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Abstract

:

Background: Intracranial stenting is still feasible, but its effectiveness is still investigational. Our study investigated outcomes of endovascular treatment in high-volume and low-volume centres. Methods: We retrospectively recruited 36 patients with intracranial atherosclerosis who underwent endovascular treatment from January 2014 to June 2016 at three low-volume centres (n = 18), and a single high-volume centre (n = 18). Detailed periprocedural records, as well as clinical and radiological follow-up data, were revised through at least one-year post-procedure. The outcome parameters included successful revascularization, occurrence of any death, stroke, and/or Transient Ischaemic Attack (TIA) after intervention or during the follow-up period, and restenosis (≥50%). Results: The successful revascularization rate was 97.2%. The 30-day rate of any death, stroke, and/or TIA was 13.9%. At a median clinical follow-up of 18 months, the rate of any death, stroke, and/or TIA was 27.8%. Rates of any death, stroke, and/or TIA at 30 days and 18 months were higher among patients treated in low-volume centres versus those treated in high-volume centres but without reaching statistical significance (22.2% versus 5.6%, p = 0.188; and 38.9% versus 16.7%, p = 0.137, respectively). Conclusions: Although not statistically significant, our study showed a higher incidence of death, stroke and/or TIA among patients treated in the low-volume centre compared to those treated in the high-volume centre.
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1. Introduction


Intracranial Atherosclerotic Disease (ICAD) represents a devastating pathology with a high risk of recurrent cerebrovascular events, even with optimal medical therapy [1]. The SAMMPRIS and VISSIT trials were multicenter randomized controlled trials which compared the optimal medical therapy versus endovascular revascularization in ICAD patients [2,3]. Both trials concluded that the optimal medical therapy was better than the endovascular revascularization regarding safety and efficacy. However, both trials received a lot of criticism regarding their patient selection criteria and operators’ experience [4,5,6,7]. Seven-year data from the China Angioplasty and Stenting for Symptomatic Intracranial Severe Stenosis (CASSISS) trial indicate that intracranial stenting offers no additional benefits for patients with intracranial stenosis [8]. This conclusion was reached despite using a refined methodology [6]. On the contrary, another trial conducted in a single centre in China, randomized patients with Middle Cerebral Artery (MCA) stenosis to either optimal medical therapy or endovascular revascularization [9]. They concluded that endovascular revascularization can be performed safely in carefully selected patients with MCA stenosis. Additionally, the results of the Wingspan stEnt system post-mArket surVEillance (WEAVE) trial showed an extremely low periprocedural adverse events rate (2.6%), suggesting that proper patient selection and operators’ experience may maximize the benefit from endovascular revascularization [10]. The recently published Balloon Angioplasty for Symptomatic Intracranial Artery Stenosis (BASIS) trial demonstrated that combining balloon angioplasty with optimal medical management significantly reduced the risk of adverse events compared to optimal medical management alone [11]. These adverse events included any stroke or death within the first 30 days, as well as ischemic stroke or the need for revascularization of the qualifying artery between 30 days and 12 months post-treatment. In the current stroke guidelines, the usefulness of endovascular revascularization for ICAD patients is considered unknown and investigational [12,13,14].



Controversies usually arise regarding the relationship between clinical outcomes and the volume of specific surgical procedures or medical conditions treated in a given site. Few investigators have addressed this point for the endovascular treatment of ICAD [10,15,16]. The learning curve for mastering the safety precautions of intracranial stenting is crucial. High-volume sites may guarantee the success and safety of intracranial stenting and maintain the continuity of operators’ experience. Our study question was whether outcomes were similar among centres that treated high and low volumes of patients.




2. Materials and Methods


2.1. Study Population


We retrospectively recruited 36 patients with symptomatic severe ICAD who underwent attempted intracranial angioplasty and/or stenting from January 2014 to June 2016. Only patients who had a TIA or ischaemic stroke attributed to advanced intracranial atherosclerotic lesions (≥70% stenosis) were included. The analysis was performed by reviewing data in previously maintained databases at four centres with comprehensive neuroendovascular services. Clinical data were treated according to the local hospital rules. All clinical data analyzed were collected as part of routine diagnosis and treatment. We identified demographic, clinical, and radiological data, including vascular risk factors, qualifying events, other non-qualifying events, the National Institutes of Health Stroke Scale (NIHSS), modified Rankin Scale (mRS), antithrombotic therapy at the time of the qualifying event, vascular imaging, and brain parenchymal imaging (CT or MRI).



