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ABSTRACT 

INTRODUTION: Multimodal diagnostic approach has been one of the most reliable 

modes of approach in early detection and identification. The present study was taken 

to study and know the underlying risk factors for strokes in young patients and to 

identify the role of each modality in diagnosis and management of stroke in young 

patients. 

METHODOLOGY: We had conducted a prospective observational study, to study 

and know the underlying risk factors for strokes in young patients. 100 young adult 

patients suspected of stroke were included. All the patients were subjected for, 2D 

Echo, Doppler and CT/MR Angiography were conducted. 

RESULTS: Out of 100 patients included in the study, 68 patients had the arterial 

findings and 32 with venous findings. On 2D Echo we found that LVH and RVH 

were the commonest findings in patients with both arterial and venous stroke. 66/68 

(97.1%) of them were found with increased NT pro BNP and among the venous, it 

was 18 (56.3%). Homocysteine levels were found to be increased among 41 (60.3%) 

of the patients with arterial findings. MAC and ACA territory were the commonly 

affected. Atherosclerosis was the most common finding observed on Doppler. the Out 

of 68 patients, 35 had undergone CT cerebral angiography and the findings showed 

that 13/35 (37.14%) had occlusion or thrombosis and 11 (31.42%) had stenosis. Out 

of 33 patients undergone MRI angiography, 12 (36.36%) of them were found to be 

having occlusion and 9 (27.28%) had the stenosis. The rest 12 patients had the normal 

MRI angiography. Among the patients with venous infracts. Puerpurium was 

observed among 9 out of 32 cases. 7 (21.9%) were observed to be COVID positive 

patients with high inflammatory markers. 
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CONCLUSION: Multimodal MRI has significant potential in order for improving 

initiation of the treatments and also the predictable outcomes in stroke. Hence, 

multimodal imaging, being the non-invasive methods, not only improves the decision-

making but also are harmless for the patients. Each mode of diagnosis which are used 

in our study had been contributed at their own reliable level for early identification of 

the stroke among the young patients. 

KEY WORDS: Stroke, Adult patients, MR Angiography, CT Angiography, Doppler, 

2D Echo 
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INTRODUCTION 

Stroke in young patients is exponentially rising with high case fatality rate.1 New and 

more advanced diagnostic imaging techniques for acute stroke triage have the 

potential to improve outcome.2,3 Previously CT was only considered main modality 

for detection cause and type of stroke However separate studies have cited significant 

roles of MR, MDCT, MR angiography, carotid artery, vertebral artery Doppler and 

echocardiography. 

Increased use of MRI and MDCT are providing more accurate diagnosis and may in 

part explain the increased detection of stroke in young adults.3,4 The increased 

prevalence of stroke risk factors in young adults especially among those with 

sedentary lifestyle and diagnosed with hypertension may also contribute. However, 

compared with older adults, young adults have fewer ischemic infarcts related to the 

standard cardiovascular risk factors and large- or small-vessel disease.4 

New and more advanced diagnostic imaging techniques for acute stroke triage have 

the potential to not only improve the quality of care but also reduce health care costs. 

Overall impression is that MR imaging has revolutionized not only the diagnosis but 

also the open and investigational management of neurologically ill patients.4 

Magnetic resonance imaging has increasingly become a central tool for the 

management of patients with stroke. New sequences, such as diffusion and perfusion, 

provide insight into the infarcted core and the hypoperfused brain. The use of higher 

magnetic fields allows us to gain in signal strength, which can be used to improve 

imaging speed and/or resolution. Recent additional sequences allow perfusion without 
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contrast and susceptibility-weighted imaging can help identify early bleeding. These 

new techniques should provide more information about the ongoing ischemic process. 

In addition stroke is related to carotid disease, when a vulnerable plaque evolves with 

surface rupture and local apposition of highly embolic/thrombotic material. This 

being a rapidly evolving dynamic process, the value of its early identification may be 

underestimated. With high-resolution ultrasound equipment, the possibility of 

identifying these features of plaque vulnerability has become easily available.5 These 

plaque characteristics have to be always considered in the patient management, in 

order to avoid further worsening of neurological conditions or to prevent recurrent 

events, and to choose the appropriate strategies. Emergency carotid endarterectomy 

repair. Timing of carotid endarterectomy has always been debated in stroke patients 

clinical management, depending on several factors.6 

Hence, the present study aimed at identifying the cause of stroke using different 

neuroimaging techniques which include MRI, MDCT and carotid artery doppler.  
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AIM AND OBJECTIVES 

AIM 

Multimodality imaging of stroke in young patients between 15- 45 of age presenting 

with clinical features of stroke. 

OBJECTIVE 

PRIMARY 

To study and know the underlying risk factors for strokes in young patients. 

SECONDARY 

To identify the role of each modality in diagnosis and management of stroke in young 

patients. 
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REVIEW OF LITERATURE 

Understanding the vascular supply in the brain is more important for analyzing the 

stroke. Nearly 400 years ago, Thomas Willis gave the most detailed anatomic 

description of the arterial anastomosis at the base of the brain, surrounded by 

cerebrospinal fluid. The arterial anastomotic ring that connects the left internal carotid 

artery (ICA), right ICA, and vertebrobasilar circulation by communicating arteries is 

called the circle of Willis (CW).8 

This arterial circle was well known before Thomas Willis, but it detailed the 

description and functional aspects. Below is the schematic representation on circle of 

Willis (Cow).8,9 
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Figure 1: Schematic presentation of circle of Willis9 

 

Figure 1: Schematic presentation of arrangement of the arteries in base of the 

brain10 

Arteries forming the circle of willis11 

● Anterior cerebral artery (left and right) 

● Anterior communicating artery 

● Internal carotid artery (left and right) 

● Posterior cerebral artery (left and right) 

● Posterior communicating artery (left and right) 

The middle cerebral arteries, supplying the brain, are not considered part of the circle 

of Willis. 
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ORIGIN OF ARTERIES12 

- The left and right internal carotid arteries arise from the left and right common 

carotid arteries. 

- The posterior communicating artery is given off as a branch of the internal 

carotid artery just before it divides into its terminal branches - the anterior and 

middle cerebral arteries.  

- The anterior cerebral artery forms the anterolateral portion of the circle of 

Willis, while the middle cerebral artery does not contribute to the circle. 

- The right and left posterior cerebral arteries arise from the basilar artery, 

which is formed by the left and right vertebral arteries.  

- The vertebral arteries arise from the subclavian arteries. 

- The anterior communicating artery connects the two anterior cerebral arteries 

and could be said to arise from either the left or right side. 

- All arteries involved give off cortical and central branches.  

- The central branches supply the interior of the circle of Willis, more 

specifically, the Interpeduncular fossa.  

- The cortical branches are named for the area they supply. Since they do not 

directly affect the circle of Willis, they are not dealt with here. 

PHYSIOLOGICAL VARIANTS OF ARTERIES IN CIRCLE OF WILLIS 

A complete Circle of Willis is present in a minority of the population, with many 

physiologic variants containing duplicated, fenestrated, hypoplastic or absent vessels 
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in certain regions of the ring. Even the autopsy based clinical studies have reported 

that proportion of individuals with completeness circle of Willis varies widely.13 

● Fenestrations occur when a single vessel’s lumen divides into two channels 

that later fuse back together.  

● Duplication occurs when two arteries with distinct origins fuse into a single, 

downstream segment.  

● Fenestrations and duplications are more common in the anterior circulation; 

the most commonly involved artery is the ACom.  

● Hypoplastic arteries are the most common anomalies seen in the CoW, most 

frequently affecting the PCom or ACom. 

● The most common variation in the CoW involves changes in the ACom. 

Examples include ACom duplication (up to 18% prevalence), fenestration (up 

to 21% prevalence), and an azygous ACA. An azygous ACA occurs when the 

two ACA vessels fuse to form a single, midline vessel, accompanied by the 

absence of the ACom; this occurs in up to 2% of the population 

CLINICAL SIGNIFICANCE OF CoW 

The circle of Willis is of great clinical significance due to its structure, function, and 

location. As the connection between the anterior and posterior cerebral circulations, 

the CoW perfuses the brain and protects against ischemia at least in those with a 

complete or mostly-complete ring of vessels. 14 

- It is, however, one of the most common locations for intracranial aneurysms. An 

estimated 85% of intracranial aneurysms occur in the anterior circulation, either at 

the ICA-PCom junction, within the ACom, or the MCA.15 
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- Aneurysms in the posterior circulation are common at the bifurcation of the 

basilar artery or the VA-PICA junction. Aneurysms large enough may cause 

symptomatic mass effects such as headaches or third nerve palsy. Intracranial 

aneurysms also pose a risk for subsequent development of intra-aneurysmal 

thrombi, which may embolize in a downstream vessel and cause distal ischemia.16 

- A phenomenon called subclavian steal occurs when there is significant stenosis or 

occlusion of the subclavian artery proximal to the origin of the VA. In such cases, 

blood is carried from the contralateral VA to the BA and then retrogradely 

through the ipsilateral VA to the subclavian artery, distal to the blockage. This 

arrangement provides collateral flow to the affected arm. 

- Subclavian steal syndrome describes symptoms of posterior circulation ischemia 

such as vertigo or ataxia precipitated by the exercise of the upper extremity 

supplied by the stenotic subclavian artery. 

- Moya Moya disease is a chronic vascular disease characterized by bilateral 

stenosis of the terminal portion of the ICA. As a consequence, there are extensive 

fine collaterals developed with time trying to compensate for the distal ICA 

territory ischemia and hypoperfusion. 17,18 
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DURAL VENOUS DRAINAGE12,19 

Cerebral venous drainage consists of two systems, the superficial and the deep venous 

systems. The drained blood runs into the major dural sinuses:  

- Superior sagittal sinus (SSS) 

- Inferior sagittal sinus (ISS) 

- Lateral sinus (LS) 

- Cavernous sinus and straight sinus and then to the internal jugular vein (IJV).  

 

Figure 3: Cerebral venous sinus20 
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Due to its high proportion of anastomoses, the superficial venous system is difficult to 

diagnose in cases of occlusion, this system predominantly drains the SSS and the LS. 

Deep white matter and basal ganglia are drained by the deep venous system toward 

the vein of Galen. Many anastomoses can be found between these two cerebral 

venous systems.21 

Dural sinuses are divided classically into posterior superior (P-S) and anterior inferior 

groups (A-I). P-S comprises the SSS, ISS, LS, straight sinus, and occipital sinus. The 

A-I group comprises the superior and inferior petrosal sinuses and the cavernous 

sinus. Inside of dural sinuses are found the Pacchioni's or arachnoid granulations, 

which play an essential role in the cerebrospinal fluid (CSF) physiology. SSS is 

located anatomically in the attached margin of falx cerebri, and drains almost all 

cerebral cortex.23 

LS have two sections, the transverse and the sigmoid, which drain cerebellum, brain 

stem, and the posterior portions of brain hemispheres. In the skull base are located the 

cavernous sinuses, into these sinuses, run oculomotor, trochlear, the ophthalmic and 

maxillary branches of the trigeminal nerves, through the petrosal sinuses, the 

cavernous sinuses drain the blood to the IJV.24 

BLOOD VESSELS OF NECK 

The head and neck region obtain the majority of its blood supply via the carotid and 

also vertebral arteries. This activity primarily focuses on the in-depth orientation of 

the carotid arteries, including their anatomical course, branches and also the area of 
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distribution. The carotid arteries are the primary vessels supplying blood to the brain 

and face. 

The right common carotid artery (RCCA) originates in the neck from 

the brachiocephalic artery while the left common carotid artery (LCCA) arises in the 

thorax from the arch of the aorta. 

