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Comparison of methods 
 

 

 

 

 

 

 

Adla et al. Int J Angiol. 2015 Sep; 24(3): 179–184. 

 
 

 

 

 

 

Basics of cervical artery ultrasound 
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c) b) a) 

Work space setup 

 
 

 

 

 

 

Operator-dependency can be minimized 

 
- Training 

 

- Experience 
 

- Certification (physician and sonographer) 
 

- Quality control, lab accreditation 
 

- CME 
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5-12 MHz 8-18 MHz 

Selection of linear probes 
• Higher frequency = higher resolution 

= shallower penetration 

 
 

 

 

 

CCA VA 

ECA 

45o away from the examined artery 
Neck muscles relaxed 
Pillow (avoid hyperextension) ICA 

Patient positioning 
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B-mode (grayscale) imaging 
 

• Morphology 

• Anatomy 

• Atherosclerotic changes 

 
 

 

 

 

 

Cervical artery examination protocol 
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Examination of carotid arteries 
1. B-mode - morphology 

 

 
 

Transverse 
 

 

 

 

 

Longitudinal 

 
 

 

 

 

Longitudinal 

Transverse 

Longitudinal 

Longitudinal 

Transverse 
Insonation planes 
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Depth / Image size 
 

• Start deeper 

• Put the area of interest at ¾ of screen depth 

• Too deep picture reduces temporal resolution (frame rate) 

 

Depth / Image size 
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Focus 

• Best lateral resolution at the focal zone 

 

 

 

 

 
Near zone 

 
Structure of interest 

 

Far zone 

 

Which focus is optimised for CCA? 
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Gain 

• Compensates for attenuation 

• Brightens the image 

• Amplifies returning signals 

 

Gain 
 

• Too much gain increases intensity of artifacts and makes details 
invisible 

• Optimal gain = most details visible 

• Vessel lumen black 

• Vessel wall sharply delineated 
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Which gain is optimised? 
 

 

 

 

 

 

✔ 

 

Time Gain Compensation 
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Time Gain Compensation 
 

• Selective amplification of weaker signals 

• Optimal TGC = smooth B-mode picture 

• Avoid sharp transition from one to another TGC slider 

Touboul P-J. et al. "Mannheim carotid intima-media thickness and plaque consensus (2004–2006–2011)." Cerebrovascular diseases 34.4 (2012): 290-296 

Engelen L. et al. "Reference intervals for common carotid intima-media thickness measured with echotracking” European heart journal 34.30 (2012): 2368-2380. 

• automated edge detection system – mean values from two measurements 

L 
I 
M 
A 

• common carotid IMT 
• 10 mm below it’s end 

• carotid bifurcation IMT 

• Mannheim protocol 
• far wall of the vessel 

IMT – early atherosclerosis 



7/1/2019 

13 

 

 

 
 

 

 

 

 

Color Doppler imaging 
 

• Detection of blood flow 

• Direction of blood flow 

• Turbulence 

 

Color Doppler imaging 

Aliasing 
 

 

 

Laminar 
flow 

 

 

Reversal of 
flow 
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Color Box 
 

• Smallest possible size for the best frame rate 

• Steering the color box to analize the vessel in the full 
lenght 

• Steering the color box to obtain stronger doppler 
signal 

 

Color Box Size 
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Color Box Steering 

important in color mode 
(penetration) as lateral resolution is not that 

• If no color appears, try lower frequency probe 

Color Gain 

• Too much gain can give “bleeding” artifacts 
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Colour gain 

 

Color PRF 
 

• Increase PRF if color aliasing appears 

• Insonate at the shallower depth if aliasing appears 

• Decrease PRF if no visible color (and the flow is expected) 
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Color PRF 
 

 

 

 

 
✔ 

 

PW Doppler 

 
• Sample 

 
• Angle correction 

 
• Spectral analysis 
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Sample Volume / Gate 
 

