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ABSTRACT 

Stroke is the third most common cause of death worldwide. There is a close relationship 

between ischemic cerebral vascular accidents and carotid artery stenosis due to various causes.  

Imaging of the extra cranial portion of the carotid arteries plays a important role in diagnosing 

various carotid artery diseases including atherosclerosis, which in turn can predict 

atherosclerosis of the entire vascular system of the body. Atherosclerosis of intracranial arteries 

is a well-recognized cause of ischemic stroke in Asians, and extracranial carotid artery disease 

is more often seen in western countries. Due to its wide availability, USG can be used as an 

important diagnostic tool for proper evaluation of patients of cerebrovascular accident in 

emergency setting. This paper aims to discuss the results of our hospital based cross sectional 

study on the various morphological and physiological changes taking place in the extracranial 

portion of carotid arteries as an underlying pathological process in patients presenting with 

signs and symptoms of cerebrovascular insufficiency. Increased IMT, presence of plaque, and 

evaluation of plaque characteristics such as types, surface, sites, morphology, etc. can be useful 

to estimate the predictable risk for a cerebrovascular event in the future. Echolucency of plaque, 

intraplaque hemorrhage, and plaque ulceration are plaque morphologies, that have been found 

to be associated with increased risk of Ischaemic stroke. In addition to that, doppler velocity 

parameters of the stenotic segments can provide information about the resultant changes in the 

hemodynamics. 
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INTRODUCTION 

Stroke, being one of the leading causes of death and debility worldwide, can result in 

catastrophic events and various degrees of neurological impairment1. Severe and slowly 

progressive stenosis caused by atherosclerotic disease involving the extra cranial carotid 

arteries is implicated in 20-30% of stroke2. About 80% of the stroke cases are thromboembolic 

in origin, carotid atheromatous plaques being the source of embolus3. When there is 

cerebrovascular insufficiency lasting for several seconds, the neurons lack glycogen and there 

is manifestation of neurological deficits.  If this cessation of blood flow persists for more than 

a minute, there is resultant infarction or death of brain tissue occurs. Thus, Transient Ischemic 

Attack (TIA) is a transient episode of neurological dysfunction caused by focal brain ischemia 

without acute infarction. There is increased risk of ischemic stroke after an episode of TIA, 

ranging from 10% to 15% in the initial 3 months, with maximum risk in the next 48 hours4. 

Therefore, urgent diagnosis and timely intervention are crucial. Atherosclerosis of intracranial 

arteries is a well-recognized cause of ischemic stroke in Asians, and extracranial carotid artery 

disease is more often seen in western countries5. It is the third most common cause of death 

and has a frequency of 200 in every 100,00 deaths6. 

North American Symptomatic Carotid Endarterectomy Trial (NASCET) was an extensive 

study conducted on 2885 patients on this domain, where randomization of the patients was 

done to medical treatment and endarterectomy and subsequently followed up for a mean 

duration of 5 years with the help of assessment by Duplex Ultrasonography and angiography 

techniques7. The risk of stroke in 2 years in patients with symptomatic severe stenosis was 

26%. Along with severe symptomatic stenosis, when there was also association of TIA, 

hemispheric TIA, recurrent TIA and ulcerated plaque was seen, the resultant risk being 18.6%, 

43.5%, 41.2% and 73.2% respectively. T. Ohara et.al. in their study concluded that eccentric 

stenotic carotid vessels with stenosis more than 70% were found to be independent risk factors 

for stroke8. Ratnakar Sahoo et al. found significantly increased intima media thickness in acute 

ischemic stroke patients of all the age group of patients on comparison to the control group9. 

