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Article History: Abstract: Background: Objective: Stroke is second-leading cause of 

death and steno-occlusive arterial disease is commonest cause of 

ischemic-stroke worldwide. Time of flight (TOF) MRA technique 

gives an idea of the overall cerebral-vascular-channel morphology and 

has important prognostic and prophylactic value in the management. 

The primary objective is to study occurrence of occlusion versus 

stenosis in MR-angiography study in acute-ischemic-stroke patients, 

and other characteristics including size and location of infarct, location 

of involved arterial-territory, their correlation and associated risk-

factors. The frequency of size of infarct compared to degree of stenosis 

was also studied.Methods: 110 acute-ischemic-stroke subjects were 

enrolled during March 2021 to March 2022 on the basis of inclusion 

and exclusion criteria. 13 patients were excluded due to incomplete 

evaluation. Thus, 97 acute-ischemic-stroke subjects were finally and 

evaluated on the basis of history, physical examination, and 

investigations as per stroke protocol. The data was analyzed using 

SPSS 22.0 and R.3.2.0. Results: Mean age of acute-ischemic-stroke 

subjects was 60.927±14.182 years, large artery atherosclerosis (53%) 

was commonest subtype, MCA being most commonly involved 

(45.05%). In 45.36 % ischemic stroke patients there was no steno-

occlusion, while 24.74 % and 29.90 % patients had stenosis and 

occlusion respectively. In patients with no steno-occlusive disease, 59 

% and 41 % had small and medium sized infarcts 

respectively.Conclusion: MRA provides early diagnosis of 

occlusive/stenotic arterial disease and demonstrated vascular lesions 

show a high correlation with infarct distribution. Our study re-affirms 

that large artery atherosclerosis is most frequent stroke subtype in 

ischemic-stroke patients in India. 
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INTRODUCTION 
 
World Health Organization defines stroke as ―a 

clinical syndrome of rapidly developing clinical signs 

of focal disturbance of cerebral function, lasting more 

than 24 hours, or leading to death, with before a no 

apparent cause, other than that of vascular origin [1]. 

The American Heart Association/American Stroke 

Association published an updated definition of stroke 

in 2013 [2] and defined ischemic stroke as an episode 

of neurological dysfunction caused by focal cerebral, 

spinal, or retinal infarction, and hemorrhagic stroke 

as, 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. Globally, Stroke is the 

second-leading cause of death and the third-leading 

cause of death and disability combined according to 

latest Global Burden of Disease study in 2019 (GBD-

2019) [3]. The study also showed that there were 101 

million (93.2–111) prevalent cases and 6.55 million 

(6.00–7.02) deaths due to stroke reported worldwide 

in 2019. From 1990 to 2019, incident cases of stroke 

increased by 67–73 %, prevalent cases increased by 

83–88 %, deaths increased by 31–55 %, and DALYs 

increased by 22–42 % [3]. In India [4], prevalence rate 

of stroke ranges from 44-150/100000, while 30 days 

case fatality rate ranges from 18-46.3%. Around 10-

15% of all strokes occur in the young (<40 years of 

age). Several risk factors have been identified for 

stroke. Non-modifiable ones include age, sex, race, 

and ethnicity, while modifiable ones are hypertension, 

diabetes mellitus, current smoking, overweight, diet, 

physical inactivity, dyslipidemia, alcohol 

consumption and cardiac illness [5-7].  Ischemic 

stroke can be classified on the basis of various 

classification systems, like, TOAST (Trial of Org 

10172 in Acute Stroke Treatment) [8], CCS 

(Causative classification system) [9], ASCO 

(Atherothrombosis, Small Vessel Disease, Cardiac 

pathology, Other) [10] , and CISS (Chinese Ischemic 

Stroke Classification) [11]. Among these, TOAST 

classification is the most widely used classification 

system for subtyping ischemic stroke [12-14]. Studies 

have shown racial differences in the location of large 

vessel atherosclerotic disease [15-25]. ICAD and 

ECAD can be evaluated by magnetic resonance 

angiography (MRA) and other invasive angiography 

techniques [26] . Currently, the acute management of 

Ischemic Stroke patients, who present within a time 

window, includes Intravenous thrombolysis and/or 

Mechanical Thrombectomy [27-38]. Similar to the 

differences in acute management of patients with 

intracranial large vessel occlusion compared to other 

ischemic stroke subtypes, secondary preventive 

treatment for these patients is also different. 