The high-volume centre was defined in this study as a centre with an annual volume of ≥300 general neuroendovascular treatments per year, including at least ten endovascular treatments for intracranial atherosclerosis per year. Our study centres included one high-volume centre, which treated 26 patients with intracranial atherosclerosis over a period of 30 months, and three low-volume centres, which collectively treated 21 patients with intracranial atherosclerosis over the same period. Patients who underwent intracranial angioplasty and/or stenting as a rescue treatment in the setting of acute stroke treatment were excluded (n = 11). Thirty-six patients were grouped accordingly into two groups: patients treated in the high-volume centre (group HV, n = 18), and patients treated in the low-volume centres (group LV, n = 18).




2.2. Brain Parenchymal Imaging Analysis and the Most Likely Stroke Mechanisms


We defined the most likely mechanism of stroke related to ICAD according to infarct pattern on brain parenchymal imaging as follows: (1) artery-to-artery embolism for single or multiple scattered infarcts located in the territory supplied by a single intracranial artery either cortical, subcortical or both; (2) perforator occlusion for lacune-like lesions in the territory of perforating vessels that originate at the site of stenosis; (3) insitu thrombotic occlusion for infarctions that extensively involve the entire or most of the stenosed arterial territory; (4) hypoperfusion for borderzone infarcts occurring at the junction of two arterial territories, either cortical borderzone or internal borderzone; and (5) mixed mechanisms for multiple infarct patterns.




2.3. Angiographic Analysis


Digital subtraction angiography was reviewed for each patient to determine the exact degree of stenosis according to WASID trial standards [17]. Lesions were divided into three groups: 70–79%, 80–89%, and 90–99%. According to lesion length, lesions were divided into three groups: <5 mm, 5–10 mm, and >10 mm. Proximal vessels were considered tortuous if there were 2 or more acute curves that would be difficult to traverse.




2.4. Procedural Aspects


Detailed procedural aspects were obtained, including time from the qualifying event to the procedure, periprocedural antithrombotics, anesthesia, intraprocedural adverse events, pre-stent angioplasty, stent type, stent size, poststent angioplasty, use of intermediate catheters, wire exchange, no. of lesion pass (single or multiple), combined treatment of other lesions, residual stenosis, and post-procedural brain imaging.




2.5. Follow-Up Data


Follow-up data, including vascular adverse events, modified Rankin Scale (mRS), and vascular imaging, were revised at least one year after the procedure. The post-stenting antiplatelet regime was variable among our recruitment sites. The patient would continue dual antiplatelet (aspirin 100–150 mg plus clopidogrel 75 mg or aspirin 100–150 mg plus ticlopidine 500 mg) for 3–6 months, depending on follow-up vascular imaging, type of stent, and recurrent events. Patients would continue aspirin 100–150 mg for life. Patients with no follow-up at the outpatient service or by telephone contact were considered lost for follow-up.




2.6. Outcome Assessment


The outcome parameters included successful revascularization with residual stenosis <50%, occurrence of stroke, TIA and/or death after intervention or during the follow-up period, and restenosis (≥50%).




2.7. Statistical Analysis


Pre-coded data were entered on the computer using “Microsoft Office Excel Software” program (2016) for Windows. Data were coded and entered using the statistical package SPSS (Statistical Package for the Social Sciences) version 24. Data were summarized using mean, standard deviation, median, and range for quantitative variables, and as a frequency and percentage for categorical variables. Comparisons between quantitative variables were performed using the non-parametric Mann–Whitney test. For comparing categorical data, a Chi-square test was performed. The exact test was used instead when the expected frequency was less than 5. A p-value of less than 0.05 was considered statistically significant.





