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Ultrasound Elastography:
What are you measuring?
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US elastography: what are you measuring?

40 AStrain and Shear wave elastography
o A Elastography definitions and parameters

AClinical applications-1 i ver, br east éé
et A \/ascular carotid research

A Performance assessment
s A Routine USQA

A Assumptions and artifacts: viscoelasticity

Reality of

W=l A Clinical measurements: how to measure?
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Palpation: used as a diagnostic tool since the earliest days of civilization

e.g. benign and cancerous masses harder than surrounding tissues

Erasistratos examines the pulse of Antiochus I Soter
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Elastography Techniques
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Figure 3. Ultrasound Elastography Techniques. Currently available USE techniques can be categorized by the measured physical quantity: 1) strain imaging (left), and 2) shear
wave imaging (right). Excitations methods include quasi-static mechanically-induced displacement via active external compression or passively-induced physiologic motion
(orange), dynamic mechanically-induced compression via a “thumping” transducer at the tissue surface to produce shear waves (green), and dynamic ultrasound-induced tissue
displacement and shear waves by acoustic radiation force impulse excitation (blue).

Sigrist et al. Ultrasound Elastography: Review of Techniques and Clinical Applications. Theranostics. 7;7(5):1303-1329, 2017
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Watch later Share

Strain Elastography
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Strain elastography: what are you measuring?

Apply known Measure change in Calcu oun ulus
force (stress) dimensions (strain) fro s and s
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Strain (reference region) Strain ratio sometimes used

Strain-ratio= ; ; clinically as an index of stiffness
Strain (lesion)

Diagnostic Ultrasound Hoskins, Martin, Thrush
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Estimation of the strain: how are they measuring?

Quasi-static (strain) Elastography

e Reference data must be acquired prior to compression

Cross-correlation
Matches pre and post compression data

Transducer ‘

ren The difference in distance between the

matched data is the displacement
(Represented as d in the image)

“la __

Elastic (softer) tissue
Will have a larger displacement

WINDOW

o=
WINDOW

RF Backscatier = Inelastic (stiff) tissue
Will have a smaller displacement

Pre-compression data

https://www.youtube.com/watch?v=Ig9cCsOLBv4
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Strain imaging in the cervical lymph node

TIS0.1 MI 0.7
Alta Diagnosticos L12-5/ELASTOG

B P ——

B-mode image (left) of a cervical lymph node shows a hypoechoic rounded lymphHEladagran(right) demonstrated that the lymph node is stiffer compared to
surrounding tissue (homogeneous blo@lor elasticity signal on SE imaging with a Philips iU22 system), suggesting an abnormal lymph node that warrants biopsy.
Subsequent biopsy resulted in the diagnosis of tuberculous lymphadenitis. Sigrist et al. Theranostic®017, Vol. 7, Issue 5
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Strainelastographyimaging in the thyroid

PHILIPS

>

Strain Mean and Std
Den

177 2

Stran 1 = 0477 %

Stran 2 = 0,395 %

Mean 1/Mean 2 =121

B-mode image (left) and colezodedelastogram(right) of a thyroid nodule in the left thyroid gland, imaged with SE on a Philips iU22 system. The
nodule appears hypoechoic with-defined borders on anatomicatBode image. Thelastogramshows normal thyroid tissue encoded with blue
color(soft tissue) and the nodule with ramblor (stiff tissue), suggesting a malignant nodule. This was confirmed by histology which showed

papillary thyroid carcinoma. Sigrist et al. Theranostic017, Vol. 7, Issue 5
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Elastography Techniques

