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Abstract 
Background: is a non-invasive, safe and inexpensive, technique. Direct examination of the extracranial carotid 
can be achieved, using high definition grayscale ultrasound, Doppler spectral analysis, and color flow Doppler 
sonography (CFDS). We in the current study tried to evaluate the utility of Peak Systolic Velocity Blood flow and 
Peak Systolic Velocity Ratio of ICA/CCA in diagnosing the carotid artery stenosis. Methods: A total of n=90 
patients showed varying degrees of stenosis or occlusion of carotid vessels. The remaining 20 patients showed 
normal carotid arteries on the doppler study. The sonographic examination was done by a 7.5 Mhz linear array 
transducer of the Philips Hd7 Ultrasound System. All the examinations were performed with a doppler angle of 
600 and a sample volume of 1 to 5 mm. The data gathered from the duplex examination consisted of Peak 
Systolic Velocity of the common carotid artery and Peak Systolic Velocity of Internal carotid artery and velocity 
ratio between ICA and CCA (ICA/CCA). Results: The peak systolic velocity reading showed values of < 125cm/sec 
with less than 50% stenosis in n=43 cases, the peak velocity between 125 – 230 cms/sec with stenosis of 51 – 
69% was found in n=8 cases. Peak velocity of 230 cm/sec with stenosis of 70% was found in n=1 case. Total 
block with > 80% stenosis was found in n=1 case. Peak systolic velocity ratio of ICA/CCA out of n=57 cases <1.5 
with <40% stenosis was found in n=29 cases. More than 1.5 with 41 to 60% stenosis was in n=10 cases and >1.8 
with 61 to 80% stenosis was in n=11 cases. >3.7 and more than 80% stenosis was in n=4 cases and the total 
block was found in n=3 cases. Conclusion: Peak systolic velocity is a useful tool in the identification of carotid 
stenosis.  Spectral trace was obtained in all patients and cardinal four-velocity parameters are important in the 
assessment of stenosis and spectral broadening was noted in all patients with significant stenosis. Peak Systolic 
Velocity Ratio of the internal carotid artery by common carotid artery was useful not only in identifying the 
patient of less than 40% stenosis with a ratio less than 1.5 but also in differentiating the patients who have 
more than 51% stenosis with the ratio of more than 1.5, from those who had more than 61% stenosis with ratio 
more than 1.8. 
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Introduction 
 

Cerebrovascular Stroke constitutes an important 
and formidable health problem globally. A 
stroke is a syndrome that consists of the rapid 
development of focal neurological deficit. It 

may be usually localized to an area of the brain 
supplied by a specific artery. In India, surveys 
show hemiplegia prevalence of 200 per1lakh 
persons nearly 1.5% of all urban hospital 
admission,4.5% of medical and 20% of 
neurological cases. [1] Atherosclerotic narrowing 
of the extracranial carotid arteries, especially
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 2cm from the carotid bifurcation from 30% to 
60% of the stroke cases. Colour Doppler 
sonography became a mainstay in the evaluation 
of the extracranial territory and its accuracy in 
comparison with angiography is well 
established. Carotid sonography has largely 
replaced angiography for suspected extra-cranial 
carotid atherosclerosis. [2] The important points 
that favor the use of sonography in patients are 
comfort, relative accuracy, lower risks it is in 
contract with angiography which may be 
invasive and expensive. In some cases, the use 
of contrast can create adverse effects which can 
also contribute to morbidity. In symptomatic 
patients like those with hemisphere symptoms 
or TIA, carotid ultrasound may be the only 
diagnostic modality performed before carotid 
endarterectomy.[3] Besides estimating the degree 
of stenosis, the biggest advantage of sonography 
is its ability to identify and characterize plaque 
and identify plaques with a higher risk of 
embolization with the use of high-resolution 
ultrasound, plaque can be characterized into 
relatively high-risk groups for containing 
intraplaque hemorrhage which is thought by 
many to be the precursor of plaque 
ulceration.[4,5]Although the important indication 
of color Doppler sonographic examination of 
carotid vasculature is stroke prevention, it has 
nowadays ramified to evaluate various 
miscellaneous subjects such as suspected 
patients of an aneurysm, dissection, 
chemodectoma and Takayasu’s Arteritis the last 
indication has more relevance with Asian set up. 

