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Abstract

Introduction: Stroke is defined as an abrupt onset of neurologic deficit due to vascular cause. It is one of the leading causes
of mortality and morbidity all over the world. Lesions of extra cranial carotid arteries are implicated in majority of cases of acute
ischemic stroke. Carotid Doppler is a non-invasive imaging technique, with sensitivity approaching that of angiography.

Aims and Objectives: To find out correlation of carotid artery Doppler findings with NCCT head and MRI brain findings in
clinically suspected acute ischemic stroke patients.

Materials and Methods: This is a hospital based prospective cross sectional study of sample size 61 subjects. The study
population include patients referred to the Department of Radio-Diagnosis with clinically suspected stroke for color Doppler
study of bilateral carotid artery within 7 days of onset of symptoms, underwent bilateral carotid artery colour Doppler study,
subsequently NCCT head and MRI brain scans were performed on 128 slice CT and 1.5T MRI machine. Study includes patients
in duration of January 2019 to December 2020.

Results: Carotid stenosis is one of the common causes of ischemic stroke. Carotid Doppler findings is positive in 60.4%
cases detected on MRI in MCA territory and right side was affected more than the left side. The prevalence of carotid stenosis
increases with increase in age.Carotid stenosis is more common in male gender. Carotid artery stenosis is associated with risk
factors like smoking, diabetes mellitus, hypertension and hyperlipidemia.

Conclusion: The present analysis showed that mean age was 54.26 years; mean NIHSS score was 9.41 and stroke (infarct)
was more common in males in the age group of 60-69 years. Most common risk factor associated with stroke (infarct) was
hypertension followed by tobacco chewing and diabetes. Sensitivity of predicting stroke by carotid Doppler is 60.4%.
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INTRODUCTION interrupted due to clot in the blood vessel that occludes

the supply. It causes sudden loss of neurological function

Stroke is a condition caused due to insufficient supply of by disrupting the blood supply to the brain. Itis the biggest

blood (lack of oxygen) to the brain cells which damages ~— €aus¢ of physical disability in developed countries, and

them and may result in their death. Blood flow may be second most common cause of death after heart attack.

For management of stroke patient’s main aim is to limit

Access this article online brain damage, prevents recurrence, and optimizes recovery.

Risk factors that predispose to stroke are hypertension,
Month of Submission : 02-2021 hyperlipidemia, diabetes, and smoking (tobacco chewing).
Month of Peer Review : 03-2021
Month of Acceptance : 03-2021 The two principal pathological processes that give rise to
Month of Publishing : 04-2021 stroke are occlusion of arteries, causing cerebral ischemia
www.ijss-sn.com . . . . . .
or infarction and rupture of arteries, causing intracranial
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hemorrhage. Hemorrhage tends to be much more
destructive and dangerous than ischemic stroke, with higher
mortality rates. Ischemic stroke is much more common and
has a much wider range of outcomes.

Plaque or thrombosis of the extracranial carotid arteries
is one of the important risk factor for development of
stroke.l'l Severe stenosis of internal carotid artery (ICA) is
correlated for predicting cardiovascular ischemic events.”
Doppler is non-invasive imaging tool for evaluation of
extracranial carotid arteries, widely available with sensitivity
approaching that of angiography.

Patients who had a hemispheric transient ischemic attack
related to ICA disease had a high risk of stroke in the 1*
few days after the transient ischemic attack. Early risk of
stroke was not affected by the degree of ICA stenosis.
Transient ischemic attacks are often early warning signs
of artherosclerotic disease.