According to Topakian R. et al10 and Huibers A. et al11, plaque echolucency had close 

association and better predictability of the risk of Ischaemic stroke in patients with 

asymptomatic carotid stenosis. Duplex ultrasonography showed sensitivity of 86% and 

specificity of 87% (for degree of carotid stenosis 70% to 99%), which is lower than that of MR 

angiography12. However, in detecting occlusion of carotid artery, the sensitivity and specificity 

were almost similar (98% and 100% respectively. The focal plaques superimposed with carotid 

intima media thickening occur in high risk group for vascular events13.  Although there is 
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established association of carotid intima media thickening with the risk of future cardiovascular 

events, changes of carotid intima media thickness can occur with time also due to various other 

reasons. Some plaque features like resultant severe degree of stenosis and intraplaque 

hemorrhage were found to have independent predictability of risk of future cerebrovascular 

events14. The annual risk rates of ipsilateral cardiovascular events in patients with symptomatic 

carotid stenosis having intraplaque hemorrhage are 9.0%, 18.1% and 29.3% in <50% stenosis, 

50% to 69% stenosis and 70% to 99% stenosis respectively, which was higher than those 

without any intraplaque hemorrhage. 

The objective of this paper is to study the morphological and physiological changes that take 

place in the extracranial portion of carotid arteries in patients of cerebrovascular insufficiency. 

For that purpose, a hospital based cross sectional study has been carried out and various 

grayscale and colour doppler findings in extracranial portion of carotid arteries are studied, 

which occur as an underlying pathological process in such patients presenting with signs and 

symptoms of cerebrovascular insufficiency. Increased IMT, presence of plaque, and evaluation 

of plaque characteristics such as types, surface, sites, morphology, etc. can be useful to estimate 

the predictable risk for a cerebrovascular event in the future. Echolucency of plaque, 

intraplaque hemorrhage, and plaque ulceration are plaque morphologies, that have been found 

to be associated with increased risk of Ischaemic stroke. In addition to that, doppler velocity 

parameters of the stenotic segments may provide significant information about the resultant 

changes in the hemodynamics. Based on these observation, early detection of plaque and 

evaluation of plaque characteristics will help in initiating timely diagnosis and subsequent 

management. 

MATERIALS AND METHOD 

Hospital based cross sectional study on 100 number of patients presenting with ischaemic 

cerebrovascular accident, such as transient ischaemic attack, ischaemic Stroke, etc., was 

conducted with due approval of the Institutional ethical committee, Gauhati Medical College 

and Hospital during the period from 1st of August, 2018 to 31st of July, 2019 for a duration of 

twelve months. Grayscale and Colour Doppler study of carotid artery was done on SAMSUNG 

RS80A ultrasound machine using high frequency 3-12 MHz advanced piezoelectric crystal 

design linear array transducer. 

Inclusion Criteria:  

Patients with symptoms of cerebrovascular insufficiency (Ischemic stroke and Transient 

ischemic attack) such as 

 Episodes of transient neurological dysfunction 

 Sudden weakness or numbness 
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 Hemiparesis 

 Focal neurological deficit 

 Sudden episode of loss of consciousness 

 Altered sensorium 

 Slurring of speech 

 Diminution of vision  

Exclusion Criteria:    

Cases of hemorrhagic stroke, posterior circulation stroke/vertebro-basilar territory Infarct, 

neoplasm and other causes of stroke, patients with pre-existing cardiac and epileptic disorders 

and previous history of head trauma were excluded from our study. 

RESULTS AND DISCUSSION: 

 We obtained that males (81%) were more commonly affected by Ischaemic stroke and 

most of the patients belonged to the age group above 50 years. Only a smaller number 

of the patients were female (19%), all of which were above 50 years of age. In our study 

group, among the other prevalent risk factors hypertension and dyslipidemia were 

found out to be the most common association, followed by smoking, diabetes and 

obesity. 

 Non-enhanced CT was used as the mainstay of initial imaging in acute cerebrovascular 

accidents as it is widely available, fast and does not require administration of 

intravenous contrast material. It helps in excluding parenchymal hemorrhage, which is 

one of the exclusion criterias. NCCT brain can help in diagnosis of acute infarct by the 

earliest CT detectable signs of it (hyper dense vessel sign, insular ribbon signs and 

obscuration of the lentiform nucleus due to loss of gray white matter differentiation)15. 

