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Christian J. Doppler was an Austrian physicist who 

described the Doppler effect in 1842  

Fd = 2(Fc x V x cos Ŭ) 

       C 

Doppler Formula  
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Doppler Effect: Application to Obstetrics  

From a transducer, ultrasounds are  emitted at a frequency Fc .   

When they hit a structure that moves (for example, blood flow) they are  

backscattered and return to the transducer at a different frequency.   

This different frequency is the Doppler shift ( Fd).  The Doppler shift increases 

as the velocity of the blood flow increases ( V) and as the cosine of the 

angle (A) between the ultrasound beam and the direction of the blood flow 

increases. C is a constant (velocity of the ultrasound in water: 1540 m/sec)  
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The Doppler shift arrives to the 

transducer. The information is 

analyzed, and it is presented as 

waveforms .  

On the y -axis, there is the velocity value.  

Some of the old ultrasound equipment 

reported the Doppler shift on the y -axis.  

Time  
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Angle Dependence  

This slide shows the cos  hvalues (horizontal lines) at different  

angles.  When the angle is 90 ,̄ the cos  h= 0. Therefore,  

the value of the Doppler shift becomes 0.  If this value is 0, there  

is no waveform generated, and no velocity can be measured.    

Fd = 2(Fc x V x cos Ŭ) 

     C 
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Does the velocity value reported on the 

y-axis of this set of waveforms reflect 

the real velocity of the blood flow?   

Based on what we said about the angle and the velocity, the answer  

is: ñWe do not know. ò  If the angle between the ultrasound beam and  

the direction of the blood flow was 0 ,̄ the answer is YES.   

If the angle was not close to 0 ,̄ the answer is NO.   
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Direction of Blood Flow 

Toward the Transducer  

The waveforms are represented above the baseline.  
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Direction of Blood Flow 

Away From the Transducer  

The waveforms are represented below the baseline  
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It is not always easy to get an 

angle of 0  ̄between the ultrasound 

beam and the direction of the 

blood flow; therefore, the velocity 

cannot be accurately measured in 

all of the cases. This is the reason 

why we often use angle -

independent indices to quantify 

the waveforms.     
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Angle -Independent Indices  

These indices are independent 

of the angle. Therefore, the 

values do not change 

significantly when the angle 

changes.   

The following slides provide a few examples.  
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Angle -Independent Indices  

PI = pulsatility index  

RI = resistance index  

S = peak systolic velocity  

D = end-diastolic velocity  

M = mean velocity  



©AIUM 

= A/B ratio (Stuart et al, 1980)  A 

B 

= 
A - B 

B 
Resistance index (Pourcelot, 1974)  

 
= 

A - B 

Mean 
Pulsatility index (Gosling and King, 1975)  

 

Angle -Independent Indices  
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Angle -Independent Indices  

The pulsatility index is the only index that 

quantifies the waveforms in all of the cases.   

A 

B 

C 

The end -diastolic velocity (EDV) is 

equal to 0 in all 3 sets.   

The A/B ratio is infinite (A/0) and, 

the RI is equal to 1 (A - 0/A) in all 3 

cases.   

The pulsatility index is different in 

the 3 cases (1,9, 2.5, 3.3), and it 

reflects the worsening of the 

condition.   

1.9 

2.5 

3.3 
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Types of Doppler Used  

in Obstetrics  

ÅPulsed Doppler  

ÅContinuous Doppler  

ÅColor Doppler  

ÅPower Doppler  
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Pulsed Doppler  

In pulsed wave (PW) Doppler, an element 

emits ultrasound for a brief time 

(milliseconds), and, for most of the time, 

the same element receives ultrasound. The 

advantage of the PW is that the signal can 

be obtained from a precisely defined 

location.      
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Continuous Doppler  

Continuous wave (CW) Doppler systems transmit 

and receive sound waves continuously. 

Therefore, there are 2 elements, one that 

continuously emits ultrasound and a second one 

that continuously receives ultrasound. The 

disadvantages of the CW is that all vessels hit by 

the ultrasound are scanned. It is not possible to 

distinguish the individual vessels. An example of 

CW is the Doppler used for fetal heart rate 

monitoring on labor and delivery. An advantage 

of this system is that high velocities can be 

recorded.   
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Color Doppler  

Color Doppler looks like an angiogram of the 

blood flow. The results of the scan are displayed 

in color. Like power Doppler (PD), it provides 

information on the velocity and direction of 

blood flow. Usually the blood flow directed 

toward the transducer is displayed in red, 

whereas the blood flow directed away from the 

transducer is displayed in blue. The velocity of 

the flow is indicated by the degree of brightness.  



