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Abstract

Background: Atherosclerotic intracranial arterial stenosis (ICAS) is one of the most common causes of stroke
worldwide and is associated with a high risk of recurrent stroke. Patients with a recent transient ischemic attack
(TIA) or stroke and severe stenosis (70 to 99% of the diameter of a major intracranial artery) are at particularly high
risk for recurrent stroke in the territory of the stenotic artery (approximately 23% at 1 year) despite medical
treatment. Therefore, alternative therapies are urgently needed for these patients.

Objective: To determine the efficacy and safety of angioplasty with stenting in medically refractory ICAS and to
compare its effectiveness with optimal medical treatment.

Subjects and methods: Fifty patients with symptomatic ICAS despite medical treatment (i.e, recurrent stroke or
TIA) were enrolled and equally randomized in a prospective study where twenty-five patients underwent
angioplasty with stenting and twenty-five patients received optimal medical treatment. Clinical assessment with
NIHSS and mRS were done at 0, 3, and 6 months, and transracial Doppler (TCD) assessment of ICAS was done at 0
and 3 months after treatment.

Results: The interventional group had a better clinical outcome with mean NIHSS scores (5.2 ± 4.2, 4.43 ± 4.28 and
3.9 ± 4.7) at baseline, 3 and 6months, respectively, in comparison to the medical group with mean NIHSS (4.5 ±
4.2, 11.42 ± 6.3, and 8.5 ± 5.1) and better functional outcome with mean mRS scores (1.3 ± 0.96, 1.2 ± 1.13, and 1.0
± 1.13) at baseline, 3 and 6months, respectively, in comparison to the medical group (0.84 ± 0.75, 2.28 ± 1.2, and 2
± 1.24). TCD assessment of ICAS showed a marked reduction of the percentage of stenosis on 3 months of follow-
up among the interventional groups (only 5.6% had > 70% stenosis) in comparison to the medical group (85.7%
had > 70% stenosis). Recurrent ischemic events on 6 months of follow-up were 16% among interventional groups
in comparison to 84% among medical groups. The mortality rate was 8% among interventional groups due to
subarachnoid hemorrhages (SAH) related to procedure in comparison to 28% among medical groups secondary to
ischemic events. The intraoperative success rate was 96% with the failure of stent deployment in 1 patient due to
the tortuous anatomy of vessels. Early post interventional complication rate, i.e, SAH was 8%. Late post
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interventional restenosis and occlusion rates were 8% on 3 months of follow-up.

Conclusion: Endovascular stenting of medically refractory ICAS is more efficacious and effective with better clinical
and functional outcomes than optimal medical treatment; however, its safety is still debatable.

Trial registration: Done at ClinicalTrials.gov. Trial ID (NCT Number) NCT04393025.

Keywords: Endovascular stenting, Intracranial arterial stenosis (ICAS), Transcranial Doppler (TCD)

Introduction
Stroke is a leading cause of death globally. Patients sur-
viving a stroke or transient ischemic attack (TIA) are at
an increased risk for subsequent strokes. Without sec-
ondary prevention measures, patients after stroke or
TIA face an annual risk of 4–16% of serious vascular
events [1].
Atherosclerotic intracranial arterial stenosis (ICAS) is

one of the most common causes of stroke worldwide
and is associated with a high risk of recurrent stroke [2].
Alternative therapies are needed for patients with a re-

cent transient ischemic attack (TIA) or stroke and symp-
tomatic intracranial arterial disease (ICAD), i.e., severe
stenosis 70 to 99% of the diameter of a major intracra-
nial artery, because they are at high risk for recurrent
stroke in the territory of the stenotic artery (approxi-
mately 23% at 1 year) despite aggressive medical treat-
ment and control of vascular risk factors [2, 3].
Medical treatment can reduce the risk of ischemic

stroke due to thromboembolic events, but it does not re-
duce the risk of ICAD progression and the associated
pathophysiologic components of poor collateral circula-
tion and hypoperfusion. Successful management of
patients with ICAD requires an intervention that is safe,
effective, and has minimal complications [4].
Current primary prevention strategies include a com-

bination of lifestyle modification (smoking cessation,
dietary intervention, weight loss, and exercise), antihy-
pertensive medications, antithrombotic therapy, and
statins [5].
Recommended secondary prevention strategies include

a combination of medical therapy and revascularization
procedures [5].
Great advances were made in cerebral revasculariza-

tion techniques in recent years including percutaneous
transluminal angioplasty (PTA) alone and PTA with
stenting (PTAS) using balloon-mounted coronary stents
with low 1-year stroke rates following intracranial angio-
plasty [6].
Restenosis of ICAD remains a possible weakness of

primary angioplasty. Symptomatic and angiographic re-
stenosis occur at 6 months in approximately 5–30% of
patients treated with angioplasty alone. Re-angioplasty
rate was in excess of 20% in one of the most recent
studies [7].