Imaging Modalities for Diagnosis of Stroke

Evaluation of carotid occlusive diseases may be possible
non-invasively through a combination of magnetic
resonance angiography (MRA) and ultrasound examinations
of the carotid arteries. Carotid Doppler is a simple non-
invasive screening procedure that have profound diagnostic
and therapeutic implications in predicting and preventing
a potentially fatal and devastating consequences of stroke.
Computed tomography (CT) is extensively used for the
identification of suspected stroke in the initial stages. Subtle
changes in scan may reflect regions of cytotoxic edema
which results in ischemia. In the first 6 h from the onset of
the stroke, the CT scan fails to capture the eatly ischemic
changes in most cases. Thus, in an emergency setting, CT
is primarily used to rule out any intracerebral hemorrhage.
Use of CT angiography and CT perfusion aids the analysis
of stroke on a CT scan, however, at the cost of additional
contrast material and radiation exposure. Conventional
magnetic resonance imaging (MRI) (diffusion-weighted
imaging [DWI] Sequence) is more sensitive to ischemic
changes as compared to CT. Doppler sonography
provides a rapid, non-invasive, relatively inexpensive, and
accurate means of diagnosing carotid artery stenosis and
highlighted on the importance of Doppler sonography
in stroke prevention.’! For anterior circulation stroke,
thrombosis/plaque of carotid arteries of same side is an
important cause.!! To detect minimal flow Power Doppler
mode is used in cases of total occlusion. Color flow
imaging is superior to B-mode scanning in identification
of hypoechoic plaques and degree of stenosis by directly
measuring residual lumen at the site of maximum stenosis
and comparing it with total lumen. Spectral waveform
analysis at the maximal stenosis site was done and degree
of stenosis is calculated. Peak systolic velocity (PSV)

critetia, ICA/common carotid artery (CCA) PSV ratio, and
ICA end diastolic velocity (EDV) were measured. Color
Doppler imaging is helpful as it improves visualization
of the lumen and consequently allows for more accurate
placement of the cursor and correction of the Doppler
angle. Carotid occlusion was diagnosed by the absence
of arterial pulsations, occlusion of lumen by echogenic
material, absence of Doppler flow signals, increased ICA/
CCA PSV ratio, increased EDV, area of stenosis, and
increased Carotid intima media thickness (CIMT).

Standard MRI T1WI and T2WI images are good at
detecting vasogenic edema that is present in the subacute
phase of stroke and is seen in more than 24 h to several
days. Fast spin echo T2-weighted sequences can clearly
demonstrate areas of edema not visible on the CT and can
help identifying a subacute stroke as seen in fluid attenuated
inversion recovery sequences designed to suppress signal
from the cerebrospinal fluid so that it will appear dark.
MR diffusion is DWI and can be obtained within 5 min
and dramatically alter care, so the clinical determination of
ischemic stroke can be confirmed quickly. DWI sequence
of MRI is used to detect early ischemic changes (acute
stroke and cytotoxic edema) with greater conspicuity than
standard MRI. MRI with DW1 is quickly becoming the gold
standard in acute stroke imaging. DWI sequence of MRI
noninvasively detects ischemic changes within minutes of
stroke onset.

Aspect Score

Alberta stroke program eatly CT score is a quantitative
10 point topographic score. For nullifying interobserver
variability of radiologist and for easy reproducibility
grading system for reporting infarcts, Alberta stroke
program early CT score was developed. Same aspect
score is also applicable in MRI. For calculating ASPECT
score, two regions are evaluated one at capsulo-ganglionic
region and another at ventricular level involving centrum
semiovale and corona radiata (supra ganglionic level). To
calculate the ASPECT score, each region involved will get
—1 score, so total score is calculated by substracting score
for each region involved. No region involvement will give
a score of 10 and if all regions are involved total ASPECT
score will be 0.

Doppler technique

Two-dimensional gray scale can be used for measuring
the intima-media thickness, which is very good marker for
atherosclerosis.”® Vessel wall thickness of intima-media
complex >0.8 mm was considered abnormal.* The plaque
morphology is related to the risk of stroke. Plaque texture
was classified as being hypoechoic, echogenic, or calcified.
Calcified plaque produces posterior acoustic shadowing
and is common in asymptomatic individuals. Hypoechoic
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plaque is characterized pathologically by containing
deposits of lipid and cholesterol.”

Parameters measured included®” PSV and peak EDV.
Carotid occlusion was diagnosed by — the absence of
arterial pulsations, occlusions of lumen by echogenic
material, and absence of Doppler flow signals and sub-
normal vessel size (chronic occlusion).

