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CHALLENGES WITH 
IMPLEMENTING LIVER SHEAR 
WAVE ELASTOGRAPHY IN A 
LARGE CLINICAL PRACTICE
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MOTIVATION

•Chronic liver disease has been estimated to affect >1 billion people 
worldwide and account for 2 million deaths each year [1]

•Biopsy: reference standard for assessing fibrosis and inflammation, 
but is subject to sampling error, and inter-observer variability 

•Well-accepted non-invasive technologies estimating elasticity

• Transient elastography (FibroScan, Echosens) no-imaging guidance, and 

• MR elastography (MRE) less available 

Chronic 

Liver 

Disease

Inflammation Fibrosis Cirrhosis

Liver failure, 

Hepatocellular 

carcinoma, 

etc.

1. Cheemerla and Balakrishnan. Clin Liver Dis 2021;17(5):365-70; 
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ULTRASOUND SHEAR WAVE ELASTOGRAPHY (SWE)

•New GE LOGIQ E9 scanners in our practice in 2015-2016

• High-end scanner with conventional hardware beamformer

• Realized SWE through a combination of comb-push excitation, and time 
aligned sequential tracking, with directional filter [1-2]

• A team of radiologists, physicists, and 
education sonographers for
liver SWE implementation

1. Song et al. IEEE Trans Med Imaging 2012 ; 2. Song et al. IEEE Trans Ultrason Ferroelectr Freq Control 2015; 
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ACCEPTANCE TESTING OF SWE AND BEYOND

•AT of 10 scanners with C1-6 for liver SWE [1]

• Two depths, two operators, salt water or gel as coupling medium 

•Statistically significant difference observed in measurements from 
different depths

•No statistically significant difference using gel as coupling medium

1. Long et al. JACMP 2018;19:3:336-42; 

Shear wave speed 

(m/s)

“Soft” Phantom

(3 kPa, 0.985 m/s )

“Stiff” Phantom 

(45 kPa, 3.816 m/s)

3 cm depth 7 cm depth 3 cm depth 7 cm depth

Mean ± standard 

deviation (SD)
0.97 ± 0.01 1.00 ± 0.01 3.74 ± 0.03 3.83 ± 0.10

Maximum deviation 

from group mean
1.2% 1.6% 1.4% 5.3%

CIRS 039 shear wave 

liver fibrosis phantom
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REVIEW OF GUIDELINES

• European Federation for Ultrasound in Medicine and Biology (EFSUMB) 2013 

• World Federation of Ultrasound in Medicine and Biology (WFUMB) 2015

• Society of Radiologists in Ultrasound (SRU) 2015

1. Bamber et al. Ultraschall in Med 2013;34:169-84; 2. Ferraioli et al. Ultrasound in Med & Biol 2015;41(5):1161-79;

3. Barr et al. Radiology 2015;276:845-61;

Consistent explanations & recommendations on 

patient preparation, imaging protocol & confounding 

factors; 

Vendor specific thresholds (m/s or kPa) indicated; 
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PROTOCOL AND EDUCATION

• Imaging protocol, radiologist reporting
template, and education

•Sonographer hands-on practice

• Right lobe of liver, intercostal

• Optimize grayscale imaging! 

• Push pulse perpendicular to liver capsule

• SWE box placement

• Visual quality check and artifact recognition
before circular ROI measurement

Mayo 

Rochester

Protocol

acceptable unacceptable
motion

US probe

Longitudinal 
push pulse

Shear 
waves
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PROTOCOL AND EDUCATION

•10 acceptable measurements

Median goes in the report

Interquartile range (IQR)/median 

as a variability check (<=30% for 

kPa, 15% for m/s), also goes in 

the report
IQR: diff btw 1st and 3rd quartile
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REPORTING TEMPLATE

1. GE LOGIQ E9 Shear Wave Elastography whitepaper, 2015; 

2

1
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REPRODUCIBILITY STUDY

•Two sonographers performed liver SWE on patients under IRB

Hangiandreou et al. 2019 

AAPM Annual Meeting

blinded to each other’s 

measurements
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WHAT WENT WRONG?

