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Paclitaxel-coated balloon (PCB) treatment has shown promise for intracranial atherosclerotic disease 
(ICAD). However, studies on restenosis and its associated factors after PCB use are lacking. This 
study aimed to elucidate risk factors of restenosis after PCB treatment for ICAD. We retrospectively 
enrolled consecutive patients who had been successfully treated with PCBs for symptomatic ICAD 
between January 2016 and December 2022. Eligible patients were classified into “no-restenosis” 
and “restenosis” groups by follow-up DSA. Demographic, clinical, laboratory test, and angiographic 
data were analyzed. Multivariate logistic regression analysis was used to explore the risk factors of 
restenosis after PCB treatment. A total of 261 eligible patients were enrolled in this study. There was 
no death and there were 6.51% (17/261) patients had ipsilateral stroke within 30 days. During 6 months 
clinical follow up, there was no death and there were 3.07% (8/261) patients had ipsilateral stroke 
after 30 days, and 13.41% (35/261) patients were identified with restenosis. The restenosis group 
had significantly higher follow-up hs-CRP (P = 0.040), higher stenosis degree (P = 0.011), higher total 
occlusion rate (P = 0.009), longer lesion length (P < 0.001), higher residual stenosis after intervention 
(P < 0.001) and lower stenting rate (P = 0.017).Multivariate logistic regression analysis showed that 
baseline neutrophil count (OR 1.356, 95% CI 1.015–1.812; P = 0.039), lesion length (OR 1.113, 95% CI 
1.032–1.199; P = 0.005) and residual stenosis after intervention (OR 1.066, 95% CI 1.036–1.097; P < 
0.001) were risk factors of restenosis.
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Intracranial atherosclerotic disease (ICAD) is one of the most common causes of ischemic stroke and is associated 
with a high risk of recurrent stroke despite aggressive medical treatment, especially in Asian populations1,2. 
Angioplasty and stenting have been attempted for patients who are refractory to medication3. However, the 
safety and long-term efficacy of conventional angioplasty and stenting were challenged by the high incidence 
of periprocedural complications and high restenosis rate, which accounted for most subsequent recurrence of 
ischemic events. The in-stent restenosis (ISR) rate has been reported to be 23–30% for bare metal stents4–6, and 
ISR affects the long-term outcome in these patients by increasing the risk of recurrent stroke7.

Decreasing the risk of restenosis is an important way to reduce stroke recurrence. Paclitaxel-coated balloon 
(PCB) is coated with paclitaxel, it can effectively inhibit intimal hyperplasia and reduce the risk of restenosis8,9.
With the growth in endovascular devices, PCB has been gradually applied in the treatment of ICAD to reduce 
restenosis recently. Preliminary studies have showed the safety and feasibility of PCB for ICAD with a lower 
incidence of restenosis10–16. However, large-scale clinical studies on restenosis and its associated factors after 
PCB use are lacking.

This study aimed to elucidate vessel patency and associated factors of restenosis from the perspectives 
of demographic profile, blood parameters and features of the lesion in patients with ICAD undergoing PCB 
treatment.
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Methods
Study population
We retrospectively reviewed our prospective stroke database to identify consecutive patients who had been 
successfully treated with PCBs for symptomatic ICAD between January 2016 and December 2022. Informed 
consent was obtained from patients or their authorized family members before surgery. The procedure was 
complied with the Declaration of Helsinki. The Institutional Review Board of the First Affiliated Hospital of 
Shandong First Medical University approved the study.

Study inclusion criteria were as follows: (1) intracranial atherosclerosis was the primary etiology; (2) transient 
ischemic attacks (TIA) or ischemic stroke related to a stenotic or occlusive intracranial artery despite optimal 
medical treatment, which was defined as treatment that included dual-antiplatelet treatment (DAPT), statin, 
blood pressure and glucose control, smoking cessation, and an emphasis on a healthy lifestyle; (3) stenosis degree 
≥ 70% or total occlusion in the intracranial internal carotid artery (Intra ICA), middle cerebral artery (MCA), 
intracranial vertebral artery (Intra VA), or basilar artery (BA); The stenosis degree was determined according 
to the Warfarin-Aspirin Symptomatic Intracranial Disease (WASID) study on digital subtraction angiography 
(DSA); (4) vascular imaging follow-up using DSA was performed after treatment. And study exclusion criteria 
were: (1) nonatherosclerotic diseases, such as suspected cerebral vasculitis, arterial dissection, and potential 
source of cardiac embolism; (2) the target artery with tandem multiple stenotic lesions.