Strain Techniques Shear Wave Techniques
Strain Acoustic radiation Point Shear Wave 2D Shear Wave 1D Transient
Elastography force impulse (ARFI) Elastography (pSWE/ lastography Elastography
(SE) Strain Imaging ARFI quantification) {SWE) (TE)
ElaXto™ Esaote Virtual Touch™ Siemens Virtual Touch™ Siemens, Shear Wave Super FibroScan™ Echosens
Real-time tissue  Hitachi Imaging Quantification  Philips Elastography Sonic
elastography™  Aloka {VTI/ARFI) (VTQ/ARFI) Imagine,
Elastography ElastPQ™ Virtual Touch™  Philips,
GE, Philips, Quantification  Toshiba,
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eSieTouch™ Ultrasonix, Siemens
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Figure 3. Ultrasound Elastography Techniques. Currently available USE techniques can be categorized by the measured physical quantity: 1) strain imaging (left), and 2) shear
wave imaging (right). Excitations methods include quasi-static mechanically-induced displacement via active external compression or passively-induced physiologic motion
(orange), dynamic mechanically-induced compression via a “thumping” transducer at the tissue surface to produce shear waves (green), and dynamic ultrasound-induced tissue
displacement and shear waves by acoustic radiation force impulse excitation (blue).

Sigrist et al. Ultrasound Elastography: Review of Techniques and Clinical Applications. Theranostics. 7;7(5):1303-1329, 2017
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A Timeline of Diagnostic Ultrasound Innovations

_ Hardware
B-mode Pulsed Colour Power Tissue Shear Wave Software
Imaging Doppler Doppler Doppler Doppler Transducers

Imaging | Imaging Imaging Elastography Beam forming

Supersonic Ultrafast
Super

Vector Doppler Coded Shear Wave § Planewave Resolution
Excitation Elastographyj Imaging Imaging

Compound Imaging

Harmonic
Imaging

1940 1950 1990 2000

V%rgowing
m Guy’s and St Thomas’

NHS Foundation Trust



Shear Wavd=lastography Basic Principle

A)

Tissue

Transducer induced
radiation force.

Force applied is known
as the “stress”.

Amount of tissue movement
is known as the “strain”.

Propagation of shear-
waves from tissue

B)

Induce Shear
Waves

. 4

7~

Measure Shear-
wave speed

D

i

Estimate Shear
Modulus, G

g

7~

\

Estimate Youngs
Modulus, E

N

Nahas et al. From supersonic shear wave imaging to full-field optical coherence shear wave elastography. J Biomed Opt 2013.

If tissue assumed to be incompressible (no
change in density) and uniformly elastic the
shear moduluSA & NXBf Il GSR (2
modulusEby the following equation:

E=3G

Hence:

E=3pc;
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Soft tissue properties

Density Youngos modul

Density (kg m-3) Material E (kPa)
Tissue mean (range) ‘
- 928 (917-939) Non-human materials

at — o=
Muscle - skeletal 1041 (1036-1056) Sy o 200-5000
Liver 1050 (1050-1070) PVA cryogel tissue mimic 35-500
Kidney 1050 Agar/gelatine tissue mimic 10-70
Pancreas 1040-1050 .
Human tissues
Spleen 1054
Prostate 1045 Artery 700-3000
Thyroid 1050 (1036-1066) Cartilage 790
Testes 1040 Tendon 800
Ovary 1048 Healthy soft tissues® 0.5-70
Tendon (ox) 1165 Cancer in soft tissues? 20-560
Average soft tissues,? 1047 (5)
mean (S.D.) * Breast, kidney, liver, prostate.
Diagnostic Ultrasound Hoskins, Martin, Thrush
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Point Shear Wave Elastography using ARFI

(a) High-output
beam

—

lT

e

Radiation
force

(b)

S

JN
Sequential pulse-echo ultrasound imaging frames used to o

track tissue displacement caused by the shear wave

qﬁf“’

| I -' " Shear wave
| attenuates
| | , | with distance

(a) A high-output ultrasound beam produces a radiation force which displaces tissue in the focal region
producing shear waves which propagate in 3D.
(b) High frame-rate imaging techniques are used to track the tissue displacement caused by the shear wave.

Diagnostic Ultrasound Hoskins, Martin, Thrush
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2D Shear wave elastography imaging: Breast lesions

Table 1 ShearWave'™ Elastography: qualitative classification (Qual).