Modern medicine provides several techniques for stroke
diagnosis. Evaluating the patient on a neurological
examination (NIHSS),"! in vivo imaging techniques such
as Carotid Doppler, CT and magnetic resonance imaging
are necessary for diagnosis and thrombolytic therapy with
tissue plasminogen activator (tPA) within 3 h of ischemic
stroke onset, intra-arterial thrombolysis within 6 h and
mechanical thrombectomy,!'" are the established practices
followed for stroke diagnosis and treatment.

Epidemiology and Etiology of Stroke

Annually, there are nearly 800000 strokes in the United
States and 15 million strokes worldwide. Stroke is the third
leading cause of death in western societies and the leading
cause of long-term disability in the United States. Ischemic
stroke is more common (85%) then hemorrhagic stroke
and can be classified into two broad categories.

Embolic

Causes of embolic stroke may be arterial (e.g., aortic
artheroma or atherosclerosis in the carotid, vertebral or
basilar arteries) or cardiac (e.g;, left ventricular thrombus,
post-myocardial infarction, atrial fibrillation and valvular
disorders) in origin. Atherosclerotic disease of the
extracranial carotid arteries has long been recognized as
the frequent source of emboli that travel to the brain
causing stroke.!”

Thrombotic

Thrombotic stroke may be caused by stenosis of smaller
intracerebral arteries, a hyper-coagulable state or a systemic
inflammatory condition.

Pathophysiology

Reduction in the flow of blood to any part of the brain
first causes Ischemia, reversible loss of function and
then, if reduction is severe or prolonged, infarction with
irreversible cell death. The blood supply to the anterior
parts of the brain comes from the two carotid arteries,
which give rise to the internal carotid arteries; these again
give rise to the anterior and middle cerebral arteries. The
basilar artery formed by two vertebral arteries which give
rise to posterior cerebral artery which is supplying the
posterior aspect of brain, thalami, mid brain, and pons.

The CCA is divided into the internal and external carotids
at the C4-5 level in 50% of the patients. In approximately
40% of patients, the bifurcation is higher, and it is lower in
the remaining 10%. The circle of Willis provides collateral
flow between the left and right hemispheres of the brain
and connects the anterior and posterior circulation. Plaque
or thrombus of the ICA near the burfurcation is the most
important cause of stroke."’

The NIH stroke scale is commonly used clinical score that
was built to assess the cognitive effects of stroke. It gives
quantitative measure of stroke related neurologic dysfunction.
It is now used by health professionals to determine the
severity of stroke. It also helps create a common language
between all people involved in stroke patient’s treatment. In
a treatment setting, the scale has three major purposes:

e It evaluates the severity of stroke

e It helps determine the appropriate treatment

e It predicts patient’s outcomes.

Strokes may be classified and dated as:
e  Early hyperacute (0—6 h old)

Late hyperacute (6—24 h old)
Acute (24 h to 7 days)

Subacute (1-3 weeks)

Chronic (more than 3 weeks old).

Stroke Complications
Malignant edema and hemorrhagic transformation are
the most feared complications of ischemic stroke.!"*"!
Hemorrhagic transformation is a common complication
of severe stroke.!'*!®

Treatment

Therapeutic clot removal can be achieved mechanically
(thrombectomy) or by dissolving the thrombus using
clot busting drugs (thrombolysis). Thrombectomy is
the removal of blood clots in the cerebral arteries by
interventional neuroradiological methods. Thrombolysis
rapidly recanalizes the occluded artery and improves the
chances for a good neurological outcome in acute ischemic
stroke using recombinant tPA (rtPA).l"

Aims and Objectives

The aim of the study was to find out correlation of carotid
artery Doppler findings with non contrast CT (NCCT)
head and MRI brain findings in clinically suspected acute
ischemic stroke patients.