Procedures
The details of the interventional procedure have been described previously10,12. In brief, all patients were given 
individual standard medical treatment, risk factor management, and lifestyle interventions. DAPT with aspirin 
100 mg and clopidogrel 75 mg daily was given at least for 5 days before procedure. The endovascular procedures 
were performed under general anesthesia. Adequate predilation using conventional balloons was mandatory 
before the use of PCB (SeQuent Please; B. Braun, Berlin, Germany). PCB angioplasty was applied after 
conventional balloons angioplasty. If patients suffered dissection after conventional balloons angioplasty, the 
treatment was the same, we still applied PCB angioplasty in the next step. The diameter of the PCB corresponded 
to approximately 80 to 100% of the normal vessel and was 0.5 to 1 mm larger than the conventional balloon. The 
PCB covered the entire lesion and was slowly inflated at a nominal pressure for 60 s to transit the paclitaxel into 
the vessel wall. After withdrawal of the PCB, an angiogram was reperformed to evaluate the lumen and exclude 
vessel dissection, perforation, and distal embolization. Remedial stenting implantation was performed if the 
residual stenosis was > 50% or there was flow limiting dissection after PCB dilation. Post-procedural antegrade 
flow was graded using the TICI grading system, and technical success was determined by recanalization with a 
TICI grade 2b/3 on post-procedural angiography. DAPT was maintained for 3 months for patients with only PCB 
dilation and 6 months for patients with remedial stenting implantation. Aspirin or clopidogrel monotherapy was 
maintained thereafter.

Data collection and Follow-up outcomes
Demographic, clinical, laboratory test, angiographic data were collected. All patients were followed up clinically 
at 1 month, 3 months, 6 months, 1 year, and yearly thereafter. They were scheduled to return for DSA examination 
at 6 mo (± 1mo) after the index procedure. The primary follow-up outcomes were angiographic restenosis, 
recurrent ischemic events, and symptomatic restenosis at 6 months. Ipsilateral stroke and death within 30 days, 
ipsilateral stroke and death after 30 days, and restenosis rate were analyzed. Restenosis was defined as > 50% 
stenosis within or immediately adjacent (within 5  mm) of the treated segment and > 20% absolute luminal 
loss. Recurrent ischemic events were defined as any focal neurological symptoms related to the corresponding 
vascular territory. Symptomatic restenosis was defined as restenosis associated with ischemic symptoms of the 
offending vessel territory. The imaging and clinical outcomes were reviewed by 2 investigators. Disagreements 
were resolved by consensus.

Statistical analysis
Continuous variables are expressed as the mean ± standard deviation (SD) or as the median with interquartile 
range, and compared using the Student t test or the Mann-Whitney U test. Categorical variables are expressed 
as numbers and percentages, and compared using the chi-square or Fisher exact test. The Kolmogorov-Smirnov 
test was used to test distribution normality. Multivariate logistic regression analyses were conducted to test the 
relationship between restenosis and the variables. The results of regression analysis are presented as odds ratios 
(ORs) and 95% CIs. A two-tailed P value < 0.05 was considered statistically significant. Statistical analysis was 
performed using SPSS version 27.0 for Windows (IBM, Armonk, New York).

