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V Flowa 

nov

el visualization of blood flowYigang DU, PhD,  Yingying SHEN, MScCFM application in vascularUltrasound color �ow mapping (shor

tening as CFM) has been extensively used in clinical diagnosis. Velocity of blood �ow is 

calculated through a lag-one auto-correlation [1] method using the beamformed and �ltered r

eceiving signals. 

The 

magnitude of velocity relative to the direc

tion of ultrasound 

beam propagation can be obtained and thus is applicable to det

ec

ting a laminar �ow, which is widespread in the human 

blood circulatory system. A typical instance can be found in the carotid artery, where the �ow pattern is close to a parabolic pro�le. 

The maximum v

elocity can be calculat

ed by an angle correc

tion for the measured value. Similarly, the laminar �ow is 

also found in some fairly large and straight arteries, such as the femoral artery, cerebral artery, brachial ar

tery, and abdominal aortic artery, as well as a number of v

eins. A maximum blood v

elocity at peak systole associated with spec

tral Doppler analysis and a high resolution B-mode image can usually be employed to diagnose arterial plaques [2,3].CFM faces challenge However, not only the laminar �ow, but also a more complicated �ow can be discov

ered in some bifurcations or bended vessels, such as carotid bifur

cation and bulb. Some studies [4-6] hav

e shown that f

ormation and growth of ar

terial plaques is particularly prone to taking place in a vessel with a complicated shape, where a vortex �ow can be found. Such complex �ows cannot be detec

ted by conv

entional CFM as it only measures a one-dimensional velocity. Moreover, the laminar �ow will completely change even in a long and IntroductionCFM work

ing principleIn CFM, ultrasound beams are emitted into the region of interest (ROI). One color image line requires multiple transmissions since the velocity has to be estimated using as many samples as possible to increase the accuracy. The number of samples used is called the ensemble size and is usually 8 to 16, with a compromise of accuracy and frame rate. One image contains a number of image lines and each color line needs many emissions. Thus, the frame rate of a color Doppler image is decreased by a fac

tor of ensemble siz

e compared to a normal gray-scale B-mode image.T

echnologystraight vessel when the �ow is blocked by a plaque. Inv

estigation of blood �ow, par

ticularly in pathological or cur

v

ed vessels, requires an advanced �ow-measuring method, where both the absolute magnitude of the velocity and the 

�ow direc

tion should be obtained for an optimal diagnosis.V F

low changes the wayIn our new generation device, a novel ultrasound-based technology called V F

low will be demonstrated that can dynamically visualiz

e the blood �ow , av

oiding the inconv

enience of angiography. R

ather than a series of static images, the �uidity will be displayed with dynamic arrows indicating the �ow pr

ocess. Both the mag

nitude and direc

tion of the �ow can be measur

ed at any location in the vessel.



Fig. 1: Scan sequence of conventional CFMMM tt



Fig. 4: Dynamic display of vector arrows. Left figure: Frame 1, green arrows indicate 
current flow velocity and direction and right figure: Frame 2, red arrows represent flow 
moves forward from the dotted green arrows which correspond to green arrows in 
Frame 1. CCA: common carotid artery; ICA: internal carotid artery; ECA: external carotid 
artery.

Frame 1 Frame 2

Fig. 5: The velocity and its direction are shown with their physical units at the right 
image parameter display area. The parameters are updating as a function of frames and 
places where the cursor is located.

Wall Shear Stress (WSS) is an important parameter for clinical 
studies of arterial diseases. There are various clinical researches 
[12-14] using the WSS as an evaluating key factor presenting 
the relation between the WSS and di�erent arterial diseases. 
Conventional method for calculating WSS is based on MRI. For 
V Flow's new generation, the WSS is calculated using 
ultrasound, which is more convenient and much easier to be 
obtained. The algorithm can be formulated by [15,16]

Calculation of Wall Shear Stress 
(WSS) based on V Flow

where τ is the WSS, μ is the blood viscosity, v is the blood �ow 
velocity calculated by V Flow. The WSS is calculated at a 
position r=R, normally on the wall of the vessel (intima). 

Clinical values of V Flow

Millisecond level temporal resolution which can detect the 
tiny hemodynamic changes and provide more valuable 
information than conventional color Doppler 

Grayscale display intuitively shows the spatial distribution of 
blood �ow, which shows better �ow sensitivity than 
conventional power Doppler

Arrow color/ length, and direction indicate blood �ow 
velocity and direction respectively which helps doctors easily 
capture abnormal hemodynamics change

Complex �ow imaging illustrating laminar, vortex, secondary, 
and retrograde �ows allows better understanding 
hemodynamics in di�erent conditions

Quantitative measurement of velocity and direction at an 
arbitrary location, and display for velocity curves at three 
di�erent location in the same cardiac cycle and same 
moment , minimizes time-domain in�uence factors and 
improves measurement accuracy

Three measurements of volume �ow implemented based on 
vector �ow imaging o�ers more precise volume �ow value

Wall Shear Stress (WSS) calculation at three locations based 
on vector �ow imaging opens a new way in studying early 
plaque development

V Flow has been applied to di�erent types of �ow in the 
carotid artery to �nd any di�erence in comparison to the 
conventional CFM method. 

Case1. Laminar �ow occurs in the �at carotid artery as shown 
in Fig. 6 - Angle steering for CFM

Clinical case studies of V Flow vs CFM

The vector �ow results can be displayed slower than real-time 
with an ultra-high frame rate up to over 400 Hz, so complex 
�ow patterns with an extremely high velocity can be captured 
[7,8]. Snapshots for �ows such as laminar, turbulent, secondary, 
vortex and contra �ows can be demonstrated intuitively in this 
unique imaging technology, an integral part of the ultrasound 
diagnostic V Flow system.

CFM with angle steering V Flow
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