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INTRODUCTION
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Stroke is a leading cause of mortality and morbidity all over the world. The
incidence of cerebro-vascular disease increases with age and the number of strokes
is projected to increase as the elderly population grows. It is the second leading
cause of mortality and fourth leading cause of morbidity worldwide. Stroke is
responsible for millions of deaths in developing countries and is the major cause of
mortality and morbidity in Asian countries like India. Atherosclerotic disease of
the carotid arteries outside the cranial cavity has long been recognized as a
common source of emboli that travel to the brain causing ischemic stroke. The
purpose of the study is to know the prevalence of carotid artery stenosis in acute
ischemic stroke patients and to assess the association of carotid artery stenosis with
other risk factors such as diabetes mellitus, hypertension, hyperlipidemia, smoking
,sex and age in these acute ischemic stroke patients. Doppler ultrasound being a
non invasive and inexpensive method is used to assess the carotid artery stenosis
in patients who presented with neurological deficit with CT/MRI evident of acute
ischemic stroke. Demonstration of significant carotid stenosis may suggest the
need for further investigation and for carotid end-arterectomy to prevent further
strokes. Stroke remains the most common life-threatening neurological disease
globally and impacts individuals. Treatment options are limited to thrombolysis,
antiplatelets but only few patients receive this treatment owing to restrictions in
accessibility and delay in diagnosis. Thus, primary prevention remains the most
12

important general strategy for reducing the impact of stroke like in other non
communicable disease like cardiovascular disease. Several well-established
modifiable risk factors for stroke, that is, hypertension , smoking, diabetes, etc. has
been identified. Stroke appears to be a preventable disease to a large extent, change
in lifestyle is supposed as the major primary prevention strategy. Lifestyle changes
are likely to inﬂuence risk factor prevalence, which in turn may modify the stroke
risk.
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AIMS AND OBJECTIVES

14

1.To study the prevalence of carotid artery stenosis in acute ischemic stroke
2.To find out whether there is any association between carotid artery stenosis and
risk factors such as diabetes mellitus, hypertension, hyperlipidemia, smoking, sex
and age in acute ischemic stroke patients
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REVIEW OF LITERATURE
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Cerebrovascular accidents still remains to be one of the leading cause of morbidity
and death. Stroke is the second leading cause of death and fourth leading cause of
disability worldwide1.World wide prevalence

of stroke 400-800 strokes per

100,0002 .the estimated age-adjusted prevalence rate for stroke ranges between
84/100,000 and 262/100,000 in rural and between 334/100,000 and 424/100,000 in
urban areas3.Approximately 20 million people each year suffer from stroke and of
these 5 million do not survive. Older population based studies in India conducted
in Vellore and Rohtak quoted annual incidence of Stroke as 13 per lakh and 33 per
lac persons respectively5,6. According to Kittner et al. the incidence of stroke is
approximately 6 per lakh in Caucasians aged 15-39 years and 2.5 times higher in
persons of African descent7. Young stroke patients constitute 15-30% of all stroke
patients in India as opposed to 1-8.5% in western countries. Indian reports estimate
the incidence of stroke in young as between 15 and 30% of strokes in all ages. Of
all sudden unexpected natural death in young patients of age group 18-35 years
cerebrovascular accidents was responsible for 9.37% of death8. More than 80% of
strokes are ischemic, with the rest being hemorrhagic, and atherosclerotic stenosis
of the extracranial carotid artery accounts for 15% to 20% of ischemic
strokes9.Stroke

happens nearly a decade earlier than West and young strokes

constitute about 20% of stroke population in India

10,11

. Cerebrovascular diseases

as one of the most common devastating disorders. It can be ischemic stroke or
17

hemorrhagic stroke. A stroke, or cerebrovascular accident is defined as an abrupt
onset of a neurologic deficit that is attributable to a focal vascular cause. Thus, the
definition of stroke is clinical and laboratory studies including brain imaging are
used to support the diagnosis. Because of the complex anatomy of the brain and its
vasculature the clinical manifestations of stroke are diverse. Cerebral ischemia is
caused by a decrease in blood flow that lasts longer than several seconds.
Neurologic symptoms are manifest within seconds because neurons lack glycogen,
so energy gets depleted rapidly. If the cessation of flow of blood lasts for more
than a few minutes, infarction of brain tissue occurs. When blood flow is
immediately restored, brain tissue can recover fully and the patient’s symptoms are
only transient: this is called a transient ischemic attack (TIA). The definition of
TIA requires that all neurologic signs and symptoms resolve within 24 h without
evidence of brain infarction on brain imaging. Stroke has occurred if the
neurologic signs and symptoms last for >24 h or brain infarction is demonstrated.
A generalized reduction in cerebral blood flow due to systemic hypotension
usually produces syncope. If low cerebral blood flow persists for a longer duration,
then infarction in the border zones between the major cerebral artery distributions
may develop. Computed tomography (CT) imaging of the brain is the standard
imaging modality to detect the presence or absence of intracranial hemorrhage
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.Imaging also excludes other causes of sudden-onset neurologic symptoms that
may mimic stroke include seizure, intracranial tumor, migraine, and
metabolic encephalopathy.

Feature

Stroke

Stroke mimics

Symptom onset

Sudden

Often slower

Symptom progression

Rapidly

reaches Often gradual onset

maximum severity
Severity of deficit

Unequivocal

Variable

Pattern of deficit

Hemispheric pattern

May be non-specific with
delirium, memory loss,
balance disturbance

Loss of consciousness

Uncommon

More common
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Clinical syndrome

Common symptom

Common cause

Total anterior circulation

Combination of

Middle cerebral

syndrome

Hemiparesis

artery(Embolism from

Higher cerebral

heart or major vessels)

dysfunction(eg: aphasia)
Hemisensory loss
Homonymous hemianopia
Partial anterior circulation Isolated motor loss(eg.leg

Occlusion of a branch of

syndrome

only, arm only, face only)

the middle cerebral artery

Isolated higher cerebral

or anterior cerebral artery

dysfunction(eg: aphasia,

(Embolism from heart or

neglect)

major vessels)

Mixture of higher cerebral
dysfunction and motor
loss
(eg: aphasia with right
hemiparesis)
Lacunar artery syndrome

Pure motor stroke-affects

Thrombotic occlusion of

two limbs

small perforating arteries.

Pure sensory stroke

(thrombosis in situ)
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Sensory-motor stroke
No higher cerebral
dysfunction or
hemianopia
Clinical syndrome

Common symptoms

Common causes

Posterior circulation

Homonymous hemianopia Occlusion in

stroke

Cerebellar syndrome

vertebral,basilar or

Cranial nerve syndromes

posterior cerebral artery
territory(cardiac
embolism or thrombosis
in situ)
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BLOOD SUPPY OF BRAIN12
It is important to know the areas of the cerebral cortex and spinal cord supplied by
a particular artery and to understand the dysfunction that would result if the artery
were occluded. The internal capsule that contains the majority of the ascending and
descending pathways to the cerebral cortex is commonly affected by arterial
hemorrhage or thrombosis.
Arteries of the Brain
The brain is supplied by the two vertebral arteries and two internal carotid arteries.
These arteries lie within the subarachnoid space, and their branches anastomose to
form the circle of Willis on the inferior surface of brain.

22

Internal Carotid Artery
The internal carotid artery begins at the bifurcation of the common carotid artery
where it usually possesses a localized dilatation, called the carotid sinus. It enters
the subarachnoid space by piercing the arachnoid mater and then it turns
posteriorly to the region of the medial end of the lateral cerebral sulcus where, it
divides into the anterior and middle cerebral arteries.
Branches of the Cerebral Portion
1. The ophthalmic artery arises as the internal carotid artery emerges from the
cavernous sinus .It supplies the eye and other orbital structures, and then supply the
frontal area of the scalp, frontal and ethmoid sinuses and dorsum of the nose.
2. The posterior communicating artery is a vessel that originates from the
internal carotid artery close to its terminal bifurcation

and join the posterior

cerebral artery, thus forming part of the circle of Willis.
3. The choroidal artery, it originates from the internal carotid artery close to its
terminal bifurcation. It gives off numerous small branches to surrounding
structures, including the crus cerebri, the lateral geniculate body, the optic tract,
and the internal capsule.
4. The anterior cerebral artery is the smaller terminal branch of the internal
carotid artery. It runs forward and medially superior to the optic nerve and enters
the longitudinal fissure of the cerebrum. There it is joined to the anterior cerebral
23

artery of the opposite side by the anterior communicating artery. It curves
backward over the corpus callosum and it anastomoses with the posterior cerebral
artery. The cortical branches supply all the medial surface of the cerebral cortex
upto the parietooccipital sulcus. The anterior cerebral artery supplies the “leg
area”of the precentral gyrus. A group of central branches pierces the anterior
perforated substance and helps to supply parts of the lentiform and caudate nuclei
and

the

internal

24

capsule.