SAMMPRIS trial [23] demonstrated superiority of 

aggressive medical therapy comprising of dual 

antiplatelets for 3 months followed by single 

antiplatelet, over intracranial stenting. For 

extracranial atherosclerotic disease, carotid 

endarterectomy or carotid stenting is recommended 

[39, 40, 41] . Steno-occlusive arterial disease is the 

commonest cause of ischemic stroke all over the world 

where the thromboembolic causes account for about 

85% of stroke cases [42] . A high incidence of the 

disease was reported in African and Asian 

populations [42] . Proper and accurate assessment of 

arterial diseases that underlie development of stroke is 

essential in patient management and follow-up. The 

protocols of MR imaging in stroke patients are not 

standard across institutions [43] . Adding magnetic 

resonance angiography (MRA) to the imaging 

protocol improves both diagnosis and clinical 

management [43]. MRA can track the changes in the 

vessel lumen with time. It assesses the risk of future 

events by identifying whether there is occlusive 

arterial disease, localizing the exact site of occlusion 

and by determining the pathology underlying the 

stroke such as atherosclerosis or dissection [44] . MRA 

can also identify other vascular lesions such as 

malformation, aneurysms and arterial compression 

[44] . Time of flight (TOF) MRA technique gives the 

managing physician an idea of the overall cerebral 

vascular channel morphology and thus has an 

important prognostic and prophylactic value in the 

patient’s management [43,44]. Moreover, MRA has a 

potentially important role in appropriate patient 

selection for intra-arterial fibrinolysis, in patient’s 

follow-up and monitoring of therapeutic efficacy [45]. 

A normal or near normal MRA of the intra cranial 

arteries can effectively exclude the possibility of a 

high-grade arterial stenosis [44] . In the current study 

we assessed the MR Angiography pattern (occlusion 

versus stenosis) in evaluation of patients with acute 

ischemic stroke and also determined various 

characteristics (size and location of infarct and the 

arterial territory involved) and studied the various risk 

factors and their association with different MR 

angiographic characteristics of infarct and associated 

blood vessels. 

 

METHODS 
 
We studied ischemic stroke patients aged >18 years, 

admitted at our facility. A total of 110 ischemic stroke 

patients were enrolled, out of which 13 patients were 

excluded due to incomplete evaluation. Thus, a total 

of 97 ischemic stroke patients were studied for our 

primary objective (sample size was 92). We included 

patients with >18 years with acute ischemic stroke 

within 7 days of onset. We excluded patients with 

hemorrhagic stroke, stroke mimics- like brain tumors, 

toxic or metabolic disorders (hypoglycemia, 

hypercalcemia, hyponatremia, uremia, hepatic 

encephalopathy, and hyperthyroidism), infectious 

disorders (meningitis, encephalitis), psychological 
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disorders, migraine, seizures and demyelinating 

disorders, patients with history of previous ischemic, 

hemorrhagic stroke or sinus thrombosis and patients 

unwilling to give consent for participation in the 

study. Patients were assessed on the basis of history, 

physical examination, and investigations as per 

proforma. Ischemic stroke patients were classified as 

per TOAST classification. ICAD or ECAD or 

Coexisting ICAD & ECAD was identified on the basis 

of MR Angiography. Stenosis that was ≥50% was 

classified as significant large vessel atherosclerosis 

[24, 44,46, 47, 48,49]. MRA findings which signify 

affection of intra cranial/ extra cranial arteries were 

recorded as stenosis (segmental flow gap or luminal 

stenosis >50%), occlusion (non-visualized vessel 

segment with absent distal flow), atherosclerotic 

changes of the vessels and presence of plaques [50].  

