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Abstract

hemorrhagic transformation.

extra- and intracranial significant carotid stenosis.

Background: In acute ischemic stroke, collateral circulation plays an important role in maintaining blood flow to
the tissue that is at risk of progressing into ischemia, and in increasing the successful recanalization rate without

Objectives: To compare between collaterals in patients with extracranial carotid stenosis alone and in patients
having both extracranial and intracranial carotid stenosis and therefore the difference in prognosis between them.

Materials and methods: A total of 30 patients of acute ischemic stroke were enrolled. The extracranial part of the
carotid artery was assessed with color-coded duplex. Transcranial color-coded duplex was done to assess cerebral
hemodynamics and collaterals to differentiate between extracranial significant carotid stenosis alone versus combined

Results: Out of 15 patients with significant extracranial stenosis, 3 of them obtained reversed flow in the ophthalmic
artery and 3 patients of them showed change of flow in the anterior cerebral artery(ACA), whereas the other 15 patients
of combined stenosis did not show any reversed blood flow in the same arteries which considered nonsignificant. The
residual deficit of patients with extracranial stenosis alone was better when compared to that of the other group.

Conclusion: Our study concluded that transcranial duplex provides useful information about cerebral reserve and
status of collaterals which show nonsignificant difference between two studied groups regarding intracranial
collaterals. Furthermore, patients with combined extra- and intracranial stenosis were found to have more deficit
and worse prognosis than patients with internal carotid stenosis only.
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Introduction

Transcranial color-coded duplex (TCCD) is highly suited
to evaluate collateral circulation in carotid and intracra-
nial steno-occlusive disease on account of its widespread
availability and unique capacity to study real-time
hemodynamics. It can reliably assess collateral flow via
the circle of Willis and reversed ophthalmic artery flow
in proximal ICA occlusion or severe stenosis [1].

* Correspondence: ahmedelsadek_79@yahoo.com
Neurology and Psychiatry, Ainshams University, 19/1/42, Elrehab city, Cairo
P.0:11841, Egypt

@ Springer Open

Extracranial internal carotid artery atherosclerotic occlu-
sive disease is a common ischemic stroke mechanism.
Medical therapy refers to the contemporary approach of
antiplatelet therapy, blood pressure control, low-density
lipoprotein reduction, and lifestyle modification to re-
duce stroke risk. Carotid revascularization with endarter-
ectomy or angioplasty and stenting are established
treatments for patients with symptomatic carotid sten-
osis > 70% [2]. In acute ischemic stroke, collateral circu-
lation plays an important role in maintaining blood flow
to the tissue that is at risk of progressing into ischemia,
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and in increasing the successful recanalization rate with-
out hemorrhagic transformation. It has been reported
that well-developed collateral circulation is associated
with smaller infarct volume and better long-term neuro-
logical outcome, and it disappears promptly once the ef-
fective recanalization is achieved. Contrary to the belief
that collateral vessels develop over time in chronic sten-
otic condition, there exists a phenomenon that collateral
circulation develops immediately in acute stenosis or oc-
clusion of the arteries [3].

Aim of this work

The aim of this study is to compare between collaterals
in patients with extracranial carotid stenosis alone and
in patients having both extracranial and intracranial ca-
rotid stenosis and therefore the difference in prognosis
between them.

Subjects

Thirty patients with acute ischemic stroke were re-
cruited in this prospective cohort study admitted in a
stroke unit at the department of neurology of Ain Shams
University hospitals.

Inclusion criteria and subject selection

Patients with clinical presentation of acute ischemic cere-
brovascular stroke in the territory of anterior circulation
with measurable deficit and able to give to give informed
consent before enrollment in the study are divided into
two groups: the first group includes 15 patients with
high-grade extracranial stenosis (more than 70%) detected
by carotid duplex. The second group includes another 15
patients with both extracranial carotid stenosis detected
by carotid duplex and intracranial stenosis detected by
magnetic resonance angiography (MRA) (any intracranial
stenosis whether middle cerebral artery (MCA) or ACA
or posterior cerebral artery (PCA)).

Exclusion criteria

Patients were excluded from enrollment if they have
nonsignificant carotid stenosis, clinical diagnosis did not
correlate with acute stroke, or there was an evidence of
intracranial hemorrhage.