Stenting was developed in response to the need for
better outcomes after angioplasty and was proven to be
effective by reducing the occurrence of plaque dislodge-
ment, intimal dissection, elastic recoil of the vessel wall,
and early and late restenosis [8].
A joint position statement by major radiology and

neuroradiology societies in October 2005, in alignment
with the FDA indication, concluded that balloon angio-
plasty with or without stenting should be considered in
patients who had failed medical therapy [9].

Aim of the work
The aim of the work is to determine the efficacy and
safety of angioplasty with stenting in medically refractory
ICAS and to compare its effectiveness with optimal
medical treatment.

Subjects and methods
Type of study
This is an interventional randomized prospective single-
center study.

Study period
The study is carried out during the period from June
2016 to June 2018.

Study place
The study was conducted at El Mataria Teaching Hospital,
Cairo, Egypt.

Subjects
Fifty consecutive patients were enrolled, matched, and
randomized where twenty-five patients underwent stent-
ing procedures (interventional group) and twenty-five
patients received optimal medical treatment without
stenting (medical group).

Inclusion and exclusion criteria
Inclusion criteria

1. Patients age between 30 and 80 years.
2. Symptomatic ICAS: presented with TIA or stroke,

attributed to 70–99% stenosis of a major
intracranial artery: internal carotid artery (ICA),
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middle cerebral artery (MCA) [M1segment],
vertebral artery (VA), or basilar artery (BA).

3. Patients with recurrent TIA or stroke despite
medical therapy, including anti-coagulation or anti-
platelet and control of all vascular risk factors (DM,
HTN, and hyperlipidemia).

Exclusion criteria

1. Patients previously stented at the target lesion or
had extracranial stenosis.

2. Patient with acute stroke (within 2 weeks from the
onset).

3. Complete the occlusion of the artery on the
imaging assessment.

4. Massive cerebral infarction (more than half the
MCA territory), intracranial hemorrhage, epidural
or subdural hemorrhage, and intracranial brain
tumor on CT or MRI scans.

5. Contraindications to antithrombotic and/or
anticoagulant therapies.

Methods
All patients were subjected to the following:

1. Medical history for risk factors of stroke and history
of present illness.

2. Clinical assessment with the National Institute of
Health Stroke Scale (NIHSS) and Modified Rankin
Scale (mRS) at primary diagnosis, 3 and 6 months
after enrollment.

3. Laboratory investigations including complete blood
count, liver and renal function tests, prothrombin
time (PT), partial thromboplastin time (PTT), blood
sugar level HbA1c, and lipid profile.

4. Cardiac assessment with ECG, trans-thoracic echo-
cardiograpy, or trans-esophageal echocardiography
as clinically indicated.

5. MRI brain to determine the type of stroke
according to Oxfordshire classification.

6. MRA or CTA for intracranial arteries to determine
the stenotic artery (ICS).

7. Assessment of intracranial arteries hemodynamic
stenosis by TCD mean flow velocity (MFV) at
baseline and after 3 months to determine degree
and percent of change of ICS after treatment
according to Zaho et al.’s criteria (2011) [10].

The medical group treated by the following:

� Optimal medical treatment in the form of aspirin
(150 mg per day), clopidogrel (75 mg per day) for
the duration of follow-up after enrolment.

� Management of the primary risk factors (targeting
SBP lower than 140 mm Hg (< 130 mm Hg if
diabetic) and LDL-C >70 mg/dl, HBA1C > 7%,
smoking cessation, weight reduction, and exercise.

The interventional group subjected to the following:

� Diagnostic digital subtraction angiography (DSA) to
confirm diagnosis and percent of stenosis using
“warfarin and aspirin for symptomatic intracranial
arterial stenosis trial (WASID) method” where
{percent of stenosis = (1-(D stenosis/D normal) ×
100} (Samuels et al. 2000) [11].

� Interventional angioplasty with stenting in the same
session if possible.