5. The middle cerebral artery, the largest branch of the internal carotid, runs
laterally in the lateral cerebral sulcus . Cortical branches supply the entire lateral
surface of the hemisphere, except for the area supplied by the anterior cerebral
artery, the occipital pole, and the infero-lateral surface of the hemisphere, which
are supplied by the posterior cerebral artery .This artery thus supplies all the motor
area except the leg area. Central branches enter the anterior perforated substance
and supply the lentiform and caudate nuclei and the internal capsule.
Vertebral Artery
The vertebral artery is a branch of the first part of the subclavian artery, It enters
the skull through the foramen magnum and pierces the dura mater and arachnoid to
enter the subarachnoid space. At the lower border of the pons, it joins the vessel of
the other side to form the basilar artery.
Branches of the Cranial Portion
1. The meningeal branches are small and supply the bone and also dura in the
posterior cranial fossa.
2. The posterior spinal artery may take origin from the vertebral artery or the
posterior inferior cerebellar artery. The branches are reinforced by radicular
arteries that enter the vertebral canal through the intervertebral foramina.
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3. The anterior spinal artery is formed from a contributory branch from each
vertebral artery near its termination .The artery is reinforced by radicular arteries
that enter the vertebral canal through the intervertebral foramina.
4. The posterior inferior cerebellar artery, the largest branch of the vertebral
artery. It supplies the inferior surface of the vermis, the central nuclei of the
cerebellum, and the undersurface of the cerebellar hemisphere; it also supplies the
medulla oblongata and the choroid plexus of the fourth ventricle.
5. The medullary arteries are distributed to the medulla oblongata.
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Basilar Artery
The basilar artery, formed by the joining of the two vertebral arteries At the upper
border of the pons, it divides into the two posterior cerebral arteries.
Branches
1. The pontine arteries are numerous small vessels that enter the substance of the
pons .
2. The labyrinthine artery is a long, narrow artery that accompanies the facial and
the vestibulocochlear nerves into the internal acoustic meatus and supplies the
internal ear. It often arises as a branch of the anterior inferior cerebellar artery.
3. The anterior inferior cerebellar artery passes posteriorly and laterally and
supplies the anterior and inferior parts of the cerebellum. Some branches pass to
the pons and the upper part of the medulla oblongata.
4. The superior cerebellar artery arises close to the end of the basilar artery . It
winds around the cerebral peduncle and supplies the superior surface of the
cerebellum. It also supplies the pineal gland ,the pons, and the superior medullary
velum.
5. The posterior cerebral artery is joined by the posterior communicating branch
of the internal carotid artery.
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Cortical branches supply the lateral and medial surfaces of the occipital lobe and
inferolateral and medial surfaces of the temporal lobe .So the posterior cerebral
artery supplies the visual cortex.
A choroidal branch enters the inferior horn of the lateral ventricle and supplies
the choroid plexus; it also supplies the choroid plexus of the third ventricle.
Central branches pierce the brain substance and supply the pineal, the medial
geniculate bodies parts of the thalamus and the lentiform nucleus as well as the
midbrain.
Circle of Willis
The circle of Willis lies in the interpeduncular fossa at the base of the brain. It is
formed by the anastomosis between the two vertebral arteries and two internal
carotid arteries . The anterior communicating, anterior cerebral, internal carotid,
posterior communicating, posterior cerebral, and basilar arteries all contribute to
the circle.
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The circle of Willis allows blood that enters by either internal carotid or vertebral
arteries to be distributed to any part of both cerebral hemispheres. Cortical and
central branches arise from the circle and supply the brain substance.
Arteries to Specific Brain Areas

The corpus striatum and the internal capsule are supplied mainly by branches of
the middle cerebral artery ; the central branches of the anterior cerebral artery
supply the remainder of these structures.
The thalamus is supplied mainly by branches of the posterior communicating,
basilar, and posterior cerebral arteries.
The midbrain is supplied by the posterior cerebral, superior cerebellar, and basilar
arteries.
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The pons is supplied by the basilar and the anterior, inferior and superior
cerebellar arteries.
The medulla oblongata is supplied by the vertebral, anterior and posterior spinal,
posterior inferior cerebellar, and basilar arteries.
The cerebellum is supplied by the superior cerebellar, anterior inferior cerebellar,
and posterior inferior cerebellar arteries.
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Nerve Supply of Cerebral Arteries
The cerebral arteries receive a rich supply of sympathetic postganglionic nerve
fibers which are derived from the superior cervical sympathetic ganglion.
Stimulation of these nerves causes vasoconstriction of the cerebral arteries. Under
normal conditions, the local blood flow is mainly controlled by the concentrations
of carbon dioxide, hydrogen ions, and oxygen present in the nervous tissue; a rise
in the carbon dioxide and hydrogen ion concentrations and a lowering of the
oxygen tension bring about a vasodilatation.
Veins of the Brain
The veins of the brain have no muscular tissue in their very thin walls, and they
possess no valves. They emerge from the brain and lie in the subarachnoid space.
They pierce the arachnoid mater and the meningeal layer of the dura and drain into
the cranial venous sinuses.
External Cerebral Veins
The superior cerebral veins pass upward over the lateral surface of the cerebral
hemisphere and empty into the superior sagittal sinus.
The superficial middle cerebral vein drains the lateral surface of the cerebral
hemisphere. It runs inferiorly in the lateral sulcus and empties into the cavernous
sinus.
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The deep middle cerebral vein drains the insula and is joined by the anterior
cerebral and striate veins to form the basal vein. The basal vein ultimately joins
the great cerebral vein, which in turn drains into the straight sinus.
Internal Cerebral Veins
There are two internal cerebral veins, and they are formed by the union of the
thalamostriate vein and the choroid vein at the interventricular foramen. The two
veins run posteriorly in the tela choroidea of the third ventricle and unite beneath
the splenium of the corpus callosum to form the great cerebral vein,which empties
into the straight sinus.
Veins of Specific Brain Areas
The midbrain is drained by veins that open into the basal or great cerebral veins.
The pons is drained by veins that open into the basal vein, cerebellar veins, or
neighboring venous sinuses.
The medulla oblongata is drained by veins that open into the spinal veins and
neighboring venous sinuses.
The cerebellum is drained by veins that empty into the great cerebral vein or
adjacent venous sinuses.
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BRAIN CAPILLARIES
The capillary blood supply to the brain is more in the gray matter than in the white
matter. This is to be expected, since the metabolic activity in the neuronal cell
bodies in the gray matter is much greater than in the nerve processes in the white
matter. The blood-brain barrier isolates the brain tissue from the rest of the body
and is formed by the tight junctions that exist between the endothelial cells in the
capillary beds .
CEREBRAL CIRCULATION
The blood flow to the brain must deliver oxygen, glucose, and other nutrients to
the nervous tissue and remove carbon dioxide, lactic acid, and other metabolic byproducts. The brain has been shown to be supplied with arterial blood from the two
internal carotid arteries and the two vertebral arteries. The blood supply to half of
the brain is provided by the internal carotid and vertebral arteries on that side, and
their respective streams come together in the posterior communicating artery at a
point where the pressure of the two is equal and they do not mix. If, however, the
internal carotid or vertebral artery is occluded, the blood passes forward
or backward across that point to compensate for the reduction in blood flow. The
arterial circle also permits the blood to flow across the midline, as shown when the
internal carotid or vertebral artery on one side is occluded. It also has been shown
that the two streams of blood from the vertebral arteries remain separate and on the
33

same side of the lumen of the basilar artery and do not mix. Although the cerebral
arteries anastomose with one another at the circle of Willis and by means of
branches on the surface of the cerebral hemispheres, once they enter the brain
substance, no further anastomoses occur. The most important factor in forcing the
blood through the brain is the arterial blood pressure. This is opposed by such
factors as a raised intracranial pressure, increased blood viscosity, and narrowing
of the vascular diameter. Cerebral blood flow remains remarkably constant despite
changes in the general blood pressure. This autoregulation of the circulation is
accomplished by a compensatory lowering of the cerebral vascular resistance when
the arterial pressure is decreased and a raising of the vascular resistance when the
arterial pressure is increased. Needless to say, this autoregulation does not maintain
an adequate blood flow when the arterial blood pressure falls to a very low level.
The diameter of the cerebral blood vessels is the main factor contributing to the
cerebrovascular resistance. While it is known that cerebral blood vessels are
innervated by sympathetic postganglionic nerve fibers and respond to norepinephrine, they apparently play little or no part in the control of cerebro-vascular
resistance in normal human beings. The most powerful vasodilator influence on
cerebral blood vessels is an increase in carbon dioxide or hydrogen ion
concentration; a reduction in oxygen concentration also causes vasodilatation. It
has been shown, using PET, that an increase in neuronal activity in different parts
34

of the brain causes a local increase in blood flow. For example, viewing an object
will increase the oxygen and glucose consumption in the visual cortex of the
occipital lobes. This results in an increase in the local concentrations of carbon
dioxide and hydrogen ions and brings about a local increase in blood flow. The
cerebral blood flow in patients can be measured by the intra-carotid injection or
inhalation of radioactive krypton or xenon. A cerebral blood flow of 50 to 60 mL
per 100 g of brain per minute is considered normal.
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PATHOPHYSIOLOGY OF ISCHEMIC STROKE
Acute occlusion of an intracranial vessel causes decrease in blood flow to the brain
region it supplies. A decrease in cerebral blood flow to zero causes death of brain
tissue within 4–10 min while values <16–18mL/100 g tissue per minute cause
infarction within an hour and values