Furthermore, both right and left common carotid arteries bifurcate in the neck at the 

level of the carotid sinus into the internal carotid artery (ICA), which supplies the 

brain, and the external carotid artery (ECA), which supplies the neck and face. Below 

is the image illustrating the blood supply of neck.25,26 
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Figure 4: Blood supply to the neck27 

DEFINITION OF STROKE AND BRIEF INTRODUCTION 

Below are the revised American Heart Association explanation and definition of 

stroke;28 

● Definition of ischemic stroke: An episode of neurological dysfunction caused by 

focal cerebral, spinal, or retinal infarction. 
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● Definition of silent CNS infarction: Imaging or neuropathological evidence of 

CNS infarction, without a history of acute neurological dysfunction attributable to 

the lesion. 

● Definition of intracerebral hemorrhage: A focal collection of blood within the 

brain parenchyma or ventricular system that is not caused by trauma. 

● Definition of stroke caused by intracerebral hemorrhage: Rapidly developing 

clinical signs of neurological dysfunction attributable to a focal collection of 

blood within the brain parenchyma or ventricular system that is not caused by 

trauma. 

● Definition of silent cerebral hemorrhage: A focal collection of chronic blood 

products within the brain parenchyma, subarachnoid space, or ventricular system 

on neuroimaging or neuropathological examination that is not caused by trauma 

and without a history of acute neurological dysfunction attributable to the lesion. 

● Definition of stroke caused by subarachnoid hemorrhage: Rapidly developing 

signs of neurological dysfunction and/or headache because of bleeding into the 

subarachnoid space (the space between the arachnoid membrane and the pia mater 

of the brain or spinal cord), which is not caused by trauma. 

● Definition of stroke caused by cerebral venous thrombosis: Infarction or 

hemorrhage in the brain, spinal cord, or retina because of thrombosis of a cerebral 

venous structure. Symptoms or signs caused by reversible edema without 

infarction or hemorrhage do not qualify as stroke. 
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● Definition of stroke, not otherwise specified: An episode of acute neurological 

dysfunction presumed to be caused by ischemia or hemorrhage, persisting ≥24 

hours or until death, but without sufficient evidence to be classified as one of the 

above 

● Stroke, a very common condition, contributes to a substantial societal toll in 

morbidity and mortality. It is the leading cause of chronic disability, the 

second leading cause of dementia and the fourth leading cause of death in the 

United States.28 

In the States, the prevalence of stroke is roughly 2.5% of the adult population, which 

translates to approximately 7 million individuals. 

ETIOLOGY OF STROKE 

Etiology/associated risk factors29-31 

Associated risk factors are broadly divided into: Non-Modifiable and Modifiable 

Non-Modifiable Risk Factors: 

● Age 

● Race 

● Sex 

● Ethnicity 

● History of migraine headaches 

● Fibromuscular dysplasia 

● Heredity: Family history of stroke or transient ischemic attacks (TIAs) 
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Modifiable Risk Factors  

● Hypertension 

● Diabetes mellitus 

● Cardiac disease  

● High cholesterol 

● Previous stroke 

● Carotid stenosis 

● Hyperhomocysteinemia 

● Lifestyle issues: Excessive alcohol intake, tobacco use, illicit drug use, 

physical inactivity 

● Obesity 

● Oral contraceptive use/postmenopausal hormone usage. 

CLASSIFICATION OF STROKE32 

Succinctly, stroke has been defined as a disease that affects the arteries leading to and 

within the brain according to American Stroke Association, and is described as a 

“brain attack” that occurs when blood flow to an area of brain is cut off according to 

National Stroke Association.  

However, stroke is not a simple blood clotting disorder within the cerebral arterial 

vasculature but is the phenomenon showing of phenotypic complexity created by 

thrombosis/hemorrhage resulting from the localization within the intracranial 

vasculature and different depth of vascular wall damage in vascular injury associated 

with multitude of underlying pathologies. 
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TWO MAIN TYPES AND THEIR SUB TYPES OF STROKES 

 

Figure 2: Classification of stroke33 

Hemorrhage and Thrombosis 

Traditionally, stroke has been classified into 2 broad categories of stroke syndrome: 

haemorrhagic (bleeding) stroke and thrombotic (ischemic) stroke. These 2 phenotypes 

are considered to be diametrically opposite conditions because hemorrhage is 

characterized by bleeding into the brain tissue resulting in hematoma and brain tissue 

shift while ischemia is due to thrombosis characterized by “blood clots” within 

intracranial vasculature leading to hypoxia to a certain part of the brain due to reduced 

blood supply. Both may result in different clinical brain syndromes even in the same 

locality.34 
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Currently, stroke is conceptualized as acute brain syndrome caused by one of 2 

different events, either hemorrhage or thrombosis, via 2 different hemostatic 

processes. Hemorrhage occurs as a result of intracranial bleeding due to vascular 

injury such as malignant hypertension, damage of vascular anomaly or trauma but 

thrombosis occurs as a result of blood clots like detached small endothelial plaque or 

large atheroma at a intracranial intravascular site.35 

However, this author differs from this thesis that hemorrhage and thrombosis in stroke 

are 2 separate events occurring as the results of different hemostasis. This conceptual 

definition is not congruous with the logic that; 36 

(1) hemorrhage activates in vivo hemostasis to form “blood clots”: The hemostatic 

plug and stop hemorrhage in external bodily injury and  

(2) Thrombosis: “blood clots” must be formed by the same activated hemostasis in 

intravascular injury to form intravascular “blood clots.” 

PATHOPHYSIOLOGY OF STROKE 

Atherosclerosis is the most common and important underlying pathology which leads 

to the formation of an atherothrombotic plaque secondary to low-density lipoprotein 

cholesterol (LDL) build up in the arteries supplying the brain. 37 

● These plaques may block or decrease the diameter of the neck or intracranial 

arteries resulting in distal ischemia of the brain.  

● More commonly, they may also rupture. Plaque rupture leads to exposure of 

the underlying cholesterol crystals, which attract platelets and fibrin. Release 
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of fibrin-platelet-rich emboli causes strokes in the distal arterial territories via 

an artery-to-artery embolic mechanism. 

● The nature of the cardiac source of emboli depends on the underlying cardiac 

problem as mentioned in the previous section. Atrial fibrillation, clots tend to 

be formed in the left atrium. These are red blood cell-rich clots. There may be 

tumor emboli in left atrial myxoma and bacterial clumps from vegetation 

when emboli arise during infective endocarditis. 

● When an arterial blockage occurs, the immediately adjacent neurons lose their 

supply of oxygen and nutrients.  

● The inability to go through aerobic metabolism and produce ATP causes the 

Na+/K+ ATPase pumps to fail, accumulating Na+ inside the cells and K+ 

outside the cells. The Na+ ion accumulation leads to cell depolarization and 

subsequent glutamate release.  

● Glutamate opens NMDA and AMPA receptors and allows for calcium ions to 

flow into the cells. A continuous flow of calcium leads to continuous neuronal 

firing and eventual cell death via excitotoxicity. 

● In the first 12 hours, there are no significant macroscopic changes.  

● There is cytotoxic edema related to energy production failure with neuronal 

cellular swelling. This early infarction state can be visualized by diffusion-

weighted (DWI) magnetic resonance imaging (MRI) which shows restricted 

diffusion as a result of neuronal cellular swelling. 38 
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● Six to twelve hours after the stroke, vasogenic edema develops. This phase 

may be best visualized with a FLAIR sequence MRI. Both cytotoxic and 

vasogenic edema cause swelling of the infarcted area and an increase in 

intracranial pressure. These changes are followed by the invasion of 

phagocytic cells, which try to clear away the dead cells. 39 

● Extensive phagocytosis causes softening and liquefaction of the affected brain 

tissues, with peak liquefaction occurring 6 months post-stroke.  

● Several months after a stroke, astrocytes form a dense network of glial fibers 

mixed with capillaries and connective tissue. 

● Haemorrhagic strokes lead to a similar type of cellular dysfunction and 

concerted events of repair with the addition of blood extravasation and 

resorption. 

 

Figure 3: Flow chart indicating the molecular mechanism of stroke40 
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PROBLEM STATEMENT: PREVALENCE OF STROKE IN YOUNG 

INDIVIDUALS 

Pandian JD et al., in their review article on stroke have explained that the developing 

countries like India are facing a double burden of communicable and non-

communicable diseases. Stroke is one of the leading causes of death and disability in 

India. The estimated adjusted prevalence rate of stroke range, 84-262/100,000 in rural 

and 334-424/100,000 in urban areas. The incidence rate is 119-145/100,000 based on 

recent population-based studies. There is also a wide variation in case fatality rates 

with the highest being 42% in Kolkata. 41 

Stroke units are predominantly available in urban areas that too in private hospitals. 

Intravenous (IV) and intra-arterial thrombolysis (IA) are commonly used in India. In 

the on-going Indo USA National stroke registry, the rate of IV thrombolysis is 11%. 

Stroke rehabilitation is not well developed in India due to lack of personnel. 42 

Organized rehabilitation services are available in the country but they are mainly in 

private hospitals of the cities. Even though India is a leading generic drugs producer 

still many people can't afford the commonly used secondary prevention drugs.  

As a first step the Government of India has started the National Programme for 

Prevention and Control of Cancer, Diabetes, Cardiovascular Diseases & Stroke 

(NPCDCS). The government is focusing on early diagnosis, management, 

infrastructure, public awareness and capacity building at different levels of health care 

for all the non-communicable diseases including stroke. An organized effort from 

both the government and the private sector is needed to tackle the stroke epidemic in 

India.43 
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In the year 2017, another Indian study, Kamalakannan S et al had reported that the 

cumulative incidence of stroke observed from their systematic analysis was ranged 

from 105 to 152/100,000 persons per year, and the crude prevalence of stroke ranged 

from 44.29 to 559/100,000 persons in different parts of the country during the past 

decade. These values were higher than those of high-income countries.44 

Smajlovic D et al explains that in the past 3 decades, a large number of studies have 

been published on the incidence of stroke in young adults. The results of these studies 

have been rather heterogeneous in terms of methodology and ethnicity. 45 

A systematic analysis by Marini et al, which had assessed overall 3,589 patients aged 

under 45 years of age with first-ever stroke, published between 1980 and 2009. They 

observed that the crude rates ranged from 5.76/100,000 to 39.79/100,000 and 

standardized rates ranged from 6.14/100,000 to 48.51/100,000.  