The MR studies were carried out within 1 week of 

admission. Patients were scanned on a 3T MR 

imaging system and 3D TOF –MR Angiography 

(Time of flight –MR Angiography). The sequences 

used were multislab (5 slabs for IC and 8 slabs for EC 

regions) 3-dimensional study based on time of flight 

principle. MRAs were reviewed by a single 

Neuroradiologist, who was blinded to the clinical 

details. Brain MRI was acquired using 3 Tesla. The 

infarct size was categorized as small (2 cm), medium 

(2-4 cm), and large (4 cm) according to its largest 

diameter in one plane on Diffusion Weighted Imaging 

(DWI), T1 Weighted Imaging (T1WI), T2 Weighted 

Imaging (T2WI), Fluid Attenuated Inversion 

Recovery technique (FLAIR). Assessment was done 

for the intracranial vessels: middle cerebral arteries 

(MCAs), anterior cerebral arteries (ACAs), 

intracranial internal carotid arteries (ICAs), posterior 

cerebral arteries (PCAs), vertebral arteries (VAs), and 

the basilar artery (BA). MRA findings which signify 

affection of intra cranial/ extra cranial arteries were 

recorded as stenosis (segmental flow gap or luminal 

stenosis >50%), occlusion (nonvisualized vessel 

segment with absent distal flow), atherosclerotic 

changes of the vessels and presence of plaques. MRA 

findings were recorded and correlated with 

distribution of signal abnormalities seen in the MRI 

sequences. According to location, the infarcts were 

categorized into cortical, lacunar, territorial and 

watershed. The risk factors of stroke, age, sex, 

hypertension, diabetes mellitus, obesity (BMI) and 

pattern of infarcts were correlated with any MRA 

abnormality (IC MRA, EC MRA, or both) separately. 

Data was analysed using Statistical Package for Social 

Sciences (SPSS) version 21, IBM Inc. Level of 

statistical significance was set at p-value. 

 

 

RESULTS 

Mean age of acute ischemic stroke subjects was 60.927±14.182 years and prevalence of ischemic stroke was observed 

to increase with increasing age. Highest prevalence of ischemic stroke was observed in the age group of 71-80 years 

(31 %), followed by age group of 61-70 years (26.8 %), while lowest prevalence was observed in the age group of 20-

30 years (3.3%). Gender wise distribution was observed to be insignificant. Large Artery Atherosclerosis (53%) was 

the commonest subtype of acute ischemic stroke in our study cohort, followed by strokes of cardio embolic etiology 

(15%).  

Table:1 Distribution of TOAST Stroke Subtypes among Acute Ischemic Stroke Patients 

 
56 patients (58%) of acute ischemic stroke had significant large vessel atherosclerotic disease, while 41 patients (42 

%) did not have any. Isolated ICAD was seen in 38.14%, while isolated ECAD was less prevalent (9.3% patients). 

10.31 % patients had coexisting ICAD and ECAD. No significant statistical difference in the gender composition of 

patients having ICAD, ECAD, Coexisting ICAD & ECAD or no significant Large Vessel Atherosclerotic Disease. 

DM and hypertension were the most prevalent risk factor in subjects with acute ischemic stroke (60.82%) and 

(60.82%) respectively, 56.7% patients had BMI>25, 52.5 % had dyslipidemia.  
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Figure:1 Distribution of Risk Factors among ICAD, ECAD, Coexisting ICAD & ECAD, and No Large Vessel 

Disease 

Significantly a greater number of subjects with ICAD were diabetic (52.54%) and hypertensive (52.54%), as 

compared to subjects with ECAD or subjects with coexisting ICAD & ECAD or those without Large Vessel 

Atherosclerotic Disease. BMI>25 was observed in 49.09 % of subjects with isolated ICAD. Significant co-relation 

between BMI>25 and HbA1C > 6.5, in patients with ischemic stroke in which large vessel atherosclerotic disease 

was present.  