Methods

A total of 30 patients of acute ischemic stroke were en-
rolled. All patients had detailed neurologic history and
examination. The patient’s neurological status was
assessed via National Institute of Health and Stroke
Scale (NIHSS) [4] and classified as follows: 1—4 mild
stroke, 5-15 moderate stroke, and 16—20 moderate to
severe stroke [5]. The modified Rankin Scale (mRS) was
measured twice, first upon patients’ discharge from the
stroke unit and the second time 3 months later [6]. All
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patients had magnetic resonance imaging (MRI) of the
brain (diffusion weighted, Flair, T1, T2, and T2* images)
and magnetic resonance angiography (MRA) (Philips 1.5
Tesla, Germany). The extracranial part of the carotid ar-
tery was assessed with color-coded duplex using linear
array probe 10-12 MHz (Esaote mylab 5, Italy). Trans-
cranial color-coded duplex used the same ultrasound
system with phased array probe 2—-4 MHz to assess cere-
bral hemodynamics and collaterals. Hemodynamics were
assessed by measuring peak systolic velocity, end diastolic
velocity, and pulsitility index in the ipsilateral middle
cerebral artery (MCA). Also, flow direction of the blood
was assessed in both anterior cerebral arteries (ACA),
posterior communicating artery and ophthalmic artery.

Ethical consideration

The study was approved by Ain-Shams University Eth-
ical Committee. Written informed consent was ob-
tained from the patients participating in the study, or
their first degree relatives if the patient was unable to
provide consent due to weakness or disturbed con-
scious level, after informing them about the study ra-
tionale and their right to withdraw from the study at
any time without any consequences.

Statistical analysis

Statistical analysis was conducted using SPSS x 7 (SPSS,
IBM, Chicago, IL, USA). P values were considered sig-
nificant if <0.05. Descriptive statistics: mean, standard
deviation (+ SD), and range were calculated for paramet-
ric numerical data, while median and range (R) for non-
parametric numerical data. Frequency and percentage
were calculated for non-numerical data. Analytical sta-
tistics: Student T test was used to assess the statistical
significance of the difference between the two study
group means. Correlation analysis was conducted to as-
sess the strength of the association between two quanti-
tative variables. The correlation coefficient denoted
symbolically by “r” defines the strength and direction of
the linear relationship between two variables. Chi-square
test was used to examine the relationship between two
qualitative variables.

Results

Demographic data

Those 30 patients with acute ischemic cerebrovascular
stroke include 17 males (56.67%) and 13 females
(43.33%)—in those 15 patients with extracranial stenosis,
their ages vary from 30 to 80 years, with mean 59.667 +
14.56, and in those with both intracranial and extracra-
nial stenosis, their ages vary from 57 to 74 years, with
mean 66.133 + 5.303.
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Comparison between patients with extracranial stenosis and
patients with both intracranial and extracranial stenosis as
regards anterior cerebral artery, posterior communicating
artery flow

In those 15 patients with significant extracranial sten-
osis, 3 (20%) of them showed change of flow in ACA,
showing that contralateral ACA was the donor artery,
whereas the other 15 patients of both extracranial and
intracranial stenosis did not show any reversed blood
flow in their ACAs or posterior communicating artery
(Table 1).

Comparison between patients with extracranial stenosis
and patients with both intracranial and extracranial
stenosis as regards ophthalmic artery flow
In those 15 patients with significant extracranial sten-
osis, 3 (20%) of them obtained reversed flow in the
ophthalmic artery, whereas the other 15 patients of
both extracranial and intracranial stenosis did not show
any reversed blood flow in their ophthalmic arteries
(Table 2).

No reversed flow was noted in the posterior communi-
cating artery of all patients.

Comparison between patients with extracranial stenosis
and both intracranial and extracranial stenosis as regards
PSV and EDV

Regarding those 30 patients with acute stroke, cerebral
hemodynamics were assessed by transcranial Doppler by
the assessment of both PSV and EDV in ipsilateral
MCAs; in the 15 patients of extracranial stenosis, only
one patient (6.67%) showed increased PSV over 155 cm/
s [7], with mean 59.38 +22.25, blunted flow (tardus
paravus) in proximal M1 segment of 26 patients and dis-
tal M1 in one patient.