•Earlier acquisition-related errors/changes

• Poor quality/color filling

• Changed SWE gain (from default of 55 on LOGIQ E9) 

• Others: SWE box too deep, too close to rib shadows or interface 
laterally, oblique angle relative to liver capsule

– should not measure

– change quantification!

New study showed 

using intercostal probe 

pressure improved 

SWE success rate 

without impacting 

quantification [1] 

1., Byenfeldt et al. Ultrasound Med Biol 2019; 
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WHAT WENT WRONG?

•450 patients reviewed ~late 2019, acquired by 64 sonographers

• 13.3% failed due to sparse color fill, i.e., low signal to noise ratio

• Sample volume depth had a median of 5.6cm and was significantly 
deeper than the general group (median of 4.3cm, p<0.01)

• Spearman correlation coefficient was 0.525 between SWE and MRE 
(p<0.01)

• 36 patients, data from one MRE and six SWE excluded due to poor 
quality or increased elastography gain

• Seven cases with >=stage 2 fibrosis on MRE measured lower than 8.3kPa 
in Young’s modulus on SWE (normal or minimal risk for significant fibrosis) 

Long et al., 2020 AIUM Annual Meeting
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MAIN ISSUE: CUT-OFF VALUES AND OVERLAPPING

• ROC analysis derived from 85 subjects in Italy (18 healthy and 67 w/ 
biopsy-proven chronic liver disease)

• A mixture of viral hepatitis (B and C, 72% of patients), autoimmune hepatitis, 
nonalcoholic steatohepatitis, alcoholic steatohepatitis, cryptogenic cirrhosis, 
primary biliary cirrhosis, newly diagnosed diabetes  

Cut-off values using ROC analysis to maximize sensitivity and specificity, and typically have not been 

applied to a validation cohort. Despite high area under the curve, there is a small failure rate.

1. GE LOGIQ E9 Shear Wave Elastography whitepaper, 2015
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ETIOLOGY DEPENDENCE AND OVERLAPPING ISSUE

Singh et al. 

IOSR-JDMS 

2018;17:42-7.

FibroScan

Barr et al. 

Radiology 

2020;296:263-74;

New SRU 

consensus

Vendor 

neutral
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QUALITY MAP OR INDICATOR

•Most vendors have 2D SWE quality map currently, but may not on 
all models, and still subject to operator assessment

GE LOGIQ E10, 

needs to be turned 

on prospectively

Quality map

Philips EPIQ

Quality map Propagation map

Canon Aplio

1. Dietrich CF et al. Ultraschall Med. 2017;38(4):e16-e47. 
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CURRENT STATUS

•Re-rolling out liver SWE with new
interpretation strategy

•Custom automated QA tool

Gomez-Cardona et al. 2021 AAPM Annual Meeting
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BIASES AND OPEN QUESTIONS

• Simple assumptions to derive Young’s modulus (isotropic, linear, elastic, 
incompressible, density); viscoelastic property, frequency bandwidth and 
differences between vendors; boundary condition, etc.

• True automated quality check and quantification?

• Liver fibrosis heterogeneity - sample more locations? 

• Realistic use of cut-off values or probability for various etiology?

• Reproducibility on patients, especially cross sites and potentially 
vendors/scanners? 

• Multi-center, systematic and comprehensive evaluation with shear wave speed, 
shear wave dispersion, and attenuation, to capture the disease progress?

• ……
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THANK YOU!

Acknowledgements to Drs. Nick Hangiandreou, John Knudsen, 

Shannon Sheedy, Nick Kurup, Pengfei Song, Mike Wang, and 

Daniel Gomez-Cardona, as well as Duane Meixner and Dawn Boynton