 

 
Figure:2 Correlation of Infarct Size with BMI, LDL, and HbA1C Levels 

 
42.2 % ischemic stroke patients had infarct size 4 cm. P-value was 0.001 and result was significant for infarct size 

and BMI >25, while p-value was not significant for infarct size and patients with dyslipidemia and diabetes in 

ischemic stroke patients.  
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Figure:3 Distribution of Infarct Size among Acute Ischemic Stroke Patients 

45.36 % ischemic stroke patients there was no steno-occlusion, while 24.74 % and 29.90 % patients had stenosis and 

occlusion in MR angiography respectively. 59 % and 41 % with no steno-occlusive disease ischemic stroke patient 

had small and medium sized infarcts respectively. 41.6 % and 58.2 % patients with stenotic lesion in their MR 

angiography study had small and medium sized infarct respectively. 65 % and 3 % patients with complete occlusion 

in MR angiography study had medium and small sized infarct respectively. while 31 % patients with complete 

occlusion in MR angiography study showed large sized infarct, none of the steno-occlusive or stenosis patients had 

large infarct in MR angiography study. Thus, this frequency table shows there is some relation between level of 

occlusion and size of infarct.  

 

Table:2 Degree of Steno-Occlusive Disease on MR Angiography 

 
 

Table:3 Correlation between Infarct Size and Degree of Stenosis/Occlusion on MR Angiography 
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Figure:4 Distribution of Involved Arterial Territories in Acute Ischemic Stroke Patients 

57.73 % ischemic stroke patients had plaque in the MR angiography study involving multiple arterial segments, while 

23.7 % and 18.56 % patients had mild atheromatous changes and none respectively. 10. 94.5 % patients with ischemic 

stroke who did not have any atheromatous changes in their MR angiography study had no steno-occlusion and 5.5 

% patients with no atheromatous changes had stenosis while none had occlusion. Similarly, 95.6 % patients with 

mild atheromatous changes had no steno-occlusion while 4.4 % patients had stenosis and none had occlusion. While 

51.8 % patients with ischemic stroke with plaque in their MR angiography study revealed occlusion of artery, 39.3 

% patients with plaque had stenosis and 8.9% patients had no steno-occlusion in their MR angiography study. Most 

commonly involved territory was that of MCA (45.05%), followed by PCA territory (18.9%). Least commonly 

affected territory was that of vertebral (3.0%). 

 

DISCUSSION  
 

Stroke is the second-leading cause of death and the 

third-leading cause of death and disability combined 

according to the latest GBD-2019 study [3]. Steno-

occlusive arterial disease is the commonest cause of 

ischemic stroke all over the world. Proper and 

accurate assessment of arterial diseases that underlie 

development of stroke is essential in patient 

management and follow-up. Large artery 

atherosclerosis (LAA) is one of the commonest 

pathophysiological mechanism for ischemic stroke 

and includes patients with significant stenosis (>50%). 

The protocols of MR imaging in stroke patients are 

not standard across institutions [8]. Adding magnetic 

resonance angiography (MRA) to the imaging 

protocol improves both diagnosis and clinical 

management [44,50] . MRA can track the changes in the 

vessel lumen with time. It also assesses the risk of 

future events by identifying whether there is occlusive 

arterial disease, localizing the exact site of occlusion 

and by determining the pathology underlying the 

stroke such as atherosclerosis or dissection [12]. MRA 

can also identify other vascular lesions such as 

malformation, aneurysms and arterial compression. 

Time of flight (TOF) MRA technique gives the 

managing physician an idea of the overall cerebral 

vascular channel morphology and thus has an 

important prognostic and prophylactic value in the 

patient’s management [51,52]. Moreover, MRA has a 

potentially important role in appropriate patient 

selection for intraarterial fibrinolysis, in patient’s 

follow-up and monitoring of therapeutic efficacy [44,45]. 