In the same review, the proportion of ischemic strokes ranged between 21.0% and 

77.9%, intracerebral hemorrhage between 3.7% and 38.5%, and subarachnoid 

hemorrhage between 9.6% and 55.4%.42 In a recent study from Bosnia and 

Herzegovina, ischemic stroke among young adults was diagnosed in 61% of cases, 

intracerebral hemorrhage in 17%, and subarachnoid hemorrhage in 22%.46 

Below is the table representing various etiology of stroke in young patients from 

various studies 
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Table A: Population distribution of various etiology of stroke from different 

studies44 

Clinical 
study 

Large artery 
atherosclerosis 
In % 

Cardiac 
embolism 
In % 

Small vessel 
disease 
In % 

Other 
determined 
etiology 
In % 

Undetermined 
etiology 
In % 

Cerrato et al 16 24 17 19 24 

Nedeltchev 
et al 

4 30 9 24 33 

Rasura et al 12 34 3 28 24 

YesilotBarla
s et alx 

9 17 12 22 40 

 

Pandian JD et al., stated that in India, nearly one-fifth of patients with first ever 

strokes admitted to hospitals are aged <40 years.46 As mentioned by Lipska K et al., 

in the Trivandrum Stroke Registry, only 3.8% of incident strokes occurred in people 

aged <40 years, 9.5% aged <50 years, and 18.1% aged <55 years. These data are very 

similar to a community-based study from northeastern India by Das SK et al. 47,48 

Sridharan SE et al another Indian study explained that occurrence of stroke in the 

young, therefore, appears to be largely an artifact related to hospital-based case 

ascertainment.49 

Based on the study by Tripathi M et al., below are the common etiology in adults 

diagnosed with stroke;1 
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Table B: Common etiologies of stroke mentioned in Tripathi M et al 

Young patients with hemorrhagic stroke 

Common Less common 

Arterio-venous malformations Moya moya syndrome 

Saccular aneurysms Arteritis (septic or mycotic) 

Bleeding disorders Intracerebral tumors 

Anticoagulants Substance abuse like cocaine 

Young patients with ischemic stroke 

Cardio embolic Vasculitis Other causes 

Common Less 

common 

Common Less common Common Less common 

Rheumatic 

heart 

disease 

Patent 

foramen 

ovale 

Infections Polyarteritis 

nodosa 

Atherosclerotic 

vascular 

disease 

MELAS 

Prosthetic 

valve 

Myxoma and 

other tumors 

Antiphospholipid 

antibody 

syndrome   

Takayasu's 

arteritis 

Arterial 

dissection 

Prothrombotic 

states 

Atrial 

fibrillation 

Acute 

myocardial 

infarction 

Systemic lupus 

erythematosus 

Wegener's 

granulomatosis 

 Sickle cell 

disorder 

Bacterial 

endocarditis 

Mitral valve 

prolapse 

  Protein C/S 

deficiency 

 Atrial and Fibromuscular 
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ventricular 

septal defects 

dysplasia 

Polycythemia 

vera 

Antithrombin III 

deficiency  

Paroxysmal 

Nocturnal 

Hemoglobinuria 

CADASIL and 

CARASIL  

Fabry's disease 

Familial 

hypercholesterole

mia  

Thrombophilia  

     Hyperhomocystei

nemia 

     Migraine  

     Hyperthyroidism  
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Venous causes of stroke 

Common Less common 

Pregnancy Prothrombotic states 

Postpartum Red blood cell disorders 

Dehydration Bechet's disease 

Oral contraceptive Connective tissue disease 

Other prothrombotic states  

 

COMPLICATION OF STROKE50 
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HISTORY AND PHYSICAL EXAMINATION 

Clinical presentation of stroke depends on the area of the brain affected by occlusion 

of the arteries. AHA/ASA (American heart association/American stroke association) 

have popularized the FAST algorithm to diagnose stroke in the prehospital setting. 

FAST acronym stands for facial droop, arm weakness, slurred speech and time of 

onset. Another easy way to remember to signs of stroke is the 6S method or the 

BEFAST method.51 

Stroke: Remember the 6S Method to Diagnose Stroke51 

1. Sudden (symptoms usually start suddenly) 

2. Slurred Speech (speech is not clear, as if drunk) 

3. Side Weak (face, arm or leg or all three can get weak) 

4. Spinning (vertigo) 

5. Severe headache 

6. Seconds (note the time when the symptoms start and rush to the hospital) 

BEFAST 

● Balance (loss of balance/dizziness) 

● Eyes (disturbance of vision in one or both eyes) 

● Face (facial droop) 

● Arm (weakness) 

● Speech (slurred) test.  

All the symptoms need not be present to diagnose stroke.  
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With this we can analyse that an expedited yet thorough history is an absolutely 

critical first step toward making the diagnosis. 52 

- A stroke should be high on the differential for a patient presenting with sudden, 

focal neurological deficits and/or an altered level of consciousness. Based on 

clinical presentation alone, it is difficult to differentiate between a hemorrhagic or 

ischemic stroke on a consistent basis.  

- Headache at the onset and/or altered level of awareness point toward a 

haemorrhagic stroke; however, the clinical presentation of a small intracerebral 

hemorrhage can be quite similar to a deep hemisphere ischemic infarction.  

- Common signs and symptoms in patients with acute stroke include hemiparesis, 

sensory deficits, diplopia, dysarthria, and facial droop. Strokes in the posterior 

circulation present with a sudden onset of ataxia and vertigo.  

- Symptoms commonly attributed to increased intracranial pressure, such as nausea, 

vomiting, headache, and blurred or double vision, may also provide evidence 

supporting a stroke. 

- Establishing the time of onset is of utmost importance because it will determine 

eligibility for intravenous thrombolysis and endovascular thrombectomy if an 

ischemic stroke is confirmed 

- If a reliable onset of time cannot be established, symptom onset is defined as the 

time the patient was last known to be at his/her baseline neurologic status. 

-  
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- A neurological exam is performed to ascertain stroke location, establish baseline 

function upon hospital admission, rule out a transient ischemic attack (TIA) and 

other stroke mimickers, and deduce potential comorbidities. Physical examination 

findings that correlate best with the diagnosis of acute stroke include facial 

paresis, arm drift/weakness, and abnormal speech. 

-  A thorough neurologic assessment is made using the National Institutes of Health 

Stroke Scale (NIHSS), which focuses on the level of consciousness, visual and 

motor function, sensation and neglect, cerebellar function, and language 

capabilities. 

A thorough history and physical can provide insightful information regarding possible 

locations of the stroke. Physical exam findings associated with each major territory of 

the cerebral vasculature are outlined below. 53 

Features of Middle Cerebral Artery (MCA) Stroke 

1. Contralateral hemiparesis and hypesthesia (Weakness of arm & face is worse 

than in the lower limb) 

2. Gaze towards to side of the lesion 

3. Ipsilateral hemianopsia 

4. Receptive or expressive aphasia is the dominant hemisphere that is affected 

5. Agnosia 

6. Inattention, neglect 
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Features of Anterior Cerebral Artery (ACA) Stroke 

1. Speech is preserved, but there is disinhibition 

2. Mental status is altered 

3. Judgment is impaired 

4. Contralateral cortical sensory deficits 

5. Contralateral weakness is greater in the legs than arms 

6. Urinary incontinence 

7. Gait apraxia 

Posterior Cerebral Artery (PCA) Stroke 

1. Cortical blindness 

2. Contralateralhomonymoushemianopia 

3. Altered mental status 

4. Visual agnosia 

5. Memory impairment 

Vertebral/basilar Artery Stroke 

1. Nystagmus 

2. Vertigo 

3. Diplopia and visual field deficits 

4. Dysarthria 



 
 

30 
 

5. Dysphagia 

6. Syncope 

7. Facial hyperesthesia 

8. Ataxia 

NIH STROKE SCALE54 
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Figure 4: Above image is the NIH scoring components and scoring for assessing 

the stroke. 

NIH included the components for complete assessment of the patient with stroke. 

According to the latest stroke metrics a patient with acute stroke should be examined 

by a trained physician or a neurologist within 10 minutes of arrival to the emergency 

room. 

CLINICAL EVALUATION FOR STROKE54,56 

Neurologic imaging is the most important aspect of evaluation for these patients. 

Advanced neurologic imaging is mandatory for all patients suspected of having an 

acute stroke or a transient ischemic attack (TIA). 

These studies can differentiate between hemorrhagic and ischemic strokes, rule out 

stroke mimics, evaluate the severity of the stroke, and identify salvageable tissue from 

irreversibly infarcted tissue. 

A non-contrast computed tomography (CT) is the preferred initial imaging study 

worldwide due to its ease of access and rapid scan time. It easily identifies 

haemorrhagic strokes and can identify acute ischemic strokes in some cases. 

However, magnetic resonance imaging is far superior in the detection of acute 

ischemic infarction when compared to non-contrast CT imaging. 

RADIOLOGICAL IMAGING IN DETAIL 

The main goals of imaging for the stroke are as follows; 

Parenchyma: Assess early signs of acute stroke, rule out hemorrhage  
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Pipes: Assess extracranial circulation (carotid and vertebral arteries of the neck) and 

intracranial circulation for evidence of intravascular thrombus  

Perfusion: Assess cerebral blood volume, cerebral blood flow, and mean transit time 

Penumbra: Assess tissue at risk of dying if ischemia continues without recanalization 

of intravascular thrombus 

GUIDE TO DATING THE STROKE57 

Patients may present to the hospital at various times after an ischemic stroke. Many 

present weeks after a neurologic deficit has occurred; unfortunately, this is often the 

case with elderly patients and those in a nursing home. In addition, about one out of 

seven strokes occurs during sleep, and the time from when the patient was last seen to 

be normal is unknown.  

The ability to determine the age of an ischemic stroke provides useful clinical 

information for the patient, his or her family members and the medical team who is 

taking care of the patient. Many times, perfusion imaging is not performed, and 

sequence-specific magnetic resonance (MR) imaging findings may help determine the 

age of the infarct.  

Strokes may be classified and dated thus:  

- Early hyperacute: A stroke that is 0–6 hours old 

- Late hyperacute: A stroke that is 6–24 hours old 

- Acute: 24 hours to 7 days 

- Subacute: 1–3 weeks and  

- Chronic: More than 3 weeks old 
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Dating guide by Allen LM et al,58 

—Susceptibility-weighted imaging may help differentiate hemorrhagic transformation 

from cortical necrosis, and diffusion-weighted imaging findings may be falsely 

negative in patients with hyperacute or acute posterior circulation or lacunar stroke. In 

the hyperacute stages, a large area of enhancement in the deep gray matter or basal 

ganglia may indicate impending haemorrhagic transformation.  

*Increased parenchymal cortical enhancement should end around 48 hours after 

stroke. †Arterial and meningeal enhancement should end around 1 week after stroke. 

Evaluation of carotid arteries by Doppler in Stroke 
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- The highest risk of large artery stroke appears to be among patients with the 

highest degree of carotid stenosis, a history of diabetes, presence of 

asymptomatic carotid plaques, or a combination of these factors. 

- Color Doppler sonography of carotid arteries forms an important part of the 

evaluation of extracranial insufficiency. Accurate diagnosis of 

hemodynamically significant stenosis is critical to identify patients who would 

benefit from surgical intervention. The value of a safe, non-invasive, and low-

cost screening test is therefore of great advantage. 

- Carotid sonography has largely replaced angiography for suspected 

extracranial carotid atherosclerosis. 

- If timely endarterectomy of the carotid arteries is performed, many stroke 

cases may be prevented. This necessitates an evaluation of the extracranial 

carotid artery system.  

- Carotid conventional angiography is the gold standard for detecting the 

severity of carotid stenosis, but it has its own disadvantages such as it is an 

invasive and expensive procedure. It carries a risk from contrast medium to 

the patients and a certain amount of morbidity. 

- Duplex sonography combining high-resolution imaging and Doppler spectrum 

analysis has proved to be a popular, non-invasive, accurate, and cost-effective 

means of detecting and assessing carotid disease.  

Computed Tomography (CT) 
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- Non-contrast CT imaging is obtained immediately after a stroke is suspected. 

It has a high sensitivity for the detection of haemorrhagic strokes but not for 

ischemic strokes.  

 

 

 

- To enhance its sensitivity for the detection of ischemic strokes, most centers 

pair non-contrast CT imaging with CT perfusion imaging (CTP) and CT 

angiography (CTA). 

- However, a "hyperdense vessel sign" when present is indicative of a thrombus 

within the arterial lumen and diagnostic of an ischemic stroke on a non-

contrast CT. Other signs of acute ischemic infarction on a non-contrast CT 

include loss of gray-white matter differentiation in the basal ganglia, cortical 

hypoattenuation, sulcal effacement, and loss of insular ribbon with obstruction 

of the Sylvian fissure. 