• Focuses pulsed wave on an area of interest 

• Large sample volume can pick the signal of surrounding vessels 

• Small sample volume if blood flow in stenosis has to be investigated 

 

Sample Volume / Gate 
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Angle 
 

• Corrects the angle of ultrasound beam when the line of interrogation 
is not parallel to the line of blood flow 

• Avoid insonation angle bias on velocity 

10º 15º 25º 35º 45º 55º 60º 65º 70º 75º 

Insonation angle 

+10% -80 

-20 +2% 
% error on the 

-40 vessel 
+5% direction 

-60 estimation 

0 

-2% % error on the 
nominal 
velocity 

20 

-5% 

60 

 
40 

-10% 
80 

Insonation Angle Bias On Velocity 
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Pulse Repetition Frequency 
 

• Also called “Scale” 

• Prevents aliasing 

• Enable optimal scale range for the analysis of the whole spectrum 

• Initial PRF defined in presets 

 

Pulse Repetition Frequency 
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PW parameters 

 
• Flow direction 

• Mean blood flow velocity (MBFV) 

• Peak systolic velocity (PSV) 

• End diastolic velocity (EDV) 

• Pulsatility and resistance indexes (PI, RI) 

CCA ICA 

1. Color – hemodynamics 
2. PW – spectral analysis 

ECA 

Examination of carotid arteries 
Temporal tapping 



7/1/2019 

22 

 

 

 
 

 

 

 

 

Examination of vertebral arteries 
 

 

V2 
 

 

 

 

 

 
V0, V1 

 

What’s the diagnosis? 
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Degree of stenosis 

 

Estimating the degree of stenosis 

 
• Morphology (B-mode) 

• Blood flow velocity (PW) 
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Degree of ICA Stenosis in Doppler US* 
Consensus Criteria – NASCET criteria 

Total occlusion undetectable undetectable NA no lumen 

* Diameter reduction 

Grant EG et al. Radiology 2003 ; 229 : 340 – 346. 

 
 

 

 

 

 

 

 

 

 

 
ICA stenosis 

(%) 

ICA PSV 

cm/sec 

ICA EDV 

cm/sec 

PSV ratio 

ICA/CCA 

Plaque 

Normal < 125 < 40 < 2.0 None 

< 50% < 125 < 40 < 2.0 < 50% 

50 – 69% 125 – 230 40 – 100 2.0 – 4.0 ≥ 50% 

> 70% > 230 > 100 > 4.0 ≥ 50% 

Near occlusion variable variable variable visible 

 

Estimating the degree of stenosis 

 
>70% of diameter reduction limits blood flow 
⇒significant stenosis 

 
Measurement of BFV is the most reliable 
parameter for estimating the degree of stenosis 

 

Take care: 
• Long lesions 
• Tandem lesions 
• Contralateral disease 

 
Spencer and Reid. Stroke 1979;10(3):326-30. 
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• Blood flow velocity • Morphology 

What’s the degree of stenosis? 

 

What’s the degree of stenosis? 
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What’s the degree of stenosis? 

 

Plaque morphology 
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Plaque morphology 

 
• Echolucency 

• Surface 

• Presence of ulceration 

Bock and Lusby 1992 

Echogenic 

Plaque echolucency 

Anechoic 
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Gray scale median 

 
• Risk of stroke 

 
• Embolic risk 

 
• Plaque evolution 

 

• GSM cut-off 25 

 

 

 

Stroke.  2007;38:2074–2078 
J Cardiovasc Surg. 1988;29:676-681 

 
 

 
 

Paraskevas KI, et al. Stroke and Vascular Neurology 2018;3. 
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Plaque surface 
 

• Smooth 
 

• Irregular 
 

• Ulcerated 

 

 

 

 

 

Insights Imaging. 2017 Apr; 8(2): 213–225. 
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Conclusions 
 

Cervical arteries ultrasound: 
 

• Is cervical artery healthy or not? 

• What is the risk for stroke? 

• Choice and the effect of medical treatment 