Colour Doppler sonographic examination 
consists of a real-time B-mode image with color 
Doppler flow imaging and with built-in Doppler 
capabilities. The present study tried to assess the 
utility of Peak Systolic Velocity Blood flow and 
Peak Systolic Velocity Ratio of ICA/CCA in 
diagnosing the carotid artery stenosis. 
 

Materials and Methods 
 

This cross-sectional study was carried in 
patients who had recent onset of Stroke or 
Transient ischemic attacks and were attending 
the Medical Department in Prathima Institute of 
Medical Sciences, Nagunur, Karimnagar. 
Institutional Ethical committee permission was 
obtained for the study. Written consent from 
patients was obtained for inclusion in the study.  

A total of n=110 patients were taken up for 
color doppler flow imaging study of these n=90 
patients showed varying degrees of stenosis or 
occlusion of carotid vessels. The remaining 20 
patients showed normal carotid arteries on the 
doppler study.  
A detailed clinical workup of cases n=90 was 
done by recording clinical history and clinical 
examination findings. The sonographic 
examination was done by a 7.5 Mhz linear array 
transducer of the Philips Hd7 Ultrasound 
System. All the examinations were performed 
with a doppler angle of 600 and a sample 
volume of 1 to 5 mm. The data gathered from 
the duplex examination consisted of Peak 
Systolic Velocity of the common carotid artery 
and Peak Systolic Velocity of Internal carotid 
artery and velocity ratio between ICA and CCA 
(ICA/CCA). Measurement of vessel lumen was 
done from frozen real-time images, the plaque 
characteristics as seen on the real-time image 
and the presence of spectral broadening or 
turbulence were noted down.  
 

The Longitudinal Examination  
The patient's head is turned to the contralateral 
side and the transducer is placed well behind the 
sternocleidomastoid muscle. Scanning is begun 
at the clavicle and proceeded to the carotid 
bifurcation and from there to the external and 
internal carotid arteries. For each lesion, the 
patency of the arteries, the extent of the plaque, 
the surface characteristic of the plaque, the 
internal appearance of the plaque, and the flow 
abnormalities were noted.  
 

The Transverse Examination  
Scanning is begun at the clavicle and proceeded 
cephalad along the common carotid artery as it 
bifurcates to the Internal and External carotid 
branches. For each lesion, the location, the size 
of the plaque and the severity of lumen 
narrowing, and the size of the residual lumen 
were noted. 
 

Results 
 

In this study out of total n=90 cases we found < 
40% stenosis total of n=33 cases and 41 to 60% 
stenosis in n=37(41.11) cases 61 to 80% 
stenosis in n=21(23.33%) cases 81 to 99% in 
n=4(4.44) cases and total 100% occlusion in 
n=3(3.33%) cases. Of these n=59 (65.56) were 
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on right side and n=40(44.44) n=9(10%) were 
bilateral occlusions (figure 1). 
 

Figure 1: Distribution of occlusions among the cases 

 
Out of the total n=90 cases, the most involved 
group was 51 – 60 years with n=32 (35.56%) of 
cases followed by 41 – 50 years with n= 
26(28.89%) cases. The age group 61 – 80 years 
contributed with n=22 (22.44%) cases given in 
table 1. 
 

Table 1: Age and Sex wise distribution of cases 
Age group  Male Female Total percentage 

Less than 20 Yrs 1 0 1 1.11 
21 to 30 years  2 1 3 3.33 

31 to 40 years  6 0 6 6.67 
41 to 50 years  19 7 26 28.89 
51 to 60 years  23 9 32 35.56 

61 to 80 years  8 14 22 24.44 
Total 59 31 90 100 

The peak systolic velocity reading showed 
values of < 125cm/sec with less than 50% 
stenosis in n=43 cases, the peak velocity 
between 125 – 230 cms/sec with stenosis of 51 – 
69% was found in n=8 cases. Peak velocity of 
230 cm/sec with stenosis of 70% was found in 
n=1 case. Total block with > 80% stenosis was 
found in n=1 case shown in table 2.  
 