� All procedures were completely performed by an
interventional neurologist.

� All intracranial stenting procedures were performed
at the interventional neurology unit using
(Philipsmachine Allura Fd 20).

� All procedures for the intervention group, i.e,
diagnostic and intervention phases, were performed
according to the "Stenting and Aggressive Medical
Management for Preventing Recurrent stroke in
Intracranial Stenosis" (SAMPRISS Trial guidelines)
(Chimowitz et al. 2011) [2] (Figs. 1 and 2).

� Procedural success was defined as to achieve a
< 30% residual diameter stenosis of the treated
lesion in at least two matched views on angiography.

� Assessment of stented patients for any
complications during or after the procedure.

� All patients received aspirin 150 mg/day and
clopidogrel 75 mg/day for 6 months after the
procedure.

Follow-up for both groups: clinically by NIHSS &
MRS at 3 and 6months and by TCD at 3 months to
assess the percent of stenosis.
Primary endpoint: stroke after 90 days from intervention.

Statistical analysis

i. The collected data was revised, coded, tabulated,
and introduced to a PC using Statistical Package for
Social Science (IBM Corp. Released 2011. IBM
SPSS Statistics for Windows, Version 20.0. Armonk,
NY: IBM Corp). Data was presented and suitable
analysis was done according to the type of data
obtained for each parameter.

Descriptive statistics

1. Mean, standard deviation (± SD), and range for
parametric numerical data, while the median and
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interquartile range (IQR) for non-parametric
numerical data.

2. Frequency and percentage of non-numerical data.

Analytical statistics

1. Student’s T test was used to assess the statistical
significance of the difference between the two study
group means.

2. Mann-Whitney test (U test) was used to assess the
statistical significance of the difference of a non-
parametric variable between two study groups.

3. Chi-square test was used to examine the
relationship between two qualitative variables.

4. Fisher’s exact test was used to examine the
relationship between two qualitative variables when

the expected count is less than 5 in more than 20%
of cells.

5. Wilcoxon signed-rank test was used to assess the
statistical significance of the difference of an ordinal
variable (score) measured twice for the same study
group.

6. McNemar test was used to assess the statistical
significance of the difference between paired
qualitative variables.

P value: level of significance

– P > 0.05: Non-significant (NS).
– P < 0.05: Significant (S).
– P < 0.01: Highly significant (HS).

Results
Comparison between intervention and medical groups
regarding demographic data and risk factors (RFs)
There was no statistically significant difference between
both groups regarding demographic data and RFs for
stroke except DM and HTN which were statistically
significant more prevalent among intervention group
(72.0% and 80.0%), respectively, in comparison to
medical group (40.0% and 44.0%) (P value ≤ 0.23 and
≤ 0.009) (Table 1).

Comparison between the intervention group and medical
group regarding the types of stroke and site of ICSD
There was no statistically significant difference between
both groups regarding radiological type of ischemic
stroke according to Oxfordshire classification and
arterial site of ICSD (Table 2).

Comparison between the intervention group and medical
group as regards NIHSS at baseline, 3 and 6months after
treatment
There was no statistically significant difference between
both groups in NIHSS score at baseline. However, there
was a highly statistically significant decrease in NIHSS at
3 and 6months of follow-up among intervention group
(4.43 ± 4.28 and 3.91 ± 4.72), respectively, in comparison
to medical group (11.42 ± 6.3 and 8.5 ± 5.1) (P value
≤ 0.0001 and ≤ 0.009) (Table 3).
The change of NIHSS shows a statistically significant

decrease in NIHSS scores among the interventional
group at 3 months of follow-up (17.4%) in comparison
to the medical group (8%) with better clinical outcome
(P value ≤ 0.002) (Table 4).

Fig. 1 Diagnostic phase for one of our patient showed Lt vertebro-
basilar (VB) stenosis

Fig. 2 Intervention phase after stent deployment of Lt VB stenosis in
the same patient in Fig. 1
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Table 1 Comparison of demographic data and RFs between the two study groups