A normal or near normal MRA of the intra cranial 

arteries can effectively exclude the possibility of a 

high-grade arterial stenosis. Population-based data of 

stroke subtypes is needed to identify and implement 

appropriate resources for stroke management. This 

study was conducted with the primary objective to 

look for the occurrence of occlusion versus stenosis in 

MR angiography study in acute ischemic stroke 

patients, and various other characteristics including 

size and location of infarct, location of involved 

arterial territory, their correlation with each other and 

associated risk factors.  

A total of 110 patients were enrolled, out of which 13 

patients were excluded due to incomplete evaluation 

thus, 97 acute ischemic stroke subjects were finally 

analysed (estimated sample size was 92). 

In this study, mean age of acute ischemic stroke 

subjects was 60.927±14.182 years (Table 1). Similar 

results have been reported by Wang Y et al [24] 

(61.91±11.24 years), Stephanie P Jones et al [53] (62.2 

years), PN Sylaja et al [54] (58.3±14.7 years), C 

Venkata S Ram et al [55] (56.3±11.7 years), and 

Paramdeep Kaur et al [56] (59±15 years). 

Most of the acute ischemic stroke subjects in this study 

were males (72%), while females were 28%, (Table 3). 

Similarly, higher percentage of male patients was 

reported by Kaul S et al [57] (78.3% males), Wang Y et 

al [24] (67.8 % males), C Venkata S Ram et al [55] (72.3% 

males), Raghuvanshi S [58] (74.28% males and 25.71% 

females). 
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This study re-affirmed the fact that LAA is the most 

prevalent stroke subtype in Asians and Indian 

population (Table 4). Prevalence of LAA in this study 

was 53% followed by cardio-embolic (15%). 

Undetermined etiology was seen in 12%, small vessel 

occlusion in 10%, while Other causes were identified 

in only 7% ischemic stroke subjects. Adamski et al [12] 

, and Cole JW et al [13] showed that LAA is responsible 

for approximately 15-20% of all ischemic strokes 

worldwide, while limited studies from India suggests 

that LAA is the most common underlying pathology 

in ischemic stroke patients- Wasay M et al [7] , Kaul S 

et al [57] , and Sylaja PN etal [54] reported LAA in 30-

40%, 37.6%, and 29.9% of Indian acute ischemic 

stroke patients respectively. 

TOAST categories did not have significant difference 

in gender composition across all the stroke subtypes 

(Table 5), although commonest ischemic stroke 

subtype in both males and females was LAA (60 % 

and 41% respectively). As per results of our study, 56 

patients (58%) of acute ischemic stroke had significant 

large vessel atherosclerotic disease, while 41 patients 

(42 %) did not have any. Isolated ICAD was seen in 

38.14%, while isolated ECAD was less prevalent 

(9.3% patients). 10.31 % patients had coexisting 

ICAD and ECAD (Table 6). Thus, overall ICAD 

(Isolated plus Coexisting with ECAD) was seen in 47 

ischemic stroke subjects, while overall ECAD 

(Isolated plus Coexisting with ICAD) was seen in 19 

ischemic stroke subjects (48.4% and 19.6% of total 

ischemic stroke subjects respectively). Wang Y et al [24] 

reported similar results as our study- 37.5% patients of 

acute ischemic stroke had isolated ICAD, 9.1% had 

coexisting ICAD & ECAD, while 4.9% had isolated 

ECAD. Indian data for differential prevalence of 

ICAD and ECAD is quite limited. Ghosh M et al [59] 

reported results similar to our study- 52.78% patients 

had ICAD, while ECAD was found in 13.89% 

patients, and in majority of patients with ECAD, 

concurrent ICAD was present (80%). Kaul S et al [57] 

reported that out of total patients with significant large 

vessel atherosclerosis, 78.3% had ICAD and 21.7% 

had ECAD. Kumar G et al [44] reported 56.3% patients 

with ECAD and 63.6% patients with ICAD, although 

they also included patients with <50 % stenosis.  