 The disadvantage of NCCT brain is its detection rate is dependent on certain factors 

e.g. territory of infarct, experience of the radiologist and duration of time of scan from 

onset of stroke. Depending on the blood supply of the brain tissue by end artery or 

collateral circulation, the cytotoxic oedema takes time to set in.  Approximately 60-

70% of the Middle cerebral artery infarcts are detected in the first 6 hours, however 

obscuration of the lentiform nucleus on CT images can be seen within 2 hours with 

acute ischemia of the lenticulostriate territory16.  

 CT perfusion study can help in differentiation of the ischaemic core and the adjacent 

penumbra and thus plays crucial role in selection of candidates for reperfusion therapy. 

Early signs of crossed cerebellar diaschisis is seen in CT perfusion studies. CT 

angiography is capable of detecting thrombus within the involved vessels after going 

through volumetric helical acquisition and post processing to construct multiplanar 
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reformatted and maximum intensity projection images17. 

   
Figure 1: (a) Axial NCCT 

Brain image showing 

hyperdense left MCA 

(proximal segment), 

(b) Hypoattenuation and 

obscuration of the left 

lentiform nucleus in 

acute ischemia in the 

lenticulostriate 

distribution 

(c) CT perfusion study 

showing infarct core 

and salvageable 

penumbra. 

 

MRI Brain has more sensitivity and specificity than NCCT brain in detecting acute cerebral 

ischemia early within initial hours after its onset. In early hyperacute stages, diffusion weighted 

MRI images show increased DWI signal and reduced ADC values within the core of the 

infarcted brain tissue. Even though the involved brain parenchyma may appear normal in other 

sequences of MRI, but MR angiography may demonstrate changes in the cerebral blood flow 

in the affected vessel and SWI can detect thromboembolism. In Late hyperacute stage, FLAIR 

and then T2 hyperintensity noted in the infarcted tissue after 6 hours even tends to increase. 

Similarly, after around 16 hours, T1 hypointensity sets in the involved area18,19. During the 

acute stage within the initial week, the ischemic brain tissue shows high signals in DWI and 

low ADC values, which by its end starts showing higher ADC value. The pseudonormalisation 

on ADC map takes place in the subacute stage at around 10 to 15 days, but signal intensity 

remains high on T2-weighted images, and it may be slightly high on diffusion weighted 

images20. Cortical laminar necrosis and T2 hyperintensity persists in the chronic stage.  

Although, persistence of cortical contrast enhancement for around 2 to 4 months is considered 

normal, but beyond 12 weeks parenchymal enhancement should always warrant exclusion of 

underlying lesions. 
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Figure 2: In late hyperacute stroke, (a) FLAIR and T2WI showing hyperintensity in the 

left motor cortex with other scattered subcortical hyperintense areas on the right side; (b), 

(c) ADC map and DW MR images showing an area of restricted diffusion in the left motor. 

With the help of these radiological imaging studies, out of the 100 patients of cerebrovascular 

insufficiency in our study, 76 were diagnosed with cerebral infarcts by CT brain and MRI 

studies of which 29 patients had acute, 32 had subacute and 15 chronic infarcts. There were 6 

cases of infarct, who were also diagnosed with hemorrhagic transformation. In the remaining 

24 patients, who presented with transient focal neurological deficit in the form of transient 

paresis, slurring of speech or loss of consciousness, the initial evaluation with normal NCCT 

brain and/or MRI were diagnosed as transient ischaemic attack.  Since patients with infarct of 

posterior cerebral circulation were one of the exclusion criteria of for selecting our study group, 

the 76 patients included in our study had infarct in middle cerebral artery only or both in middle 

and anterior cerebral artery territory. 