- Contrast-enhanced CT angiography (CTA) is highly sensitive and specific for 

the detection of intracranial large vessel stenoses and occlusions. Collateral 

flow in the pial artery collateral vessels of the brain can be assessed using 

multiphasic CTA images. 

- CTA data can be used to construct 3-D images of the vasculature to help 

identify stenoses and can also help estimate perfusion. 

- Hypoattenuation due to poor perfusion of contrast on CTA imaging highlights 

infarcted territory and correlates with perfusion. 
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- In contrast, CT perfusion imaging measures cerebral flow by evaluating the 

movement of a bolus of iodinated contrast passing through the brain 

parenchyma. This modality allows direct evaluation of the size of the 

infarction core, which is irreversibly damaged and highlights the potentially 

salvageable ischemic penumbra. 

- This technique is particularly useful in patients who present late in the time 

window as it identifies patients who may still benefit from re-establishing 

blood flow (especially those with a small infarction core and a large ischemic 

penumbra. 
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Figure 5: CT image showing dense artery in MCA territory59 

Magnetic resonance Imaging (MRI)60-62 

- MRI, especially with diffusion-weighted imaging (DWI), is highly 

sensitive for the detection of acute stroke. 

 

- DWI can detect cytotoxic edema in infarcted regions within 3 to 30 minutes of 

onset. To differentiate from vasogenic edema, the DWI is compared to an 

apparent diffusion coefficient (ADC) image, which measures water diffusion 

in the brain parenchyma.  

- In acute ischemic stroke, there will be an increased (hyperintense) signal on 

DWI with decreased signal intensity on the ADC image. In vasogenic edema, 

both DWI and ADC images will have corresponding hyperintense signal.  

Direct parenchymal perfusion is measured via perfusion-weighted imaging 

(PWI) and arterial spin labeling (ASL). 

- These techniques allow the identification of ischemic penumbra, which is not 

readily discernible on DWI. Similar to CTA, magnetic resonance angiography 

(MRA) can be added to the initial MRI. This helps in better visualization of 

the stenotic vessels. 

- Like CTA, MRA is an excellent non-invasive assessment of intracranial and 

extracranial vasculature for stenosis, occlusion, intravascular thrombi, and 

luminal narrowing. 
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- MRA is particularly useful when evaluating large, proximal arteries. Time-of-

flight MRA (TOF-MRA) is often used to assess intracranial vasculature 

while contrast-enhanced MRA better assesses extracranial vasculature.63 

- Reported ranges of the sensitivity and specificity of MRA in detection of 

cervical and intracranial stenosis range from 70% to 100%. 

- With information obtained from MRA demonstrating the patency of proximal 

vessels, intervention strategies can be enhanced. TOF-MRA, though 

dependent on flow rates, is especially attractive because it requires no 

additional contrast dosage, thus minimizing nephrotoxicity and risk of allergic 

reaction.64 

- Weighted Cohen’s Kappa coefficients were also computed to assess 

agreement in stenosis ratings between enhanced images and unenhanced 

images 2D TOF, 3D TOF and average of 2D TOF and 3D) among the 6 

raters.65 

 

Diffusion MRI for perfusion assessment in Stroke66-67 

- DWI depends on the molecular motion of water. The net effect of water 

moving from the extra- to intra-cellular space is an overall reduction in water 

mobility due to intra-cellular structural and molecular components acting as 
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barriers to free motion. This is captured as hyperintensity on DWI and 

hypointensity on apparent diffusion coefficient (ADC) maps. 

- DWI is a linearly T2-weighted and exponentially DWI while ADC is a 

linearly DWI without a T2-weighted component. DWI is interpreted in the 

context of ADC because of the possibility of T2 signal “shine-through” on 

DWI, which will be hyperintense in ADC images.  

- The changes on both DWI and ADC evolve over time with the evolution of 

ischemia. 

- After ischemic stroke, ADC hypointensity progresses until it reaches it nadir 

in 1–4 days. This hypointensity returns to baseline in 1–2 weeks. 

- Following this time period, there is a progressive increase in intensity of ADC 

as the ischemic tissue is degraded and cleared, leaving a cerebrospinal fluid 

(CSF)-filled cavitary lesion. Variability of DWI with stroke age is more varied 

and may not correspond to that of ADC. It can be mildly hyperintense, 

isointense, or hypointense depending on the strength of the T2 effects and 

diffusion component. 

- Factors such as infarct type, patient age, and reperfusion status may affect the 

evolution of signal changes on DWI. 

Additional Testing68-70 

After dedicated neurologic imaging to identify patients with an acute stroke, cardiac 

testing is the second most essential aspect of evaluation. Of paramount importance is 

assessing cardiac rhythms to diagnose/exclude the presence of atrial fibrillation. 

- Myocardial infarction is a common complication of acute stroke; therefore, serum 

troponin levels and electrocardiography should be obtained in all patients.  
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- Echocardiography is also indicated to assess for aortic atheromatous disease, 

intracardiac thrombi, and cardiac abnormalities that can potentiate embolic strokes 

such as patent foramen ovale (PFO) or atrial septal aneurysms. 

- Other indicated tests include the evaluation of serum glucose, complete blood 

count, and coagulation profile. In select cases, hypercoagulability testing will be 

indicated. 

- These tests include testing for lupus anticoagulant, anticardiolipin antibodies, 

factor V Leiden mutation, prothrombin mutation, protein C and S levels, and 

PF4/heparin antibodies. In patients with hemorrhagic stroke that is not explained 

by hypertensive bleeding, evaluation for bleeding disorders is indicated 

AHA SEVERITY BASED APPROACH OF STROKE71 

 



 
 

41 
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MULTIMODAL APPROACH FOR STROKE 

Ledezma CJ et al explained that multimodal CT protocol provides a comprehensive 

non-invasive survey of acute stroke patients with accurate demonstration of the site of 

arterial occlusion and its hemodynamic tissue status. It combines widespread 

availability with the ability to provide functional characterization of cerebral 

ischemia, and could potentially allow more accurate selection of candidates for acute 

stroke reperfusion therapy.72 

Another radiological study by Zameer S et al discussed that Time is of the essence in 

the care of stroke patients as it is estimated that approximately 1.9 million neurons, 14 

billion synapses, and 12 km myelinated nerve fibers are lost per minute. Therefore, 

early diagnosis and prompt treatment are necessary.  

The primary goal of imaging in acute stroke is to diagnose the underlying cause, 

estimate the area affected, predict response towards thrombolytic therapy and to 

exclude the conditions mimicking stroke. With advancements in radiology, multiple 

imaging modalities are available for diagnosis and predicting prognosis. None of them 

is considered alone to be perfect. In this era of multimodality imaging, the decision of 

choosing appropriate techniques depends upon purpose and availability.  

Non-Contrast Computed Tomography is time effective, and helps in excluding other 

causes, TransCranial Doppler is time-effective and cost-effective with wide 

availability, however, is operator dependent and less sensitive. It holds a great future 

in sonothrombolysis. Magnetic Resonance Imaging is so far considered to be the most 

superior one in terms of early diagnosis, planning for interventional treatment and 
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predicting the response of treatment. However, it is limited due to high cost and lack 

of availability. 73 

Moseley M et al while explaining the role of multimodal imaging, they stated that the 

role of any multimodal imaging approach ideally should provide the exact 

localization, extent and metabolic activity of the target tissue, yield the tissue flow 

and function or functional changes within the surrounding tissues, and in the topic of 

imaging or screening, highlight any pathognomonic changes leading to eventual 

disease. Multimodal clinical NM, PET, and MRI techniques have to date fallen into 

the growing fields of molecular and functional imaging for primary-to-metastatic 

cancer screening of the body neuro assessment of gliomas, integrated stroke imaging 

examination and functional neuroimaging.74 

Also, a Vo KD et al explained that multimodal CT or MR Imaging provides the best 

tool for analyzing, differentiating the stroke and its causes. MR imaging can provide 

all the necessary information for treatment decision-making and can be performed 

without a significant time delay. They are helpful in assessing the minute to large 

strokes, hemorrhages and other brain lesions which might be the cause of stroke.75 

Hussain M et al had conducted a hospital based retrospective study and they revealed 

that in incidence of stroke in young in 31.38% of all stroke cases. Cerebral infarction 

in 50.66% followed by intracerebral hemorrhage in 41.33%, subarachnoid 

hemorrhage in 4.66%, and cerebral venous thrombosis in 3.33%.  

The most common presenting symptom was hemiparesis. The most prevalent risk 

factor for stroke in young was alcohol consumption, followed by traditional risk 

factors such as hypertension and smoking. Diabetes was detected less in their study. 
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In their study, all the patients had undergone both CT and 107 of 150 patients had 

undergone MRI.76 

Another Indian study by Elavarasi A et al was population-based community survey 

which explained that the clinical profile among young adults was different from the 

profile of stroke in the young in the western population.77 

Moond V et al who had aimed at evaluating the risk factors and etiological subtyping 

of ischemic stroke in young adults in the Indian population observed that the mean 

age of the patients was 36.2 years with 74% being males. Headache, vomiting, 

difficulty in speech, and hemiparesis were the common complaints at the presentation. 

Common risk factors identified were hypertension (50%), prior stroke or transient 

ischemic attack (TIA; 32%), dyslipidemia (25%), family history of stroke (18%), and 

smoking (15%).  

All their study population were subjected for hematological tests such as complete 

blood count, blood sugar, serum cholesterol, serum triglyceride, prothrombin time, 

activated partial thromboplastin time. The imaging techniques carried out were, 

computerized tomography (CT), magnetic resonance imaging (MRI), transthoracic 

echocardiography and CT/MR angiography.  

The most common Acute Stroke Treatment (TOAST) subtype was undetermined 

(64%), followed by other determined cause (ODC; 20%) and cardioembolism 

(15%).78 

Although we came across different types of clinical as well as radiological tests, there 

were very less prospective observational studies opined about the multimodal 
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approach for stroke, especially among the young adults. Hence, with the above 

knowledge, we had prepared the following protocol to conduct our study. 
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MATERIALS AND METHODOLOGY 

We had conducted a prospective observational study at the department of Radio-

diagnosis at SDM medical college and hospital, Dharwad. 

Study duration: One year 

Study population: 

Patients were included based on the below inclusion and exclusion criteria; 

Inclusion criteria:  

● Patient with symptoms of acute stroke. 

● Patients aged between 15 to 45 years 

● Patients willing to be part of the study 

Exclusion criteria: 

● Cases of stroke mimics  

● Patient with history of neurological neoplasm  

● Patient with a history of trauma 

● Head trauma 

● Known cases of ca brain or metastasis 

Sample size: 

100 young patients between 15- 45 years presenting with clinical features of stroke in 

SDM medical college and Hospital, Dharwad. 

Young patients presenting with clinical features of stroke meeting the inclusion 

criteria were enrolled in the study during the period November 2021 to November 

2022. 
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DETAILED METHODOLOGY 

Patient presenting with symptoms of stroke to SDM medical college and Hospital, 

Dharwad and have undergone following investigation:  

1) MR imaging using GE 1.5 T MRI machine.  

2) MDCT imaging using Siemens - somatom definition flash a second-generation, 

dual-source 128 -slice CT scanner.  

3) Carotid and vertebral doppler using PHILIPS Affiniti 50 G  

4) Echocardiography using GE vivid S60 Echocardiography 
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RESULTS 

Based on the objectives of our study, all the included study population were subjected 

for 2D echocardiography, doppler, MRI and MD CT. Of all the included patients, 68 

patients had the arterial findings and 32 with venous findings. 

We have described the MRI findings of the various territories as well as the venous 

findings. Then the parameters have been correlated. As majority of the parameters 

such as ECG had moderate association and no correlation have been discussed under 

the correlation of multimodal approach of the stroke. 