Types 1 2 3 4 5

Homogeneity Homogeneous Not very homogeneous Heterogeneous Heterogeneous Heterogeneous
Maximum color Blue Green Yellow Red Red

Hard area 0 0 Intra- or Perilesional Intra- or Perilesional Perilesional
Intralesional echo Present Present Present Present Absent (no echo)

R . i i )

b B

Kl otz, Thomas eetlastagraphy6 8hear bwaiven in ultrasound diagnosis management of brea&Xlt | es]|
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Ultrasonic Shear Wave Imaging
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Scroll for details
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https://www.youtube.com/watch?v=Q_5qcqDN1cU



@ Shear Wave Elastography - Ultrasound - Canon Medical © » O

Watch later Share Info
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Propagation map: Soft Inclusion Phantom Propagation map: Hard Inclusion Phantom

uniform

i

....._uniform
-

2

uniform

uniform

Elasticity kPa Map Propagation Map Elasticity kPa Map Propagation Map
Soft target wwssssp  Slower Shear mmmmmp  Shorter distance Hard target mmmmmp Faster Shear g ~Wider Distance
wave between wavefronts ke between wavefronts
TOSHIBA : TOSHIBA
MEDIGAL Acknowledgement G Guenette 2075 MEDICAL Acknowledgement G Guenette 2015
Examples: Too deep Examples: Same patient
Reposition box more superficial: Swiss Cheese: Some out of plane motion Much better with repositioned box

The numbers tend to increase as you go deeper.

TOSHIBA . TOSHIBA https://www.youtube.com/watch?v=5hTpuG5ezHI&t=2969s
MEDICAL MEDICAL




Shear wave elastography imaging using supersonic ARFI

(,'L’lbﬁ = fu’l"\,
(a) Sequential high  (b) Sequential pulse-echo ultrasound imaging frames used to “U: % :UL:,
output beams track tissue displacement caused by the shear wave W W
SE—
|
[T
|
first —» |

|
beam

Shear wave
attenuates
! ' with distance

|
|
beam ' | y(m) A The Doppler effeti )
| 30 _~—TT ‘ 7 = .\\f =100 Hz
20 4 A4 P
O
(a) Sequential high-output beams are generated with focal regions of increasing depth along * T ol o 0 3
the same line. i L R |
(b) Ashear wave cone is formed, and high-frame-rate imaging techniques are used to track -20 —\ | NS E T
the tissue displacement caused by the shear wave. 30\— | e
Diagnostic Ultrasound Hoskins, Martin, Thrush e
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Supersonic shear wave propagation

Time: 8 ms

kPa

sttgowing NHS!
m Guy’s and St Thomas'

NHS Foundation Trust



Ultrasound Elastography
Research

An Insight
to carotid
vascular
disease



Carotid plagues- stable or unstable?
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Shear wave elastography imaging of carotid plague?

wChallenging clinical application
I Small tissue size
I Often heterogeneous
I Dynamic environment due to pulsatile flow
I Thin walls
I Non-linear tissue elasticity
I Shear wave propagation model assumptions not applicable
IYoungos modul us esti mates?

wHypothesis
I SWE imaging of carotid plaque can help identify the unstable plague
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Shear wave elastography publications

25000

20000

15000

10000

500

=

=

Ultrasound shear wave elastography articles
2022, 2024
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ultrasound shear wave elastography carotid
About 2,890 results (0.15 sec)

ML) Shear wave elastography imaging_of carotid plagues: feasible,
reproducible and of clinical potential

KV Ramnarine, JW Garrard... - ... 2014 -

... Shear Wave Elastography exploits acoustic radiation force to generate shear wave
propagation in tissue [3]. Application of a theoretical model of wave propagation enables the ...

Y¢r Save 99 Cite Cited by 115 Related articles All 13 versions 9

Shear wave elastography imaging for the features of symptomatic carotid
plaques: a feasibility study

Z Lou, J Yang, L Tang, Y Jin, J Zhang... - Journal of Ultrasound ..., 2017 - Wiley Online Library

... All 61 patients who to our i i a clinical carotid ultrasound
exam in conjunction with SWE. The ultrasound indexes were obtained by the same trained ...