<20 mL/100 g tissue per minute cause

ischemia without infarction unless prolonged for several hours or days. If blood
flow is restored to ischemic tissue before significant infarction develops, the
patient may develop only transient symptoms, and the clinical syndrome is then
called a TIA. Another important concept is the ischemic penumbra, defined as the
ischemic but reversibly dysfunctional tissue surrounding a core area of infarction.
The penumbra can be imaged by perfusion-diffusion imaging using MRI or CT.
Saving ischemic penumbra penumbra is the goal of revascularization therapies as it
will ultimately progress to infarction if no change in flow occurs. Focal cerebral
infarction occurs via two distinct pathways :
(1) A necrotic pathway in which cellular cytoskeletal breakdown is rapid, due
principally to energy failure of the cell.
(2) An apoptotic pathway in which cells become programmed to die.
Ischemia produces necrosis by starving neurons of glucose and oxygen, which in
turn results in failure of mitochondria to produce ATP. Without ATP, membrane
ion pumps stop functioning and neurons depolarize, allowing intracellular calcium
36

to rise. Cellular depolarization also causes glutamate release from synaptic
terminals; excess extracellular glutamate produces neurotoxicity by activating
postsynaptic glutamate receptors that increase neuronal calcium influx. Free
radicals are produced by degradation of membrane lipids and mitochondrial
dysfunction. Free radicals cause catalytic destruction of membranes and likely
damage other vital functions of cells.
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ETIOLOGY OF ISCHEMIC STROKE
The initial management of acute ischemic stroke often does not depend on the
etiology, establishing a cause is essential to reduce the risk of recurrence.
Particular focus should be on atrial fibrillation and carotid atherosclerosis, because
these etiologies have proven secondary prevention strategies. Cardioembolism is
responsible for ~20% of all ischemic strokes. Ischemic stroke can due to
thrombosis and embolism. Common causes of thrombotic stroke are Lacunar
stroke(small vessel),Large-vessel thrombosis, dehydration . Any ipsilateral
ischemic stroke in the presence of carotid artery stenosis by definition is attributed
to LVD. Lacunar strokes are more often associated with hypertension and other
vascular risk factors. The term lacunar infarction refers to infarction following
atherothrombotic or lipohyalinotic occlusion of a small artery in the brain. Smallvessel strokes account for ~20% of all strokes. Hypertension and age are the
principal risk factors. The most common small-vessel stroke syndromes are the
following:
(1) Pure motor hemiparesis
(2) pure sensory stroke
(3) ataxic hemiparesis
(4) and dysarthria and a clumsyhand
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Embolic

stroke

occurs

by

occlusion

from

artery-to-artery

embolism,

cardioembolism, paradoxical embolism atrial septal aneurysm, spontaneous echo
contrast, stimulant drugs: Cocaine, Amphetamine. Cardioembolism could be due to
atrial fibrillation, Myocardial infarction, valvular lesions, dialated cardiomyopathy.
A large-vessel source (either thrombosis or embolism) may manifest initially as a
small-vessel infarction. Hence, the search for embolic sources (carotid and heart)
should not be completely abandoned in the evaluation of these patients. Secondary
prevention of small-vessel stroke involves risk factor modification, specifically
reduction in blood pressure .
Less common causes of stroke are Hypercoagulable disorders, Venous sinus
thrombosis, Sickle cell anemia Fibromuscular dysplasia ,Temporal (giant cell)
arteritis , (Takayasu’s arteritis), Necrotizing (or granulomatous) arteritis, Primary
central nervous system vasculitis ,.Drugs, in particular amphetamines and perhaps
cocaine, Moyamoya disease, Posterior reversible encephalopathy syndrome
(PRES) ,Leukoaraiosis, or periventricular white matter disease,
CADASIL (cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy) cerebral autosomal recessive arteriopathy with subcortical
infarcts and leukoencephalopathy (CARASIL) and hereditary endotheliopathy,
retinopathy, nephropathy, and stroke (HERNS), Fabry’s disease also produces both
a large-vessel arteriopathy and small-vessel infarctions. Southern India hospital
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registry has attributed 41% of strokes to large artery atherosclerosis, 18% to
lacunar causes, 10% to cardioembolic causes, 4% to specific causes, and the
remaining 27% of the cases to undetermined etiology14

Artery-to-Artery Embolic Stroke Thrombus formation on atherosclerotic plaques
may embolize to intracranial arteries producing an artery-to-artery embolic stroke.
Less commonly, a diseased vessel may acutely thrombose. Any diseased
vessel may be an embolic source, including the aortic arch, common carotid,
internal carotid, vertebral, and basilar arteries.
Carotid atherosclerosis: Atherosclerosis within the carotid artery occurs most
frequently within the common carotid bifurcation and proximal internal carotid
artery; the carotid siphon is also vulnerable to atherosclerosis. Male gender, older
age, smoking, hypertension, diabetes, and hypercholesterolemia are risk factors for
carotid disease, as they are for stroke in general. Carotid atherosclerosis produces
an estimated 10% of ischemic stroke. Carotid disease can be classified by whether
the stenosis is symptomatic or asymptomatic and by the degree of stenosis.
The Doppler technique has proven to be a useful noninvasive technique for
evaluating the patency of the carotid artery in patients at risk of stroke. Carotid
Doppler evaluation guides in decisions regarding further investigations, such as
cerebral angiography. It helps one decide whether a neck bruit is of arterial origin
40

and aids assessment following cerebrovascular surgery. The sensitivity, specificity
and accuracy were high when the degree of stenosis was greater than 50%, but
occlusions were less reliably detected, with 8 (33%) of the 24 being misdiagnosed
as high-grade stenoses15. As Doppler technique poorly visualizes both the
intracranial and the posterior circulations it is not a substitute for cerebral
angiography and cannot accurately detect low-grade (less than 50%) stenosis or
ulcerated arterial plaques. Detection of stenosis in a carotid artery in an otherwise
uncertain case is an indication for cerebral angiography but this will probably
increase the number of angiograms performed. As this technique is without hazard,
also useful in follow-up and should, therefore, reduce the likelihood of unnecessary
angiographic examinations. The Doppler examination may show an abnormally
high blood flow velocity in the carotid artery contralateral to the stenosed artery
because of increased compensatory flow. Following carotid endarterectomy, the
flow returns to normal in both arteries.

In over one third of patients with ischemic cerebrovascular disease, angiography
shows atherosclerotic lesions at the origin of the internal carotid artery16. These
atherosclerotic lesions are a common cause of acute carotid stroke, either through
occlusion of the stenosed artery in the presence of inadequate collateral circulation
or due to embolism downstream by thrombus or cholesterol debris that has broken
41

off from the plaque on the internal carotid artery and occluded the middle cerebral
artery or one of its branches.
Transient ischemic attacks precede about 50% of these strokes

