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Liver Cirrhosis
• Causes:

– Sustain wound healing to chronic liver injury
– Viral; autoimmune; drug induced; cholestatic; metabolic 

diseases
• Prevalence:

– Hundreds of millions worldwide
– 900,000 in USA (number increasing)

• Risk (50% 5 year mortality):
– Hepatic failure
– Primary  liver cancer



Limitation of Liver Biopsy
• Pain (French survey)

• Complications
– Hospitalization: 1~5%
– Mortality 1/1,000~1/10,000 

• Low reproducibility
– Inter-observer variability: ~20%



Need for Noninvasive Alternative
• Fibrosis is reversible

• Risk and cost of unnecessary biopsy
– $2,200
– HCV: ~25% 

• New treatment development
– Establish effectiveness
– Optimize dosing



MR Elastography for Fibrosis Staging

– Slow (>20 minutes)
– Expensive
– Precise



MRE of Normal LiverMRE of Normal Liver

Ehman R. L. et al.



MRE of Cirrhotic LiverMRE of Cirrhotic Liver

19.2kPa



Olivier Rouvière, Meng Yin, M. Alex 
Dresner, Phillip J. Rossman, Lawrence J. 
Burgart, Jeff L. Fidler, and Richard L. Ehman
MR Elastography of the Liver: 
Preliminary Results
Radiology 2006; 240: 440-448. 



Ultrasound Elastography for Fibrosis 
Staging

• FibroscanTM (Echosens, Paris)
• Sonoelasticity
• Supersonic ImagineTM

• ARFI
• SDUV



UltrasoundUltrasound--based based FibroscanFibroscanTMTM
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In Vivo Study by FibroscanFibroscanTMTM

M. Ziol et al., Noninvasive assessment of liver fibrosis by measurement of 
stiffness in patients with chronic hepatitis C , Hepatology, 41:48-54, 2005.



Sonoelastographic image of shear wave interference 
patterns induced in a tissue-mimicking phantom using 
externally applied mechanical vibration. 

Images copyright University of Rochester
Robert M. Lerner, M.D. and Kevin J. Parker, Ph.D.

Sonoelasticity



Liver Liver ElastographyElastography with Ultrasoundwith Ultrasound



VibrometryVibrometry Measurements of Liver Measurements of Liver 
Stiffness in HumansStiffness in Humans



Supersonic Shear ImagingSupersonic Shear Imaging

Mathias Fink, University Paris VII, FranceMathias Fink, University Paris VII, France



Proposed Method (SDUV)Proposed Method (SDUV)
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Advantages of SDUVAdvantages of SDUV
•• SShearwavehearwave DDispersionispersion UUltrasoundltrasound VVibrometryibrometry

SDUVSDUV
•• Truly quantitativeTruly quantitative
•• Elasticity & viscosityElasticity & viscosity
•• Does not require direct inversionDoes not require direct inversion
•• Applicable to Applicable to ascitesascites patientspatients
•• “Virtual biopsy” guided by 2D B“Virtual biopsy” guided by 2D B--scanscan



Test of Accuracy



Beef Muscle Results

Mechanical vibration results: μ1 = 29 kPa, μ2 = 9.9 Pa*s
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Dispersion along beef fiber



Rabbit Liver Results
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Dispersion in healthy rabbit liver



SDUV with a Single Array SDUV with a Single Array TxTx
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SDUV with a Single Array SDUV with a Single Array TxTx
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SDUV with a Single Array SDUV with a Single Array TxTx
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Intermittent Vibration and Detection
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SDUV SDUV VibrometryVibrometry “Biopsy” of Liver“Biopsy” of Liver



SDUV SummarySDUV Summary

•• SDUV is not dependent on instrument SDUV is not dependent on instrument 
characteristics.characteristics.

•• SDUV is fast.SDUV is fast.
•• SDUV can be done with software alterations of SDUV can be done with software alterations of 

modern ultrasound scanners.modern ultrasound scanners.
•• SDUV measures both elasticity and viscosity.SDUV measures both elasticity and viscosity.
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