While in 15 patients of both intracranial and extra-
cranial stenosis, also only one patient (6.67%) showed
increased PSV in MCA over 160cm/s, with mean
68.133 + 26.963 (Fig. 1), blunted flow (tardus paravus)
in proximal M1 segment of 10 patients and distal M1
in one patient.

Table 1 Difference in ACA flow in both groups
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Comparison between patients with extracranial stenosis and
patients with both intracranial and extracranial stenosis as
regards NIHSS

Those 15 patients with extracranial stenosis only showed
less NIHSS (less deficit) with mean 8.333 +2.795 than
those 15 patients with both intracranial and extracranial
stenosis who showed higher NIHSS (more deficit) with
mean 12.733 + 2.631 (Table 3).

Comparison between patients with extracranial stenosis
and patients with both intracranial and extracranial
stenosis as regards mRS upon discharge and after 3
months follow-up

Those 15 patients with extracranial stenosis showed less
mRS both upon discharge with mean 2.067 + 1.033 and
after 3 months with mean 1.200 £ 0.941 than those 15
patients with both intracranial and extracranial stenosis
both upon discharge with mean 2.800 + 0.862 and after
3 months with mean 2.933 + 1.534. Consequently, the
first group with only extracranial stenosis showed more
significant improvement than the second group (Fig. 2).
Three patients with active collaterals show less mRS
after 3 months with mean 0.67 in comparison to dis-
charge mRS with mean 1.67.

Discussion

Use of transcranial Doppler ultrasound includes detection
of site/degree of stenosis/occlusion of cerebral vasculature,
assessment of recanalization following occlusion (with/
without thrombolytic treatment), and assessment of col-
lateral flow in intracranial vasculature in cases of critical
carotid artery stenosis (extracranial) [8].

Our main aim in this study is to assess collateral circu-
lation in significant carotid stenosis with intracranial
stenotic vessels by using transcranial color-coded duplex
to determine whether they are worse or not than collat-
erals in cases of internal carotid stenosis alone, and con-
sequently if the prognosis of those patients is worse or
not. Collateral flow patterns are important risk factors
for brain ischemia in the presence of internal carotid ar-
tery (ICA) stenosis or occlusion. So, contralateral anter-
ior cerebral artery flow and ophthalmic artery (OA) flow

Ipsilateral MRA Chi-square
ACA Extracranial stenosis Intracranial and extracranial stenosis Total

N % s % N % X P value
Normal 12 80.00 15 100.00 27 90.00 3333 0.068
Reverse 3 20.00 0 0.00 3 10.00
Total 15 100.00 15 100.00 30 100.00
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Table 2 Difference in ophthalmic artery flow in both groups
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Ophthalmic MRA Chi-square
artery Extracranial stenosis Intracranial and extracranial stenosis Total

N % N % N % e P value
Reverse 3 20.00 0 0.00 3 10.00 3333 0.068
Forward 12 80.00 15 100.00 27 90.00
Total 15 100.00 15 100.00 30 100.00

reversal are studied by transcranial Doppler sonography,
as they are important markers for high-grade ICA sten-
osis or occlusion and in detection of prognosis [9].

Our study is considered pioneer in comparing
hemodynamics in cerebral collaterals between these two
groups of patients, but results revealed that there is no dif-
ference statistically between them, may be due to small
sample size. Our study shows that in 15 patients with sig-
nificant extracranial stenosis, 3 (20%) of them obtained re-
versed flow in the ophthalmic artery and 3 patients of
them (20%) showed change of flow in ACA (showing that
contralateral ACA was the donor artery) whereas the
other 15 patients of both extracranial and intracranial
stenosis did not show any reversed blood flow in their
ophthalmic arteries or any reversed blood flow in their
ACAs; however, this was statistically not significant prob-
ably due to small sample size. These findings were some-
what different from the study done by Yueh-Feng Sung
and his coworkers [10]; they assessed the clinical implica-
tions of reversed ophthalmic artery flow (ROAF) for
stroke risk and outcomes in subjects with unilateral severe
cervical carotid stenosis/occlusion. They investigated 128

