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Background

Underlying principle of the practice of “Palpation” 
• Basic principle: To be palpable an object, it must be 

stiffer than the tissue around it

• Breast examination

• Digital rectal examination for prostate cancer screening

• Thyroid nodule palpation, Lymph node palpation





Physics



Types of Elastography

1. Sonoelastography 
2. MR Elastography (MRE)



Ultrasound Elastography (USE)

1. Strain elastography

2. Transient Elastography (TE)

3. Shear Wave techniques

a. Acoustic Radiation Force Imaging (ARFI)

b. “Real time” shear wave sonoelastography (SWE)



Why the Liver?



Prevalence: Chronic Liver Diseases

• HCV: 
– Worldwide prevalence of HCV infection is 170-200 M.
– Prevalence of HCV in the USA is around 2-3 M.

• HBV: 
– Worldwide prevalence of HBV infection is around 2 

billion.
– Prevalence of HBV in the USA is around 730,000.

• Nonalcoholic Fatty Liver Disease (NAFLD):
– The most common form of CLD in developed 

countries.
– In the USA: Prevalence is estimated to be anywhere 

from 20-30% (~60-100 million people)



Background

• Liver Fibrosis is the final common pathway for many 
different liver insults

• In the context of diffuse liver disease, liver fibrosis staging 
is essential for prognostication and treatment selection.

Cirrhosis

Severe Fibrosis

Fibrosis

Liver Insult
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Diagnostic accuracy for F0-1 vs. F2-4

Modality Study Test Study Patients AUROC

Serum	
Bio-marker Halfon et	al. FibroTest Meta-Analysis

(38	studies) 7985	 0.84

USE Friedrich-Rust	et	al. TE Meta-Analysis
(50	studies) - 0.84

Friedrich-Rust	et	al. ARFI Meta-Analysis
(8	studies) 518 0.87

Samir	et	al.	(MGH) SWE Prospective study 136 0.83

Ferraioli et al. SWE Prospective study 121 0.92

MRE Wang	et	al. MRE Meta-Analysis - 0.94

• Halfon	P,	Munteanu	M,	Poynard	T:	FibroTest-ActiTest	as	a	non- invasive	marker	of	liver	fibrosis.	Gastroenterol	Clin	Biol	32:22-39,	2008
• Friedrich-Rust	M,	Ong	MF,	Martens	S,	et	al:	Performance	of	transient	elastography	for	the	staging	of	liver	fibrosis:	A	meta- analysis.	Gastroenterology	134:960-974,	2008		
• Friedrich-Rust	M,	Nierhoff	J,	Lupsor	M,	et	al:	Performance	of	acoustic	radiation	force	impulse	imaging	for	the	staging	of	liver	fibrosis:	A	pooled	meta-analysis.	J	Viral	Hepat	

19:e212-e219,	2012	
• Wang	QB,	Zhu	H,	Liu	HL,	et	al:	Performance	of	magnetic	resonance	elastography	and	diffusion-weighted	imaging	for	the	staging	of	hepatic	fibrosis:	A	meta-analysis.	

Hepatology	56:239-247,	2012
• Ferraioli	G,	Tinelli	C,	Dal	Bello	B,	Zicchetti	M,	Filice	G,	Filice	C,	et	al.	Accuracy	of	real-time	shear	wave	elastography	for	assessing	liver	fibrosis	in	chronic	hepatitis	C:	a	pilot	

study.	Hepatology.	2012	Dec;56(6):2125–33.	



Hepatitis C

• Antiviral therapy – very expensive

US	Centers	for	Disease	Control	and	Prevention,	2011	,	http://wwwnc.cdc.gov/travel/pdf/yellowbook-2012-map-
03-05-prevalence-chronic-hepatitis-c.pdf

Currently	important	to	select	the	correct	patients	for	
antiviral	therapy	(the	20%	that	progress	to	cirrhosis).
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Samir AE, Dhyani M, Vij A, Bhan AK, Halpern EF, 
Mendez-navarro J, et al. Shear-wave Elastography for the 
Estimation of Liver Fibrosis in Chronic Liver Disease: 
Determining Accuracy and Ideal Site for Measurement. 
Radiology Nov 2014. 

Sporea, I. et al., 2012. European journal of radiology, 
81(12), pp.4112–4118. 
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What is a QIBA Profile?

• A QIBA Profile 

– Makes claims about what is achievable. 

– What quantitative results can be achieved by following 
the Profile.

• Profile details serve two purposes:
– Advise vendors what must be implemented in their 

product.

– Communicate the necessary procedures to users.



SWS Biomarker Committee Profile 

“Ultrasound Measurement of Shear 
Wave Speed for Estimation of Liver 

Fibrosis”
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Pre-Delivery







Open and Closed Issues



Closed Issues

• Clinical
– What point in the respiratory cycle should acquisition 

occur?

• Suspended tidal respiration.

– Should the patients fast prior to acquisition?
• At least 4 hours prior to acquisition.

– Does steatosis effect assessment of liver fibrosis using 
elastography?

• No



Closed Issues - Phantoms

• Phantoms
– What sort of phantom should be used for periodic 

QA and compliance (Section 3.3 of Profile)
• Viscoelastic versus elastic phantom ?