3. Results


3.1. Patient Characteristics


The age ranged from 37 to 81 years, with a median age of 63.5 years. There were 29 males (80.6%) and 7 females (19.4%). The most common risk factor among our study population was hypertension in 83.3% (30/36) of patients followed by: dyslipidaemia 66.7% (24/36), diabetes mellitus 33.3% (12/36), coronary artery disease 22.2% (8/36), hyperuricaemia 8.3% (3/36), obesity (BMI ≥ 30) 5.6% (2/36), peripheral vascular disease 5.6% (2/36), hyperhomocystienaemia 5.6% (2/36), and obstructive sleep apnea syndrome 5.6% (2/36). Smoking history among our study population was as follows: current 41.7% (15/36), former 8.3% (3/36), and never 50% (18/36). The qualifying event was stroke in 63.9% (23/36), and TIA in 36.1% (13/36). Twenty-three patients (63.9%) had suffered previous cerebrovascular events (stroke or TIA) other than the qualifying event. Twenty-nine patients (80.6%) were already receiving antithrombotic therapy at the time of the qualifying event; 14 patients (38.9%) on single antiplatelet, 12 patients (33.3%) on double antiplatelet, 2 patients (5.6%) on single antiplatelet plus anticoagulation, and 1 patient (2.8%) on anticoagulation alone. Qualifying event severity, measured by the National Institutes of Health Stroke Scale (NIHSS), was as follows: 14/36 (38.9%) mild with NIHSS <5, 15/36 (41.7%) moderate with NIHSS = 5–14, 7/36 (19.4%) severe with NIHSS = 15–24. Twenty-eight patients (77.8%) had preprocedural mRS ≤ 3. Eight patients (22.2%) had preprocedural mRS ˃ 3.



The symptomatic qualifying artery was basilar artery in 15 patients (41.7%), intracranial vertebral artery in 13 patients (36.1%), middle cerebral artery in 3 patients (8.3%), and intracranial internal carotid artery in 5 patients (13.9%). The time from the qualifying event to intervention ranged from 2 to 78 days, with a median time of 17 days. The most likely stroke mechanisms related to ICAD were mixed mechanisms in 47.2% (17/36), hypoperfusion in 27.8% (10/36), and artery-to-artery embolism in 25% (9/36). Neither perforator occlusion nor insitu thrombotic occlusion was present as the sole stroke mechanism in any patient of our study population. Thirteen patients (36.1%) had multiple significant ICAD (Figure 1). Five patients (13.9%) had concomitant significant Extracranial Atherosclerotic Disease (ECAD). Two patients (5.6%) had significant stenosis (≥70%) proximal to the target lesion, i.e., tandem stenosis. Twenty-one patients (58.3%) had tortuous proximal vessels (≥2 acute curves).




3.2. Procedure Characteristics


All procedures were performed under general anesthesia. Different endovascular treatment modalities were used. Primary balloon angioplasty without stenting was conducted in 3 patients (8.3%). The stents used were either balloon-expandable coronary or self-expanding neurovascular stents. Balloon-expandable coronary stents were used in 24 patients; 19 bare-metal (52.8%) and 5 drug-eluting (13.9%). Bare-metal coronary stents included: 15 PRO-Kinetic Energy® (BiotroniK AG, Bülach, Switzerland), and 4 Liberté® (Boston Scientific, Natick, MA, USA). Drug-eluting coronary stents included 2 Resolute Onyx® (Medtronic, Minneapolis, MN, USA), 2 Resolute Integrity® (Medtronic, Minneapolis, MN, USA), and 1 Xience Prime® (Abbott Vascular, Santa Clara, CA, USA). Self-expanding stents were used in 9 patients (25%). Self-expanding stents included 4 LVIS Jr® (MicroVention-Terumo, Tustin, CA, USA), 3 LEO Baby® (Balt, Montmorency, France), and 2 Wingspan® (Stryker, Kalamazoo, MI, USA). Pre-stent angioplasty was performed in 18 patients (50%). Six patients (16.7%) underwent complex revascularization procedures, including combined treatment of other significant lesions either to bypass severe tandem stenosis or to improve collateral circulation. Intermediate catheter was required in 3 patients (8.3%). Over-the-wire exchange was performed in 16 patients (44.4%). Regarding the number of lesion pass, it was a single pass in 30 patients (83.3%), and multiple passes in 6 patients (16.7%). Intraprocedural adverse events occurred during 2 procedures (5.6%), including distal embolization and branch occlusion.




3.3. Clinical and Radiological Follow-Up


Three patients (8.3%) were lost for follow-up. The median clinical follow-up time was 18 months. Follow-up vascular imaging was available for 30 patients (83.33%). The median radiological follow-up time was 12 months.