Results
Study population and follow-up outcomes
A total of 261 eligible patients treated with PCBs for symptomatic ICAD were enrolled between January 2016 
to December 2022 (Fig.  1). Among them, 226 patients were identified without restenosis, 35 patients were 
identified with restenosis. The restenosis rate is 13.41% in these patients. The median DSA follow-up period was 
6.00 months (IQR 4.00–7.00 months). The restenosis incidence in the PCB group were significantly lower than 
those in the plain balloon group (13.41% [35/261] vs. 52.63% [10/19], P < 0.001) and the conventional stenting 
group (13.41% [35/261] vs. 22.58% [28/124], P = 0.023).

There was no death and there were 17 patients (17/261, 6.51%) had ipsilateral stroke within 30 days. Ischemic 
stroke occurred in 8 patients, intracranial hemorrhage occurred in 8 patients, subarachnoid hemorrhage occurred 
in 1 patient. There were 2 major and 15 minor complications in these patients. The most frequently encountered 
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complication was hyperperfusion or reperfusion intracerebral hemorrhage. There was 1 major instance of 
symptomatic intracerebral hemorrhage, 1 minor instance of symptomatic intracerebral hemorrhage and 6 
instances of asymptomatic intracerebral hemorrhage. The patient who suffered major intracerebral hemorrhage 
presented restlessness and gaze immediately after the procedure, and was transferred to the intensive care unit, 
the symptoms relieved after aggressive pressure control and medicine treatment. The patient who suffered minor 
symptomatic intracerebral hemorrhage presented dizziness and headache immediately after the procedure, and 
the symptoms relieved after pressure control and medicine treatment. The second most commonly encountered 
complication was perforator or branch artery stroke. There were 7 instances of minor symptomatic perforator 
or branch artery stroke. The symptoms including dizziness, headache, blurred vision, limb weakness, limb 
numbness and speech disorder were relieved after medicine treatment. There was 1 major ischemic stroke due 
to acute thrombosis formation in stent 1  day after the procedure. The patient presented restlessness, speech 
disorder and limb weakness. Tirofiban was applied for this patient. The symptoms improved and relieved after 
aggressive medicine and rehabilitation treatment. The patient who suffered minor subarachnoid hemorrhage 
was asymptomatic.

During 6 months clinical follow up, there was no death and there were 3.07% (8/261) patients had ipsilateral 
stroke after 30 days. 7 patients in restenosis group and 1 patient in no-restenosis group had recurrent minor 
ischemic events of the offending vessel territory respectively. The symptoms including limb numbness, limb 
weakness, speech disorder and the symptoms relieved after medicine treatment. The recurrent ischemic events 
rate is 3.07% (8/261) and symptomatic restenosis rate is 2.68% (7/261) in these patients. The recurrent ischemic 
events rate of restenosis group was significantly higher than no-restenosis group (20.00% [7/35] vs. 0.44% 
[1/226], P < 0.001).

Baseline demographic parameters of the patients
The baseline demographic parameters of the patients are shown in Table 1. There was no significant difference 
between the two groups concerning the age, sexes, medical history including smoking, hypertension, diabetes 
mellitus, hyperlipidemia, coronary artery disease and ischemic stroke history. In the restenosis group, 94.29% 
were admitted to the hospital because of stroke and 5.71% due to TIA; these values were 95.13% and 4.87% in the 
no-restenosis group. Differences were also not statistically significant in qualifying ischemic events (P = 1.000), 
baseline NIHSS score (P = 0.104) and mRS score (P = 0.316).

Baseline and follow-up blood parameters of the patients
In terms of baseline blood parameters (Table 2), differences were not statistically significant in leukocyte count, 
neutrophil count, monocyte count, lymphocyte count, platelet count, neutrophil/lymphocyte ratio (NLR), 
platelet/lymphocyte ratio (PLR), fibrinogen, fasting plasma glucose, glycated hemoglobin (HbA1c), low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride, total cholesterol, homocysteine, uric acid, ESR 
(erythrocyte sedimentation rate), and high-sensitivity C-reactive protein(hs-CRP) between the two groups.