– Viscoelastic phantom to distinguish differences 
between different systems.

– For a single machine, elastic phantoms will be 
affordable and practical. 

• Complex versus simple?

– Simple since the liver is relatively simple, unlike the 
breast.



Closed Issues - Phantoms

Phantom Specifications :
• Attenuation: 0.5 dB/cm/MHz 

• Back Scatter: Approximately 10-4 – 10-3 cm-1Str-1 at 3 
MHz or sufficient to create mean speckle brightness 
comparable to a human liver-mimicking phantom (±
3 dB)

• Speed of Sound: 1520-1540 m/sec

• Stiffness: 2 part phantom, Normal Liver Equivalent & 
Fibrotic F3 Liver equivalent 

• Volume and Shape – Cylindrical, 20 cm tall, 12.5 cm 
in diameter - open issue



Closed Issues - Phantoms

Phantom Specifications :
• Temporal Stability

– SWS: <5% change in both hard and soft components 
over 6 months .

– Speed of Sound: <1% change over 6 months. [KW 
comments accepted]

• Testing of phantom as specified by the shorter of 
ACR/AIUM guidelines and system supplier’s 
recommendations. [open issue – Which document? And 
link to document to be provided—if no AIUM or ACR 
guidelines for phantom testing does IEC have one?]



Closed Issues - Phantoms

Phantom Specifications :
• QIBA testing to verify specifications and 

characterization of phantoms (paid for by phantom 
vendor ? QIBA? US manufacturers? Other societies?  
Combination of all?)
– For the time being – the specifications and 

characterization of the phantoms will be performed and 
verified by the QIBA committee. This will be relative to 
MRE and Mayo group will be performing 
characterization for the initial phantoms. 

•



Closed Issues - Phantoms

Pass Fail Tolerances for Phantom Tests
• Testing to be performed at 21±1 °C.  
• Attenuation: ± 5%: 0.5 dB/cm/MHz 
• Back Scatter: ± 5% 

– Approximately 10-4 – 10-3 cm-1Str-1 at 3 MHz or 
sufficient to create mean speckle brightness 
comparable to a human liver-mimicking phantom (± 3 
dB)

• Speed of Sound: ± 1%: [1520-1540 m/sec]
• Stiffness: ± 5%

– 2-part phantom, Normal Liver Equivalent & Fibrotic F3 
Liver equivalent



Closed Issue

• Give stiffness in m/sec or kPa?
• M/sec [Consensus from all]



Color Maps

• Color Maps – Should these be QIBA specified ? 
– Color scale and number of colors in the map . 

– Red = stiff & Blue = Soft 

– Black is stiff and White is soft.

– Number of colors – Continuous scale (24-36 bit). 
• Consensus has been achieved and this is now a closed 

issue.



Open Issues



Open Issue - Inflammation

• What is the effect of inflammation on SWS and what is 
its magnitude?
– Inflammation stiffens the liver but the magnitude is not 

known precisely. 

– Retained as an open issue.



Open issues - Measurements

• A. Number of measurements?
– The total number of measurements that are needed to 

make an SWS estimate per patient (the claim refers to 
this value).

– ≥10 measurements: MFR – may specify a greater 
number than the minimum value of 10.

• B. Criteria for inclusion or exclusion for a given 
measurement?

• C. Repeatability versus reliability? [Decreasing variance 
may result in increased bias]



Comments – Number of measurements

• We cannot agree to recommend a minimum number of measurements 
regardless of the technique used and the size of quantified ROI.

• The use of 10 measurements allows the use of IQR/M as a quality measure.  
Using smaller number of measurements may be acceptable, however this has 
not been proven and how to assess a quality measure with fewer 
measurements has not been determined.  QIBA has a statistician why don’t 
we ask her what is appropriate and how to prove it.

• Retained as an open issue pending statistical consideration and technical 
study confirmation.\

• The traditional 10 was set by Echosens (not sure in what basis) but many 
believe this is too much for image-based SWS estimates.  I think Anthony is 
looking into this point.

• Echosens’ IQR/mean is widely accepted
• This cannot be standardized between manufacturers who are providing a 

SWS map versus a single measurement. We have our own proprietary tool 
Stability Index) to identify measurements that should be excluded.



Open issue

• How does each MFR identify and display outliers in their 
images. Should QIBA specify a standard handling? 
[Section 3.7]

• [open issue – Feedback from manufacturers]



Open issues

• ROI Size - If user selected – how big? (size of 
homogenous region versus variance)

– Each manufacturer should specify an optimal ROI size 
and make that a default for their system. 

– A minimum size of 10mm X 10mm or diameter of 
10mm should be used?



Open issue

• Number of values averaged for each pixel in the color 
image .
– Should vendors specify the number of values they 

average per pixel versus specifying average variance 
per pixel. [open issue]



Open issue

• Phantoms

– Method to verify temperature of phantoms prior to 
testing.

• Temperature measurement method: TBD [open 
issue]

– Construction: A 2-part phantom.

• Volume and Shape – open issue [open issue] 



QIBA RSNA Profile

https://www.rsna.org/QIBA-Profiles-and-Protocols/

• Feedback once the document is released for public 
comment. 



Thank you..!!
Dhyani.manish@mgh.harvard.edu


