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Rational and aim 
Recent developments in contrast-enhanced ultrasound (CEUS), associated with image processing techniques allow analyzing blood 
perfusion of various organs. In this study, a new kinetic analysis is proposed in order to quantify the velocity amplitude of the bolus arrival 
using a fluid dynamic model [1]. The efficiency of proposed methodology is evaluated in-vivo, for the classification of placental 
insufficiency (control versus ligature) of pregnant rats from DCEUS.  

Conclusions 
This study introduces the use of a fluid dynamic model for the analysis of DCEUS [1]. A complete kinetic analysis was proposed in order to 
quantify the velocity amplitude of the bolus arrival. The proposed classification criterion γ, estimated from DCEUS echography, was 
demonstrated to be a good binary classification criterion for ligature/non-ligature rat placentas. In particular, it outperformed TIC-based 
methods [2], which provided best results using the parameter PE (AUROC=0.72, as shown in Fig. 2g and 2h), but remained however well 
below our fluid dynamic approach (Fig. 2f). Our methodology opens great perspectives for the evaluation of the proposed technique for 
the clinical diagnostic of obstetrical disorders. 
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Results 

Fig 1. Example of microbubble transport estimates from the DCEUS of two rats using 
the proposed fluid dynamic approach. The first and the second rows display results 
associated to a control and a ligature rats, respectively. The first column displays a B-
mode image with a manually drawn mask superimposed (yellow dashed line) 
underlying the placenta. The 2nd, 3rd and 4th columns display DCEUS images acquired 
10 s, 15 s and 20 s after the determined microbubble arrival in the placenta, 
respectively. The estimated microbubble transports are visually larger for the control 
population (b-d) as compared to the ligature population (f-h).  

Fig 2. Assessment of proposed and TIC-based approaches for the classification of the two rat 
populations (i.e control and ligature). (a): boxplots of overall microbubbles velocities (γ) 
estimated over each rat populations using the fluid dynamic approach, (b-e): distributions of 
PE, WiR, TTP and WiAUC estimated over the placenta for the two rat populations using the 
existing TIC-based approach. (f): ROC curve obtained using γ, (g): ROC curves obtained 
using PE and WiR, (h): ROC curves obtained using TTP and WiAUC. 

Material & methods 
I- Implemented fluid dynamic model II- In-vivo CEUS examination 

Compensation on DCEUS images of physiological activity/
motion of the ultrasound probe 

III- CEUS analysis 

Manual delineation of the placenta 

Calculation of the average microbubble transport value 
(noted γ) 

Utero-placental perfusion quantitatively 
analyzed both using our methodology [1] and 
using the existing TIC-based approach [2] 

Considering each indicator as a classification 
criterion, the performance of a binary 
classifier system (ligature/control rats) was 
assessed using a “receiver operating 
characteristic” (ROC) curve 

20 pregnant rats under anesthesia: 
•  11 rats with a ligature of the uterine horn 

pedicle  
•  9 control rats 

Bolus of 200 μL of contrast agent (0.5 mL/kg) 
intravenously injected. 

DCEUS video clip (150 s, 10 fps, pixel size = 
0.035×0.035 mm²) recorded to investigate the 
utero-placental perfusion 
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Estimation of the microbubble transport (V) using the 
transport equation: 
 
 
 
(I,: grey level intensity; It: potential temporal derivate of I) 


