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INTRODUCTION
Carotid artery stenosis is a risk factor for cerebrovascular disease. 
Carotid plaque, resulting due to atherosclerosis in carotid arteries, 
causes carotid stenosis.

For the initial work-up of carotid stenosis, Doppler ultrasound, and 
Carotid CT- angiography are used. It can estimate the degree of stenosis, 
and velocity parameters such as peak systolic velocity (PSV), end-
diastolic velocity (EDV), ICA/ CCA velocity ratio, and IMT thickness.

Grading of the severity of carotid stenosis on Doppler ultrasound is 
based on the Society of Radiologists in Ultrasound (SRU) criteria 
which use peak systolic velocity (PSV) and luminal stenosis by plaque 
as primary parameters. PSV  / PSV  ratio and ICA-EDV are used ICA CCA

[2] as secondary parameters.

Stenosis Grading -
The stenosis calculation on both modalities is done either by NASCET (North 
American Symptomatic Carotid Endarterectomy Trial) method or the ECST 
(European surgery carotid trials) method as diameter or area stenosis.

More than 70% of stenosis in asymptomatic patients and more than 
 [5] 50% in symptomatic patients is considered signicant stenosis. The 

measurements are either done manually or by semi-automated method. 
Twenty-two consecutive adult patients referred for CT -angiogram 
(CTA) of the brain and neck, for any reason such as subarachnoid 
hemorrhage or history of stroke were taken up for the Doppler study. 
The degree of stenosis in the extracranial carotid arterial system was 
calculated using the NASCET method (diameter) on CT- brain and 
neck angiography. Carotid Doppler was then performed, and PSV was 
measured at the site of stenosis. The PSV and degree of stenosis on 
CTA were analyzed to nd the correlation between them, if any. 
Informed consent of the patient was taken.

ROC curve was prepared using PSV to predict severe stenosis. Based 
on the ROC curve, the cut-off value was calculated. The sensitivity, 
specicity, PPV (positive predictive value), and NPV (negative 
predictive value) of PSV were calculated to predict stenosis.

The correlation of PSV and the grade of stenosis on CTA was evaluated 
using a linear correlation. 'P' value less than 0.05 was considered 
statistically signicant.

Degree of stenosis on CTA-
The stenosis calculated on carotid CTA using the NASCET method 
ranged from 30% to 100%. Total occlusion followed by near 
occlusion/ stenosis was the most common stenosis severity found. 
Severe stenosis (> 70%) was seen in twenty-two vessel segments 
(57.8%). Eight vessel segments (21 %) each showed mild (< 50%) and 
moderate stenosis (> 50%).

PSV On Doppler -
PSVs calculated on Doppler ultrasound showed an increasing trend till 

80% stenosis, which was variable in near occlusion cases and zero in 
total occlusion. The range of PSVs found was 22 cm/sec (Near 
occlusion - 95% stenosis) to 280 cm/ sec (71% stenosis).

PSVs in near occlusion were variable and unpredictable ranging from 
as low as 22 cm/ sec to as high as 147 cm/sec. All cases of total 
occlusion showed no ow or spectral waveform on Doppler 
ultrasound.

A few patients of carotid stenosis with no plaque on Doppler were 
nearly occluded and showed severely attenuated caliber, that is, 
concentric symmetrical wall thickening on CTA.

On CTA, atherosclerotic plaques were classied as brofatty, 
calcied, and mixed. The most common plaque among them was 
brofatty plaque followed by mixed plaque. The least common type 
was a calcied plaque.

Comparison and Correlation-
The association of the degree of stenosis measured on CTA with PSV 
on Doppler was found to have a statistically signicant P value < 0.001 
using the Kruskal Wallis H test.

Using the Spearman correlation coefcient, a strong correlation was 
found between PSV on Doppler and degree of stenosis on CTA. The 
linear, quadratic, and cubic correlation between these parameters were 
0.76, 0.66, and 0.71 respectively. Near occlusion and total occlusion 
were excluded while calculating correlation because of variable and 
zero PSV respectively.

The diagnostic accuracy of PSV for predicting moderate and severe 
stenosis was analyzed using ROC curves. The area under the curve for 
moderate and severe stenosis was 0.96 and 0.93 respectively. The cut-
off PSV values found were 98.5 cm/sec and 153.5 cm/sec for > 50% 
and >70% stenosis respectively.