The follow-up blood parameters were tested when the patients underwent DSA follow-up (Table 2). Patients 
in the restenosis group had a significantly higher level of follow-up hs-CRP (median 0.74 vs. 1.16 mg/L, P = 
0.040). But differences were not statistically significant in other follow-up blood parameters including leukocyte 
count, neutrophil count, monocyte count, lymphocyte count, platelet count, NLR, PLR, fibrinogen, fasting 
plasma glucose, HbA1c, LDL, HDL, triglyceride, total cholesterol, homocysteine, uric acid, and ESR between 
the two groups.

Fig. 1.  Flowchart of the study. PCB, paclitaxel-coated balloon; PB, plain-balloon; ICAD, intracranial 
atherosclerotic disease; DSA, digital subtraction angiography.
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Lesion and procedure characteristics
The lesion and procedure characteristics of the patients are shown in Table 3. The restenosis group had significantly 
higher stenosis degree before intervention (median 89.50 [77.58,100.00]% VS 100.00 [83.96,100.00]%, P = 
0.011), higher total occlusion rate (36.73% [83/226] VS 60.00% [21/35], P = 0.009), longer lesion length (median 
5.58 [3.57,8.46]mm VS 10.92 [5.70,13.49]mm, P < 0.001), higher residual stenosis after intervention (21.35 
[0.00,32.39]% VS 38.11 [26.45,48.39]%, P < 0.001) and lower stenting rate ( 47.35% [107/226] VS 25.71% [9/35], 
P = 0.017). There was no significant difference for target artery distribution (P = 0.880). There were 2 patients 
suffered dissection after conventional balloons angioplasty. 15 patients suffered dissection after PCB dilation, 
and dissection rate after PCB dilation (5.75% [13/226] VS 5.71% [2/35], P = 1.000) between the two groups was 
not significantly different.

Risk factors associated with restenosis
The univariate logistic regression analysis was initially performed to identify risk factors with P < 0.05 (Table 4). 
Univariate logistic regression analysis results revealed that baseline neutrophil count (OR 1.291, 95% CI 1.017–
1.637; P = 0.036); stenosis degree before intervention (OR 1.039, 95%CI 1.004–1.075; P = 0.027); total occlusion 
(OR 2.584, 95% CI 1.247–5.354; P = 0.011), lesion length (OR 1.133, 95%CI 1.068–1.203; P < 0.001); residual 
stenosis after intervention (OR 1.066, 95%CI 1.039–1.093; P < 0.001); stenting (OR 0.385, 95%CI 0.173–0.858; P 
= 0.020) were associated with restenosis.

The factors with significance levels of P < 0.05 in the univariate logistic regression analysis were further 
analyzed in a multivariate logistic regression analysis for the risk factors of restenosis. Multivariate logistic 
regression analysis showed that baseline neutrophil count (OR 1.356, 95% CI 1.015–1.812; P = 0.039); lesion 
length (OR 1.113, 95% CI 1.032–1.199; P = 0.005); residual stenosis after intervention (OR1.066, 95%CI 1.036–
1.097; P < 0.001) were risk factors of restenosis. The results of the multivariate logistic regression analysis are 
shown in Table 5.

Discussion
Over the years, managing ICAD has remained challenging. Previous studies reported restenosis rate after PCB 
angioplasty varied from 0 to 15% 10–16. The restenosis rate at 6-mo DSA follow-up in this study (13.41%, 35/261) 
was consistent with them. The recurrent ischemic events rate is 3.07% (8/261) and symptomatic restenosis rate 
is 2.68% (7/261) in these patients. The recurrent ischemic events rate of restenosis group was significantly higher 
than no-restenosis group (20.00% [7/35] vs. 0.44% [1/226], P < 0.001). In aspect of target artery distribution, 
there was no significant difference in restenosis rate.