Group P Sig

Intervention Medical

Mean ± SD (%) Mean ± SD

Age 58.40 6.78 60.36 7.24 .328‡ NS

Body mass index Average 14 56.0 15 60.0 .774* NS

Obese 11 44.0 10 40.0

Sex Male 17 68.0 16 64.0 .765* NS

Female 8 32.0 9 36.0

Smoking No 11 44.0 14 56.0 .396* NS

Yes 14 56.0 11 44.0

Alcholic No 25 100.0 25 100.0 – –

Yes 0 .0 0 .0

Drug addict No 25 100.0 24 96.0 1.0** NS

Yes 0 .0 1 4.0

DM No 7 28.0 15 60.0 .023* S

Yes 18 72.0 10 40.0

HTN No 5 20.0 14 56.0 .009* HS

Yes 20 80.0 11 44.0

Hyperlipidemia No 15 60.0 19 76.0 .225* NS

Yes 10 40.0 6 24.0

Cardiac disease No 19 76.0 16 64.0 .355* NS

Yes 6 24.0 9 36.0

Previous TIA No 10 40.0 8 32.0 .556* NS

Yes 15 60.0 17 68.0

Number of previous stroke Once 12 48.0 10 40.0 .849** NS

Twice 11 44.0 12 48.0

>Twice 2 8.0 3 12.0

DM diabetes mellitus, HTN hypertension, TIA transient ischemic attack
*Chi-square tests
**Fisher’s exact test
‡Student t test

Table 2 Type of stroke and site of ICSD among both groups

Group P Sig

Intervention Medical

N % N %

Type of stroke (Oxfordshire) Lacunar infarction 7 28.0 5 20.0 .717* NS

Ant. partial circulation 5 20.0 7 28.0

Posterior circcirculation 13 52.0 13 52.0

Stenotic artery (ICSD) Basilar.A 13 52.0 14 56.0 .938** NS

ICA 5 20.0 6 24.0

MCA 2 8.0 2 8.0

Vertebral.A 5 20.0 3 12.0

ICA internal carotid artery, MCA middle cerebral artery, ICSD intracranial stenotic disease
*Chi-square test
**Fisher’s exact test
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Comparison between the intervention group and medical
group as regards mRS at baseline, 3 and 6months after
treatment
There was no statistically significant difference between
both groups in mRS score at baseline. However, there
was a highly statistically significant decrease in mRS
score at 3 and 6months of follow-up among the inter-
ventional group (1.22 ± 1.13 and 1.00 ± 1.13), respect-
ively, in comparison to medical group (2.28 ± 1.21 and
2.00 ± 1.24) (P value ≤ 0.004 and ≤ 0.014) (Table 5).
The change of mRS shows a statistically significant decrease

in mRS scores among the interventional group at 3 and 6
months of follow-up (17.4% and 26.1%), respectively, in com-
parison to medical group (4.0% and 16.7%) with the better
functional outcome (P value ≤ 0.005 and ≤ 0.005) (Table 6).

Comparison between the intervention and medical group
regarding TCD assessment of MFV of ICS at baseline and
at 3months after treatment
There was no statistically significant difference between
both groups regarding MFV of the stenotic artery of ICSD
at baseline. Yet, a highly statistically significant decrease in
MFV among the interventional group (77.94 ± 35.11) on 3
months of follow-up in comparison to the medical group
(130.62 ± 25.40) (P value ≤ 0.001) (Table 7 and Fig. 3).

Comparison between the intervention group and medical
group as regards the percentage of ICS according to the
Zaho criteria at baseline and at 3months after treatment
There was no statistically significant difference between
both groups regarding the percent of stenosis of ICSD at

baseline. However, a statistically significant decrease of
percent of stenosis of ICSD among interventional groups
on 3months of follow-up (5.9% had > 70% stenosis) in
comparison to the medical group (85.7% had > 70%
stenosis) (P value ≤ 0.001) (Table 8).
Also, the percent of change in stenosis shows a statisti-

cally significant difference between both groups with the
increased number of patients who had a significant de-
crease of percent of stenosis among intervention group
(64.7%) with no patient among the medical group (0.0%)
who had decreased percent of stenotic ICSD (P value ≤
0.001) (Table 9 and Fig. 4).

Comparison of clinical outcome after 6months of follow-
up among both groups
There was a statistically significant difference in clinical
outcomes between both groups in terms of clinical im-
provement where 76% of the intervention group showed
an improvement in comparison to 16% among the med-
ical group (P value ≤ 0.0001). Regarding recurrent
strokes in the stenotic artery territory, only 4 cases
(16%) in the intervention group had recurrent large is-
chemic strokes in comparison to 14 cases (56%) in the
medical group (P value ≤ 0.003). Recurrent lacunar in-
farctions occurred in 5 cases (20%) among the medical
group, with no cases among the intervention group
(0.0%) (P value ≤ 0.05). The overall mortality rate was
higher among the medical group (28%) related to ische-
mic events from ICSD, in comparison to 8% among the
intervention group. yet with no statistically significant
difference (Table 10 and Fig. 5).