©AIUM 

Angle Dependence  

Angle close to 0 o Angle 45 ° 
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Angle Dependence  

Flow is perpendicular to  

angle of incidence (cos 90 o = 0) 
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Power Doppler  

PD is similar to the color Doppler. It generates 

an image of the power of the signal that is 

proportional to the number of moving blood 

cells in that sample volume. PD does not 

measure velocity or direction, and it is 

insensitive to the angle. It is easy to use, and it 

provides a more complete image of the 

vasculature than color Doppler.  It is commonly 

used to locate regions of interest prior to 

investigation by color Doppler.    
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Common Pulsed  

Doppler Studies  

ÅUmbilical artery  

ÅMiddle cerebral artery  

ÅUterine arteries  
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Umbilical Artery  
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Umbilical Artery  
Flow velocity waveforms of the 

umbilical artery in a normal fetus 

from 11 to 40 weeks.  Note the 

diastole that increases with 

advancing gestation.  This indicates 

that the placental vascular 

resistance decreases in the normal 

fetus with advancing gestation.  

Reference ranges for the umbilical  

artery RI, A/B ratio, and PI.  
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Umbilical Artery:  

High Placental  

Vascular Resistance  

In cases of high placental vascular  

resistance (see intrauterine growth restriction  

[IUGR]), the umbilical artery diastole decreases  

(A), it becomes absent (B), and in the most  

severe cases there is reversed flow  (C).  

A 

B 

C 
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Waveforms of the Circle of Willis  

Mari G. J Ultrasound Med 1994; 13:343 -346  

Doppler waveforms obtained in the same fetus at: A, middle cerebral artery;  

B and C, middle cerebral artery and anterior cerebral artery at their origin  

from the internal carotid artery; D and E, anterior cerebral artery; F,  

posterior communicating artery; G, posterior cerebral artery.  The values 

indicate the pulsatility index.       
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Circle of Willis  

The most studied artery of the Circle of 

Willis is the middle cerebral artery (MCA).  



©AIUM Mari G, et al. Am J Obstet Gynecol 1992; 166:1262  

In this slide, we see flow velocity waveforms of the MCA obtained in  

the same fetus on the left. The graph on the right represents the 

reference range of the MCA pulsatility index. The dots represent the 

single values from which the reference range was obtained.   

 

Note that the lowest pulsatility index values are recorded before 20 

weeks and late in gestation. These low values suggest a low cerebral 

vascular resistance and, consequently, an increased blood flow to the 

brain due to an increased metabolic requirement  because in these 2 

periods, the cerebral cells undergo rapid multiplication (1st and 2nd 

brain growth spurts).  
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Middle Cerebral Artery  

A: Normal  

B: Brain -Sparing Effect  

The diastole in B is higher than A. The pulsatility index is lower in B.   

This suggests that in B the there is a cerebral vasodilatation with  

increased cerebral blood flow. This is called the ñbrain-sparing effectò  

(see IUGR). 

24 weeks  

1.9 

1.0 
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Middle Cerebral Artery Peak Systolic Velocity  

The middle cerebral artery can be easily sampled with an angle of 0 ,̄ 

and the true velocity of the blood flow can be obtained. The peak 

systolic velocity (PSV) is the highest point of the waveform. Therefore, 

for the MCA, we can easily obtain the PI (angle independent) and the 

PSV (an angle close to 0  ̄is needed).  
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Mari G. et al.  Ultrasound Obstet Gynecol 1995; 5:400  

This graph represents the reference range of the middle cerebral artery  

PSV throughout gestation.  

Middle Cerebral Artery Peak Systolic Velocity  
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A 

C 

Mari G, et al. J Ultrasound Med 2005; 24:425  

Steps for the correct  

sampling of middle  

cerebral artery peak  

systolic velocity. The  

use of an angle corrector  

increases the intra - and  

inter -observer variability.  

Therefore, its use is not  

recommended.   

B 

D 

E F 

Middle Cerebral 

Artery  

Peak Systolic 

Velocity  
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Where Do We Need to Sample 
the MCA?  

Mari G, et al. J Ultrasound Med 2005; 24:425  
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The sample volume should be taken soon after the origin of the  

middle cerebral artery from the internal carotid artery. The  

artery should be visualized for its entire length, and an angle corrector  

should not be used.  

Where Do We Need to Sample the MCA?  

Mari G, et al. Ultrasound Obstet Gynecol 1995; 5:400  