16,17

. In the

remaining cases the first indication of underlying carotid artery disease is the
completed stroke. However, asymptomatic carotid occlusion is a relatively
frequent angiographic or autopsy finding probably due to good collateral
circulation has prevented symptomatic cerebral ischemia. Since carotid
atherosclerosis is very common and because cerebral angiography carries a definite
risk, noninvasive diagnostic tests for carotid artery disease like Doppler ultrasonography can be of much help. Though many other different noninvasive
diagnostic approaches have been explored, few have been found to be of value in
clinical practice.Ackerman18 has classified the various tests as direct or indirect.
Direct tests examine the anatomic and physiologic aspects of the cervical carotid
artery, and indirect tests examine hemodynamic changes in distal arterial beds,
such as in the orbit. Effective noninvasive testing probably requires the use of at
least one direct and one indirect test.
According to the Doppler principle, when an ultrasound signal is reflected from a
moving column of erythrocytes in a blood vessel the recorded frequency shift
between the transmitted and reflected signals is proportional to the flow velocity.
This difference between signals is the Doppler frequency. A probe with a split
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crystal both emits and receives the ultrasound signals and transmits them to a
recording apparatus. If there is no flow beneath the probe there will be no Doppler
shift, and the recorded frequency will be zero. When the degree of stenosis of an
artery is at least 50%, the flow velocity will be increased and there is an increased
Doppler frequency. The blood velocity and, hence, the Doppler frequency increase
with higher degrees of stenosis until a critical point is reached when the residual
lumen diameter is 1 mm or less, and then they fall off rapidly.
An image of the extra-cranial cervical arteries can be constructed and displayed on
an oscilloscope screen by making transverse sweeps with the Doppler probe. This
image does not give accurate information about the vessels characteristics but
serves instead to guide the probe so that flow velocity data can be obtained. With a
continuous ultrasound signal the average flow velocity beneath the probe can be
assessed. Alternatively, a pulsed signal may be used to obtain data on the flow of
discrete columns of blood in different parts of the vessels. The caliber of each
vessel can be assessed by listening to the audio signals or viewing them on a screen
as the probe passes along the course of the artery. The various frequencies and the
waveform in each cardiac cycle constitute the spectral display. The maximum
recorded velocity is reflected in the height of the signal and is proportional to the
degree of arterial stenosis. Turbulence distal to an arterial stenosis produces
harsher sounds and a widening of the spectral waveforms. The internal and
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external carotid arteries have characteristic waveforms that distinguish them from
each other.
Limitations of carotid Doppler evaluation
The limited ability of the carotid Doppler examination to detect lower-grade
stenosis may not be a serious disadvantage, since carotid surgery is generally
recommended only with stenosis of 50% or more. Ulceration in arterial plaques is
not detected either, and non-stenosing ulcerated plaques may however cause
symptoms and warrant carotid endarterectomy. Ischemic cerebral lesions are
sometimes caused by intracranial arterial disease, but the skull severely attenuates
the Doppler frequencies normally used (5 to 10 kHz) and hence Doppler ultrasonography is not useful.
Indications for carotid Doppler evaluation
Transient ishcaemic attacks: Cerebral angiography should be performed as soon as
possible when otherwise healthy patients have transient ischemic attacks traceable
to the carotid artery as these patients have a high risk of stroke, particularly in the
first 3 months after the onset of symptoms 19.Only about one half will be found to
have carotid stenosis of more than 50% on the symptomatic side; they are suitable
candidates for carotid endarterectomy20.While noninvasive carotid evaluation is
not essential, it may increase the sense of urgency if it demonstrates critical (more
than 75%) narrowing of the artery. In patients considered borderline candidates for
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surgery because of either advanced age or a systemic medical illness, such as heart
failure, angiography and surgery might be reconsidered if a critical cervical carotid
lesion are demonstrated. The demonstration of significant carotid disease by
Doppler evaluation may also be a deciding factor in undertaking further cerebrovascular investigations when the diagnosis of transient ischemic attacks is not
confirmed. The diagnostic accuracy of B-mode is related to the quality of image,
the content of plaque and the severity of carotid stenosis. The accuracy of B-mode
decreases as the carotid stenosis increases. Cerebral infarction in the carotid
distribution:
Ultrasound evaluation of the carotid system is not of much importance when
clinical examination and computerized tomography scanning indicate cerebral
infarction, since the discovery of even significant carotid disease is unlikely to lead
to further investigation. In patients showing good recovery from their stroke,
though, the demonstration of critical carotid stenosis may suggest the need for
further investigation and for carotid endarterectomy to prevent recurrent strokes.
Symptomatic carotid artery disease implies that the patient has experienced a
stroke or TIA within the vascular distribution of the artery, and it is associated with
a greater risk of subsequent stroke than asymptomatic stenosis, in which the patient
is symptom free and the stenosis is detected through screening. Greater degrees of
arterial narrowing are generally associated with a higher risk of stroke, except that
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those with near occlusions are at lower risk of stroke. Atherosclerosis has been
regarded as an important etiologic factor of ischemic CVD. Severe carotid
atherosclerotic stenosis is associated with an increased risk of ischemic stroke.
Risk factors of carotid atherosclerosis are age, gender, hypertension, diabetes,
smoking and hyperlipidemia.
Identification of the risk factors may provide insights into the potential
mechanisms involved in extracranial artery atherosclerosis and will be helpful in
the prevention of carotid artery disease. A study on Risk Factors of Carotid
Stenosis in First-Ever Ischemic Stroke in Taiwan and have attempted to define
modifiable cerebro-vascular risk factors that were associated with the severity of
carotid atherosclerosis21. They focused on the survey for risk factors in carotid
atherosclerosis after diagnosing carotid stenosis mainly based on B-mode image.
Age may affect the pathogenesis of atherosclerosis by inducing physiological
vascular changes and by increasing the exposure to risk factors. Age shows the
strongest correlation with ≥ 50% carotid stenosis in the various studies. After age
20, every 10-year increase in age would double the risk of from having < 50%
carotid stenosis to becoming ≥ 50% carotid stenosis21.
There are evidences for association of male gender and carotid artery stenosis
though there are some other studies negating such association. Among the elderly
(≥ 65 years),women have less carotid atherosclerosis than men
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22.

The carotid wall

intima-media thickness is greater in men than in women aged 45 to 64
years23.Female may be more susceptible to intracranial arterial occlusive disease
than extracranial carotid disease24. The high prevalence of smoking in men may
also contribute to the high risk of carotid atherosclerosis.
Smoking is a significant predictor of ≥ 50% carotid stenosis and the the habit of
smoking is greatly different between men and women

21

. Active and passive

smoking are also associated with increased carotid wall thickness. Many studies
have shown that smoking is a significant risk factor for carotid atherosclerosis 25,26.
Hypertension is a well-known risk factor for stroke as the smaller penetrating
intracranial vessels are often damaged by hypertension27.Data regarding
association of hypertension with carotid artery stenosis is quite variable. There are
studies negating any significant relation between hypertension and carotid stenosis
in Japanese and Italian population28,29. However in a Taiwan population based
study and yet another study showed that hypertension strongly predicted carotid
artery stenosis 25,30. A potential source of bias may be related to the study design,
non accounting the treatment with anti-hypertensive agents and not recording the
blood pressure before medications.
Diabetes is an independent risk of atherosclerosis and atherothrombotic brain
infarction. Several studies found a significant correlation between carotid
atherosclerosis and diabetes4,31, but other studies failed to confirm the result. In
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their study results did not reveal any significant association between diabetes and
carotid stenosis21,30,31. Further studies are needed to identify the relation between
the diabetic control and the severity of carotid stenosis.
Although some studies have suggested an association between cholesterol and
extracranial carotid atherosclerosis , there is still controversy about the role of
triglyceride

and

cholesterol

in

carotid

atherosclerosis

in

various

studies32,33.Transient changes in lipid levels are well known to occur after stroke
and important lipoprotein abnormalities may be missed in acute phase. Timeintegrated measurement of cholesterol was found to show a higher degree of
association with carotid stenosis than that was measured at the time of carotid
evaluation25. Single evaluation of risk factors in acute stage after stroke may
underestimate associations with clinical or subclinical vascular diseases between
young patients and elders34.
In regard to the relation between carotid atherosclerosis and risk factors, evidences
are variable. Age-related distribution of risk factors confirmed that hypertension
was significantly relevant among older patients with carotid disease and
hyperlipidemia among young subjects. Several investigators have reported that the
association between hyperlipidemia and clinical atherosclerosis being weaker in
the elderly32,33.
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The relation between vascular disease and the time-integrated measurements of
lipid level can be expected to be stronger than the association with a single
measurement. Age and smoking are independent risk factors for carotid
atherosclerosis in first-ever ischemic stroke. As age is unmodifiable, highlights the
importance of smoking cessation, especially in men, for preventing the risk of
ischemic stroke and extracranial carotid artery atherosclerosis21.
Asymptomatic cervical bruits :
The management of asymptomatic neck bruits is controversial as the risk of stroke
is low and the risks of angiography and carotid endarterectomy are relatively high.
Carotid lesions are present in only 60% of such patients, and in only about half of
these is the stenosis critical. The Doppler technique can distinguish bruits due to
stenosis of the external carotid or subclavian artery from those due to disease of the
internal carotid artery, and it can also detect significant carotid disease in the
presence of conducted cardiac murmurs. Unnecessary cerebral angiography may
thus be avoided. The use of serial carotid Doppler examinations is an accurate and
safe means of following patients with known disease for evidence of progression.
Asymptomatic carotid artery stenosis (ACAS) is defined as a ≥50% narrowing of
the carotid artery in the absence of retinal or cerebral ischemia in the preceding 6
months35. In the general population, the prevalence of high degree ACAS (≥70%)
ranges from 0% to 3.1%, and the annual stroke rate in patients with ACAS ranges
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from 1% up to 3%36,37. Half of all strokes during follow-up in patients with ACAS
50% to 99% were of the LVD subtype

35.