MATERIALS AND METHODS

Study Design
This is a hospital-based prospective cross-sectional study
of sample size 61 subjects. The study population include
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patients referred to the department of radio-diagnosis
with clinically suspected stroke for color Doppler study of
bilateral carotid artery within 7 days of onset of symptoms
underwent bilateral carotid artery color Doppler study
on MINDRAY ultrasound and color Doppler machine,
subsequently all NCCT head and MRI scans were
performed on 128 slice HITACHI and 1.5Tesla HITACHI
MRI machine. Study includes patients in duration of January
2019 to December 2020. Complete evaluation of all patients
was done includes their history of risk factors (tobacco
chewing, hypertension, ischemic heart disease, smoking, and
diabetes), clinical evaluation as per NIHSS format, carotid
color Doppler format, NCCT head and MRI brain reporting
formatas per ASPECT scale. Data are collected, systematic
analysis of data was performed and statistical test applied.
e Descriptive statistical analysis was carried out with
Statistical Package for the Social Sciences (SPSS
Complex Samples) Version 21.0 for windows. Results
on continuous measurements are presented as Mean
1+ SEM and results on categorical measurements are
presented in number (%0). Significance is assessed at a
level of 1%. Correlation of data done using Pearson
correlation coefficient using SPSS.

RESULTS

All statistical calculations were done by SPSS software
applying Pearson correlation coefficient, scatter graph was
generated and r value was calculated using P < 0.01. In the
duration of this study, total of 61 patients with ischemic
stroke were evaluated by carotid Doppler, NCCT head,
and DWI sequence of MRI within 7 days of stroke onset.
The present analysis showed that mean age was 54.26 years;
mean NIHSS score was 9.41; and stroke (infarct) was more
common in males in the age group of 60-69 years [Table
1]. Most common risk factor associated with stroke (infarct)
was hypertension, followed by tobacco chewing and diabetes.

Carotid Doppler findings were correlated with infarct
detected by DWI sequence of MRI in middle cerebral
artery (MCA) territory [Figure 1]. Carotid Doppler findings
were also correlated with NCCT head findings and NCCT
head findings were also correlated with infarct diagnosed by
MRI [Figures 2-5]. Most frequent NIHSS score is between
6 and 10. In carotid Doppler most common artery affected
was CCA. The plaques were classified according to their
anatomical location . The right side was affected more than
the left side. Most common MRI DWI MCA ASPECT
score is between 4 and 7. Infarct is seen most commonly
in MCA territory in 70.4 % cases.

Pearson correlation coefficient for PSV of ICA with MRI
DWI MCA ASPECT score is —0.455. It suggests negative

correlation of PSV of ICA with MRI DWIMCA ASPECT
score, finding suggesting increase in PSV of ICA will show
decrease in ASPECT score. Pearson correlation coefficient
for grey scale ultrasound of carotid artery with MRI DWI
MCA ASPECT score and NCCT ASPECT score is —0.696
and —0.540, respectively. It suggests negative correlation
of grey scale ultrasound with MRI DWI MCA and NCCT
ASPECT score, finding suggesting increase in plaque will
show decrease in ASPECT score. Pearson correlation
coefficient for percentage of stenosis of carotid artery
with MRI DWI MCA and NCCT ASPECT score is —0.785
and —0.579. It suggests negative correlation of percentage
stenosis of carotid artery with MRI DWI MCA and NCCT
ASPECT score, finding suggesting increase in grade of
stenosis of carotid artery will show decrease in ASPECT
score. Pearson correlation coefficient for CIMT of carotid
artery with MRI DWI MCA and NCCT ASPECT score
1s —0.745 and —0.586. It suggests negative correlation of
CIMT of carotid artery with MRI DWI MCA and NCCT
ASPECT score, finding suggesting increase in CIMT
of carotid artery will show decrease in ASPECT score.
Pearson correlation coetficient of NCCT ASPECT score
in MCA territory with MRI DWI MCA ASPECT score
is 0.745, suggesting increase in ASPECT score in MCA
territory in NCCT head will also show increase in MRI
DWI MCA ASPECT score.

Carotid stenosis is one of the common causes of ischemic
stroke. Carotid Doppler findings are positive in 60.4%
cases detected on MRI in MCA territory and right side
was affected more than the left side. NCCT head shows
infarct in 20.9% cases, considering DWI MRI sequence as
gold standard. The prevalence of carotid stenosis increases
with increase in age. Carotid artery stenosis is seen in both
male and female with male predominance and associated
with risk factors such as smoking, diabetes mellitus, and
hypertension.