3.4. Outcome Parameters


Successful revascularization (Residual stenosis < 50%) was obtained in 97.2% (35/36). In one case with marked proximal vessel tortuosity, the self-expanding stent could not be advanced to stent a distal basilar artery stenosis. Neither a distal access catheter nor an intermediate catheter was available during this procedure due to insurance issues.



At 30 days, the rate of any death, stroke, and/or TIA was 13.9% (5/36), and the rate of any target territory related stroke and/or TIA was 11.1% (4/36). At a median clinical follow-up of 18 months, the rate of any death, stroke, and/or TIA was 27.8% (10/36). At 30 days, a fatal haemorrhagic stroke occurred in one patient, and fatal ischemic stroke occurred in two patients: all in the target territory. Two patients had a non-fatal ischaemic stroke at 30 days: one in the target territory and one in a territory other than the target territory. No TIAs or non-fatal haemorrhagic strokes occurred at 30 days. After 30 days, a fatal ischaemic stroke occurred in one patient, a non-fatal ischemic stroke occurred in two patients; all in the target territory, and three patients had TIAs; all in the target territory. A fatal haemorrhagic stroke after 30 days occurred in one patient as a complication of the antithrombotic therapy in a territory other than the target territory.



Restenosis (≥50%) at median radiological follow-up of 12 months was observed in 4 patients (11.1%): 2 patients were treated with self-expanding stents and 2 patients with bare-metal stents). All four patients had symptomatic restenosis. Two of these restenoses required endovascular re-treatment; 1 patient was re-treated with balloon angioplasty, and 1 patient with drug-eluting stent (Figure 2).




3.5. Comparison Between High and Low-Volume Centres


A comparison between patients treated in the high-volume centre (group HV, n = 18), and patients treated in low-volume centres (group LV, n = 18) regarding baseline and procedure characteristics was performed (Table 1).



There was no statistically significant difference between both groups regarding baseline patient and lesion characteristics. The median age was 65 years in group HV versus 61 years in group LV (p = 0.606). The median time from the qualifying event to the procedure was 14 days in group HV versus 21 days in group LV (p = 0.556). The most likely stroke mechanisms related to ICAD varied between both groups, but without reaching statistical significance (p = 0.124). Hypoperfusion was more frequently present in group HV versus group LV (38.9% and 16.7%, respectively). Conversely, artery-to-artery embolism was more frequently present in group LV versus group HV (38.9% and 11.1%, respectively). Mixed mechanisms were similarly present in both groups (50% for group HV and 44.4% for group LV).



Endovascular treatment modalities varied significantly between both groups (p < 0.001). Bare metal coronary stents were used as the sole treatment modality for patients treated in the high-volume centre. Conversely, modalities varied among patients treated in low-volume centres, including self-expanding stents (50%), drug-eluting coronary stents (27.8%), bare metal coronary stents (5.6%), and primary balloon angioplasty (16.7%). There was no statistically significant difference between both groups regarding clinical and radiological follow-up durations. The median clinical follow-up duration was 18.5 months for group HV and 17 months for group LV (p = 0.276). The median radiological follow-up duration was the same (12 months) in both groups (p = 0.790).



The incidence of outcome parameters showed no statistically significant difference between patients treated in the high-volume centre, and patients treated in low-volume centres. However, 30-day and 18-month rates of any death, stroke, and/or TIA were higher among patients treated in the low-volume centre versus those treated in the high-volume centre, but without reaching statistical significance (22.2% versus 5.6%, p = 0.188; and 38.9% versus 16.7%, p = 0.137, respectively). Similarly, 30-day and 18-month rates of target territory-related stroke and/or TIA were higher among patients treated in the low-volume centre versus those treated in the high-volume centre but without reaching statistical significance (16.7% versus 5.6%, p = 0.603; and 38.9% versus 16.7%, p = 0.137, respectively, Table 2).