ACAS is an independent risk factor for

any vascular event, especially vascular death, in patients with clinical manifest
arterial disease or type 2 diabetes mellitus, and extent of ACAS was also
associated with a higher increased risk of stroke. Yet another large and long-term
follow-up study of asymptomatic patients is from 2002 and reported stroke rates of
9.3% and 16.6% in patients with 50% to 99% internal carotid artery stenosis after 5
and 10 years, respectively38 but the reported average annual stroke rate among
patients with ≥50% ACAS receiving medical intervention alone has fallen to a
significant extent39,40. In patients with clinically manifest arterial disease or type2
diabetes mellitus, the presence of ACAS 50% to 99% was associated with an
average annual stroke risk of ≈0.4% and 0.5% for patients with ACAS 70% to
99%35.This could possibly be due to improved efficacy and implementation of
medical intervention. In optimal clinical decision making it is increasingly
important to assess the long-term risk of stroke in patients with ACAS as this
influences the balance in benefit in overall stroke prevention between conservative
treatment as opposed to revascularization. In a study in patients with moderate
≥50% ACAS and contralateral transient ischemic attack or stroke on intensive
medical therapy showed that the average annual risk of ipsilateral ischemic stroke
or transient ischemic attack was only 0.34%41.The increasing number of patients
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on best medical treatment has reduced the stroke risk in asymptomatic patients
especially in patients taking statins42. Many recent high-quality studies reports a
decrease in average annual rate of any territory stroke of 1.5% and ipsilateral
stroke of 0.5%40,43 .The annual ischemic stroke risk seems to stay very low in
patients with moderate or severe ACAS and the implications for routine clinical
practice include a plea for a conservative approach in ACAS in general.
Management of stroke, prognosis and the risk of recurrence is highly dependent on
stroke subtype The Trial of ORG 10172 in Acute Stroke Treatment criteria include
the 3 most common subtypes of stroke, implementing large artery atherosclerosis
(nonlacunar),

small artery occlusion

(lacunar),

or

stroke

attributed

to

cardioembolism44. A substantial number of strokes had >1 potential cause and,
therefore, were classified to have an undetermined etiology. Atherosclerotic
disease has been associated with large number of cerebrovascular event but
caarotid stenosis was not the underlying cause for all strokes that occurred. Slightly
higher stroke risk in patients with more tight (≥70%) stenosis35. Besides degree of
stenosis, plaque vulnerability and plaque volume have been considered important
in predicting future stroke risk, although mainly investigated in symptomatic
patients. Though optimal treatment for ACAS remains a matter of controversy
treatment of ACAS patients should include optimal medical therapy (eg,antiplatelet therapy, statins, and blood pressure control),and surgery should only be
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recommended based on individual risk stratification. Asymptomatic patients are at
increased risk for any other vascular events, cardiac problems, and death. It must
be kept in mind for treatment decision making and determining the overall clinical
prognosis of patients with ACAS.
In a population-based screening study Prevalence and risk factors for
atherosclerotic carotid stenosis and plaque which investigated the prevalence of
asymptomatic atherosclerotic carotid stenosis and Carotid plaque in the general
population45.They found that prevalence of atherosclerotic carotid stenosis and
carotid plaque is 1.1% and 5.5% respectively. Plaque formation is integral to the
development of atherosclerosis, it is evident that the presence of carotid plaque
may predict future cardiovascular events. Carotid duplex ultrasound is not
recommended for screening asymptomatic individuals in the general adult
population. Symptomatic individuals or adults with high risk factors for carotid
atherosclerotic disease are recommended to undergo screening.
Screening individuals with asymptomatic but significant carotid stenosis is
important. The overall prevalence of atherosclerotic carotid stenosis was 1.1%,
with a prevalence of 1.9% in males and 0.5% in females46.The prevalence of
atherosclerotic carotid stenosis Western studies was slightly higher 47. The
prevalence of atherosclerotic carotid stenosis varies by race, and tends to be lower
in Asian populations48,49.Increased age, hypertension, and smoking were
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independent risk factors associated with atherosclerotic carotid stenosis. Increased
age is a significant risk factor for atherosclerotic carotid stenosis in both genders.
Age, hypertension and smoking are independent risk factors for atherosclerotic
carotid stenosis in general population45.
Other causes of artery-to-artery embolic stroke are Intracranial atherosclerosis and
Dissection of the internal carotid or vertebral arteries or even vessels beyond the
circle of Willis is a common source of embolic stroke in young (age <60 years)
patients. Trauma (usually a motor vehicle accident or a sports injury) can cause
carotid and vertebral artery dissections. Spinal manipulative therapy is associated
with vertebral artery dissection and stroke. Most dissections heal spontaneously,
and stroke or TIA is uncommon beyond 2 weeks.
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MANAGEMENT
Initial management of stroke does not depend on etiology. If the stroke is ischemic,
administration of recombinant tissue plasminogen activator (rtPA) may be
beneficial in restoring cerebral perfusion. Hence, only brain imaging, blood
glucose, and may be PTT/international normalized ratio (INR) are necessary prior
to IV rtPA; the results of other studies should not delay the rapid administration of
IV rtPA if the patient is eligible. Medical managements to reduce the risk of
complications followed by plans for secondary prevention have to be addressed.
For ischemic stroke, several strategies can reduce the risk of subsequent stroke in
all patients, while certain strategies are effective for patients with specific causes of
stroke such as cardiac embolus and carotid atherosclerosis. Attend to patient’s
airway, breathing and treat hyperglycemia and hypoglycemia. After the acute
phase rehabilitation therapy plays the primary role.
A number of medical and surgical interventions, as well as lifestyle modifications,
are available for preventing stroke. Identification and control of modifiable risk
factors, and especially hypertension, is the best strategy to reduce the burden of
stroke, and the total number of strokes could be reduced substantially by these
means. Older age, diabetes mellitus, hypertension, tobacco smoking, abnormal
blood cholesterol and other factors are risk factors for ischemic stroke, because of
their link to atherosclerosis. Risk of stroke is much more in those with prior stroke
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or TIA. Many cardiac conditions predispose to stroke, including atrial fibrillation
and recent MI. Oral contraceptives and hormone replacement therapy increase
stroke risk, and although rare, certain inherited and acquired hypercoagulable
states predispose to stroke. Hypertension is the most significant of the risk factors;
in general, all hypertension should be treated to a target of less than 140–150/90
mmHg. However, many vascular neurologists recommend that guidelines for
secondary prevention of stroke should aim for blood pressure reduction to 130/80
mmHg or lower. Several trials have confirmed that statin drugs reduce the risk of
stroke even in patients without elevated LDL or low HDL. The Stroke Prevention
by Aggressive Reduction in Cholesterol Levels (SPARCL) trial showed benefit in
secondary stroke reduction for patients with recent stroke or TIA who were
prescribed atorvastatin, 80 mg/d. The primary prevention trial, Justification for the
Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin
(JUPITER),found that patients with low LDL (<130 mg/dL) caused by elevated
C-reactive protein benefitted by daily use of this statin. Therefore, a statin should
be considered in all patients with prior ischemic stroke. Tobacco smoking should
be discouraged in all patients .
Platelet antiaggregation agents can prevent atherothrombotic events, including
TIA and stroke, by inhibiting the formation of intraarterial platelet aggregates.
These can form on diseased arteries, induce thrombus formation, and occlude or
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embolize into the distal circulation. Aspirin, clopidogrel, and the combination of
aspirin plus extended-release dipyridamole are the antiplatelet agents most
commonly used for this purpose. Anticoagulation therapy may be needed in
embolic stroke. Several trials have shown that anticoagulation (INR range, 2–3) in
patients with chronic nonvalvular (nonrheumatic) atrial fibrillation (NVAF)
prevents cerebral embolism and stroke and is safe. For primary prevention and for
patients who have experienced stroke or TIA, anticoagulation with a VKA reduces
the risk by about 67%,which clearly outweighs the 1–3% risk per year of a major
bleeding complication. Several newer oral anticoagulants (OACs) have recently
been shown to be more convenient and efficacious for stroke prevention in nonvalvular atrial fibrillation. Dabigatran were noninferior to VKAs in preventing
second stroke and systemic embolization. Dabigatran requires no blood monitoring
to titrate the dose, and its effect is independent of oral intake of vitamin K. Newer
oral factor Xa inhibitors have also been found to be equivalent or safer and more
effective stroke prevention. For patients who cannot take anticoagulant
medications, Clopidogrel combined with aspirin was more effective than aspirin
alone in preventing vascular events, principally stroke. The decision to use
anticoagulation for primary prevention is based primarily on risk factors. The
history of a TIA or stroke tips the balance in favor of anticoagulation regardless of
other risk factors. Intermittent atrial fibrillation carries the same risk of stroke as
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chronic atrial fibrillation, and several ambulatory studies of seemingly
“cryptogenic” stroke have found evidence of intermittent atrial fibrillation in
nearly 20% of patients monitored for a few weeks. Interrogation of implanted
pacemakers also confirms an association between subclinical atrial fibrillation and
stroke risk. Therefore, for patients with otherwise cryptogenic embolic stroke ,
ambulatory monitoring for 3–4 weeks is a reasonable strategy to determine the best
prophylactic therapy.
Considering high annual stroke risk in untreated rheumatic heart disease with atrial
fibrillation generally patients should receive long-term anticoagulation. Dabigatran
and the oral Xa inhibitors have not been studied in this population. Anticoagulation
also reduces the risk of embolism in acute MI.
OACs are recommended long-term if atrial fibrillation persists. Stroke secondary
to thromboembolism is one of the most serious complications of prosthetic heart
valve implantation. The intensity of anticoagulation and/or antiplatelet therapy is
decided by the type of prosthetic valve and its location. Dabigatran may be less
effective than warfarin, and the oral Xa inhibitors .If the embolic source cannot be
eliminated, anticoagulation should in most cases be continued indefinitely.
No evidence support the use of long-term VKAs for preventing atherothrombotic
stroke for either intracranial or extracranial cerebrovascular disease.
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Carotid Atherosclerosis can be removed surgically by endarterectomy or mitigated
with endovascular stenting with or without balloon angioplasty. Anticoagulation
has not been directly compared with antiplatelet therapy for carotid disease.
Symptomatic carotid stenosis was studied in the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) and the European Carotid Surgery Trial
(ECST). Both showed a substantial benefit for surgery in patients with stenosis of
≥70%. In NASCET, the average cumulative ipsilateral stroke risk at 2 years was
26% for patients treated medically and 9% for those receiving the same medical
treatment plus a carotid endarterectomy. This 17% absolute reduction in the
surgical group is a 65% relative risk reduction favoring surgery. The perioperative
stroke rate is >6% for any particular surgeon, however, the benefits of carotid
endarterectomy are questionable.
The indications for surgical treatment of asymptomatic carotid disease have been
clarified by the results of the Asymptomatic Carotid Atherosclerosis Study and the
Asymptomatic

Carotid

Surgery

Trial

(ACST).