A simple, non-invasive screening procedure like Doppler
sonography of the carotid arteries in high risk individuals
could, therefore, have profound diagnostic and therapeutic
implications in predicting and preventing a potentially fatal
and devastating stroke. Percentage grading of stenosis
increased with an increase in age and was more prevalent
in men than women. Smoking and heart disease showed
maximum positive correlation with stenosis. The prevalence
of severe stenosis (>70%) was low while the prevalence of
mild-to-moderate stenosis (<50% and 50—69%) was quite
high. Stenosis was more profound in terms of frequency
and severity in men at all ages than women. Atherosclerotic
plaques were mostly found at the site of carotid bifurcation.

With increase in PSV of ICA, plaque size, NCCT, and
MRI DWI MCA ASPECT score decreases. Increase in
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grading percentage of stenosis and CIMT of carotid artery
associated with decrease in NCCT MCA and MRI DWI
MCA ASPECT score.

DISCUSSION

The present analysis showed that mean age was 54.26 years;
mean NIHSS score was 9.41 and stroke (infarct) being more
common in age group of 60-69 years. Out of total cases,
39.4% were female and 60.6% were males. This study showed
that ischemic stroke is common in both sexes with male
predominance. This corresponds to study by Tegos e al!

19]

Figure 1: Magnetic resonance imaging-diffusion-weighted
imaging image shows restriction in the left caudate nucleus,
internal capsule, M1, M2, and M3 in middle cerebral artery
distribution in a patient presenting with hemiparesis. In a
same patient longitudinal grey scale ultrasound images of the
left carotid artery shows echogenic plaque giving posterior
acoustic shadowing noted in left common carotid artery and
causing significant stenosis

Figure 2: Non-contrast computed tomography (NCCT) and
magnetic resonance imaging-diffusion-weighted imaging (DWI)
brain image shows different ASPECT score in same patient with
hypodensity in NCCT with involvement of M1 and M4 area only,
while in DWI it shows restriction in M1, M2, M4, and M5 area as

per ASPECT distribution in middle cerebral artery distribution
in a patient of hemiparesis

In our study, out of total 61 cases, 24 had hypertension.
Hypertension showed strongest positive correlation with
ischemic stroke in territory of carotid artery which is
consistent with study done by Shivani e7 @/l

Carotid Doppler examination aids in determining the
occlusive lesions in the carotid vessels. Patients with
severe stenosis (= 70%) are at increased risk of developing
cerebral infarction.

The most common lesion was atherosclerotic plaque.
Of the 61 patients examined, 26 (60.4%) patients have
positive Doppler findings on carotid Doppler study, nine
(20.9%) [Table 2] patients had positive findings in MCA
territory in NCCT head, and 43 patients (70.4%) [Table 3]
have positive findings of infarct in MCA territory in MRI.
Carotid Doppler findings were positive in 60.4% cases, as
detected on MRI in MCA territory. In our study, we found
plaque in 60.4% cases which was more than detected by
study done by Sehrawat ez al., (33.94%).

The plaques were classified according to their anatomical
location. The right side was affected more than the
left side which is consistent with findings detected by
Sehrawat ez al.

The plaques formed in the carotid vessels were divided
into hypoechoic plaque, echogenic plaque, and calcified
plaque. In our study, we had found that echogenic plaques

Table 1: Demographic characteristics

Age and Sex Distribution

Age (Years) (%)
<30 3(4.9)
30-40 8 (13.1)
41-50 12 (19.6)
51-60 15 (24.5)
61-70 18 (29.5)
>70 05 (8.1)
Sex (%)
Male 37 (60.6)
Female 24 (39.4)
Table 2: NCCT head findings
NCCT head findings Number (%)
Normal 52 (85.2)
Infarct 09 (14.7)
NCCT: Non-contrast computed tomography
Table 3: MRI brain findings
MRI brain findings Number (%)
Normal 18 (29.5)
Infarct 43 (70.4)

MRI: Magnetic resonance imaging
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o L e ——
*Right TCA PLAQUE

Figure 3: In same patient longitudinal and transverse grey scale ultrasound images of right carotid artery shows hyperechoic plaque
in right common carotid artery causing significant 63% stenosis

Figure 4: Magnetic resonance imaging-diffusion-weighted
imaging apparent diffusion coefficient (ADC) image shows
restriction in the left caudate nucleus, left internal capsule, M1,
M2, M3, M4, and M5 with corresponding reduced diffusivity in
ADC map in middle cerebral artery distribution in a patient who
had normal non contrast computed tomography head

were more common which was consistent with findings
detected by Geroulakos e al.