Table 1: 2D echocardiography changes 

Findings N % 

Among the patients with arterial stroke  

LVH 7 10.3% 

RVH 5 7.4% 

Septal defects 2 2.9% 

Thrombus 4 5.9% 

Congenital heart disease 1 1.5% 

Among the patients with venous stroke  

LVH 3 9.4% 

RVH 1 3.1% 

Septal defects 1 3.1% 

Thrombus - - 

Congenital heart disease - - 
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On 2D echo findings, out of 68 patients with arterial changes, 7 (10.3%) had the 

LVH. 5 (7.4%) RVH, four patients with thrombus, two patients had the septal defect 

and the rest one patient had congenital heart disease. Among the 32 patients with 

arterial stroke, 3 (9.1%) had LVH. One each had identified with RVH and septal 

defect. 

Table 2: Distribution of biochemical agents 

Parameter Patients with 

arterial 

findings 

N = 68 

% Patients with 

venous findings 

N = 32 

% 

Homocysteine levels 

Increased 

41 60.3% 3 9.4% 

NT pro BNP 

increased 

66 97.1% 18 56.3% 

Trop I 24 35.3% 5 15.6% 

D dimer 6 8.8% 3 9.4% 

The above table explains the distribution of the biochemical parameters and their 

presence among the patients with arterial and the venous findings. We could see that 

among the patients with arterial findings, 66 (97.1%) of them were found with 

increased NT pro BNP and among the venous, it was 18 (56.3%). Homocysteine 
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levels were found to be increased among 41 (60.3%) of the patients with arterial 

findings. Trop I was increased among 24 (35.3%) and 5 (15.6%) among the patients 

with arterial and venous findings respectively. Whereas D Dimer was found to be 

higher among 6 (8.8%) and 3 (9.4%) of the study population. 

 

Graph 1: Distribution of inflammatory markers among the patients with arterial 

and venous findings 
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Table 3: Distribution of comorbid conditions 

Comorbidity Patients with arterial 
findings 

% Patients with 
venous 
grading 

% 

Diabetes 28 41.2% 1 3.1% 

Diabetic with HTN 17 25.0% 1 3.1% 

Hyperlipidemia  11 16.2% 8 25.0% 

History of MI in past 11 16.2% 1 3.1% 

Known cases/ new case 
of APLA 

–  
3 

9.4% 

p <0.01 

Out of 68 patients with arterial involvement, 77.9% of them were found with 

comorbid conditions and these were overlapping in few patients. We observed that 

diabetes was the commonest (11, 16.2%) followed by previous history of MI among 

33.8%. 17 (25%) had diabetes with hypertension and 11 (16.2%) were found with 

hyperlipidemia. Among the patients with venous stroke, the majority of them were 

presented with hyperlipidaemia followed by diabetes, diabetes with HTN, history of 

MI among each patient. We also found that three patients were presented with APLA 

or also known as APS.  
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Graph 2: Distribution of the comorbid conditions 
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PATIENTS OBSERVED TO BE HAVING ARTERIAL STROKE 

Sample: 68 

Table 4: Distribution of age 

Age in years N % 

15 to 25 6 8.8% 

26 to 35 40 58.8% 

36 to 45 22 32.4% 

Based on the analyzed data, the mean age of our study population was 34.5 years. Out 

of 68 patients included in our study, the majority, 40 (58.8%) of them were aged 

between 26 to 35 years followed by 22 (32.4%) of them aged between 36 to 45 years. 

 

Graph 3: Distribution of age: Patients with arterial involvement 
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Table 5: Distribution of Gender 

Gender N % 

Female 24 35.3% 

Male 44 64.7% 

64.7% (44/68) and 24 (35.3%) males and females in the study.  

 

Graph 4: Gender distribution: Patients with arterial involvement 
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Table 6: Site of infarcts  

 N % 

Bilateral 8 11.8% 

Unilateral 60 88.2% 

Out of 68 patients, 88.2% (60) of them were found with unilateral infracts and the rest 

11.8% (8/68) of them had bilateral infarcts. 

 

Graph 5: Distribution of area of brain affected 
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Table 7: Distribution of number of infarcts 

Number N % 

1 10 14.7% 

2 23 33.8% 

3 3 4.4% 

4 19 27.9% 

5 13 19.1% 

 

The incidence of patients with two infarcts was higher with the reported incidence of 

23 (33.8%) followed by 19 (27.9%) of them had four infracts. 13 (19.1%), 10 (14.7%) 

and 3 (4.4%) had five, one and three infracts observed on MRI. 

 

Graph 6: Number of arterial infracts 
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Table 8:  ARTERIAL Territory of the brain vessel affected 

Blood vessel N % 

MCA 51 75.0% 

ACA 17 25.0% 

PCA  15 22.05% 

PICA  3 4.4% 

AICA  1 1.5% 

Basilar artery  1 1.5% 

75% of the study population had affected MCA territory and the rest 25% with ACA 

territory. The affected PCA territory was 15 (22.05%). The incidence of involvement 

of PICA and AICA was 3 (4.4%) and 1 (1.5%) respectively. Only one patient has the 

involvement of a basilar artery. 

 

Graph 7: Distribution of the artery involved 
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Table 7: Old infarct 

Old infarct  N % 

Yes 6 8.8% 

No 62 91.2% 

Out of 68 patients, 6 (8.8%) had the presence of old infarcts. 

Table 8: Distribution of other parameters:  

Parameters N % 

Brain stem 

Absent 

Present 

 

62 

6 

 

91.2 

8.8 

Corpus callosum 

Yes 

No 

 

6 

62 

 

8.8 

91.2 

Basal ganglia involvement 

Yes 

No 

 

3 

65 

 

4.4 

95.6 

Mass effect 

Yes 

No 

 

34 

34 

 

50% 

50% 
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Involvement of brainstem and corpus callosum (impaired blood flow to this area) was 

observed among 6 (8.2%). Basal ganglion was involved among the 3/68 (4.4%) of the 

patients. Whereas, mass effect was observed among 50% of the patients with arterial 

involvement. 

Table 9: CAROTID DOPPLER FINDING  

Carotid doppler finding  

Atherosclerosis 

Plaque  

Thrombosis 

 

19 

9 

11 

 
 

27.9% 

 

13.2% 

 

16.2% 

 

 

Vertebral artery  3 4.4% 

Significant Stenosis  

Common carotid artery  

Internal carotid artery  

 

26 

24 

 

38.2% 

35.3% 

 

Carotid artery doppler suggested that 19 (27.9%) had the atherosclerosis, plaque and 

thrombosis were found among 9 (13.2%) and 11 (16.2%) Vertebral artery 

involvement was observed among the 3 (4.4%) of the patients. Also, we observed 26 

(38.2%) and 24 (35.3%) of the study population with stenosis in common carotid 

artery and internal carotid artery. 
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Table 10:  CT Cerebral angiography 

Findings N %  

CT CEREBRAL angiogram findings: out of 68, 35 patients had undergone CT 

angiography  

Stenosis 11 31.42 

Occlusion/Thrombosis 13 37.14 

Normal 19 54.28 

Out of 68 patients, 35 had undergone CT cerebral angiography and the findings 

showed that 13/35 (37.14%) had occlusion or thrombosis and 11 (31.42%) had 

stenosis. 
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Table 11: MR cerebral angiography  

Findings N % 

MRI angiogram findings: out of 68, 33 patients had undergone MRI angio 

Stenosis 9 27.28% 

Occlusion  12 36.36% 

Normal finding 12 36.36% 

Out of 33 patients, 12 (36.36%) of them were found to be having occlusion and 9 

(27.28%) had the stenosis. The rest 12 patients had the normal MRI angiography. 

Table 12: The artery involved in MRI and CT angiography 

Blood vessel Vessel finding on MRI angiography  Vessel finding on CT angiography 

Stenosis 

N=9 

Occlusion 

N=12 

Stenosis 

N=13 

Occlusion 

N=19 

MCA 3 (33.3%) 4 (33.33%) 4 (30.76%) 6 (37.5%) 

ACA 3 (33.3%) 3 (25%) 3 (23.07%) 3 (15.78%) 

PCA  1 (11.11%) 2 (16.66%) 3 (23.07%) 5 (10.52%) 

PICA  1 (11.11%) 2 (16.66%) 1 (7.69%) 2 (10.52%) 

AICA  1 (11.11%) 1 (8.33%) 2 (15.38%) 3 (15.78%) 

Normal 47 19 
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From the above table we found that particular arterial involvement found on MRI and 

CT angiography differed but there was no significant difference. 

 

Graph 8: MRI versus CT angiography findings on particular arteries 
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PATIENTS OBSERVED VENOUS FINDINGS 

Table 13: Distribution of age 

Age in years N % 

19 to 25 9 28.1% 

26 to 30 8 25.0% 

31 to 35 8 25.0% 

36 to 40 5 15.6% 

41 to 45 2 6.3% 

Out of 32 patients, who had assessed for venous findings, 9 (28.1%) were aged 

between 19 to 25 years. 8 (25%) each were aged between 26 to 30 and 31 to 35. Five 

were 36- to 40-year-old. 41- to 45-year-old, 2 (6.3%) patients were there. 

 

Graph 9: Distribution of age: Venous findings 
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Table 14: Distribution of gender 

Gender N % 

Male 23 71.9% 

Female 9 28.1% 

23 (71.9%) were males and the rest 9 (28.1%) were females. 

 

Graph 10: Distribution of gender: Venous findings patients 
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Table 15: Distribution of affected side 

Side N % 

Unilateral 29 90.6% 

Bilateral 3 9.4% 

We observed that 29 (90.6%) had unilateral findings and the rest 3 (9.4%) had 

bilateral findings. 

 

Graph 11: Side of the brain involved 
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Table 16: Distribution of hemorrhage 

Distribution of 

hemorrhage 

N % 

Yes 20 62.5% 

No 12 37.5% 

20 out of 32 (62.5%) had hemorrhagic changes. 

 

Graph 12: Distribution of incidence of hemorrhage 
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Table 17: Type of vessel involved 

Type N % 

Sigmoid sinus 18 56.3% 

Transverse Sinus 14 43.8% 

Sagittal 14 43.8% 

cortical Veins 12 37.5% 

Straight sinus 4 12.5% 

Internal jugular vein thrombosis 1 3.1% 

Majority of the patients had sigmoid sinus thrombosis, with the incidence of 18 

(56.3%) followed by 24 (43.8%) each had thrombosis at transverse and sagittal sinus. 

12 (37.5%) had cortical sinus involvement. 4 (12.5%) and 1 (3.1%) had straight sinus 

and internal jugular vein thrombosis. 

 

Graph 13: Distribution of type of vein affected 
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Table 18: Other features 

Features N % 

Puerperium 9 28.12% 

Hyperhomocysteinemia 4 12.5% 

COVID positive 7  21.9% 

Alcohol addiction 6 18.8% 

Post operative evaluation 5 15.6% 

Puerperium was observed among 9 out of 32 cases. 7 (21.9%) were observed to be 

COVID positive patients with high inflammatory markers. 6 (18.8%) had alcohol 

addiction. 5 and 4 of them had been subjected for CT as post operative follow up and 

for Hyperhomocysteinemia only. 

Graph 14: Other important features observed among the patients with venous 

findings 
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DISCUSSION 

In the present study, 68 patients were observed to be having the arterial changes and 

32 patients had venous changes on the various modes of MRI. 