subjects (101 with acute stroke and 27 without), selected
from a large hospital patients base (n = 14,701), identified
with unilateral high-grade cervical carotid stenosis/occlu-
sion by using duplex ultrasonography and brain magnetic
resonance imaging. All clinical characteristics were com-
pared for stroke risk between acute stroke and nonstroke
groups. Patients with acute stroke were divided into four
subgroups according to ophthalmic artery flow direction
and intracranial stenosis severity, and stroke outcomes
were evaluated. The acute stroke group had significantly
higher percentages of ROAF (52.5%, p =0.003), carotid
occlusion (33.7%, p = 0.046), and severe intracranial sten-
osis (74.3%, p<0.001). However, multivariate analysis
demonstrated that intracranial stenosis was the only sig-
nificant risk factor (odds ratio=10.38; 95% confidence
interval = 3.64—29.65; p <0.001). Analysis of functional
outcomes among the four subgroups of patients with
stroke showed significant trends (p =0.018 to 0.001) for
better stroke outcomes from ROAF and mild or no intra-
cranial stenosis. ROAF improved 10-20% stroke out-
comes, as compared to forward ophthalmic artery flow,
among the patients with stroke and the same degree of

-

X B Extra cranial stenosis

<160

M Intracranial and Extra cranial stenosis
>160

increased PSV in MCA over 160 cm/s with mean 68.133 + 26.963

Fig. 1 PSV in both groups. Regarding those 30 patients with acute stroke, cerebral hemodynamics were assessed by transcranial Doppler by the
assessment of both PSV and EDV in ipsilateral MCAs; in the 15 patients with extracranial stenosis, only one patient (6.67%) showed increased PSV
over 160 cm/s, with mean 59.38 + 22.25, while in 15 patients of both intracranial and extracranial stenosis, also only one patient (6.67%) showed
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Table 3 Difference in NIHSS between the two groups
NIH MRA T test

Extracranial stenosis Intracranial and extracranial stenosis T P value
Range 2 - 12 8 - 18 — 4440 <0.001*
Mean + SD 8333 + 2.795 12.733 + 2631

* Highly significant

severities of intracranial stenosis. So, this study stated that
the patients with acute stroke and severe unilateral cer-
vical carotid stenosis/occlusion significantly have high in-
cidence of intracranial stenosis and reversal of flow in the
ophthalmic artery.

In our study, the residual deficit regarding the two
groups was compared and we found that those 15 pa-
tients with only extracranial stenosis were better with
less NIH than those with combined intracranial and ex-
tracranial stenosis. Furthermore, we also found that
prognosis of patients with only extracranial stenosis after
3 months was better than that of patients with both ex-
tracranial and intracranial stenosis. This was found also
in a study done by Tsai and his colleagues [5], who
stated that patients with unilateral high-grade cervical
carotid stenosis/occlusion in combination with intracra-
nial stenosis appear to be a significant risk factor for
poor functional outcome. In comparison to the previous
studies, our study is considered pioneer in comparing
hemodynamics in cerebral collaterals between these two
groups of patients, but results revealed that there is no
difference statistically between them, may be due to
small sample size.

However, some limitations could be noted in this
study as we did not take a third group to study cerebral
hemodynamics in intracranial stenosis alone in order
to compare them with the cerebral hemodynamics
found in the two groups already taken in this study.
Also, the number of candidates studied was considered
limited which may be the cause of some nonsignificant
results.

Conclusion

Transcranial color-coded duplex is safe, accurate, in-
expensive, non-invasive, and a bedside technique pro-
viding useful information on intracerebral vasculature.
It was used in this study to compare cerebral collat-
erals (direction of flow in ophthalmic arteries and an-
terior cerebral arteries) in cases with internal carotid
stenosis alone or cases with both internal carotid and
intracranial stenosis together which show nonsignifi-
cant difference. Furthermore, patients with both in-
ternal carotid and intracranial stenosis were found to
have more deficit and worse prognosis after 3 months
than patients with internal carotid stenosis only.

5 e [ xtra cranial stenosis

= |ntracranial and Extra cranial_stenosis

Mean SD

0

Upon discharge

After 3 months

significant improvement than the second group

Fig. 2 Difference in mRS in both groups. Those 15 patients with extracranial stenosis showed less mRS both upon discharge with mean 2.067 +
1.033 and after 3 months with mean 1.200 £ 0.941 than those 15 patients with both intracranial and extracranial stenosis both upon discharge
with mean 2.800 + 0.862 and after 3 months with mean 2.933 + 1.534. Consequently, the first group with only extracranial stenosis showed more
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