In all these patients, duplex sonography was done, which combines high resolution images with 

Doppler spectral analysis, to evaluate the extra cranial potion of the entire carotid artery system 

was evaluated in our study including mainly common carotid artery, internal and external 

carotid arteries. 

The evaluated parameters are 

 Intima-media thickness  

 Plaque characterization e.g. (Presence, location and characterization e.g. number, size, 

surface, types, morphology) 

 Doppler parameters e.g. Peak systolic velocity (PSV), End diastolic velocity (EDV), 

Systolic Velocity ratio known as cardinal Doppler parameters. 

Intima Media Thickness (IMT) 

For assessment of the intima media thickness, Gray-scale image in longitudinal scan of the 

carotid artery is obtained with vessel walls parallel to the probe surface. The upper and lower 

hyperechoic parallel lines that are noted along the artery wall represents the interface between 

http://www.bjmhr.com/


 

www.bjmhr.com 21 

Borah et. al., Br J Med Health Res. 2020;7(05) ISSN: 2394-2967 

the blood and intima and that between the tunica media and adventitia layer respectively. The 

media is represented by the intervening echo void area and the intima media thickness by the 

distance between the two hyperechoic lines. The Intima-media thickness less than 0.8 mm is 

taken to be normal in healthy individuals21. The sensitivity and specificity of carotid 

ultrasonography to detect stroke by using only intima media thickening are 87% and 71% 

respectively. 

  
 

Figure 3: (a) Doppler US image showing increased intima media thickness of the 

carotid vessels, (b) Increased IMT measurement in left CCA22, and (c) Distribution of 

intima media thickening grading in stroke and TIA cases. 

Plaque characterization 

In our study, total 106 number of atheromatous plaques were found in 66 patients. 70% of the 

infarct cases and 54% of the TIA patients are detected with atheromatous plaques. The data on 

distribution of these plaques showed that majority occurred in the carotid bulb/ Bifurcation. 

Plaque morphology characterization can be done as homogeneous or heterogeneous with the 

latter being a collective term for hyperechoic, isoechoic and hypoechoic plaques.  

 

Figure 4: Plaque Morphology on Grayscale carotid ultrasonography22. 

Based on plaque morphology, 106 plaques of our study were classified from type I to type IV23 

Type 1- Predominantly echolucent, with a thin echogenic cap. 

Type 2- Substantially echolucent with small areas of echogenicity (>50% sonolucent). 

Type 3- Predominantly echogenic with small areas of echolucency (<50% sonolucent). 

Type 4- Uniformly echogenic. 
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Figure 5: (a) Type I echolucent plaque in carotid bulb, (b) Type III echogenic plaque, 

and (c) Type IV plaque with calcification along with background changes of thickened 

IMT. 

Patients with infarcts had predominantly echo lucent plaques (Type I & II), together accounting 

for 66% of plaques. Those with TIA had predominantly hyperechoic and calcified plaques 

(Stable plaques Type III & IV), accounting for 61% of plaques. 

Plaque can be characterized based on some secondary changes like intraplaque hemorrhage 

and calcification. Intraplaque hemorrhage can be a potential precursor of plaque ulceration24. 

In proportion to the degree of luminal stenosis caused by atheromatous plaques and thickened 

intima media, there are changes in the flow velocity in the stenotic segment and its pre and post 

stenotic segments with resultant hemodynamic instability in some instances.  

  
 

Figure 6: (a) Distribution of types of atheromatous plaque in cerebrovascular insufficiency, 

(b) Distribution of plaque changes among ischemic stroke patients, and (c) Gray-scale US 

image showing plaque containing hypoechoic area, possibly suggestive of hemorrhage22. 

Peak systolic velocity 

At the level of stenotic segment of the artery, the peak systolic velocity is affected depending 

on the stenotic segment length (longer stenosis causes lower velocity) and some physiological 

factors that differ in different patients. 
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Figure 7: US image showing calcified plaque in the proximal ICA with a type 4 plaque, 

but with no sign of turbulence and normal PSV. 