2D ECHO FINDINGS IN OVERALL POPULATION 

On 2D echo findings, out of 68 patients with arterial changes, 7 (10.3%) had the 

LVH. 5 (7.4%) RVH, four patients with thrombus, two patients had the septal defect 

and the rest one patient had congenital heart disease. Among the 32 patients with 

arterial stroke, 3 (9.1%) had LVH. One each had identified with RVH and septal 

defect. Similar to our study, Fralick M et al had found that majority of the patients 

with stroke or TIA had a normal echocardiogram but few patients will be few having 

clinically actionable findings in the view of secondary stroke prevention.79 Clinically 

actionable findings, specifically PFO, were more common in patients with 

cryptogenic stroke. Also, in accordance with our study findings, McAreavey D et al 

also investigated the relationship of a comprehensive set of echocardiographic 

measures with cerebral infarction detected by magnetic resonance imaging (MRI). 

They reported that of all echocardiographic parameters, LV filling abnormality as 

indicated by low E/A ratio, displayed the strongest association with cerebral infarction 

and this relationship was independent of vascular risk factors.80  

Biochemical parameters 

Among the 68 patients with arterial findings, 66 (97.1%) of them were found with 

increased NT pro BNP and among the venous, it was 18 (56.3%). Homocysteine 

levels were found to be increased among 41 (60.3%) of the patients with arterial 

findings. Trop I ++was increased among 24 (35.3%) and 5 (15.6%) among the 
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patients with arterial and venous findings respectively. Whereas D Dimer was found 

to be higher among 6 (8.8%) and 3 (9.4%) of the study population with arterial and 

venous findings. Etgen T et al also had reported that  NT-proBNP is raised in nearly 

two thirds of acute stroke patients, whereas elevated cardiac troponins are found only 

in a small number of acute ischemic stroke patients. Neither NT-proBNP nor cardiac 

troponins influence clinical outcome if other risk factors are considered.81 This 

outcome was consistent with the finding of Zhang KJ et al, who had suggested that 

NT-proBNP levels could be used as a prognostic biomarker in patients with acute 

ischemic stroke treated with intravenous thrombolysis.82Niazi F et al also reported 

that Hyperhomocysteinemia, a modifiable risk factor for ischaemic stroke as observed 

in the present study, was seen in about half of young stroke patients, but it did not 

correlate with the outcome of the stroke.83 

Comorbid conditions 

Out of 68 patients with arterial involvement, 77.9% of them were found with 

comorbid conditions and these were overlapping in few patients. We observed that 

diabetes was the commonest (28, 41.2%) followed by previous history of MI among 

33.8%. 17 (25%) had diabetes with hypertension and 11 (16.2%) were found with 

hyperlipidemia. Among the patients with venous involvement, the majority of them 

were presented with hyperlipidaemia followed by diabetes, diabetes with HTN, 

history of MI among each patient. We also found that three patients were presented 

with APLA or also known as APS. We found that the patients with arterial findings 

had significantly higher incidence of comorbid conditions than those with venous 

findings. 
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Similarly, overall, the most common comorbidities in the stroke patients were 

hypertension (74.7%), diabetes (28.5%), dyslipidemia (23.3%), coronary heart disease 

(19.1%), and obesity (17.7%), was the finding observed among the stroke patients by 

She R et al. Also, similar to our observations, Jerez-Lienas A et al had reported that 

Twenty-seven APS patients with CVT were identified in our medical records, the 

majority of them diagnosed as primary APS and with the CVT being the first 

manifestation of the disease.84 

PATIENTS WITH ARTERIAL  STROKE 

We observed that the mean age of our study population was 34.5 years. Out of 68 

patients included in our study, the majority, 40 (58.8%) of them were aged between 

26 to 35 years followed by 22 (32.4%) of them aged between 36 to 45 years. 64.7% 

(44/68) and 24 (35.3%) males and females in the study. 88.2% (60) of them were 

found with unilateral infracts and the rest 11.8% (8/68) of them had bilateral infarcts. 

On analyzing the number of infarcts, we observed that the incidence of patients with 

two infarcts was higher with the reported incidence of 23 (33.8%) followed by 19 

(27.9%) of them had four infracts. 13 (19.1%), 10 (14.7%) and 3 (4.4%) had five, one 

and three infracts observed on MRI. 

75% of the study population had affected MCA territory and the rest 25% with ACA 

territory. The affected PCA territory was 15 (22.05%). The incidence of involvement 

of PICA and AICA was 3 (4.4%) and 1 (1.5%) respectively. Only one patient has the 

involvement of a basilar artery. Out of 68 patients, 6 (8.8%) had already presented 

with the old infarcts. 
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In our study, we found that the involvement of brainstem and corpus callosum 

(impaired blood flow to the area) was observed among 6 (8.2%). Basal ganglion was 

involved among the 3/68 (4.4%) of the patients. Whereas, mass effect was observed 

among 50% of the patients with arterial involvement. 

Carotid artery doppler suggested that 19 (27.9%) had the atherosclerosis, plaque and 

thrombosis were found among 9 (13.2%) and 11 (16.2%) Vertebral artery 

involvement was observed among the 3 (4.4%) of the patients. Also, we observed 26 

(38.2%) and 24 (35.3%) of the study population with stenosis in common carotid 

artery and internal carotid artery. Even the clinical review by McCarty JL et al also 

been explained that MCA and ACA territories are the commonly affected.85 

Out of 68 patients, 35 had undergone CT cerebral angiography and the findings 

showed that 13/35 (37.14%) had occlusion or thrombosis and 11 (31.42%) had 

stenosis. Out of 33/68 patients who had undergone MRI angiography, 12 (36.36%) of 

them were found to be having occlusion and 9 (27.28%) had the stenosis. The rest 12 

patients had the normal MRI angiography. 

Also, analysis of involvement of each artery showed that stenosis on MRI 

angiography  had involved MCA and ACA among 33.3% of the patients. Followed by 

each (11.1%) had stenosis of the PCA, PICA and AICA. Whereas in the CT 

angiography , the number of patients with the above arterial stenosis had varied a bit 

but not statistically significant. 30.76%, 23.07% each, 7.69% and 15.38% had 

involvement in the MCA, ACA, PCA, PICA and AICA respectively. 

Similarly, the occlusion of arteries on MRI angiography was observed among 33.3% 

of the MCA, 25% of the ACA, 16.66% each of the PCA and PICA. 15.38% had 
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occlusion of the AICA. In CT angiography, we found that the involvement of MCA, 

ACA, PCA, PICA and AICA were 37.5%, 15.78%, 26.31%, 10.52% and 15.78% 

respectively. 

Hussain M et al had observed that cerebral infarction was the most common finding 

on MRI among 50.66% of their study population, followed by intracerebral 

hemorrhage in 41.33%, subarachnoid hemorrhage in 4.66%. Unlike our study, the 

proportion of hemorrhagic stroke and SAH is higher in the young with the incidence 

of almost 40%–55% in Hussain M et al.76 

Similar to our study, with 53 out of 68 patients with known case of hypertension, 

Hussain M et al and Prabhakar S et al hypertension and alcohol abuse were the most 

common as well as the precipitating factors of stroke.86 Chaturvedi et al n their 

editorial, had written that 98 patients overall, 28 with ICA lesions and 70 with MCA 

lesions. Seventy-nine percent of the ICA patients and 80% of the MCA patients had a 

target mismatch pattern on the initial scan, which was performed 281 minutes (ICA 

group) and 306 minutes (MCA group) after stroke onset.87 

Like our study, Prasad K et al determined that 21%–48% of strokes in young are 

caused by atherosclerotic large artery disease then cardio-embolism among 13%–35% 

and cryptogenic 7%–40%. Although the present study could not comment on the 

cardioembolic finds, we observed that arterial thrombus were major than the venous. 

31 

PATIENTS WITH VENOUS STROKE 

Out of 32 patients, who had assessed for venous findings, 9 (28.1%) were aged 

between 19 to 25 years. 8 (25%) each were aged between 26 to 30 and 31 to 35. Five 
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were 36- to 40-year-old. 41- to 45-year-old, 2 (6.3%) patients were there. 23 (71.9%) 

were males and the rest 9 (28.1%) were females. 

We observed that 29 (90.6%) had unilateral findings and the rest 3 (9.4%) had 

bilateral. 20 out of 32 (62.5%) had hemorrhagic changes. 

Majority of the patients had sigmoid sinus thrombosis, with the incidence of 18 

(56.3%) followed by 24 (43.8%) each had thrombosis at transverse and sagittal sinus. 

12 (37.5%) had cortical sinus involvement. 4 (12.5%) and 1 (3.1%) had straight sinus 

and internal jugular vein thrombosis. Puerperium was observed among 9 out of 32 

cases. 7 (21.9%) were observed to be COVID positive patients with high 

inflammatory markers. 6 (18.8%) had alcohol addiction. 5 and 4 of them had been 

subjected for CT as post operative follow up and for Hyperhomocysteinemia only. 

Similar to our study, saposnik G et al also had reported that the prevalence of venous 

stroke is very less compared to the arterial. Also, they have reported the strong 

association of these with autoimmune conditions. The hypertensive patients are at risk 

of developing venous stroke like arterial too. They even reported that venous infarcts 

will be commonly affected with haemorrhage.83 

Bang OY et al also had explained that, similar multimodal imaging as our study 

would provide the better diagnosis and guidance for the mode of management which 

could reduce the further complications.84 With the above findings, we found that 

multimodal imaging is a remarkable diagnostic approach for managing the acute 

stroke. 
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CONCLUSION 

There is increasing incidence in young with common predisposing factors being early 

onset of diabetes, hypertension and hyperlipidemia. Common manifestation of stroke 

being infarct in MCA and ACA territory with atherosclerosis changes  , stenosis  and  

occlusion . Venous infarct though less common areas seen in association with 

puerperium status and alcoholism, more recently COVID infection .  

The findings of the study suggest a rather early onset of atherosclerosis changes with 

predisposing factors pointing toward altered lifestyle and habit. Akin to elderly 

extracranial carotid stenosis / occlusion with atherosclerosis plaque formation is the 

most likely cause for intracranial ischemic stroke . MRI and carotid doppler remain 

the mainstay for comprehensive evaluation of these atherosclerotic conditions similar 

to that of elderly and will guide in the appropriate management of stroke in young 

patients .  
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SUMMARY 

● We had conducted a prospective observational study, to study and know the 

underlying risk factors for strokes in young patients. 

● Out of 100 patients included in the study, 68 patients had the arterial findings 

and 32 with venous findings. 

● On 2D Echo we found that LVH and RVH were the commonest findings in 

patients with both arterial and venous stroke. 

● 66/68 (97.1%) of them were found with increased NT pro BNP and among the 

venous, it was 18 (56.3%). Homocysteine levels were found to be increased 

among 41 (60.3%) of the patients with arterial findings.  

● MAC and ACA territory were commonly affected. Atherosclerosis was the 

most common finding observed on Doppler. Out of 68 patients, 35 had 

undergone CT cerebral angiography and the findings showed that 13/35 

(37.14%) had occlusion or thrombosis and 11 (31.42%) had stenosis. 

● Out of 33 patients undergone MRI angiography, 12 (36.36%) of them were 

found to be having occlusion and 9 (27.28%) had the stenosis. The rest 12 

patients had the normal MRI angiography. 

● Among the patients with venous infarcts. Puerperium was observed among 9 

out of 32 cases. 7 (21.9%) were observed to be COVID positive patients with 

high inflammatory markers. 
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ANNEXURE 

VENOUS INFRACT  

 

 

Suggestive signs of thrombosis noted involving bilateral superficial parietal and right 

superficial frontal cortical veins -- cortical venous thrombosis. 

Areas of altered signal intensity involving the right high frontal and bilateral parietal 

lobes, appearing hyper-intense on T2W images and hypo-intense on T1W images. 

