.44) 0.910

Yes 87 244.9 14 5.72 (3.39; 9.65) 1.08 (0.30; 5.85)

Peripheral artery disease

No 85 239.8 16 6.67 (4.09; 10.89) 0.126

Yes 24 61.7 1 1.62 (0.23; 11.50) 0.24 (0.01; 1.56)

Coronary artery disease

No 80 205.8 12 5.83 (3.31; 10.27) 0.773

Yes 29 95.7 5 5.23 (2.18; 12.56) 0.90 (0.25; 2.73)

Dyslipidemia

No 55 145.2 9 6.20 (3.23; 11.92) 0.753

Yes 54 156.3 8 5.12 (2.56; 10.23) 0.83 (0.28; 2.41)

Balloon

Emperor� 7 20.6 2 9.69 (2.42; 38.74) –

SeQuent� Please 50 193.6 9 4.65 (2.42; 8.94) 0.509***

SeQuent� Please NEO 52 87.3 6 6.87 (3.09; 15.30) 1.48 (0.43; 4.65)**

*Accumulated time of observation

**Log-rank test for equality of survivor functions

***Comparison of SeQuent� Please vs. SeQuent� Please NEO

IRR incidence rate ratio
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which patients had no new symptoms and therefore prob-

ably only had minor impact on the results.

Conclusion

DCB is beneficial in the treatment of ICA ISR in terms of

the time-to-restenosis and may therefore decrease the risk

of stroke recurrence; the effect may vary between the dif-

ferent DCB models due to the different dosage of the drug

and the excipients.

However, DCB treatment may be only part of strategies

to prevent restenosis, and lifestyle changes, particularly

tobacco cessation, may also play a role.
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