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Sequence n° 8: measuring speed with the 
Doppler effect 

ACTIVITY 1 :   Doppler ultrasound used in twin pregnancies 

 

Document 1: twin-to-twin transfusion syndrome  

In twin pregnancies, the risk of delivering growth-restricted babies is about ten times higher than in 
singleton pregnancies. 
In some twin pregnancies, a difference in size between the fetuses may be a consequence of an imbalance in 
fetal nutrition as a result of “twin-to-twin transfusion syndrome”. This means that one of the babies is 
getting more nutriments than the other, nutriments are transferred from the “donor” to the receiver. 
One way to detect this disease is Doppler ultrasound: in twin-to-twin transfusion syndrome the net flow of 
blood across the placental veinous communications from one fetus, the donor, to the other, the recipient, is 
increased. 

 
Source: sonoworld.com 

 

Document 2: ultrasound velocity measurement 

 

The diagram shows a scatterer S moving at velocity V with a beam/flow angle 𝜃.  

The velocity can be calculated using the difference in transmit-to-receive time from the first pulse to the 

second (t2), as the scatterer moves through the beam. 
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Source: sonoworld.com 

 

Document 3: abnormal development of the uterine artery 

 

 
Source: fetalmedicine.org 

  
Um bilica l a r teries  

Pathological studies have demonstrated that increased impedance in the umbilical arteries becomes evident only 

when at least 60% of the placental vascular bed is obliterated 14. In pregnancies with reversed or absent end-

diastolic frequencies in the umbilical artery, compared to those with normal flow, mean placental weight is reduced 

and the cross-sectional diameter of terminal villi is shorter 24.  

In pregnancies with fetal growth restriction, those with absent end-diastolic frequencies, compared to those with 

normal Doppler, have more fetal stem vessels with medial hyperplasia and luminal obliteration, and those with 

reversed end-diastolic flow have more poorly vascularized terminal villi, villous stromal hemorrhage, ‘hemorrhagic 

endovasculitis’ and abnormally thin-walled fetal stem vessels 25. In pregnancies with absent end-diastolic frequencies 

in the Doppler waveform from the umbilical arteries, the capillary loops in placental terminal villi are decreased in 

number, they are longer and they have fewer branches than in normal pregnancies 27.  

The reduced number and maldevelopment of peripheral villi result in a marked impairment of oxygen extraction from 

the intervillous space. In contrast, placentas from growth-restricted fetuses with positive end-diastolic frequencies

have a normal pattern of stem artery development, increased capillary angiogenesis and development of terminal 

villi, as signs of an adaptative mechanism 28. Clinical studies of umbilical arterial flow velocity waveforms in 

intrauterine growth restriction have reported progressive increase in impedance to flow until absence and, in extreme 

cases, reversal of end-diastolic frequencies (Figure 2) 28–32. The latter represents the extreme end of the spectrum 

and this finding is associated with a high perinatal mortality, as well as an increased incidence of lethal fetal structural 

and chromosomal defects 33,34.  

Nicolaides et al. measured blood gases in umbilical cord blood samples obtained by cordocentesis in 39 growth-

restricted fetuses 12. End-diastolic frequencies were absent in 22 cases; 80% of these fetuses were found to be 

hypoxemic and 46% also acidemic. In contrast, only 12% of the fetuses with positive end-diastolic frequencies were 

hypoxemic and none was acidemic. In a multicenter study involving high-risk pregnancies, the patients were 

subdivided into three groups depending on the flow velocity waveforms in the umbilical artery (positive end-diastolic 

frequencies, n = 214; absent end-diastolic frequencies, n = 178); and reversed end-diastolic frequencies, n = 67) 35. 

The overall perinatal mortality rate was 28% and the relative risk was 1.0 for patients with present frequencies, 4.0 

for those with absent frequencies and 10.6 for those with reversed frequencies. Significantly more neonates in the 

groups with absent or reversed frequencies needed admittance to the neonatal intensive care unit and they had a 

higher risk of cerebral hemorrhage, anemia or hypoglycemia 35. In addition to increased fetal and neonatal mortality, 

gowth restriction with absent or reversed end-diastolic frequencies in the umbilical artery is associated with increased 

incidence of long-term permanent neurological damage 36.  

Abnorm al Developm ent  of the  uter ine  ar tery  

Normal impedance to flow in the uterine arteries (with the 

characteristic waveform of early diastolic notching)

Increased impedance to flow in the uterine arteries (with the 

characteristic waveform of early diastolic notching)

Very high resistance to flow in the uterine arteries (with reverse 

diastolic flow)
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Document 4: Doppler spectra of uterine artery flow 

 

 

(a) The sonogram shows high velocities throughout the cardiac cycle, indicating low resistance.  
(b) The sonogram shows a pulsatile flow waveform with low velocities. This is indicative of high resistance 

Source: sonoworld.com 

 

◼ Problem: detecting a disease 

In document 4, two sonograms are given (a and b), which one corresponds to twins who start 

experiencing twin transfusion syndrome? 
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Activity summary 

What you must remember: 
- doppler ultrasound 
- velocity 
 
Skills linked to the curriculum: 
 

Compétences Capacités à maitriser 

APP Extraire les informations jugées pertinentes 
concernant la mesure de la vitesse du sang dans une 
artère 
Comprendre la notion de résistance 
 Justifier qualitativement le décalage entre les 
fréquences d’émission et de réception.  
Exploiter l’expression du décalage Doppler de la 
fréquence pour déterminer une vitesse de 
déplacement, à partir de résultats expérimentaux.  
 

COM  Utiliser un vocabulaire scientifique adapté  
Présenter des résultats 

 