This study shows that 42.2 % ischemic stroke patients 

had infarct size 4 cm (Table 9) and co-relation 

between infarct size and various risk factors in 

ischemic stroke patients. 63.5% ischemic stroke 

patients with BMI > 25 had medium sized infarct (2-

4 cm) while 14.5% and 22 % had large (>4 cm) and 

small (25, while p-value was not significant for infarct 

size and patients with dyslipidemia and diabetes in 

ischemic stroke patients (Table 10). Co-relation 

between infarct size and hypertension in ischemic 

stroke patients. 54 % hypertensive patients had 

medium sized (2-4 cm) infarct, 38 % and 13 % 

ischemic stroke patients had small (4cm) sized infarct 

respectively, while 50 %, 47% and only 2 % non-

hypertensive patients medium, small and large sized 

infarct respectively (Table 11). In this study 45.36 % 

ischemic stroke patients there was no steno-occlusion, 

while 24.74 % and 29.90 % patients had stenosis and 

occlusion in MR angiography respectively (Table 12). 

In similar study of acute intracranial exclusively 

steno-occlusive arterial disease by Moustafa et al [60] 

patients were assessed using MRA, 61 % patients had 

occlusion in MR angiography while 39 % patients had 

stenosis. This study shows that 59 % and 41 % with 

no steno-occlusive disease ischemic stroke patient had 

small (4 cm), none of the steno-occlusive or stenosis 

patients had large sized (>4 cm) infarct in MR 

angiography study. (Table 13). A study by Alagoz AN 

et al [61] of 47 acute stroke patients who studied 

significant correlation between the infarct volume of 

the patients as measured by diffusion-weighted 

magnetic resonance imaging (DW MRI), degree of 

carotid stenosis as identified by carotid computed 

tomography angiography (CTA), while in our study 

we used MR angiography. They had done grouping of 

infarct volume as group A: 1.5–5 cm2; group B: 5–10 

cm2; and group C: over 10 cm2. The North American 

Symptomatic Carotid Endarterectomy Trial 

(NASCET) classification was used in the evaluation 

of carotid stenosis using carotid CTA. According to 

the grouping, Group 1 had 50–69% occlusion, Group 

2 had 70–99% occlusion, and Group 3 had complete 

occlusion. A significant correlation was observed 

between the percentage of carotid artery stenosis and 

infarct volume (p50% and occlusion was non-

visualized vessel segment with absent distal flow [60]. 

In this study 57.73 % ischemic stroke patients had 

plaque in the MR angiography study involving 

multiple arterial segments, while 23.7 % and 18.56 % 

patients had mild atheromatous changes and none 

respectively (Table 14). In a similar study by Moustafa 

etal [60], Mild atherosclerotic changes were detected in 

multiple arterial segments in 42 % patients. Definite 

atheromatous plaques were detected at the left ICA in 

3 cases and in Right ICA in 2 cases. Kumar G etal [44] 

also showed similar results. Sylaja PN et al [54] and 

Moustafa etal [60] observed that MCA was the most 

common site of large vessel occlusion followed by IC 

ICA, while least common were ACA and basilar. In 

this study 94.5 % patients with ischemic stroke who 

did not have any atheromatous changes in their MR 

angiography study had no steno-occlusion and 5.5 % 

patients with no atheromatous changes had stenosis 

while none had occlusion. Similarly, 95.6 % patients 

with mild atheromatous changes had no steno-

occlusion while 4.4 % patients had stenosis and none 

had occlusion. While 51.8 % patients with ischemic 

stroke with plaque in their 46 MR angiography study 

revealed occlusion of artery, 39.3 % patients with 

plaque had stenosis and 8.9% patients had no steno-

occlusion in their MR angiography study (Table 15). 

In this study, most commonly involved territory was 

that of MCA (45.05%), followed by PCA territory 
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(18.9%). Least commonly affected territory was that 

of vertebral (3.0%) (Table 16). Ghosh M et al [59] 

reported similar results with 55.56% MCA and 

11.11% ACA, and 36.11% PCA territory strokes. 

While Sylaja PN et al [54] reported even higher MCA 

territory strokes (78.9% patients). 
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