Compared with plain balloon angioplasty, PCB angioplasty can effectively reduce the incidence of restenosis. 
Tang et al.11 reported that the incidence of restenosis in the PCB (SeQuent Please drug-coated balloon, the same 
as we used in our study) group was significantly lower than that in the plain balloon group (6.3% vs. 31.3%, P 
= 0.01) without increasing the risk of periprocedural stroke or death. In our previous study12, we compared 
the efficacy and safety of PCB dilation (with or without stenting) with conventional stenting angioplasty for 
symptomatic ICAD in routine clinical practice. The median stenosis degree (0 [0-20.0%] vs. 15.0 [0-62.5%], P = 
0.005) and total restenosis incidence (5.3% vs. 34.2%, P = 0.003) in the PCB group were significantly lower than 
those in the conventional stenting group. For periprocedural complications, although there was no statistical 
difference, the absolute incidence of periprocedural complications was lower in the PCB group than that in the 
conventional stenting group. Although there were no statistical differences, the absolute incidence of recurrent 
ischemic events and symptomatic restenosis were lower in the PCB group than those in the non-PCB group 
in the 2 studies. This study also indicated that the restenosis incidence in the PCB group were significantly 
lower than those in the plain balloon group (13.41% vs. 52.63%, P < 0.001) and the conventional stenting group 

Variables No-restenosis, n = 226 Restenosis, n = 35 P value

Mean age ± SD, yrs 57.71 ± 9.94 56.94 ± 11.00 0.631

Males, n (%) 156 (69.03) 23(65.71) 0.694

Smoking, n (%) 100(44.25) 15(42.86) 0.877

Hypertension, n (%) 150(66.37) 23(65.71) 0.939

Diabetes mellitus, n (%) 73(32.30) 12(34.29) 0.816

Hyperlipidemia, n (%) 39(17.26) 5(14.29) 0.662

Coronary artery disease, n (%) 27(11.95) 8(22.86) 0.135

Ischemic stroke history 42(18.58) 8(22.86) 0.550

Qualifying ischemic events, n (%) 1.000

Ischemic stroke 215(95.13) 33(94.29)

TIA 11(4.87) 2(5.71)

baseline NIHSS score, media(IQR) 1(0, 4) 2(1, 5) 0.104

baseline mRS score, media(IQR) 1(1, 2) 1(1, 3) 0.316

Table 1.  Baseline demographic parameters of the patients. Values are mean ± SD or median (interquartile 
range), or n (%). TIA, transient. ischemic attacks; mRS = modified Rankin Scale; NIHSS = National Institutes 
of Health Stroke Scale.
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(13.41% vs. 22.58%, P = 0.023). The safety and efficacy comparation among PCB angioplasty, conventional 
balloon angioplasty and stenting still need further study.

PCB treatment reducing the risk of restenosis decreases the risk of recurrent stroke. Identifying which patients 
with ICAD will respond optimally to PCB treatment is of paramount importance for improving outcomes and 
using resources efficiently. We analyzed the vessel patency and associated factors of restenosis in patients with 
symptomatic ICAD undergoing PCB treatment.

The restenosis group had significantly higher level of follow-up hs-CRP (P = 0.040), higher stenosis degree 
before intervention (P = 0.011), higher total occlusion rate (P = 0.009), longer lesion length (P < 0.001), higher 
residual stenosis after intervention (P < 0.001) and lower stenting rate (P = 0.017). Multivariate logistic regression 
analysis showed that baseline neutrophil count (OR 1.356, 95% CI 1.015–1.812; P = 0.039); lesion length (OR 
1.113, 95% CI 1.032–1.199; P = 0.005); residual stenosis after intervention (OR 1.066, 95%CI 1.036–1.097; P < 
0.001) were risk factors of restenosis.

The pathophysiological mechanisms of restenosis showed that intimal hyperplasia and inflammatory 
responses contribute to in-stent neointimal growth following arterial injury17, and the number of inflammatory 

No-restenosis, n = 226 Restenosis, n = 35 P value

Baseline blood parameters, media (IQR)