Table 2: Peak Systolic Velocity of Blood Flow in Carotid 
Artery  
Peak systolic velocity in 
cm/sec 

Percentage of stenosis  No. of 
patients  

Less than 125 Cm/Sec Less than 50% 
Stenosis 

43 

More than 125-230 
Cm/Sec 

More than 51-69% 
Stenosis 

8 

More than 230 Cm/Sec More than 70% 
Stenosis 

1 

Total Block More than 80% 
Stenosis 

5 

Total                                                  57 

Peak systolic velocity ratio of ICA/CCA out of 
n=57 cases <1.5 with <40% stenosis was found 
in n=29 cases. More than 1.5 with 41 to 60% 

stenosis was in n=10 cases and >1.8 with 61 to 
80% stenosis was in n=11 cases. >3.7and more 
than 80% stenosis was in n=4 cases and the total 
block was found in n=3 cases. The details of 
end-diastolic volume and flow are shown in 
table 3. 
 

Table 3: End Diastolic Velocity of Blood Flow in Carotid 
Artery 
End Diastolic Velocity in 
Cm/Sec 

Percentage of 
stenosis  

No. of 
patients  

Less than 40 Cm/Sec Less than 40% 
Stenosis 

29 

41 to 100 Cm/Sec 41 to 80% Stenosis  25 
More than 100 Cm/Sec 81 to 99% Stenosis - 
Complete Block 100% Stenosis  3 
Total                                                 57 

The end-diastolic velocity ratio of ICA/CCA 
revealed out of the n=57 cases less than 
2.4cm/sec with less than 40% stenosis was in 
n=38 cases more than 2.4cm/sec and 61 to 80% 
stenosis in n=7 cases, more than 5.5 with 80% 
stenosis n=9 cases and total block complete 
stenosis was in n=3 cases. The characteristics of 
plaques studied showed low echogenicity in 
n=64 lesions, left side only plaques were found 
in 45 lesions calcified plaques in n=31 lesions 
and bilateral plaques in n=6 lesions. An analysis 
of color flow pattern revealed Aliasing flow 
pattern in n=13 cases, Reversal of flow in n=14 
cases, turbulence in n=11 cases, no color signs 
in n=3 cases.  
 

Figure 2: Sites of atheromatous plaque formation 

 
Note: Some patients showed more than one plaque formation in 
the same side common carotid artery and internal carotid artery. 

 

Discussion 
 

The main role of Duplex Carotid examination in 
Carotid Artery Disease is the detection of 
occlusive lesions in the vicinity of the carotid 
bifurcation. The accurate diagnosis of critical 
stenosis more or equal to an 80% decrease in 
diameter is important because these are the 
patients who carry an increased risk of cerebral
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 infarction. Also, important clinically are those 
patients with lesser degrees of stenosis, as 
cerebral embolism may result from thrombosis 
of these vessels according to Moreta GL et al; [6] 
have noted that the Carotid lesions with less 
than 70% stenosis are generally treated 
medically with drugs that inhibit platelet 
aggregation and thrombus formation. The North 
American Symptomatic Carotid Endarterectomy 
Trial (NASCET)[7] study and the Asymptomatic 
Carotid Atherosclerosis Study (ACAS)[8] have 
demonstrated that the surgical treatment of 
endarterectomy should be reserved for those 
patients with carotid stenosis of more than 70%. 
Earlier the evaluation of Carotid Artery Disease 
(CAD) consisted of physical examination and 
Carotid Angiography. Presently the latest 
generation Color Doppler Duplex sonography is 
versatile in interpreting the vascular flow and 
the status of the arterial lumen, both in B-mode 
and M-mode. Further, this provides the flow 
velocity and spectral pattern. Our present study 
of color doppler evaluation n=90 patients was 
done to evaluate the extracranial carotid artery 
system in patients with a history of stroke and 
transient ischemic attacks. Paivanasalo M et al 