Focal areas of restricted diffusion is seen in these regions -- venous infarction. 
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B

 

BASAL GANGILA INFRACT  

Area of altered signal intensity appearing hypointense on T1, hyperintense on T2 and 

FLAIR images with diffusion restriction seen in right basal ganglia – Acute infarct. A 

thin eccentric smooth soft plaque is noted in the left carotid bulb (Image 3). Mild 

reduced peak systolic velocity of left internal carotid artery (image 4). 

Normal waveform of right internal carotid artery (image 2) 
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MCA INFRACT  

Ill -defined-defined area of hypodensity with  loss of grey-white matter differentiation 

and effacement of cortical sulci is seen involving right fronto-temporo-parietal and 

occipital, external capsule and insula causing mass effect over adjacent brain 

parenchyma. No evidence of hemorrhagic transformation.- Right MCA territory 

infarcts 

 

 

 

Multiple acute atypical intra-
parenchymal haemorrhages with 
surrounding peri-haemorrhagic white 
matter edema noted in the left 
parietal region largest ---- venous 
infract with haemorrahgic 
component . 
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MRI - BRAIN + MR VENOGRAM  

( DWI 1000B , Axial T2W FLAIR, Axial T2W propellar , MR Venogram was also 

done. )  

Loss of flow related enhancement in superior sagittal and right transverse sinuses with 

GRE blooming in bilateral fronto-parietal superficial cortical veins. 

Acute intra-parenchymal hemorrhages with surrounding perihemorrhagic white 

matter edema noted in the left parietal region causing compression over the adjacent 

brain parenchyma Mild mass effect is seen over occipital horn of left lateral ventricle. 
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Area of altered signal intensity appearing hyperintense on T2 and FLAIR images , 

hypointense on T1W images and showing diffuse restriction noted in left parafalcine 

frontal region and left side of genu of corpus callosum – ACA  Infarct  
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Area of altered signal intensity appearing hyperintense on T2 and FLAIR images , 

hypointense on T1W images and showing diffuse restriction noted right occipital lobe 

– Acute infarct (PCA territory) 
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Area of altered signal intensity appearing hyperintense on T2 and FLAIR images , 

hypointense on T1W images and showing diffuse restriction noted in fronto-temporo-

parietal lobe, external capsule, insular cortex  and  ganglio-capsular region on  left 

side – Acute Infarct (MCA territory) 
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Image A – Normal waveform of common carotid artery 

Image B – Significant stenosis of internal carotid artery with area reduction of 85 % 

Image C – Non flow limiting atheromatous plaque along the posterior wall of 

common carotid artery 

Image D – Normal waveform of vertebral artery 
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PROFORMA: PROTOTYPE 

Multimodality imaging of stroke in young  

Patient No: 

 OP No:  

Name:  

Study ID:  

Contact No:  

a) Age:  

b) Gender: M F  

Address of patient:  

History of Hypertension: Yes  No  

History of Heart disease : Yes No  

History of Hyperlipidemia : Yes No History of Connective tissue disorder Yes No 

Previous history of Stroke. 

DIAGNOSTIC DETAIL WORKUP: 

FINAL DIAGNOSIS: 

IMAGING DETAILS 

CT/MRI  

ARTERY /VENOUS  

TERITORRY  

SINUS AFFECTED  

DOPPLER FINDINGS  

2D ECHO FINDING  

OTHERS  
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PATIENT INFORMATION SHEET  

 

This study is done to detect Multimodality Imaging of Stroke in young patients . The 

patients who have presented with clinical features of stroke between the ages of 15- 

45 yrs , will be asked for detailed clinical history and will be subjected to MR, MDCT 

and carotid doppler and documented. Obtaining the right imaging modalities is very 

important and it will lead to prompt treatment. 
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Consent Form Name of the 

participant:____________________________________________ Name of the 

principal investigator:____________________________________ Name of the 

institution: SDM College of Medical Sciences ,Manjushree nagar, Sattur, Dharwad-

580009 I, _______________________________________________, have read the 

information in this form (or has been read to me). I was free to ask any questions and 

they have been answered. I am over 18 years of age and, exercising my free power of 

choice. I have been explained about the study and i hereby give my consent for the 

study - “Multimodality Imaging of Stroke in young patient ”. I have read and 

understood this consent form and the information provided to me.  

1. I have been explained the consent document and nature of study.  

2. My rights and responsibilities have been explained to me by the investigator.  

3. I have informed the investigator of all treatments I am taking or have taken in the 

past.  

4. I am aware of the fact that I can opt out of the study at any time without having to 

give any reason and this will not affect my future treatment in the hospital.  

5. I hereby give permission to the investigators to release the information obtained 

from me as result of participation in this study to the sponsors, regulatory authorities, 

Government agencies and the ethics committee. I understand that they may inspect 

my original records. 

6. My identity will be kept confidential if my data are publicly presented.  

7. I have had my questions answered to my satisfaction.  

 

Date:       Name and signature of the  

Patient Date:      Name and signature of the Investigator 
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MASTER CHART 

PATIENT WITH ARTERIAL STROKE 
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1 34 M NIL NIL thrombus INCREASED INCREASED INCREASED NIL Unilateral 4 
MCA, 

ACA 
NA STENOSIS NORMAL No Yes No Absent No No Yes Yes 

2 40 F NIL NIL NORMAL INCREASED INCREASED INCREASED NIL Unilateral 3 MCA NA OCCLUSION NORMAL No No Yes Present Yes No Yes Yes 

3 33 M NIL NIL NORMAL INCREASED INCREASED NIL INCREASED Unilateral 1 MCA NA STENOSIS NORMAL NO No NO Present NO No Yes Yes 

4 33 M DM+HTN MI NORMAL INCREASED INCREASED NIL NIL Unilateral 1 MCA NA NORMAL STENOSIS No No Yes Present No No Yes Yes 

5 37 M DM MI NORMAL INCREASED INCREASED NIL NIL Bilateral 5 MCA YES  STENOSIS NORMAL No No NO Present Yes No Yes Yes 

6 37 M DM+HTN NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 3 MCA NA OCCLUSION STENOSIS No Yes No Absent No No Yes Yes 

7 15 M NIL NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 2 MCA NA NORMAL NORMAL No No No Absent No No Yes Yes 

8 39 M DM+HTN NIL NORMAL NIL INCREASED NIL INCREASED Unilateral 5 MCA NA NORMAL NORMAL NO No NO Present NO NO NO NO 

9 43 F  DM+HTN,HYPERLIPIDEMIA NIL NORMAL INCREASED INCREASED INCREASED NIL Bilateral 2 MCA 

superior 

cerebral 

artery 

occlusion 

OCCLUSION NORMAL No No No Absent No NO No Yes 

10 39 M  DM+HTN NIL NORMAL NIL INCREASED NIL NIL Unilateral 5 ACA 

left internal 

carotid 

artery 

thrombosis 

NORMAL NORMAL No No No Present No No Yes Yes 

11 29 F DM NIL LVH INCREASED INCREASED NIL NIL Bilateral 2 MCA NA STENOSIS OCCLUSION No No No Absent No No Yes Yes 

12 33 F  HYPERLIPID NIL NORMAL INCREASED INCREASED NIL NIL Unilateral 2 MCA 

Mild 

narrowing of 

distal basilar 

artery. 

NORMAL NORMAL No No No Present No No Yes Yes 

13 41 M DM+HTN MI NORMAL NIL INCREASED INCREASED NIL Unilateral 2 MCA NA OCCLUSION NORMAL No No No Absent No No No Yes 

14 28 M NIL NIL NORMAL INCREASED INCREASED NIL NIL Unilateral 1 ACA NA NORMAL STENOSIS No No No Present No No No No 

15 33 F  NIL NIL NORMAL INCREASED INCREASED INCREASED NIL Unilateral 2 MCA 

Mild 

narrowing of 

distal basilar 

artery. 

STENOSIS NORMAL No Yes No Absent No No Yes Yes 

16 37 M  DM+HTN,HYPERLIPIDEMIA NIL NORMAL NIL INCREASED NIL INCREASED Unilateral 4 MCA NA OCCLUSION NORMAL NO No NO Present NO NO NO NO 

17 33 M DM+HYPERLIPID NIL LVH INCREASED INCREASED INCREASED NIL Unilateral 2 MCA NA NORMAL STENOSIS No No No Present No No No Yes 

18 32 F  NIL NIL RVH INCREASED INCREASED NIL NIL Unilateral 2 MCA NA NORMAL NORMAL No No NO Present Yes No Yes Yes 

19 33 M  NIL NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 2 MCA NA STENOSIS STENOSIS No No No Absent No No Yes Yes 

20 29 F HYPERLIPID NIL NORMAL INCREASED INCREASED INCREASED NIL Unilateral 4 MCA NA OCCLUSION OCCLUSION No Yes No Present No No No Yes 
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21 34 F DM NIL NORMAL INCREASED INCREASED NIL NIL Bilateral 1 MCA 

  

Hyperintense 

signal is seen 

in the right 

intracranial 

ICA on T2W 

images  

Suggestive of 

thrombus. 

NORMAL OCCLUSION Yes No No Absent No No No No 

22 26 M NIL NIL LVH INCREASED INCREASED NIL NIL Unilateral 2 MCA NA NORMAL NORMAL NO No NO Present NO NO NO NO 

23 24 F  NIL NIL NORMAL INCREASED INCREASED NIL NIL Unilateral 5 MCA 

Loss of flow 

void in left 

ICA  

suggestive of  

thrombosis. 

NORMAL NORMAL Yes Yes No Present No No Yes No 

24 39 M DM+HTN NIL NORMAL NIL INCREASED NIL NIL Unilateral 5 ACA NA NORMAL NORMAL No No NO Present NO No No No 

25 41 M  HYPERLIPID NIL NORMAL NIL INCREASED NIL NIL Unilateral 1 PCA NA NORMAL STENOSIS No No No Present No No No Yes 

26 29 F  DM MI NORMAL INCREASED INCREASED NIL INCREASED Unilateral 5 MCA 

Loss of flow 

void in left 

ICA  

suggestive of  

thrombosis. 

NORMAL NORMAL Yes No No Absent No No No No 

27 27 M  NIL NIL thrombus INCREASED INCREASED NIL INCREASED Unilateral 2 MCA 

Mild 

narrowing of 

distal basilar 

artery. 

OCCLUSION NORMAL No No No Present No No No Yes 

28 41 M NIL NIL NORMAL NIL INCREASED NIL NIL Unilateral 2 AICA NA OCCLUSION OCCLUSION No No NO Present Yes No Yes Yes 

29 42 M NIL NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 4 MCA 

 loss of flow 

void noted in 

left ICA 

suggestive of 

thrombosis. 

OCCLUSION STENOSIS No No No Absent No No Yes Yes 

30 37 M  NIL NIL LVH INCREASED INCREASED NIL NIL Unilateral 2 MCA NA NORMAL NORMAL NO No NO Present NO NO NO NO 

31 27 F NIL NIL RVH INCREASED INCREASED NIL NIL Unilateral 2 MCA NA NORMAL OCCLUSION NO No NO Present NO NO NO NO 

32 32 M NIL NIL NORMAL NIL INCREASED NIL NIL Unilateral 4 PCA NA NORMAL NORMAL NO No NO Present NO NO NO NO 

33 41 M DM+HTN,HYPERLIPIDEMIA NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 2 
MCA, 

ACA 
NA STENOSIS NORMAL No 

 
No Present NO No No Yes 

34 33 M NIL NIL NORMAL INCREASED INCREASED NIL NIL Unilateral 1 PICA NA NORMAL NORMAL No No No Present No No No Yes 

35 35 M NIL NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 5 MCA NA NORMAL NORMAL No No No Present No No Yes Yes 

36 42 F DM MI NORMAL INCREASED INCREASED NIL NIL Unilateral 5 MCA 

Loss of flow 

void in left 

ICA  

suggestive of  

thrombosis. 