 Leukocyte count, ×109/L 6.30(5.46,7.32) 6.49(5.37,8.11) 0.413

 Neutrophil count, ×109/L 3.89(3.24,4.58) 3.84(3.19,5.51) 0.484

 Monocyte count, ×109/L 0.47(0.39,0.57) 0.49(0.41,0.60) 0.463

 Lymphocyte count, ×109/L 1.71(1.40,2.14) 1.72(1.41,2.18) 0.843

 NLR 2.22(1.74,2.93) 2.23(1.78,3.10) 0.550

 Platelet count, ×109/L 224.50(198.25,261.25) 227.00(196.00, 281.00) 0.998

 PLR 127.36(102.69, 166.98) 124.18(99.22, 175.22) 0.965

 Fibrinogen, mg/dL 2.83(2.43, 3.46) 2.79(2.46, 3.68) 0.457

 Fasting plasma glucose, mmol/L 5.36(4.65, 6.61) 5.46(4.59, 6.49) 0.817

 HbA1c, % 6.10(5.60, 6.98) 6.20(5.60, 7.03) 0.984

 LDL, mmol/L 1.84(1.43, 2.32) 1.89(1.63, 2.32) 0.449

 HDL, mmol/L 0.97(0.81, 1.13) 0.94(0.83, 1.12) 0.744

 Triglyceride, mmol/L 1.33(0.99, 1.65) 1.19(0.97, 1.65) 0.765

 Total cholesterol, mmol/L 3.33(2.87, 4.07) 3.58(2.76, 3.97) 0.560

 Homocysteine, µmol/L 12.35(10.18, 15.73) 13.00(11.40, 16.40) 0.207

 Uric acid, µmol/L 278.00(223.00, 340.00) 261.00(193.25, 319.25) 0.269

 ESR, mm/hr 9.00(6.00, 16.00) 11.00(6.00,16.00) 0.332

 hs-CRP, mg/L 1.10(0.47,2.51) 1.37(0.73,3.16) 0.311

Follow-up blood parameters, media(IQR)