[9] analyzed n=358 patients with various Doppler 
Velocity parameters for carotid artery stenosis. 
They found that B-mode real-time measurement 
of diameter stenosis was the most accurate only 
at less than 30% stenosis and they quoted the 
accuracy of ultrasound in differentiating a 50% 
or more severe internal carotid artery stenosis as 
93%. In evaluating greater than 60% stenosis we 
had followed the criteria published by Carrol. B 
et al; [10] By evaluating all the four cardinal 
velocity measurements we can quantify into 
three grades i.e. 60 – 69%, 70-79%, 80 – 99%. 
In our study, we found two patients with 70 -
79% stenosis and four patients with 80 – 99% 
stenosis. The percentage of stenosis is calculated 
when all the parameters are corroborated with 
each other. This is compared to the study of 
Carpenter et al; [12] who stated that when all the 
four parameters are in unison. Sensitivity and 
negative predictive value of 100% can be 
achieved. They also stated that the specificity of 
such examination is 75% and a positive 
predictive value of 72%. Granth EG et al; [13] 
confirmed the peak systolic velocity ratio of 
ICA/CCA of 1.5 as an indicator of 50% stenosis 
or greater. They found that the peak systolic 

velocity ratio of ICA/ CCA to be more accurate 
than taking the peak systolic velocity 
measurements alone. Earlier Bluth EI, et al; [13] 
defined a peak systolic velocity ratio of 
ICA/CCA greater than 1.8 as an indicator of 
more than 80% stenosis. Applying the above 
criteria, we found that 24/90 patients (26%) of 
our series, whose peak systolic velocity ratio 
was less than 1.5, to be having internal carotid 
artery stenosis of less than 40%. In another 
10/90 patients (11%) we found this ratio to be 
ranging from 1.5 to 1.7, whose stenosis ranged 
from 41 to 60%. Further 14/90 (15%) patients 
showed this ratio to be ranging from 1.8 to 3.6, 
whose stenosis ranged from 61 to 80%. Only 
3/90 patients (3.3%) showed more than 3.7 
ratios were suffering from more than 80% 
stenosis. Lastly, in 3/90 patients (3.3%) with 
complete block, the question of calculating the 
ratio did not arise. According to William J et al; 
[14] Longolis Y.E et al; [15] The End Diastolic 
Velocity of less than 40 m/ Sec does not yield 
any accurate estimation of the degree of 
stenosis. If the end-diastolic velocity is more 
than 40 cm/ Sec but less than 100 cm/ Sec, we 
can estimate the degree of stenosis to be ranging 
from 50 to 80%. If the end-diastolic velocity 
was greater than 100 cm/Sec, it meant that the 
stenosis was greater than 80%.According to 
Longolis Y.E et al; [15] have stated that End 
Diastolic Velocity may remain normal if the 
stenosis is 50% or less. Bluth EI et al; [13] also 
have suggested that End Diastolic Velocity of 
100 cm/ sec or greater may be highly significant 
only in, detecting stenosis of 80% or greater. In 
our study n=57 cases, less than 2.4cm/sec with 
less than 40% stenosis was in n=38 cases more 
than 2.4cm/sec and 61 to 80% stenosis in n=7 
cases, more than 5.5 with 80% stenosis n=9 
cases and total block complete stenosis was in 
n=3 cases. Our findings regarding the 
assessment of the percentage of stenosis by End 
Diastolic Velocity were similar to those of Bluth 
EI et al; [13] and William J et al; [14]. The End 
Diastolic Ratio holds a place in defining the 
severity of internal carotid artery stenosis. Bluth 
EI et al; [13] have found that this ratio of greater 
than 5.5 was accurate for predicting 80% or 
greater stenosis. They also found that there was 
a rapid increase in this ratio for stenosis greater 
than 60%. In our study, we observed seven 
lesions with an EDV ratio greater than 2.4 but
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 less than 5.5 predicting the stenosis of 60 to 
80%. 
 

Conclusion 
 

Peak systolic velocity is a useful tool in the 
identification of carotid stenosis. Spectral trace 
was obtained in all patients and cardinal four-
velocity parameters are important in the 
assessment of stenosis and spectral broadening 
was noted in all patients with significant 
stenosis. Peak Systolic Velocity Ratio of the 
internal carotid artery by common carotid artery 
was useful not only in identifying the patient of 
less than 40% stenosis with a ratio less than 1.5 
but also in differentiating the patients who have 
more than 51% stenosis with the ratio of more 
than 1.5, from those who had more than 61% 
stenosis with ratio more than 1.8. 
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