Asymptomatic

Carotid

Atherosclerosis Study randomized asymptomatic patients with ≥60% stenosis to
medical treatment with aspirin or the same medical treatment plus carotid
endarterectomy. The surgical group had a risk over 5 years for ipsilateral stroke of
5.1%, compared to a risk in the medical group of 11%.
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Nearly one-half of the strokes in the surgery group were caused by preoperative
angiograms. ACST randomized asymptomatic patients with >60% carotid stenosis
to endarterectomy or medical therapy. The 5-year risk of stroke in the surgical
group was 6.4%, compared to 11.8% in the medically treated group.
In both Asymptomatic Carotid Atherosclerosis Study and ACST, the perioperative
complication rate was higher in women, perhaps negating any benefit in the
reduction of stroke risk within 5 years. At present, carotid endarterectomy in
asymptomatic women remains controversial.
In summary, the natural history of asymptomatic stenosis is an ~2% per year stroke
rate, whereas symptomatic patients experience a 13% per year risk of stroke.
Whether to recommend carotid revascularization for an asymptomatic patient is
controversial and depends on many factors, including patient preference, degree of
stenosis, age, gender, and comorbidities. Medical therapy for reduction of
atherosclerosis risk factors, including cholesterol lowering agents and antiplatelet
medications, is generally recommended for patients with asymptomatic carotid
stenosis. As with atrial fibrillation, it is imperative to counsel the patient about
TIAs so that therapy can be revised if symptoms develop.
Endovascular therapy :Balloon angioplasty coupled with stenting is being used
with increasing frequency to open stenotic carotid arteries and maintain their
patency. These techniques can treat carotid stenosis not only at the bifurcation but
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also near the skull base and in the intracranial segments. The Stenting and
Angioplasty with Protection in Patients at High Risk for Endarterectomy
(SAPPHIRE) trial randomized high risk patients

with symptomatic carotid

stenosis >50% or asymptomatic stenosis >80% to either stenting combined with a
distal emboli-protection device or endarterectomy.
The risk of death, stroke, or MI within 30 days and ipsilateral stroke or death
within 1 year was 12.2% in the stenting group and 20.1% in the endarterectomy
group , suggesting that stenting is at the very least comparable to endarterectomy
as a treatment option for this patient group at high risk of surgery. However, the
outcomes with both interventions may not have been better than leaving the carotid
stenosis untreated particularly for the asymptomatic patients and much of the
benefit seen in the stenting group was due to a reduction in peri-procedure MI.
Two randomized trials comparing stents to endarterectomy in lower risk patients
have been published. The Carotid Revascularization End-arterectomy versus
Stenting Trial (CREST) enrolled patients with either asymptomatic or symptomatic
stenosis. The 30-day risk of stroke was 4.1% in the stent group and 2.3% in the
surgical group,but the 30-day risk of MI was 1.1% in the stent group and 2.3% in
the surgery group, suggesting relative equivalence of risk between the procedures.
At median follow-up of 2.5 years, the combined endpoint of stroke, MI, and death
was the same (7.2% stent vs 6.8% surgery). The rate of restenosis at 2 years was
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also similar in both groups. The International Carotid Stenting (ICSS) trial
randomized symptomatic patients to stents versus endarterectomy and found a
different result: At 120 days, the incidence of stroke, MI, or death was 8.5% in the
stenting group versus 5.2% in the endarterectomy group ; longer-term follow-up is
operator experience may be the reason for these important differences. Still more
data are needed as there remains controversy as to who should receive a stent or
have endarterectomy.
Extracranial-to-intracranial (EC-IC) bypass surgery has been proven ineffective for
atherosclerotic

stenoses

that

are

inaccessible

endarterectomy.
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to

conventional

carotid

MATERIALS AND METHODS
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Study subject:
Patients admitted in Tirunelveli medical college hospital inpatient under medicine
department with neurological deficit with CT/MRI evident of acute ischemic
stroke during the period of 1 year .
Sample size:100
Study design:observational study
Period of study:March 2017 to March 2018
Inclusion criteria:
Patients attending outpatient/inpatient department under medicine to Tiruneveli
medical college and hospital with neurological deficit with CT/MRI evident of
acute ischemic stroke.
Exclusion criteria:
1.Patients age <13 years
2.Patients with hemorrhagic stroke.
3.Patients head injury.
4.Systemic

illness

patients

presenting

malignancy,TB,metabolic emergencies.
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with

stroke

symptoms

like

Methodology:
After getting Informed consent patients/attenders those who qualified the inclusion
criteria were enrolled in the study. Clinical and personal history of the patients
were obtained and documented.Clinical examination was done and documented.
Then Radiological investigations like CT/MRI brain were done to confirm the case
as a case of ischemic stroke. Carotid artery Doppler ultrasound was done and
documented to identify the prevalence of the stenosis in ischemic stroke patient
and association with risk factors were analyzed.
Statistical analysis:
Statistical analysis was done using simple percentage analysis, CHI SQUARE
TEST,ANOVA TEST,UNPAIRED T TEST,KRUSKAL WALLIS TEST
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RESULTS AND ANALYSIS
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In the study conducted in Tirunelveli medical college and hospital among 100
ischemic stroke patients to understand the prevalence of carotid artery stenosis and
its association with risk factors like age, diabetes mellitus, hypertension, smoking,
hyperlipidemia. Out of 100 patients 76 were male patients and 24 were female
patients
Table 1: Prevalence of carotid artery stenosis
CAROTID ARTERY STENOSIS

NO OF PATIENTS PERCENTAGE

PRESENT

36

36%

ABSENT

64

64%

Figure 1

Inference: Prevalence of carotid artery stenosis in the study population is 36%.
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Table 2:Prevalence of carotid artery stenosis with or without flow changes
CAROTID DOPPLER

NO OF PATIENTS PERCENTAGE

NORMAL

64

64%

STENOSIS WITHOUT FLOW CHANGES 14

14%

STENOSIS WITH FLOW CHANGES

22%

22

Figure:2

Inference:Prevalence of carotid artery stenosis in the study is 36% and 22% had
hemodynamically significant flow changes.
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Table 3:Age distribution in the study
AGE IN YEARS

NO OF PATIENTS PERCENTAGE

< 40

5

5%

41-50

12

12%

51-60

29

29%

>60

54

54%

Figure:3
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Table 4:Association between age and carotid artery stenosis
AGE IN YEARS

STENOSIS

MEAN

SD

PRESENT

65.47

10.99

ABSENT

60.28

12.22

UNPAIRED T TEST
P VALUE - 0.037
SIGNIFICANT

Figure:4

Inference :There is significant association and mean age of patients with carotid
artery stenosis is 65.47.
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Table 5: Association between age and carotid artery stenosis with or without flow
changes
AGE IN YEARS

CAROTID DOPPLER

MEAN

SD

NORMAL

60.28

12.22

STENOSIS WITHOUT FLOW CHANGES

63.57

9.78

STENOSIS WITH FLOW CHANGES

68.5

12

ANOVA
P VALUE - 0.05
SIGNIFICANT

Figure:5
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Table 6: Sex distribution in the study
SEX

NO OF PATIENTS PERCENTAGE

MALE

76

76%

FEMALE

24

24%

Figure:6
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Table 7: Association between sex of the patient and carotid artery stenosis
SEX
STENOSIS

MALE

FEMALE

PRESENT

28

8

ABSENT

48

16

CHI SQUARE TEST
P VALUE - 0.477
NON SIGNIFICANT

Figure:7
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Table 7:Association between sex of the patient and carotid artery stenosis with or
without flow changes
SEX

CAROTID DOPPLER

MALE

FEMALE

NORMAL

48

16

STENOSIS WITHOUT FLOW CHANGES

11

3

STENOSIS WITH FLOW CHANGES

17

5

KRUSKAL WALLIS TEST
P VALUE - 0.949
NON SIGNIFICANT

Figure:7

Inferenece:No significant association between sex and carotid artery stenosis.
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Table 8:Distribution of diabetes in the study population
DIABETES MELLITUS

NO OF PATIENTS PERCENTAGE

PRESENT

28

28%

ABSENT

72

72%

Figure:8
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Table 9:Association between diabetes and carotid artery stenosis
DIABETES MELLITUS

STENOSIS

PRESENT

ABSENT

PRESENT

8

28

ABSENT

20

44

CHI SQUARE TEST
P VALUE - 0.233
NON SIGNIFICANT

Figure:9
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Table 10: Association between diabetes and carotid artery stenosis with or without
flow changes
DIABETES MELLITUS