4. Discussion


Our study question was whether outcomes were similar among centres that treated high and low volumes of patients. Our results showed that the incidence of intraprocedural adverse events, successful revascularization, and 30-day haemorrhagic stroke were not significantly different between both groups. However, the 30-day rate of any death, stroke, and/or TIA was higher among patients treated in low-volume centres versus those treated in the high-volume centre but without reaching statistical significance (22.2% versus 5.6%, p = 0.188). Similarly, the 18-month rate of any death, stroke, and/or TIA was higher among patients treated in low-volume centres versus those treated in the high-volume centre but without reaching statistical significance (38.9% versus 16.7%, p = 0.137). The 5.6% any death, stroke, and/or TIA rate at 30 days obtained among patients treated in our high-volume centre is similar to the 4.3% rate reported in a previous Chinese multicentre registry [18] and is lower than 30-day rates reported in the European INTRASTENT registry (12.4%) [19], and the endovascular arm of SAMMPRIS (14.7%) [2]. Similarly, at our high-volume centre, the rate of any death, stroke, and/or TIA at 18 months was 16.7%. This rate is lower compared to SAMMPRIS, which showed a 24.1% probability of any stroke or death at 24 months among endovascularly treated patients [20]. Also, it is considerably lower than the 36.2% any stroke or hard TIA rate at 12 months reported in the endovascular arm of VISSIT [3].



Few investigators studied the relationship between the outcome of intracranial stenting and the volume of patients treated in a given site. An analysis of the NIH Wingspan registry revealed that rates of all strokes and ischemic stroke in the target territory were significantly higher among patients treated in low enrolling sites (<10 patients) compared to high enrolling sites [15]. Similarly, analysis of the SAMMPRIS trial showed higher rates of hemorrhagic stroke in low enrolling sites (<12 patients) compared to high enrolling sites (9.8% versus 2.7%, p = 0.043) [16]. In the WEAVE trial, operators who had experience of >50 Wingspan cases before enrolment achieved a 0% periprocedural adverse events rate, while operators with <50 Wingspan cases before enrolment had a 4.8% periprocedural adverse events rate [10].



Although the 30-day death/ischemia rate did not reach statistical significance in our study, the observed 4-fold difference between low-volume and high-volume centres is clinically concerning. A potential explanation for the statistical insignificance of our results might be related to the small sample size. A small sample size might limit statistical power and prevent outcome differences from being statistically significant. The trend of more death, stroke, and TIAs among patients treated in the LV centre might be related to the type of stent, most likely stroke mechanism, and socioeconomic status variability among our recruitment sites. Half of the patients in the LV group were treated using self-expanding stents. Generally, using balloon-mounted stents or primary balloon angioplasty is technically simpler and demands less procedural time than “multistep” self-expanding stents, which require an over-wire catheter exchange with there being a risk of wire perforation and haemorrhagic complications [21,22]. Among patients treated in our low-volume centres, four patients had death and/or stroke within 30 days after intervention. Three of them were treated using self-expanding stents. The most likely stroke mechanisms could also influence the difference in the results between the two groups. In our HV centre, the main indication for the endovascular treatment of ICAD was hypoperfusion in the territory supplied by the target vessel, a condition more prone to respond to endovascular revascularization [23]. Conversely, artery-to-artery embolism was more frequently present in group LV. However, a recent subgroup analysis of the SAMMPRIS trial could not provide any evidence regarding the advantage of the endovascular treatment over the medical treatment in patients with hypoperfusion symptoms [24]. Some adverse events after endovascular revascularization might be attributed to the patient’s non-compliance to antiplatelet therapy, risk factors control, or even follow-up visits [25]. Socioeconomic status, as a robust determinant of healthcare outcomes, is varied between Egypt and Italy [26]. This variability might also influence the incidence of post-procedural adverse events among our study groups.



While the decision to proceed with intracranial stenting should come from recurrent events, despite aggressive medical therapy, this was not consistently implemented in our study. All patients were managed by vascular neurologists prior to their referral for endovascular treatment according to every local institutional protocol. The protocol varied among our recruitment sites. In some patients presenting with hemodynamic infarctions that might be related to a low flow situation based on a critical stenosis with insufficient collateral flow, endovascular treatment could relieve the patients’ symptoms dramatically. Those patients could not benefit from medical therapy, especially if this medical therapy requires lowering blood pressure. Additionally, a few patients were switched to oral anticoagulation after the failure of the dual antiplatelet before their referral for endovascular treatment.



Our study reported a restenosis rate of 11.1% at a median radiological follow-up of 12 months. The restenosis rate among HV group patients treated with bare-metal coronary stents as the sole treatment modality was 5.6% at a median radiological follow-up of 12 months. This rate is much less than the restenosis rates reported in the literature following balloon-mounted stent placement (10–20%) [27,28,29], and self-expanding stent placement (17.4–25%) [30,31]. Among the LV group patients treated with variable endovascular modalities, including 50% self-expanding stents, 27.8% drug-eluting coronary stents, and 16.7% primary balloon angioplasty, restenosis rate was higher (16.7%), but without reaching statistical significance (p = 0.603). This may add to the growing evidence that restenosis is seen less frequently with balloon-mounted stents [22,32].



