
Nasjonalt Senter for Gastroenterologisk Ultrasonografi

Liver cirrhosis and portal 
hypertension assessed by 

ultrasound and elastography
Odd Helge Gilja, MD, PhD

Professor
Department of Medicine

Haukeland University Hospital
Bergen, Norway

Bildet kan ikke vises.



Nasjonalt Senter for Gastroenterologisk Ultrasonografi

Agenda

• Ultrasound of patients with liver fibrosis / cirrhosis
• Bmode
• Doppler
• Elastography
• CEUS

• Complications of cirrhosis
– Portal hypertension

• Mechanisms
• Ultrasound findings
• Elastography
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Ultrasound in the evaluation
of cirrhotic livers

• Size of liver
• Size of left lobe and caudate lobe
• Capsule smoothness
• Ascites
• Echogenicity, homogenicity, nodularity, focal lesions
• Bile ducts and gallbladder
• Diameter of portal vein (+ splenic vein and spleen) 
• Doppler measurements:

• Color and pulsed Doppler of portal and hepatic veins
• Doppler of hepatic artery (TX)

• Elastography, mainly right lobe
• CEUS
• US-guided biopsy and ablation procedures
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The Liver capsule

Normal Cirrhosis
Use high frequency (9-12 MHz)
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Liver cirrhosis
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Lobus caudatus (S1) in a sagittal
section from Station 2



Nasjonalt Senter for Gastroenterologisk Ultrasonografi
15

Enlarged caudate lobe
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Portal hypertension
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Definitions of portal HT
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How to measure portal pressure?
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Causes
of

portal 
HT
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Signs (indirect) of portal 
hypertension seen by US

• Dilated portal vein (>13 mm)
• Decreased velocity in portal vein (<13 cm/sec)
• Reversed flow in portal vein
• Dilated splenic vein (> 10 mm)
• Shunts in the splenic hilum
• Recanalization of umbilical vein
• Enlarged spleen
• Esophageal varices / gastropathy



Nasjonalt Senter for Gastroenterologisk Ultrasonografi

Vein diameter measurement

Ideally to be measured where the hepatic artery crosses the portal vein
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V. Porta – Diameter and velocity
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Velocity measurement (PW)
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Portal vein measurement
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Color Doppler flow in real-time
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Portal Vein Thrombosis
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Portal Vein Thrombosis
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Portal Vein Thrombosis
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Portal Vein Thrombosis – Benign?
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Portal Vein Thrombosis – Benign?
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Venous stasis in the galbladder
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Shunting in the anterior abdomen
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Dilated splenic vein in Portal HT
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Splenic shunts
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Splenorenal Shunt
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Spleno-renal shunt
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Esophageal Varices detected
with transabdominal ultrasound
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A short stent in the portal vein
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Ultrasound for TIPS evaluation
Transjugular Intrahepatic
Porto-systemic Shunt

Most important indications:
Intractable variceal bleeding
Non-responding ascites
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Ultrasound for TIPS evaluation
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Real-time US Doppler evaluation
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US for TIPS evaluation - Failure
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About liver elasticity

• “When the liver is stiff, the prognosis is bad” 
Hippocrates 460-377 BC



Nasjonalt Senter for Gastroenterologisk Ultrasonografi

Elastography
Methods

Eur J Ultrasound, 2017
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Longitudinal and Shear Waves

Ultrasound 
Wave  

Shear Wave  

ρ3
E
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cl ~ 1540 m/s 
in tissue

ct = 1-10 m/s in tissue



Nasjonalt Senter for Gastroenterologisk Ultrasonografi

The Metavir Score

F1 F2 F3 F4F0
Without fibrosis

Initial fibrosis Intermediate 
fibrosis Advanced  

fibrosis
Cirrhosis
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SWE correlation with F0-4 score

FERRAIOLI ET AL., HEPATOLOGY, December 2012
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GL on Liver elastography - 2017

Eur J Ultrasound, 2017

29 recommendations
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Elastography – F1
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Rule of 5 in Elastography
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GE cut-offs of elasto
measurements
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SWE of spleen

Spleen two-dimensional shear wave elastography images. Spleen 2D-SWE images of a 50-year-old male patient with normal 
SS (A) and 57-year-old female patient with liver cirrhosis who underwent endoscopic variceal ligation (B). A. The normal 
patient had a small size and measurable area of spleen. And the SS was measured to 19.4 kPa. B. Patient with liver cirrhosis
had relatively large size and measurable area of spleen with good sonographic window. Increased spleen stiffness compared
with that of normal patients was identified (37.7 kPa). 2D-SWE: Two-dimensional shear wave elastography; SS: Spleen 
stiffness. Jeong JY, Cho YS, Sohn JH. Role of two-dimensional shear wave elastography in chronic liver diseases: A 
narrative review. World J Gastroenterol 2018; 24(34): 3849-3860
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Baveno VI criteria
correctly identify 98–
100% of patients who
could safely avoid
endoscopy.
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Spleen SWE
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Ultrasound elastography

• Correlates well with histology regarding fibrosis
• Easy to perform
• Prolongs the US exam only with 2 min
• Provides valuable information to the clinician

• CT does not give data on liver stiffness
• MR elastography has low availability, is 

expensive and time consuming
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Conclusion
• Ultrasound is very useful in the evaluation of liver 

fibrosis and cirrhosis
• Elastography is non-invasive and useful

• saves some liver biopsies

• Many indirect US criteria for portal HT
• Ultrasound Doppler enables estimation of portal HT 

indirectly
• Portal vein velocity:   <13 cm/sec
• Portal vein diameter: >13 med mer
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One stop shopping
• US B-mode
• Doppler

– Color flow
– Pulsed Doppler

• Elastography
– Shear wave
– Strain imaging

• CEUS
• US-guided biopsy
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