Table 3 NIHSS at baseline, 3 and 6 months of both groups

GR P Sig

Intervention group Medical group

Mean ±SD Median IQR Mean ±SD Median IQR

NIHSS base line 5.24 4.25 5.0 .0 8.0 4.52 4.2 4.0 .00 7.00 .553 .NS

NIHSS 3months 4.43 4.28 3.0 .0 8.0 11.42 6.3 11.0 7.0 17.0 .0001 HS

NIHSS 6months 3.91 4.72 3.0 .0 7.0 8.50 5.1 10.0 4.0 13.0 .009 HS

NIHSS National Institute of Health stroke scale

Table 4 Change of NIHSS at 3 and 6months of both groups

GR P Sig

Intervention Medical

N % N %

NIHSS change at 3 months No change 18 78.3 11 44.0 .002 HS

Decreased 4 17.4 2 8.0

Increased 1 4.3 12 48.0

NIHSS change at 6 months No change 17 73.9 10 55.6 .136 NS

Decreased 5 21.7 3 16.7

Increased 1 4.3 5 27.8

NIHSS National Institute of Health stroke scale
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Discussion
Atherosclerotic intracranial arterial stenosis (ICAS) is
one of the most common causes of stroke worldwide
and is associated with a high risk of recurrent stroke.
Despite aggressive medical treatment and control of vas-
cular risk factors in those patients; however, they are at
high risk for recurrent stroke in the stenotic territory.
Alternative therapies are needed for those patients with
the symptomatic intracranial arterial disease (ICAD), i.e.,
severe stenosis 70 to 99% of the diameter of a major
intracranial artery, with recurrent ischemic events des-
pite optimal medical treatment [2, 3].
Wilson et al. (2014) reported that angioplasty has been

used for the treatment of intracranial stenosis [4]. Also,
Okada et al. (2015) founded that angioplasty of the le-
sion may be more essential than bypass surgery in the
treatment of the stenotic lesion [6]. Farooq et al. (2014)
showed that stenting after angioplasty has proven to be
effective by reducing the occurrence of plaque dislodge-
ment, intimal dissection, elastic recoil of the vessel wall,
and early and late stenosis [8].
The current study aimed to determine the efficacy and

safety of angioplasty with stenting in medically refractory
intracranial arterial stenosis.
Fifty patients were randomized 1:1 with 25 patients

underwent stenting procedure and 25 patients received
optimal medical treatment. The main determinants (age,
sex, DM, HTN, dyslipidemia, ISHD, smoking, and

degree of stenosis by TCD) were compared between
both groups to make sure that both were homogenous
with no selection bias. No significant difference between
both groups regarding RFs except the HTN and DM
which were significantly more prevalent among the
intervention group (Table 1).
The current study revealed that males were more

prevalent in our cohort (68%) among intervention group
and (64%) among the medical group (Table 1) which is
in concordance with (Rohde et al. 2013) who found male
patients among 62% of self-expandable stent (SES) group
and among 87% of balloon-expandable stent (BES) [12].
The current study revealed that the mean age of pa-

tients was 58.40 years among intervention versus 60.36
years among the medical group (Table 1) which is youn-
ger than patient’s age in the pivotal SAMMPRIS study
with a mean age of 61 years among the intervention
groups (Chimowitz and The SAMMPRIS Investigators,
2011) [2].
The current study revealed that the transient ischemic

attack (TIA) was the most prevalent risk factor (64%)
(Table 1). Kasner et al. (2006) found that the risk of sub-
sequent stroke with TIAs depend on the time of event
occurred [13].
The current study revealed that hypertension was the

second most prevalent RF (60%) (Table 1). Chaturvedi
et al. (2007) found that HTN accelerate the progression
of atherosclerosis [14]. Turan et al. (2007) found that