Our study was not without limitations. The limitations of the current study should be considered when interpreting the results. The main limitation of our study is the small sample size. Our study was a retrospective cohort study with a non-randomized design. Another limitation is that our definition of high- and low-volume centres considers the global experience within each centre of treating intracranial atherosclerosis, and of neuroendovascular procedures in general. Patients were recruited from four different centres with ethnic, demographic, clinical, and procedural differences that may have introduced significant heterogeneity and influenced our study outcomes. Another significant limitation of our study is the lack of data on patient ethnicity and socioeconomic status (e.g., income level, education level, and insurance status). Variations in data collection and recording practises across centres may have influenced the observed differences in comorbidities prevalence. Lastly, our study recruited patients from a single high-volume centre. Our results may not be representative of all high-volume centres.




5. Conclusions


Our study showed a higher incidence of mortality and adverse events among ICAD patients treated in low-volume centres compared to those treated in high-volume centres without reaching statistical significance. Future prospective studies with larger sample sizes are warranted.
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Figure 1. A patient who suffered a right medial pontine infarction (arrow in (A)) and had several drop attacks due to a low flow situation based on a total occlusion of the left vertebral artery (arrow in (B)) and severe stenosis of the right vertebral artery at the vertebra-basilar junction (arrow in (C)). The aim of the treatment was to correct vertebrobasilar hypoperfusion. The decision was to revascularize the right vertebral artery and to leave the occluded left vertebral artery without intervention. An undersized coronary balloon-expandable stent was placed in the right vertebral artery at the site of the stenosis (arrows in (D,E)) with good resolution of the stenosis (F). 
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Figure 2. A patient who suffered several drop attacks due to a stenosis of the right vertebral artery with concomitant occlusion of the left (A). The patient underwent endovascular treatment with placement of a coronary balloon-expandable stent, which resolved the stenosis and relieved the symptoms (B). Six months later, symptoms relapsed, and an in-stent restenosis was diagnosed (C). An everolimus-eluting coronary balloon-expandable stent was placed, covering the bare metal previously placed (D,E) with complete resolution of the in-stent restenosis (F). The patient had no new symptoms in the follow-up, with persistence of the patency of the treated artery. 
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Table 1. Comparison between patients treated in the low-volume centres (LV group), and patients treated in the high-volume centre (HV group) regarding patient and procedure characteristics.
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Characteristic

	
LV Group

(n = 18)

	
HV Group

(n = 18)

	
p Value




	
No. (%)

	
No. (%)






	
Male sex

	
14 (77.8)

	
15 (83.3)

	
1




	
Hypertension

	
15 (83.3)

	
15 (83.3)

	
1




	
Diabetes mellitus

	
8 (44.4)

	
4 (22.2)

	
0.157




	
Coronary artery disease

	
4 (22.2)

	
4 (22.2)

	
1




	
Dyslipidaemia

	
13 (72.2)

	
11 (61.1)

	
0.480




	
Smoking history

	
Never

	
7 (38.9)

	
11 (61.1)

	
0.357




	
Former

	
1 (5.6)

	
2 (11.1)




	
Current

	
10 (55.6)

	
5 (27.8)




	
Peripheral vascular disease

	
0

	
2 (11.1)

	
0.486




	
Obesity

	
0

	
2 (11.1)

	
0.486




	
Hyperuricaemia

	
0

	
3 (16.7)

	
0.229




	
Hyperhomocystienaemia

	
0

	
2 (11.1)

	
0.486




	
Obstructive Sleep Apnea Syndrome

	
0

	
2 (11.1)

	
0.486




	
Qualifying event

	
TIA

	
5 (27.8)

	
8 (44.4)

	
0.298




	
Stroke

	
13 (72.2)

	
10 (55.6)




	
Previous non-qualifying cerebrovascular events

	
10 (55.6)

	
13 (72.2)

	
0.298




	
stroke severity (NIHSS)

	
mild (<5)

	
5 (27.8)

	
9 (50)

	
0.101




	
moderate (5–14)

	
7 (38.9)