STENOSIS OCCLUSION Yes No No Absent No No No No 

37 33 M DM+HTN,HYPERLIPIDEMIA NIL NORMAL NIL INCREASED NIL NIL Unilateral 5 PCA NA NORMAL NORMAL Yes Yes No Present No No Yes No 

38 28 M NIL NIL RVH INCREASED INCREASED NIL NIL Unilateral 4 MCA NA NORMAL NORMAL No No Yes Present Yes No Yes Yes 
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39 31 F DM+HTN MI 
SEPTAL 

DEFECT 
INCREASED INCREASED INCREASED NIL Unilateral 4 

MCA, 

ACA 
NA NORMAL NORMAL No No NO Present NO No No No 

40 28 F NIL NIL NORMAL INCREASED INCREASED NIL NIL Unilateral 2 MCA NA NORMAL NORMAL No No No Present No No No Yes 

41 33 F DM,HYPERLIPID MI NORMAL INCREASED INCREASED NIL NIL Unilateral 5 MCA NA OCCLUSION OCCLUSION No No Yes Present No No Yes Yes 

42 29 M NIL NIL NORMAL NIL INCREASED NIL NIL Bilateral 4 PCA NA NORMAL NORMAL No Yes No Present No No No Yes 

43 24 M DM MI NORMAL INCREASED NIL INCREASED INCREASED Bilateral 2 
MCA, 

ACA 
NA NORMAL NORMAL No 

 
No Present No No Yes Yes 

44 36 F HYPERLIPID NIL NORMAL INCREASED INCREASED INCREASED NIL Unilateral 4 MCA 

 loss of flow 

void noted in 

left ICA 

suggestive of 

thrombosis. 

STENOSIS NORMAL Yes Yes No Present No No Yes No 

45 35 F DM+HYPERLIPID NIL NORMAL INCREASED INCREASED NIL NIL Unilateral 1 MCA NA NORMAL NORMAL NO No NO Present NO NO NO NO 

46 24 M DM+HTN,HYPERLIPIDEMIA NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 2 MCA NA NORMAL NORMAL No Yes No Absent No No Yes Yes 

47 27 M NIL NIL 
SEPTAL 

DEFECT 
INCREASED INCREASED INCREASED NIL Unilateral 4 MCA NA STENOSIS OCCLUSION No No No Absent No Yes No Yes 

48 43 M DM+HTN NIL NORMAL NIL NIL NIL NIL Unilateral 4 PCA NA NORMAL STENOSIS NO No NO Present NO NO NO NO 

49 42 M DM+HTN NIL NORMAL NIL INCREASED NIL NIL Unilateral 4 ACA 

 loss of flow 

void noted in 

left ICA 

suggestive of 

thrombosis. 

NORMAL OCCLUSION No Yes No Absent No No Yes Yes 

50 37 M NIL NIL NORMAL INCREASED INCREASED NIL NIL Unilateral 1 MCA NA NORMAL NORMAL No No No Present No No No Yes 

51 27 F NIL NIL NORMAL INCREASED INCREASED NIL NIL Bilateral 2 MCA 

 Left 

vertebral 

artery 

appears 

hypoplastic. 

NORMAL NORMAL No No No Present No No No No 

52 29 M DM+HTN NIL NORMAL NIL INCREASED NIL NIL Unilateral 4 PICA NA NORMAL NORMAL No No No Absent No No Yes Yes 

53 41 M DM+HTN MI NORMAL NIL INCREASED NIL NIL Unilateral 3 ACA NA NORMAL NORMAL No No No Present No No No No 

54 29 M DM+HYPERLIPID NIL thrombus INCREASED INCREASED NIL NIL Unilateral 4 MCA NA NORMAL NORMAL No No Yes Present No No Yes Yes 

55 24 M NIL NIL NORMAL NIL INCREASED NIL NIL Unilateral 4 PCA NA NORMAL NORMAL No Yes No Absent No No Yes Yes 

56 39 F DM MI NORMAL INCREASED INCREASED NIL NIL Bilateral 2 MCA 

Left 

vertebral 

artery 

appears 

hypoplastic. 

NORMAL OCCLUSION No No No Absent No No No No 

57 32 M NIL NIL RVH INCREASED INCREASED INCREASED NIL Unilateral 4 MCA NA NORMAL NORMAL No No No Absent No Yes No Yes 

58 33 M NIL NIL NORMAL NIL INCREASED NIL NIL Unilateral 5 PICA NA NORMAL NORMAL NO No NO Present NO NO NO NO 

59 34 F DM NIL THROMBUS INCREASED INCREASED NIL NIL Unilateral 4 MCA NA NORMAL NORMAL NO No No Present No No Yes Yes 

60 28 F NIL NIL LVH INCREASED INCREASED INCREASED NIL Unilateral 1 MCA NA NORMAL OCCLUSION No Yes No Present No No No Yes 

61 32 F NIL NIL LVH INCREASED INCREASED INCREASED NIL Unilateral 1 MCA NA OCCLUSION NORMAL No No No Absent No No Yes Yes 

62 39 M DM+HTN NIL NORMAL NIL INCREASED NIL NIL Unilateral 4 ACA NA NORMAL NORMAL No No NO Present NO No No No 

63 24 M NIL NIL NORMAL NIL INCREASED INCREASED NIL Unilateral 2 
MCA, 

ACA 
NA OCCLUSION OCCLUSION No No No Present No No Yes Yes 
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64 27 F NIL NIL 

CONGENITAL 

HEART 

DISEASE 

NIL INCREASED INCREASED NIL Unilateral 5 MCA 

left internal 

carotid 

artery 

thrombosis 

STENOSIS STENOSIS No No No Present No No Yes Yes 

65 29 F DM+HTN MI LVH INCREASED INCREASED INCREASED NIL Unilateral 5 MCA 

left internal 

carotid 

artery 

thrombosis 

OCCLUSION OCCLUSION No No No Present No No Yes Yes 

66 26 M NIL NIL RVH INCREASED INCREASED NIL NIL Unilateral 2 MCA NA NORMAL NORMAL No No No Absent No Yes No Yes 

67 29 M NIL NIL NORMAL NIL INCREASED NIL NIL Unilateral 4 PCA NA NORMAL NORMAL No No No Absent No No Yes Yes 

68 29 M NIL NIL NORMAL NIL INCREASED NIL NIL Unilateral 2 PCA NA NORMAL NORMAL No No Yes Present Yes No Yes Yes 
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PATIENTS WITH VENOUS STROKE 
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1 1154054 21 Male DM NORMAL INCREASED NIL NIL NIL Unilateral yes  1 No     yes        No No No No No No no yes   no     

2 877701 27 Male NIL NORMAL NIL INCREASED NIL NIL Unilateral yes  1 No yes    yes  yes      No No No No No No no no   yes     

3 1295576 33 Female NIL NORMAL NIL NIL NIL NIL Unilateral yes  1 Yes Yes  no  yes  no      No No No No No No no no Yes  no     

4 1183918 40 Male NIL LVH NIL NIL NIL INCREASED Unilateral yes  1 Yes yes    yes        No No No No No No no yes   yes  yes   

5 667894 28 Male NIL NORMAL NIL INCREASED NIL NIL   Yes  1 Yes     yes        No No No No No No no no yes no     

6 1220931 25 Male DM NORMAL NIL INCREASED NIL NIL Unilateral yes  2 Yes yes  yes  yes  no      No No No No No No no no yes yes   yes 

7 1203913 25 Male NIL NORMAL NIL INCREASED NIL NIL unilateral    0 No   yes          No No No No No No no yes   no     

8 1136101 44 Male NIL NORMAL NIL NIL NIL NIL Unilateral   2 No yes  yes          No No No No No No no yes Yes  no     

9 1127676 36 Male DM NORMAL INCREASED NIL INCREASED INCREASED Unilateral   1 Yes             No No No No No No no no   no     

10 1183612 29 Male NIL NORMAL NIL INCREASED NIL NIL Unilateral   2 Yes yes            No No No No No No no no   yes  yes   

11 1222312 25 Male NIL NORMAL NIL NIL NIL NIL Unilateral yes  1 Yes             Yes No No No No No no no   yes     

12 1137284 40 Male DM NORMAL NIL INCREASED NIL NIL Unilateral yes  2 Yes             Yes Yes No No No No no no yes no     

13 1231326 22 Male NIL 

SEPTAL 

DEFECT NIL NIL NIL NIL Unilateral yes  2 No     yes    

internal 

jugular 

vein 

thrombosis    No No No Yes Yes No no no   yes   yes 

14 1191522 22 Male NIL NORMAL INCREASED INCREASED NIL NIL Bilateral yes  3 No yes  yes          No No No Yes Yes No no no   yes  yes   

15 1183578 32 Male NIL NORMAL NIL INCREASED NIL NIL Unilateral   1 Yes     yes        No No No No No Yes no no yes no     

16 1254269 35 Male NIL NORMAL NIL NIL NIL NIL Unilateral   1 Yes     yes        No No No No   Yes no no   yes yes   

17 1183918 40 Male NIL NORMAL INCREASED INCREASED NIL NIL Unilateral yes  1 Yes yes    yes        No No No No No Yes no no   yes  yes   

18 1112165 45 Male DM+HTN RVH NIL INCREASED INCREASED NIL Unilateral yes  3 Yes     yes        No No No No No Yes no no   yes     

19 1239077 35 Male NIL NORMAL NIL INCREASED NIL NIL Unilateral   1 Yes             No No No No No Yes no no   yes   yes 

20 1248461 30 Female DM NORMAL NIL INCREASED NIL NIL Unilateral   2 Yes             No No No No No Yes no no Yes  no     

21 416706 23 Male NIL NORMAL NIL NIL NIL NIL Unilateral   2 Yes yes  yes          No No No No No Yes no no Yes  no     

22 1251272 26 Male NIL NORMAL NIL NIL INCREASED NIL Unilateral yes  1 No     yes                    no no   yes   yes 

23 1216032 19 Male NIL NORMAL NIL INCREASED NIL NIL Bilateral yes  2 No yes  yes  yes  yes                  no no   yes   yes 

24 1254269 35 Male DM NORMAL NIL NIL NIL NIL Unilateral   4 Yes     yes                    no no   yes yes   

25 700482 34 Male DM LVH NIL INCREASED NIL NIL   Yes        yes  yes                    no no yes no     

26 1252485 25 Female NIL NORMAL NIL NIL NIL INCREASED Unilateral Yes  1 Yes   No  yes        No No No No No No YES  no   no     

27 1253193 40 Female DM+HYPERLIPID NORMAL NIL INCREASED NIL NIL Bilateral   2 No Yes  Yes          No No No No No No YES  no   no     

28 1243579 34 Female NIL NORMAL NIL INCREASED NIL NIL Unilateral   4 Yes Yes            No No No No No No YES  no   no     

29 1313636 29 Female NIL NORMAL NIL NIL NIL NIL Unilateral   5 No             No No No No No Yes YES  no   no     

30 1283806 30 Female DM NORMAL NIL NIL NIL NIL Unilateral   5 Yes             No No No No Yes Yes YES  no   no     

31 1249058 35 Female NIL LVH INCREASED NIL NIL NIL Unilateral yes  3 No Yes  No  yes  Yes      No No   No No Yes YES  no   no     

1246866 26 Female NIL NORMAL NIL INCREASED NIL NIL Unilateral Yes  4 Yes Yes  No  Yes        No Yes No No     YES  no   no     
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