Table 5 mRS at baseline, 3 and 6months of both groups

Group P Sig

Intervention Medical

Mean ±SD Median IQR Mean ±SD Median IQR

mRS pre 1.20 .96 1.00 .00 2.00 .84 .75 1.00 .00 1.00 .183* NS

mRS at 3 months 1.22 1.13 1.00 .00 2.00 2.28 1.21 2.00 1.00 3.00 .004* HS

mRS 6months 1.00 1.13 1.00 .00 2.00 2.00 1.24 2.00 1.00 3.00 .014* S

mRS Modified Rankin Scale
*Mann-Whitney test

Table 6 Change of mRS at 3 and 6 months of both groups

Group P Sig

Intervention Medical

N % N %

mRS change at 3 months No change 15 65.2 9 36.0 0.005* HS

Decreased 4 17.4 1 4.0

Increased 4 17.4 15 60.0

mRS change at 6 months No change 13 56.5 3 16.7 0.005** HS

Decreased 6 26.1 3 16.7

Increased 4 17.4 12 66.7

mRS Modified Rankin Scale
*Fisher’s exact test
**Chi-square tests
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systolic HTN is an important RF associated with recur-
rent stroke and ICAS [15].
Diabetes mellitus was the third most prevalent RF in

our cohort (56%) (Table 1). Wong and Li (2003) found
that DM is the most dependent RF of ICAS [16].
Thirty-two percent of patients had dyslipidemia (Table 1).

This was in agreement with the fact that there is a strong re-
lationship between total cholesterol, low-density lipoprotein
cholesterol, and the extent of ICAS atherosclerosis and wall
thickness (Qian et al. 2013) [17].
In the current study, 15 cases (30%) had ischemic

heart disease (Table 1). In patients with coronary heart
disease, the intima-media thickness (IMT) increases in
association with myocardial infarction (Meschia et al.
2014) [18].
Regarding the mode of clinical presentation, all cases

(100%) had previous symptomatic ischemic strokes re-
lated to ICSD. Forty-four percent had previous one
ischemic stroke, while 46% had two previous strokes and
only 20% had more than two previous strokes in the
same stenotic territory despite best medical treatment
and vascular RFs control (Table 1). Kasner et al. (2006)
found that more than 19% of patients with ICAS devel-
oped ischemic stroke in the stenotic territory despite the
best medical treatment and vascular RFs control [13].
Regarding the stroke type according to Oxfordshire

radiological classification by MRI brain; 26 patients
(52%) had posterior circulation infarction, while 12 pa-
tients (24%) had partial anterior circulation infarctions
and 12 patients ( 24%) had lacunar infarctions (Table 2)
which are in agreement with (Rohde et al. 2013) that

found posterior circulation infarctions among 60% of its
cohort versus 40% in the anterior circulation [12]. How-
ever, Jiang et al. (2007) found in their reports that anter-
ior circulation infarctions (59%) were more frequent
than posterior circulation (41%) [19].
Regarding the site of the stenotic artery by MRA or

CTA, fifty-four percent of patients had basilar stenosis
and 8% had MCA stenosis (Table 2) in concomitant with
(Rohde et al. 2013) who found that basilar artery stenosis
(35%) was more frequent than MCA stenosis (20%) [12].
Yet, Jiang et al. (2007) found that MCA stenosis was
more frequent (52%) than basilar artery (22%) and (Marc
et al., 2011) also reported the same with MCA stenosis
more frequent (45%) than basilar artery stenosis (22%)
[2, 19].
Regarding percent of stenosis of ICSD, all patients

were assessed by TCD according to (Zaho et al. 2011)
criteria [10]. Among intervention group 86.4% of pa-
tients had > 70% stenosis and 13.6% had < 70% stenosis.
Of the medical group, 83.3% of patients had > 70% sten-
osis and 16.7% had < 70% stenosis (Table 8).
All intervention group patients were assessed by DSA

showing more than 70% stenosis of ICSD. Kasner et al.
(2006) reported that severity of ICSD stenosis with
> 70% stenosis was highly significant for recurrent stroke
in the stenotic territory [13].
We used twenty-one coronary balloon mounted stents

and 3 solitaire stents in stenting procedures with a diffi-
cult comparison between both groups of stents due to a
few number used of solitaire stents.
Regarding clinical assessment by NIHSS, there was no

statistically significant difference between both groups in
NIHSS score at baseline. However, there was a highly
statistically significant decrease in NIHSS at 3 and 6
months of follow-up among intervention group (4.43 ±
4.28 and 3.91 ± 4.72), respectively, in comparison to
medical group (11.42 ± 6.3 and 8.5 ± 5.1) (P value
≤ 0.0001 and ≤ 0.009) (Table 3).
Also, the change of NIHSS shows a statistically signifi-

cant decrease in NIHSS scores among the interventional

Table 7 MFV of both groups

Group P Sig

Intervention Medical

Mean ±SD Mean ±SD

MFV pre-treatment 122.55 33.52 121.79 26.97 .765* NS

MFV at 3 months 77.94 35.11 130.62 25.40 .001* HS

*Student t test
MFV mean flow velocity

Fig. 3 TCD MFV of interventional and medical groups pre-intervention and 3 months post intervention
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group at 3 months of follow-up (17.4%) in comparison
to the medical group (8%) with better clinical outcome
(P value ≤ 0.002) (Table 4).
These findings came in agreement with (Wang et al.