End Diastolic velocity 

It is very useful in assessing high grade stenosis of the arterial lumen. The end diastolic velocity 

remains within normal range until the luminal stenosis of the artery is less than 50% due to not 

much significant pressure gradient along the stenotic segment in the diastole. However, when 

stenosis progresses more than 50%, due to the established pressure gradient across the stenosis 

during diastole, EDV also increase depending on the severity of stenosis and pressure gradient. 

Systolic velocity ratio 

It is the ratio of PSV in the stenotic Internal Carotid Artery to PSV in the ipsilateral Common 

Carotid Artery. Its advantage is that it does not have errors due to other physiological factors 

among different patients and due to collateralization. The primary parameters to evaluate are 

ICA PSV and the presence of plaque. However, if the primary parameters are inconclusive to 

characterize the degree of grading, the importance of the additional parameters come into play. 

The resultant diameter stenosis caused by plaques were estimated ultrasonographically. In 

patients detected with multiple plaques, the larger plaque causing greater diameter stenosis was 

taken into consideration during statistical analysis. The important features of severe ICA or 

CCA stenosis detected on carotid ultrasonography as follows25. 

 PSV greater than 230 cm/sec 

 Atheromatous plaque causing luminal stenosis of ≥50%  

 Color aliasing despite a high color velocity scale setting (≥100 cm/sec) 

 Spectral broadening 

 Post stenosis turbulence 

 Color bruit artifact in the adjacent area of the stenotic artery 

 End-diastolic velocity of greater than 100 cm/sec 

 ICA/CCA PSV ratio ≥ 4.0  

 High-pitch sound at PW Doppler imaging 
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The doppler and grayscale findings of the total 66 patients detected with atheromatous plaque 

were analyzed and their resultant stenosis was graded using the NASCET criteria. 

   

Figure 8: (a), (b) Doppler US finding of (a) CCA with an atheromatous plaque causing 

increased PSV, (b) increased PSV with spectral broadening in the post stenotic segment 

of CCA, (c) Duplex US image showing severe stenosis (70% to near occlusion) of the 

ICA. 

Table 1: The NASCET criteria for quantification of the degree of stenosis26. 

Degree of stenosis Findings 

No Stenosis Normal wave form 

<15 % Stenosis Deceleration spectral broadening with a peak systolic velocity 

(PSV) of<125 cm/s 

16-49 % Stenosis Pan-systolic spectral broadening with a peak systolic velocity 

(PSV) of <125 cm/s 

50-69 % Stenosis  Pan-systolic spectral broadening with a peak systolic 

velocity (PSV) of 125 cm/s and 

 End diastolic velocity (EDV) < 110 cm/s or 

 ICA/CCA PSV ratio > 2 but < 4 

70-79 % Stenosis  Pan-systolic spectral broadening with PSV> 270 cm/s or 

 EDV > 110 cm/s or 

 ICA/CCA PSV ratio > 4 

80-99% Stenosis EDV > 140 cm/s 

Complete Occlusion No flow; terminal thump 

 

  

Figure 9: Distribution of (a) different grading of carotid artery stenosis among stroke 

and TIA patients, and (b) Doppler velocity parameter changes among patients of   

cerebrovascular insufficiency. 
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 Transient ischemic attack cases were less commonly encountered (24%) during our 

study. It may be due to the transient neurological deficit caused by TIA; for which most 

of the cases do not report to tertiary care set up after the initial episode. Proper 

awareness and surveillance for cerebrovascular accidents are of utmost importance for 

proper timely diagnosis and intervention for such vulnerable population. 