 Leukocyte count, ×109/L 5.88(5.01,6.91) 6.33(5.32,7.12) 0.292

 Neutrophil count, ×109/L 3.62(2.83,4.34) 4.05(3.22,4.72) 0.114

 Monocyte count, ×109/L 0.45(0.35,0.55) 0.46(0.36,0.56) 0.764

 Lymphocyte count, ×109/L 1.67(1.38,1.97) 1.60(1.30,1.96) 0.525

 NLR 2.08(1.57,2.85) 2.46(1.81,3.18) 0.120

 Platelet count, ×109/L 210.50(181.00,254.75) 213.00(168.75,255.75) 0.840

 PLR 130.40(103.46,154.79) 122.23(99.31,164.03) 0.904

 Fibrinogen, mg/dL 2.72(2.33,3.23) 2.98(2.55,3.29) 0.078

 Fasting plasma glucose, mmol/L 5.22(4.66,6.05) 5.33(4.56,6.34) 0.635

 HbA1c, % 6.00(5.60,6.60) 6.10(5.60,7.30) 0.482

 LDL, mmol/L 1.68(1.37,2.10) 1.68(1.49,2.05) 0.767

 HDL, mmol/L 1.00(0.87,1.15) 1.06(0.88,1.19) 0.575

 Triglyceride, mmol/L 1.10(0.84,1.54) 1.07(0.75,1.56) 0.792

 Total cholesterol, mmol/L 3.22(2.79,3.82) 3.26(2.88,3.53) 0.863

 Homocysteine, µmol/L 12.10(10.20,14.30) 11.90(10.40,14.10) 0.983

 Uric acid, µmol/L 297.50(237.50,344.50) 280.00(246.50,342.50) 0.952

 ESR, mm/hr 7.50(5.00,14.00) 6.00(4.00,14.00) 0.497

 hs-CRP, mg/L 0.74(0.41,1.46) 1.16(0.62,3.30) 0.040

Table 2.  Baseline and follow-up blood parameters of the patients. Values are median (interquartile range); 
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; HbA1c, glycated hemoglobin; LDL 
low-density lipoprotein; HDL, high-density lipoprotein; ESR, erythrocyte sedimentation rate; hs-CRP, high-
sensitivity.
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cells around stent struts was significantly higher in restenosis compared with no restenosis. These data suggest 
the use of strategies that reduce intimal hyperplasia and inflammation to reduce the incidence of restenosis. 
Paclitaxel coated on the balloon can inhibit neointimal proliferation, arterial smooth muscle cell proliferation 
and migration, reduce inflammation, and suppress the occurrence of neo-atherosclerosis8,9,18,19. We have 
evaluated dynamic changes in the vessel wall features after PCB angioplasty for intracranial atherosclerotic 
lesions by vessel wall MRI previously20. This study showed that vascular healing with plaque modification and 
stabilization occurred following PCB treatment of intracranial atherosclerotic lesions. These results strongly 
highlight the potential of PCB angioplasty to treat ICAD.

Dissection after dilatation can provoke inflammation of the vessel wall and it may be related to restenosis. But 
there was no significant difference for dissection after PCB dilation (P = 1.000) between the two groups in this 
study. We speculated this result may related to the anti-neointimal hyperplasia and anti-inflammatory function 
of paclitaxel coated on the balloon. And the bailout stenting was also helpful to heal the dissection.

Baseline neutrophil count was a risk factor for restenosis in our study. Increased neutrophil count may 
indicate elevated inflammatory reaction of the body, leading to excessive reaction of the arterial wall and final 
restenosis. Preprocedural inflammation factors hs-CRP, NLR were found to be risk factors of intracranial ISR in 
previous studies21,22. But we did not find the inflammation makers such as hs-CRP, NLR, PLR were risk factors 
of the restenosis after PCB treatment for ICAD. This inconsistency may because that the effects of systemic 
hyperinflammation on the local vascular wall were partly offset by the antiinflammation and antiproliferation 
effect of paclitaxel eluted by PCB.

In our study, the lesion length was found to be a risk factor of restenosis after multivariate logistic regression 
analysis. Longer lesions are prone to be more difficult to treat. A longer lesion means greater plaque burden, more 

Variable OR 95% CI P value

Baseline neutrophil count 1.356 1.015–1.812 0.039

Stenosis degree before intervention 0.984 0.930–1.040 0.561

Total occlusion 1.581 0.391–6.398 0.520

Lesion length 1.113 1.032–1.199 0.005

Residual stenosis after intervention 1.066 1.036–1.097 < 0.001

Stenting 0.777 0.312–1.930 0.586

Table 5.  Multivariable logistic regression analysis of the risk factors for restenosis.

 

Variable OR 95% CI P value

Baseline neutrophil count 1.291 1.017–1.637 0.036

Stenosis degree before intervention 1.039 1.004–1.075 0.027

Total occlusion 2.584 1.247–5.354 0.011

Lesion length 1.133 1.068–1.203 < 0.001

Residual stenosis after intervention 1.066 1.039–1.093 < 0.001

Stenting 0.385 0.173–0.858 0.020

Table 4.  Univariate logistic regression analysis of the risk factors for restenosis.

 

No-restenosis, n = 226 Restenosis, n = 35 P value

Target artery distribution, n (%) 0.880

Intra ICA 49(21.68) 8(22.86)

MCA 120(53.10) 20(57.14)

Intra VA 22(9.73) 2(5.71)

BA 35(15.49) 5(14.29)

Stenosis degree before intervention, % (IQR) 89.50 (77.58,100.00) 100.00 (83.96,100.00) 0.011

Total occlusion, n (%) 83 (36.73%) 21 (60.00%) 0.009

Median lesion length, mm (IQR) 5.58(3.57,8.46) 10.92(5.70,13.49) < 0.001

Dissection after PCB dilation 13(5.75%) 2(5.71%) 1.000

Residual stenosis after intervention, % (IQR) 21.35(0.00,32.39) 38.11(26.45,48.39) < 0.001

Stenting, n (%) 107(47.35) 9(25.71) 0.017

Table 3.  Lesion and procedure characteristics of the patients. Values are mean ± SD or median (interquartile 
range), or n (%). Intra ICA, intracranial internal carotid artery, MCA, middle cerebral artery, Intra VA, 
intracranial vertebral artery, or BA, basilar artery.
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serious atherosclerotic damage and more inflammatory cells which may be one of the underlying mechanisms 
leading to the intracranial restenosis. As paclitaxel treatment demonstrated a dose-dependently inhibition of 
inflammation and intimal hyperplasia8, appropriately increasing paclitaxel eluted to these lesions may help to 
reduce restenosis occurrence.