2014) who concluded that NIHSS were worse among pa-
tients with ICAS despite the best medical treatment with
an increase of the mean NIHSS from 4.6 to 6.6 on
follow-up [20]. Yet, Derdeyn et al. (2014) recommended
in his study the use of aggressive medical therapy in the
treatment of intracranial arterial stenosis [21].
Regarding clinical outcomes by mRS, there was no sta-

tistically significant difference between both groups in
mRS score at baseline. However, there was a highly sta-
tistically significant decrease in mRS score at 3 and 6
months of follow-up among the interventional group
(1.22 ± 1.13 and 1.00 ± 1.13), respectively, in comparison
to medical group (2.28 ± 1.21 and 2.00 ± 1.24) (P value
≤ 0.004 and ≤ 0.014) (Table 5).
Also, the change of mRS shows a statistically signifi-

cant decrease in mRS scores among the interventional
group at 3 and 6months of follow-up (17.4% and
26.1%), respectively, in comparison to medical group
(4.0% and 16.7%) with the better functional outcome (P
value ≤ 0.005 and ≤ 0.005) (Table 6). These results are
in concomitant with (Kurre et al. 2008) results who
among their interventional cohort had patients improved
from mRS score (4) to score (0) [22]. And also in agree-
ment with (Park et al. 2013) who concluded that stenting
could improve the outcome of intracranial stenosis [23].
However, in disagreement with (Derdeyn et al. 2014)
who recommended aggressive medical therapy in the
treatment of ICS [21].

Regarding the efficacy of stenting versus medical treat-
ment by TCD assessment of MFV of ICSD on 3 months
of follow-up; our study reported a significant decrease of
the mean of MFV among intervention group and signifi-
cant change of the mean MFV at baseline and at 3
months of follow-up with which highly statistically sig-
nificant difference (P value ≤ 0.001) (Table 7 and Fig. 3).
These results were in agreement with (Kurre et al. 2008)
who found a decrease in the mean of MVF after
stenting [22].
Regarding the change of percent of stenosis of ICSD

by TCD assessment using Zaho criteria, there was no
statistically significant difference between both groups
regarding the percentage of stenosis of ICSD at baseline.
However, a statistically significant decrease of percent of
stenosis of ICSD among the interventional group on 3
months of follow-up (5.9% had > 70% stenosis) in com-
parison to the medical group (85.7% had > 70% stenosis)
(P value ≤ 0.001) (Table 8).
Also, the percent of change in stenosis shows a statisti-

cally significant difference between both groups with an
increased number of patients who had a significant de-
crease of percent of stenosis among the intervention
group (64.7%) with no patient among medical group
(0.0%) who had decreased percent of stenotic ICSD
(P value ≤ 0.001) (Table 9 and Fig. 4).
Regarding outcome on 6months of follow-up. Patients

who had stenting showed clinical improvement among
76% of its cohort, while worsening occurred among 84%
of only medically treated group with (P value ≤ 0.0001)
(Table 10). This clinical worsening was attributed to the
recurrent stroke in the same stenotic territories of ICSD.

Table 8 Percent of stenosis among both groups

Group P Sig

Intervention Medical

N % N %

Percent of stenosis (according to Zaho) before Less than 70% 3 13.6 4 16.7 1.0** NS

More than 70% 19 86.4 20 83.3

Percent of stenosis (according to Zaho) after Within normal 11 64.7 0 .0 .001** HS