 In cases of acute cerebrovascular insufficiency, Carotid artery doppler US being a 

bedside diagnostic modality, is a much convenient diagnostic modality to detect, 

localize as well as to quantify the stenotic segment of the supplying artery27. B mode 

helps in measuring the IMT and also evaluation of the plaque morphology. An elevated 

intima media thickening can be considered as a surrogate marker of atherosclerosis and 

thus it is of significance to differentiate the type of ischemic stroke28. Increased intima 

media thickness more than 0.8 mm may represent the earliest changes of atherosclerotic 

disease29. In our study, majority (73%) of the patients of ischaemic stroke had increased 

intima media thickness, this resonated well with the previous studies carried out by 

Ratnakar Sahoo et al9, Stefan et al30 and A. Einstein et al7 etc.  

 The sensitivity and specificity to detect the risk of stroke by using only intima media 

thickening is found to be 87% and 71% respectively in our study. The study conducted 

by Malik Rajesh et. Al obtained a sensitivity of 84% of carotid doppler in stroke31. This 

slight differences in the statistical values were mainly due to the variation in 

composition and size of the sample size of the different studies. Our study mainly 

constituted of patients, all of which presented with signs and symptoms of 

cerebrovascular insufficiency and later on, were diagnosed either as ischemic stroke or 

transient ischemic attack. On the other hand, many of the previous studies were 

constituted by people, all of which not necessarily had any cerebrovascular 

insufficiency.  

 54% of the patients presenting with cerebrovascular insufficiency had abnormal 

doppler velocity parameters (PSV and EDV) whereas 66% had plaque. This finding is 

similar to the finding of Grant. et al.32 that found 90% sensitivity of Peak Systolic 

Velocity to detect carotid stenosis. However, in spite of the presence of plaque and 

thickened intima media, many cases did not show signs of turbulence or 

hemodynamically significant stenosis. Sanjeev Sehrawat et al concluded PSV to be the 

best parameter to quantify stenosis due to its proportionate relationship with it33. 

 Echogenic plaque with fibrous cap and calcification i.e. Type III and Type IV plaques 

were the commonly encountered plaque in patients presenting with Transient ischemic 

attack (61%) (56% in study by Malik Rajesh et. Al). Majority (66%) of the plaques seen 
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in ischaemic stroke patients are of echolucent Type I and Type II morphology. 

Topakian et al in their study concluded echolucent plaques to be more closely related 

with ipsilateral cerebrovascular accidents10. Majority of such ulcerated plaques (82%) 

belonged to patients presenting with stroke. This finding corroborates with the finding 

of Ulf Scheminke and Tillian Motsch et al34. These ulcerated carotid plaque surfaces 

act as sources of intracranial emboli causing stroke. Recent study conducted by Andreas 

Schindler et al also revealed intraplaque hemorrhage to be an independent risk factor 

for future cerebrovascular events14. 

CONCLUSION: 

From our study, we can conclude that each facet of carotid ultrasonography examination is 

valuable in diagnosing the presence and extent of the disease. Grayscale and Colour doppler 

examination of the extracranial carotid artery is a noninvasive diagnostic technique for 

evaluation of the causes of cerebrovascular insufficiency with the help of plaque morphology 

and estimation of the degree of stenosis of the extracranial carotid artery system. The grayscale 

findings like increased intima media thickness of the carotid arterial system, presence of 

plaque, their number, site, morphology and type help detecting those with increased risk of 

stroke. Increased IMT of carotid arteries is a surrogate marker for of early atherosclerotic 

process in the whole arterial complex, not only the cerebrovascular system35.  Similarly, 

doppler velocity parameters of the stenotic segments give us information about the resultant 

changes in the hemodynamics. Hence, timely detection of those at risk can also help in causing 

a significant reduction of the burden of such events. Standardization of the technical 

parameters, scanning techniques, analysis and interpretation of the results of doppler 

parameters can give us more accurate results. It has role in screening of the cases at risk of 

ischemic stroke and also helps in determining the line of treatment for the patients. 
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