Residual stenosis was found to be another risk factor of restenosis after PCB treatment in this study. However 
medial injury and increased medial fracture length cause increased neointimal growth17, the potential benefit of 
“bigger is better” to reduce restenosis is limited by increased arterial injury and inflammation. Plaque disruption 
and arterial injury of varying degrees are unavoidable if lumen dilatation is to be achieved. Arterial injury is 
difficult to quantify clinically in present interventional practice, and the operator cannot tightly control the 
degree of arterial injury (plaque disruption, medial stretch, medial dissection, or medial rupture) produced 
during procedures. We suppose that proper restoration of normal physiological blood flow and avoidance of 
excessive medial injury are desirable goals in the ICAD treatment rather than only maximizing lumen area. The 
optimal immediate residual stenosis rate needs further investigation in the future.

In this study, there were 6.51% patients (17/261) had ipsilateral stroke within 30 days. Ischemic stroke occurred 
in 3.07% (8/261) of patients, intracranial hemorrhage occurred in 3.07% (8/261) of patients, and subarachnoid 
hemorrhage occurred in 0.38% (1/261) of patient. After treatment with PCB angioplasty, complications were 
not different from those after conventional balloon angioplasty or stenting in previous studies. Periprocedural 
stroke rate within 30 days in this study seemed to be high (6.51%). One of the most important things is to reduce 
periprocedural stroke rate as much as possible to justify this therapy. Within the periprocedural time window 
of 72 h after the procedure, WEAVE Trial23 demonstrated 2.6% (4/152 patients) periprocedural complication 
rate, which was lower than this study. Comparing with WEAVE Trial, there are some differences between 
the two studies, such as study inclusion criteria and follow-up windows. WEAVE trial enrolled patients with 
symptomatic ICAD lesion of 70–99% in an artery 2  mm or larger. While patients with symptomatic ICAD 
lesion of stenosis degree ≥ 70% or total occlusion were enrolled in this study. The enrolled patients in this 
study remained hemodynamically unstable and presented with recurrent ischemic events despite aggressive 
medical therapy. These patients were in danger of high risk of stroke recurrence. The treatment of occlusion 
lesions is much more difficult with higher risk than stenotic lesions. Besides, the follow-up time window for 
periprocedural complication rate was 72  h after the procedure in WEAVE Trial, which was shorter than 30 
days follow-up time window in this study. It seems to be reasonable for the higher periprocedural complication 
rate in this study because of these differences between the two studies. WEAVE trial recommended to choose 
the balloon size with nominal diameter at 6 atmospheres to be 80% of the true luminal diameter or ≈ 60% 
in lesions directly adjacent to angiographically visible perforators. Underdilation is recommended to avoid 
arterial dissection, vessel rupture, and snow plow effect of compressed plaque into perforator arteries. Maybe 
this method is helpful to reduce the periprocedural complication rate and further studies are necessary to assess 
the efficacy and feasibility of this method for reducing periprocedural complication rate of PCB treatment in 
symptomatic ICAD.

Our study has several limitations. First, this study is a retrospective study and may lead to selection bias. 
Second, this study is a single-center study, so it may not be generalized in a wide range. Third, the independent 
predictors of restenosis identified in the multivariable analysis appear to be consistent with those reported in 
previous studies on conventional balloon angioplasty and stenting. Exploring the specific predictors within the 
context of PCB treatment is needed in further research.

In conclusion, for patients with symptomatic ICAD, the use of PCB treatment can effectively lower restenosis 
risk. The baseline neutrophil count, lesion length and residual stenosis after intervention were risk factors of 
restenosis after PCB treatment for ICAD.

Data availability
The datasets are available from the corresponding author on reasonable request.
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