Sensitivity and NPV to predict stenosis by these PSV cut off values 
were higher as compared to standard PSVs- 125cm/sec (> 50%) and 
230 cm/sec (> 70%). On the contrary, the specicity and PPV of the 
PSV cut-off 153.5 cm/sec to predict severe stenosis was less than the 
PSV cut-off 230 cm /sec. The specicity and PPV of the PSV cut-off 
98.5 cm/sec to predict moderate stenosis was the same as the PSV cut-
off 125 cm/sec. The PSV cut-off value - 98.5 cm/sec was more accurate 
to predict moderate stenosis than the standard PSV cut-off value -
125cm/sec with a diagnostic accuracy of each being 90% and 80% 
respectively. In severe stenosis, the prediction by standard PSV cut-off 
of 230 cm/sec showed an accuracy of 90% as compared to 85% 
accuracy of PSV cut-off 153.5 cm/sec.

CONCLUSION -
Atherosclerosis is the most widely prevalent etiology responsible for 
carotid stenosis. Doppler-ultrasound and Carotid angiography are 
rapid and reliable modalities to diagnose carotid stenosis. The 

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Radiology

International Journal of Scientific Research 13

Volume - 12 | Issue - 10 | October - 2023 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

ABSTRACT
Carotid artery stenosis is a risk factor for cerebrovascular disease. Carotid plaque, resulting due to atherosclerosis in carotid arteries causes carotid 
stenosis. Other causes of carotid stenosis include thrombosis, and non-atheromatous vascular diseases like bromuscular dysplasia, dissection, and 
vasculitis. For the initial work-up of carotid stenosis Doppler ultrasound and carotid angiography are used. Appropriate management based on 
accurate and timely early characterization of stenosis and causative plaque can prevent stroke and its complication like paresis. The study revealed 
a strong correlation (r = 0.76) between peak systolic velocity measured on Doppler with stenosis measured on carotid angiography. Doppler 
ultrasound with its velocity parameter like peak-systolic velocity can predict stenosis degree with high sensitivity, specicity, and accuracy. 
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management of carotid stenosis relies highly on the severity of the 
disease as predicted by the grading of stenosis.

The study revealed a strong correlation (r = 0.76) between PSV 
measured on Doppler with stenosis measured on carotid angiography. 
Doppler ultrasound with its velocity parameter like PSV can predict 
the degree of stenosis with high sensitivity, specicity, and accuracy.

Thus, Doppler ultrasound, being a non-invasive, radiation-free 
modality, is an excellent screening tool to identify carotid stenosis and 
to predict its severity. CTA can then be performed before any surgical 
intervention to delineate the anatomy of the intra and extracranial 
carotid arterial system in a detailed manner.

Table 1:  Scatterplot Showing The Correlation Between PSV And 
% Stenosis After Excluding Near & Total Occlusion

                (a) > 70% Stenosis                   (b) > 50% Stenosis
Table 2  -   ROC curve using PSV predict stenosis (a) > 70 % stenosis 
(severe)  and (b) > 50% stenosis (moderate)

Figure 1 - Right ICA at the stenosis

(a) Doppler shows predominantly echogenic plaque with thickened 
IMT causing stenosis. A lack of color ow is seen on the color Doppler 
at the stenosis site.
(b) Pulsed-wave Doppler shows a PSV of 122.8 cm/sec at the stenosis 
site  
(c) CT carotid angiography showing stenosis of Right ICA – 64% 
(NASCET)  VRT(Volume reconstruction technique) showing stenosis 
in right ICA (red arrow)
(d) ABBREVIATIONS-
(e) CCA - Common carotid artery
(f) CT - Computed Tomography
(g) CTA - Computed Tomography angiography
(h) ECST - European carotid surgery trial
(i) EDV - End diastolic velocity
(j) Fig - Figure
(k) ICA - Internal carotid artery
(l) IMT - Intima media thickness
(m) NASCET - North American Symptomatic Carotid endarterectomy
(n) PSV - Peak systolic velocity
(o) ROC - Receiver operating curve
(p) SD - Standard Deviation

(q) SRU - Society of Radiologist in ultrasound
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