In this study, we found plaque in 26 patients, out of which
54.1% had right side involvement as compared to 45.9% on left
side. This finding is more than as detected by Sehrawat ez /.

In our study, we found that the carotid bifurcation was the
most common site involved by the atherosclerotic plaque,

Table 4: Grey scale USG findings in carotid duplex
scan

Grey scale USG findings Number (%)
No Plaque 35 (57.3)
Plaque in ICA 14 (22.9)
Plague in ICA and CCA 12 (19.6)

ICA: Internal carotid artery, CCA: Common carotid artery, USG: Ultrasounds

Table 5: Percentage area of grading of stenosis in
carotid duplex scan

Percentage area of grading of stenosis Number (%)
No stenosis 35 (57.3)
<50% stenosis 13 (21.3)
50-69% stenosis 12 (19.6)
>70% stenosis 01 (0.01)

followed by ICA [Table 4]|. On right side, 35% plaques
were present at bifurcation and on the left side 23.5% were
present at bifurcation. These findings were similar to study
done by Sethi ez a/*

Plaques are more common at bifurcation due to transient
reversal of flow, flow separation, and eddy formation in
these areas. In our study, we found that the increase
in CIMT of carotid artery is associated with increase in
plaque formation and ischemic stroke. These findings
are consistent with study done by Kazmierski e /¥ and
O’Leaty et all*!

In our study, there was negative correlation of NCCT head
MCA ASPECT score and MRI DWI MCA ASPECT score
with CIMT of carotid artery, finding suggesting that NCCT
head MCA ASPECT score and MRI-DWI ASPECT score
decreases with increase in CIMT of carotid artery.

Our study suggested that PSV is an important flow
parameter, more specifically applying to stenosis, and a
predictive marker for ischemic cerebral lesions [Table 5].
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LT CCA BIFURCATION

Figure 5: In same patient longitudinal grey scale ultrasound
images of the left carotid artery shows echogenic plaque giving
posterior acoustic shadowing noted in the left internal carotid
artery and causing significant stenosis

These findings were consistent with study done by
Gunduz et al.”!

Out of 26 cases who had stenosis, the prevalence of
mild stenosis (<50%) was 21.3% and moderate stenosis
(50-69%) was 19.3%. This correlates with study by O’Leary
et al®!

According to the criteria mentioned by Grant ¢z al., (PSV
>140 cm/s was observed in patients with >70% stenosis of
carotid artery), in our study, PSV increased with the increase
in stenosis.”’! PSV is considered the best parameter since it
is easy to measure. Grant e a/. also found that mean PSV
increases with increase in grade of stenosis.*

CONCLUSION

MRI is considered as gold standard for diagnosis of
stroke. NCCT head is considered as prime modality in
stroke patients to rule out intraparenchymal hemorrhage.
Sensitivity of predicting stroke by carotid Doppler is 60.4%.
This study shows that carotid Doppler is an important
non-invasive diagnostic tool. It can be used for screening
in high risk asymptomatic patients, patients with history
of cerebral vascular event. It helps in guiding treatment.
Thus, it should be used as first-line investigation in these
patients and will determine treatment plan for patients in
places where NCCT head and MRI brain facility is not
available. It will also complement NCCT head negative
patients where MRI brain facility is not available.

The importance of Doppler sonography in acute ischemic
stroke patients and can serves as a screening tool where
NCCT head and MRI brain facility is not available. Seventy

percent of population lives in villages and cannot have
access to big cities where good diagnostic infrastructure
such as NCCT and MRI is available. In developing
countries like India, where facilities to detect acute ischemic
stroke are not available in small towns, tehsils, and even
districts, Carotid Doppler can serve as low cost inexpensive
tool for screening of acute ischemic stroke patients and
can initially guide physicians to plan treatment.
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