	
8 (44.4)




	
severe (15–24)

	
6 (33.3)

	
1 (5.6)




	
Preprocedural Functional status

	
mRs ≤ 3

	
14 (77.8)

	
14 (77.8)

	
1




	
mRs ˃ 3

	
4 (22.2)

	
4 (22.2)




	
Symptomatic qualifying artery

	
Basilar

	
8 (44.4)

	
7 (38.9)

	
0.167




	
Intracranial Vertebral

	
4 (22.2)

	
9 (50)




	
MCA

	
3 (16.7)

	
0




	
Intracranial ICA

	
3 (16.7)

	
2 (11.1)




	
Most likely stroke mechanism

	
Artery-to-artery embolism

	
7 (38.9)

	
2 (11.1)

	
0.124




	
Hypoperfusion

	
3 (16.7)

	
7 (38.9)




	
Mixed

	
8 (44.4)

	
9 (50.0)




	
Degree of stenosis (%)

	
70–79%

	
5 (27.8)

	
3 (16.7)

	
0.830




	
80–89%

	
6 (33.3)

	
7 (38.9)




	
90–99%

	
7 (38.9)

	
8 (44.4)




	
Lesion Length (mm)

	
<5 mm

	
3 (16.7)

	
3 (16.7)

	
1




	
5–10 mm

	
12 (66.7)

	
13 (72.2)




	
>10 mm

	
3 (16.7)

	
2 (11.1)




	
Concomitant significant large artery disease > 70%

	
Multiple ICAD

	
5 (27.8)

	
8 (44.4)

	
0.298




	
Concomitant Extracranial stenosis

	
3 (16.7)

	
2 (11.1)

	
1




	
Concomitant significant tandem stenosis > 70%

	
2 (11.1)

	
0

	
0.486




	
Endovascular treatment modality

	
Primary balloon angioplasty

	
3 (16.7)

	
0

	
<0.001




	
Bare metal stent

	
1 (5.6)

	
18 (100)




	
Drug-eluting stent

	
5 (27.8)

	
0




	
Self-expanding stent

	
9 (50)

	
0




	
Pre-stent angioplasty

	
12 (66.7)

	
6 (33.3)

	
0.0455




	
Combined Treatment of other lesions

	
5 (27.8)

	
1 (5.6)

	
0.177




	
Tortous Proximal Vessels (≥2 acute curve)

	
10 (55.6)

	
11 (61.1)

	
0.735




	
Intermediate catheter use

	
1 (5.6)

	
2 (11.1)

	
1




	
Over wire exchange

	
9 (50)

	
7 (38.9)

	
0.502




	
No. of lesion pass

	
Single

	
14 (77.8)

	
16 (88.9)

	
0.658




	
Multiple

	
4 (22.2)

	
2 (11.1)




	
Intraprocedural adverse events

	
1 (5.6)

	
1 (5.6)

	
1








TIA: Transient Ischaemic Attack; NIHSS: National Institutes of Health Stroke Scale; MCA: Middle Cerebral Artery; ICA: Internal Carotid Artery; ICAD: Intracranial Atherosclerotic Disease.
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Outcome Parameter

	
LV Group

(n = 18)

	
HV Group

(n = 18)

	
p Value




	
No. (%)

	
No. (%)






	
Successful revascularization (residual stenosis < 50%)

	
17 (94.4)

	
18 (100.0)

	
1




	
Death, stroke, and/or TIA at 30 days

	
4 (22.2)

	
1 (5.6)

	
0.188




	
Target territory-related stroke and/or TIA at 30 days

	
3 (16.7)

	
1 (5.6)

	
0.603




	
Haemorrhagic stroke at 30 days

	
1 (5.6)

	
0

	
1




	
Death, stroke, and/or TIA after 30 days

	
4 (22.2)

	
3 (16.7)

	
1




	
Target territory-related stroke and/or TIA after 30 days

	
4 (22.2)

	
2 (11.1)

	
0.658




	
Death, stroke, and/or TIA at 18 months

	
7 (38.9)

	
3 (16.7)

	
0.137




	
Target territory-related stroke and/or TIA at 18 months

	
7 (38.9)

	
3 (16.7)

	
0.137




	
Restenosis (≥50%) at 12 month

	
3 (16.7)

	
1 (5.6)

	
0.603








TIA, Transient ischaemic attack.
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