Less than 70% 5 29.4 3 14.3

More than 70% 1 5.9 18 85.7

**Fisher’s exact test

Table 9 Change of percent of stenosis

Group P Sig

Intervention Medical

N % N %

Percent of change in stenosis No change 4 23.5 1 4.8 .001** HS

Decreased 11 64.7 0 .0

Increased 2 11.8 20 95.2

**Fisher’s exact test
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These results came in agreement with Chaturvedi et al.
(2007) who concluded that IC stenting should be done
in patients with medically refractory ICS [14].
Regarding periprocedural (IC stenting) complications

of 88% of patients’ passes without any complication re-
lated to the procedure and 3 patients (12%) had peripro-
cedural complications. Two of them had perforated
stented artery with complicated SAH and eventually died
out of this. The third one had basilar artery occlusion by
thrombus detachment, but thrombectomy is done in the
same session and recanalization and the patient recov-
ered well from anesthesia without any deficit, despite the
percent of periprocedural complication in our study is
less than reported by (Abruzzo et al. 2007; Fiorella et al.
2007; and Rohde et al. 2013) [12, 24, 25].
Regarding post stenting restenosis and occlusion, one

patient had restenosis after stenting and another showed
complete occlusion with percent of restenosis of 8%.
And this was less than reported by previous studies

(Jiang et al. 2007; Zaidat et al. 2008; Derdeyn et al. 2014;
and SAMMPRIS) [2, 21, 19, 26] who found the percent-
age of restenosis of 25%, 12.5%, 19.4%, and 19%, respect-
ively, and more than Levy et al. (2001) and Lee et al.
(2005) who had zero percent of restenosis [27, 28].
The success rate in our study was 96% where only one

patient had failed stenting procedure due to tortuosity of
the blood vessel. This percent was similar to previous
studies (Lee et al. 2005 and Zaidat et al. 2008) [26, 28].
Finally, the good outcome results of our study in com-

parison to previous similar studies particularly the
(SAMMPRIS) can be summarized into first, all our par-
ticipated cases were elective with more than 1 month
after the last neurological event even if mild TIAs.
Second, we used coronary balloon mounted stent versus
wingspan which was used in (SAMMPRIS) and this may
be was the main reason of the low number of in stent
restenosis (ISR) in our study and a high number in
(SAMMPRIS).

Fig. 4 Percent of stenosis in TCD among both groups pre-intervention and 3 months post intervention

Table 10 Follow-up after 6 months in both groups

Group P Sig

Intervention Medical

N % N %

Outcome at 6months Good (mRS ≤ 2) 19 76.0 4 16.0 .0001* HS

Bad (mRS ≥ 3) 6 24.0 21 84.0

Large strokes at 6months No 21 84.0 11 44.0 .003* HS

Yes 4 16.0 14 56.0

Lacunar strokes at 6 months No 25 100.0 20 80.0 .05** S

Yes 0 .0 5 20.0

TIA at 6months No 25 100.0 23 92.0 .490** NS

Yes 0 .0 2 8.0

Mortality rate No 23 92.0 18 72.0 .138** NS

Yes 2 8.0 7 28.0

*Chi-square test
**Fisher’s exact test
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Tung et al. (2006) agree with our result and concluded
that the use of coronary stent lowered the rate of ISR
[29]. Third, the majority of our cases had baseline mRS
less than 3 in agreement with Cheng et al. (2016) who
concluded that as to preprocedural mRS score, patients
with high mRS score (≥ 3) had significantly high rates of
in-hospital complication compared with patients with
low mRS (< 3) [30]. Fourth, the younger age of our cases
in comparison to (SAMMPRIS). Fifth, we did not per-
form follow-up imaging after 6 months for all patients
but for two symptomatic patients only, so in our study,
we did not assess asymptomatic restenosis after 6
months. Sixth, the experience of the operators: in
SAMMPRIS, a competent neurointerventionalist was re-
quired to perform a minimum of 3 Wingspan cases [2].

Conclusion
At the end of this study, we can conclude that elective
(after 1 month from the ischemic event) intracranial
stenting of symptomatic (> 70% stenosis) ICSD together
with optimal medical treatment and vascular risk factor
control are superior in efficacy than optimal medical
treatment without stenting; however, safety is still
debatable.

Recommendations

1- Early detection of intracranial arterial stenosis in
clinically suspected patients who are presented with
recurrent stroke at the same arterial territory by
through TCD and MRA.

2- Regular follow-up to control the vascular risk
factors and achievement of an ideal BMI with the
encouragement of physical activity to prevent the
progression of ICAS.

3- Intracranial stenting should be done in qualified
centers with the use of appropriate materials and
the presence of an experienced team for
management of any complications among patients
refractory to the best medical treatment.
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