CAROTID DOPPLER
NORMAL

PRESENT

ABSENT

20

44

STENOSIS WITHOUT FLOW CHANGES 3

11

STENOSIS WITH FLOW CHANGES

17

5

KRUSKAL WALLIS TEST
P VALUE - 0.625
NON SIGNIFICANT

Figure:10

Inferenece: No significant association between Diabetes mellitus and Carotid
artery stenosis
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Table 11: Distribution of hypertension in the study population
HYPERTENSION

NO OF PATIENTS PERCENTAGE

PRESENT

43

43%

ABSENT

57

57%

Figure:11
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Table 12: Association between Hypertension and Carotid artery stenosis
HYPERTENSION

STENOSIS

PRESENT

ABSENT

PRESENT

24

12

ABSENT

19

45

CHI SQUARE TEST
P VALUE - 0.001
SIGNIFICANT

Figure:12
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Table 13: Association between Hypertension and Carotid artery stenosis with or
without flow changes
HYPERTENSION

CAROTID DOPPLER

PRESENT

ABSENT

NORMAL

19

45

STENOSIS WITHOUT FLOW CHANGES

7

7

STENOSIS WITH FLOW CHANGES

17

5

KRUSKAL WALLIS TEST
P VALUE - 0.001
SIGNIFICANT

Figure:13

Inference:Significant association between Hypertension and Carotid artery
stenosis
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Table 14: Distribution of smoking in the study population

NO
SMOKING HISTORY

OF
PERCENTAGE

PATIENTS
PRESENT

33

33%

ABSENT

67

67%

Figure:14
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Table 15:Association between smoking and carotid artery stenosis
SMOKING HISTORY

STENOSIS

PRESENT

ABSENT

PRESENT

21

15

ABSENT

12

52

CHI SQUARE TEST
P VALUE - 0.037
SIGNIFICANT

Figure:15
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Table 16: Association between smoking and carotid artery stenosis with or without
flow changes
SMOKING HISTORY

CAROTID DOPPLER

PRESENT

ABSENT

NORMAL

12

52

STENOSIS WITHOUT FLOW CHANGES

6

8

STENOSIS WITH FLOW CHANGES

15

7

KRUSKAL WALLIS TEST
P VALUE - 0.001
SIGNIFICANT

Figure: 16

Inference:Significant association is present between carotid artery stenosis and
smoking.
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Table 17:Distribution of hyperlipidemia in the study population
HYPERLIPIDEMIA

NO OF PATIENTS PERCENTAGE

PRESENT

10

10%

ABSENT

90

90%

Figure: 17
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Table 18: Association between hyperlipidemia and carotid artery stenosis
HYPERLIPIDEMIA

STENOSIS

PRESENT

ABSENT

PRESENT

3

33

ABSENT

7

57

CHI SQUARE TEST
P VALUE - 0.481
NON SIGNIFICANT

Figure: 18
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Table 19: Association between hyperlipidemia and carotid artery stenosis with or
without flow changes
HYPERLIPIDEMIA

CAROTID DOPPLER

PRESENT

ABSENT

NORMAL

7

57

STENOSIS WITHOUT FLOW CHANGES

1

13

STENOSIS WITH FLOW CHANGES

2

20

KRUSKAL WALLIS TEST
P VALUE - 0.901
NON SIGNIFICANT

Figure: 19

Inference: No Significant association between hyperlipidemia and carotid artery
stenosis
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Table 20: Distribution of other risk factors among hypertensives in the study population

FACTOR ASSOCIATED

HYPERTENSION(N=43)

DIABETES

14

DYSLIPIDEMIA

3

SMOKING

18

Table 21: Distribution of other risk factors among smokers in the study population

FACTOR ASSOCIATED

SMOKING (N=33)

DIABETES

4

DYSLIPIDEMIA

2

HYPERTENSION

18
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Table 22: Correlation analysis of risk factors-

FACTORS

P VALUE

SIGNIFICANT

HYPERLIPIDEMIA

.615

NO

DIABETIC

.775

NO

AGE

.381

NO

SEX

.355

NO

SMOKING

.000

YES

HYPERTENSION

.002

YES

Inference: Smoking and Hypertension are significant independent risk factors.
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DISCUSSION
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Table 1 shows the prevalence of carotid artery stenosis of 36% in this study. As
depicted in Table 2 22 had significant flow changes. Prevalence of carotid artery
stenosis in Tseng M et al was 20% and Noor ul Hadi, et al. study showed a
prevalence of 56%.
As in Previous several studies age shows significant association as risk for carotid
artery stenosis in this study population as well. Age affects the pathogenesis of
atherosclerosis may be inducing physiological vascular changes and by increasing
exposure to risk factors. Table 3 presents the mean age of patients with carotid
artery stenosis 65.47 in the study population .As given in Table 4 mean age is 68.5
in those with carotid artery stenosis with significant flow in this study.
Tseng M et al study patients with significant carotid artery stenosis significantly
older than 71.6 +/- 9.0 years and also demonstrated that after 20 years of age every
10-year increase in age would double the risk of having ≥ 50% carotid stenosis. As
age is not a modifiable risk , modification of other associated risk factors is
extremely important with increasing age.
Table 6 shows that in the study population there 76% are males and 24% are
females. In this study no significant association was found to between gender and
carotid artery stenosis as in Tseng M et al study. The Atherosclerosis Risk in
Communities Study has described increased intima media thickness in men aged
45 to 64 years than in women.
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Caplan et al revealed that females are more susceptible to intracranial arterial
occlusive disease than extracranial crotid atherosclerosis. Smoking being an
important risk factor for carotid atherosclerosis, increased association seen in some
studies could be due to comparatively more number of men smokers than females.
Diabetes is an important risk factor for carotid atherosclerosis and stroke.
Hyperglycemia contributes to the macrovascular complication by producing
endothelial dysfunction.
Endothelial dysfunction is mainly due to formation of Advanced Glycation End
products (AGE),that bind to receptors in endothelium promoting or accelerating
atherosclerosis. Increased LDL uptake and oxidation also adds up to the process.
These pathogenic mechanisms lead to chronic state of low grade inflammation,
hypercoaguilibility and endothelial dysfunction leading on to stroke. In this study
no significant association could be found between carotid artery stenosis and
diabetes as shown in Table 9, as in Tseng M et al study. Unlike this Jens Js et al
study showed significant association .
43% of the study population were hypertensives as shown in study population.
Hypertension causes endothelial dysfunction which promote atherosclerosis and
thus contribute to artery stenosis and thromboembolic stroke. Also chronic
hypertension affects smaller penetrating intracranial vessels leading to luminal
narrowing, lipohyalinosis and lacunar infarcts. As Shown in Table 12 and 13 there
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is significant association between hypertension and carotid artery stenosis in
ischemic stroke patients unlike in Tseng M et al, Handa et al and Fabris et al
studies. In this study as shown in Table 12 Hypertension had a significant
association with carotid artery stenosis with a P value of .001 similarly in Su et al
study they have described significant association between Hypertension and
carotid artery stenosis. The potent reason for difference in results in various studies
could be due to the difference in study design and non accounting of
antihypertensive intake.
33% of the study population were smokers as shown in Table 14.Smoking
promotes vasomotor dysfunction, atherogenesis and thrombosis in multiple
vascular beds. In this study it is found that there is significant association between
smoking and carotid artery stenosis as presented in Table 15 and 16 .This result is
similar to Tseng M et al and Tell GS et al study.
Hyperlipidemia can cause endothelial dysfunction and affects the homeostatic
endothelial balance, promotes atherosclerosis and stroke. In the study as shown in
Table 18 no significant association could be found between carotid artery stenosis
and hyperlipidemia in the study population as in Tseng M et al study. There is
controversy in the between hyperlipidemia and extracranial atherosclerosis. The
relation between vascular disease and the time integrated measurements of lipid

91

level can be expected to be stronger than the association with a single
measurement.
In the study age, smoking and hypertension are found to be significant risk factors
in carotid artery stenosis in acute ischemic stroke patients. Ischemic stroke due to
carotid atherosclerosis have multiple risk factors. As presented in Table 19
hypertensive patients can have associated smoking, diabetes or lipid abnormalities
and as shown in Table 20 smokers can have associated risk factors like
hypertension, diabetes or lipid abnormality. Table 22 depicts smoking and
hypertension are significant independent risk factors.
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SUMMARY
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 Out of the 100 paitents with ischemic stroke studied 36% patients had
carotid artery stenosis.
 Among the 36% percentage 22% had stenosis with significant flow changes.
 Age ,hypertension and smoking are found to be significant risk factors in
patients with carotid artery stenosis in ischemic strokes.
 Mean age in the patients with carotid artery stenosis with ischemic stroke is
65.47.Screening for carotid artery stenosis should be done in people above
60 years in people with other risk factors.
 Prime importance should be given in controlling modifiable risk
factors.Patients should be encouraged to refrain from smoking and control
hypertension by preventing progression of carotid artery stenosis and
thereby preventing stroke .
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CONCLUSION
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Prevalence of carotid artery stenosis in acute ischemic stroke patients is 36% in
this study. Age, smoking and hypertension are found to have significant
association with carotid artery stenosis in the study population.
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ANNEXURE :1
PROFORMA
Name:

D.O.A:

Age/sex:

D.O.D:

Hospital no:
Occupation:
History:
H/o neurological deficit:
site
duration
History of head injury
History of previous systemic illness
History of previous stroke
History of smoking
General examination:
Consciousness:
Orientation:
Pallor

:

yes/no

Icterus

:

yes/no

Cyanosis

:

yes/no
106

Clubbing

:

yes/no

Lymphadenopathy

:

yes/no

Oedema

: yes/no

Atherosclerosis markers:Yes/No
Pulse:

Blood Pressure:

Respiratory Rate:

Temperature

Systemic examination
Cardiovascular system

:

Respiratory system

:

Gastro intestinal system

:

Central nervous system:
Investigations:
Blood :
Complete blood hemogram:
Sugar :

Urea :

Creatinine:

Fasting lipid profile:

Radiological finding :
CT/MRI brain

:

Carotid artery Doppler ultrasound finding:
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ANNEXURE :2
ABBREVIATIONS

MI - myocardial infarction
INR- international normalized ratio
IV rtPA- intravenous recombinant tissue plasminogen activator
CT - computed tomography
MRI- magnetic resonance imaging
PET- Positron emission tomography
TIA- transient ischemic attack
ATP- adenosine triphosphate
PTT-partial thromboplastin time
VKA-vitamin k antagonist
ACST-Asymptomatic carotid surgery trial
LVD-Large vessel disease
OAC-Oral anticoagulant
LDL-Low density lipoprotein
HDL-High density lipoprotein
ACAS-Asymptomatic carotid artery stenosis
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NVAF-Nonvalvular atrial fibrillation
NASCET-North American Symptomatic Carotid Endarterectomy Trial
CVD-Cerebro Vascular Disease
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ANNEXURE :3
MASTER CHART

Age

Sex

Side of hemiparesis

Diabetic

Hypertensive

Hyperlipidemia

SmokingCarotid artery stenosis

60

Male

Right

No

Yes

No

Yes

Carotid artery stenosis with flow changes

60

Male

Left

Yes

Yes

No

No

No stenosis

65

Male

Right

Yes

Yes

Yes

Yes

Carotid artery stenosis with flow changes

44

Male

Left

Yes

Yes

No

No

No stenosis

74

Male

Right

No

No

No

No

No stenosis

48

Male

Right

No

No

Yes

No

No stenosis

37

Male

Right

No

No

No

Yes

No stenosis

79

Male

Right

No

No

No

Yes

No stenosis

67

Male

Right

No

No

No

No

No stenosis

55

Male

Right

No

No

No

Yes

No stenosis

76

Male

Left

No

No

No

Yes

Carotid artery stenosis with flow changes

80

Male

Left

No

Yes

No

Yes

No stenosis

53

Male

Right

No

No

No

No

No stenosis

70

Male

Left

No

No

Yes

No

No stenosis

50

Male

Right

No

Yes

No

Yes

Carotid artery stenosis with flow changes

75

Male

Right

No

Yes

No

Yes

Carotid artery stenosis with flow changes
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65

Male

Right

Yes

Yes

No

Yes

Carotid artery stenosis with flow changes

80

Female

Right

No

No

No

No

Carotid artery stenosis without flow changes

65

Female

Right

No

No

No

No

No stenosis

65

Male

Left

No

No

No

No

No stenosis

60

Female

Right

No

Yes

No

No

No stenosis

54

Male

Left

No

Yes

No

Yes

Carotid artery stenosis with flow changes

60

Male

Left

No

No

No

Yes

Carotid artery stenosis without flow changes

66

Male

Right

No

No

No

No

No stenosis

60

Male

Right

No

No

No

No

No stenosis

55

Male

Left

No

No

No

Yes

No stenosis

70

Male

Right

No

No

No

Yes

Carotid artery stenosis with flow changes

43

Male

Left

No

No

Yes

Yes

No stenosis

75

Male

Left

No

No

No

No

No stenosis

71

Female

Left

Yes

Yes

No

No

No stenosis

55

Male

Right

No

No

No

Yes

Carotid artery stenosis with flow changes

67

Male

Right

Yes

Yes

No

No

No stenosis

59

Male

Left

No

Yes

No

Yes

Carotid artery stenosis with flow changes

30

Female

Right

No

No

No

No

No stenosis

61

Female

Right

No

Yes

No

Yes

Carotid artery stenosis with flow changes

65

Male

Left

No

Yes

No

No

No stenosis

63

Female

Left

Yes

Yes

No

No

Carotid artery stenosis without flow changes

111

46

Male

Left

No

No

No

No

No stenosis

88

Male

Right

No

No

No

No

No stenosis

70

Female

Right

No

Yes

No

No

No stenosis

41

Female

Right

Yes

No

No

No

No stenosis

48

Male

Left

No

No

Yes

No

No stenosis

66

Female

Right

No

No

No

No

Carotid artery stenosis without flow changes

75

Male

Left

No

No

No

No

No stenosis

58

Male

Right

No

Yes

No

No

Carotid artery stenosis with flow changes

56

Male

Left

No

No

No

No

No stenosis

37

Male

Right

No

No

No

No

No stenosis

44

Female

Left

No

No

No

No

No stenosis

65

Female

Right

Yes

Yes

No

No

No stenosis

67

Male

Right

No

Yes

No

No

No stenosis

40

Male

Left

No

No

No

Yes

Carotid artery stenosis with flow changes

65

Male

Left

Yes

No

No

No

No stenosis

68

Male

Right

No

Yes

No

No

No stenosis

45

Male

Right

No

No

No

No

No stenosis

73

Male

Right

No

Yes

No

Yes

Carotid artery stenosis without flow changes

51

Female

Left

Yes

Yes

No

No

Carotid artery stenosis with flow changes

85

Male

Right

Yes

Yes

Yes

No

Carotid artery stenosis without flow changes

80

Male

Right

No

No

No

Yes

Carotid artery stenosis without flow changes
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55

Male

Right

No

Yes

No

No

No stenosis

72

Male

Right

No

Yes

No

No

Carotid artery stenosis without flow changes

40

Male

Right

Yes

Yes

No

No

No stenosis

72

Male

Right

No

No

No

Yes

Carotid artery stenosis without flow changes

70

Female

Left

No

No

No

No

No stenosis

67

Female

Right

Yes

No

No

No

No stenosis

53

Male

Right

No

No

No

Yes

No stenosis

51

Male

Left

Yes

No

No

No

No stenosis

60

Female

Right

No

Yes

No

Yes

No stenosis

64

Male

Right

No

Yes

No

Yes

Carotid artery stenosis with flow changes

65

Male

Right

Yes

No

Yes

No

No stenosis

60

Male

Right

No

Yes

No

Yes

No stenosis

70

Female

Right

No

Yes

No

No

Carotid artery stenosis with flow changes

61

Female

Right

No

No

No

No

No stenosis

60

Male

Right

No

Yes

No

No

No stenosis

58

Male

Right

Yes

No

No

No

Carotid artery stenosis without flow changes

64

Male

Right

No

No

No

No

No stenosis

70

Male

Left

No

Yes

No

Yes

Carotid artery stenosis without flow changes

54

Male

Left

No

No

No

Yes

No stenosis

66

Male

Right

No

Yes

No

Yes

Carotid artery stenosis with flow changes

68

Male

Left

No

No

No

No

No stenosis

113

88

Female

Left

No

Yes

Yes

No

Carotid artery stenosis with flow changes

53

Male

Right

No

Yes

No

Yes

Carotid artery stenosis without flow changes

60

Female

Right

Yes

No

No

No

No stenosis

50

Male

Right

No

Yes

No

No

No stenosis

65

Male

Left

No

No

No

No

Carotid artery stenosis with flow changes

68

Male

Left

Yes

No

No

No

No stenosis

76

Male

Right

Yes

No

No

No

No stenosis

57

Male

Right

Yes

Yes

No

Yes

Carotid artery stenosis with flow changes

57

Female

Right

Yes

No

No

No

No stenosis

50

Male

Right

Yes

No

Yes

No

No stenosis

55

Male

Left

No

Yes

No

No

Carotid artery stenosis without flow changes

48

Male

Right

Yes

No

Yes

No

No stenosis

82

Male

Left

Yes

No

No

Yes

No stenosis

60

Female

Right

No

Yes

No

No

Carotid artery stenosis with flow changes

80

Male

Right

No

No

No

No

No stenosis

73

Male

Right

No

No

No

No

Carotid artery stenosis without flow changes

62

Male

Right

No

No

No

No

No stenosis

88

Male

Right

Yes

Yes

No

No

Carotid artery stenosis with flow changes

55

Female

Left

Yes

No

No

No

No stenosis

68

Male

Left

No

Yes

No

Yes

No stenosis

70

Male

Right

Yes

Yes

No

No

No stenosis
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