Yr Save 99 Cite Cited by 33 Related articles Al 4 versions

mmL Combined spatiotemporal and frequency-dependent shear wave
elastography enables detection of vulnerable carotid plaques as validated by
MRI

D Marievi, SL Mulvagh, R Huang, JK DeMarco, H Ota... - Scientific reports, 2020 - nature.com

.. we the potential of shear wave (SWE) to detect vulnerable
carotid plaques, evaluating ... In total, 27 carotid plaques from 20 patients were scanned by ...

Yr Save 99 Cite Cited by 11 Related articles All 10 versions

Shear wave elastography assessment of carotid plaque stiffness: in vitro
reproducibility study
KV Ramnarine, JW Garrard, K Dexter... - Ultrasound in medicine ..., 2014 - Elsevier

... of shear wave (SWE) in vessel soft and
ultrasound shear wave elastography liver B
About 17,400 results (0.15 sec)

Ultrasound shear wave el graphy for liver disease. A critical appraisal of
the many actors on the stage
F Piscaglia, V L Mulazzani... - ... of L 2016 - thi ect.com

... all ultrasound manufacturers have arrived to implement ultrasound shear wave elastography
modality in their equipment for the assessment of chronic liver disease; the few remaining ...
Yr Save 99 Cite Cited by 141 Related articles All 4 versions

i Ultrasound shear wave elastography and liver fibrosis: A Prospective

Multicenter Study
JA Sande, S Verjee, S Vinayak, F Amersi... - World Journal of ..., 2017 - ncbi.nim.nih.gov
.. The accuracy of non-invasive tools such as shear wave elastography ... ultrasound

shear wave elastography in the diagnosis and staging of fibrosis within the context of liver ...
Yr Save PP Cite Cited by47 Related articles All 11 versions

Shear wave elastography for evaluation of liver fibrosis

G Ferraioli, P Parekh, AB Levitov... - Journal of Ultrasound in ..., 2014 - Wiley Online Library

... waves determined by the displacement of tissues induced by the force of a focused ultrasound
... that have been obtained with shear wave elastography for assessment of liver fibrosis. ...

Yr Save 99 Cite Cited by 191 Related articles All 5 versions

A machine-learning algorithm toward color analysis for chronic liver disease
classification, employing ultrasound shear wave elastography

L Gatos, S Tsantis, S Spiliopoulos. .. - Ultrasound in medicine ..., 2017 - Elsevier

... The purpose of the present study was to employ a computer-aided diagnosis system that
classifies chronic liver disease (CLD) using shear wave (SWE)...

Y¢ Save 99 Cite Cited by 77 Related articles  All 5 versions
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SuperSonic Imagine ShearWave™ Elastography (SWE™)
The Hype and Evidence Based Medicine
A NEW ULTRASOUND IMAGING PARADIGM: o SR G L

FO U N D E D | N 2005 ErEvT hit p://dx.doi.org/10. 1016/j ult rasme dbio. 201 3.09.014
OVER 1000 AIXPLORER® SYSTEMS WORLDWIDE ® Original Contribution

SHEAR WAVE ELASTOGRAPHY ASSESSMENT OF CAROTID PLAQUE
R EVO L UTl O NA RY SYSTE M | STIFFNESS: IN VITRO REPRODUCIBILITY STUDY
Kumar V. R;\Mii,\RME,* JAMES W. (r?mlzl?-\kb,"' Kane PI?:TER,*‘ Sz":lrlj\ﬂ NpUuwayo,'
30 INTERNATIONAL PATENTS!
in Carotid Plaques:

20,000 IMAGES PER SFCOND! e Median and

o NEWS OF THE WORLD SEEESiiEs

™ I Shear Wave Elastography May Be Superior to Greyscale
MULTIWAVE "TECHNOLOGY! Median for the Identification of Carotid Plaque Vulnerability:

A Comparison with Histology
ULTRA FASTTM DOPPLER Mégliche Uberlegenheit der Scherwellen-Elastografie gegeniiber dem

medianen Grauwert bei der Identifikation der Vulnerabilitat von

PLANE WAVE IMAGING! Rescarch
: Shear wave elastography imaging of carotid plaques: feasible,
TIME REVERSAL! reprodudble and of dinical potential

1

SU PERSONIC ) MACH CON EI Kumar V Ramnarine= *, James W Gﬂrrﬂrdg, Baris Kanherg, Sarah Hduwayug, Timothy C

Shear-Wave Elastography

Hartshorne® and Thompson G RobinsonZ2
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Experimental Flow Phantom Studies

Inhomogeneous (hard) phantom under steady and pulsatile flow

300

; Key findings:

Hard regions 0 i . :
Mean YM = 170kPa o SWE able to distinguish
| gm hard and soft areas of
glso plague model even under

100 - B pulsatile flow
: = -
0 o — i |
Reproducible YM

0 T T T T T T T T T T T T T T T T
1s 1P 28 2P 3S 3P 4S 4P 5S 5P 6S 6P 7S 7P 8S 8P

estimates

Position and Flow Type

Phantom Flow | Mean % | Inter- | Wall | Plague Inhomo-
Soft regions difference | observer | CV CV geneous
Mean YM = 43kPa ICC region CV
| Homogeneous Steady 15.9% 0.71 0.12 0.11 -
Pulsatile 15.4% 0.69 0.17 0.08 -
Inhomogeneous | Steady 18.4% 0.78 0.08 0.15 0.15 Ramnarine KV et al. Shear wave
(hard) Pulsatile 14.4% 0.79 0.12 0.09 0.10 elastography assessment of carotid
Inhomogeneous | Steady 18.1% 0.82 0.15 0.11 0.15 plaque stiffness: in vitro reproducibility
(soft) Pulsatile | 22.7% 078 | 0.13 | 0.5 0.20 Bimiocy 2014, 40: 2001 208,
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Clinical case report

s ‘ b
. Thrombus
d A : % ; % /;’J Yo
_.-/,'-\‘:‘ 2
(”A' -
E' " J ';f." N 3 ..A"‘.
._a‘ ..... '\
sﬂ" AR -" 3 ;
/< _Calcification Intra-plaque hemorrhage
First case study to suggest SWE assessment of Garrard J and Ramnarine KV.
Shear-wave elastography in

Youngo0s Modul us of pl aque cmigpgues cgnpgisgn 1

with Grey5Scale Median and

macroscopic and microscopic assessment as well histological assessment in an

interesting case. Ultraschall in

as conventional greyscale imaging appearance. der Medizin, 2013: Oct 23,
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Fibrous plaque stable on histology

ShearWave Elastography May Be Superior to Greyscale Median for the

Identification of Carotid Plaque Vulnerability: A Comparison with Histology

GSM vs. YM
150+
) ‘ § 1204
T 2 g0 | Key Findings:
Mean GSM Zﬂg T —— '5 e 5 A Unstable y g
= b~ > Stable
————— o 6 s o - -
S R e , . . Histological study on 25 plaques
2 30- s Ak
o Mean YM of unstable plaques
0 T T T T 1 H L o
0 20 40 60 80 100 significantly lower than
Greyscale Median (GSM) stable plaques:

50kPavs. 79kPa; p = 0.027

Stable vs. Unstable Plaques

150+ 100
_ T » Mean GSM:
= S 120 B No significant difference.
2 = z
2 z = Greyscale
= B ™ B "_}_ “d Median (GSM)
* & e
o: S 33 ; 60+ 40 § Young's
§ Sre ,5 Modulus (kPa)
:._ 30+ 20 2
. H 1
 Histology - _ " I Sord ot Srea ove Sy Moy
2 *Calcified tissue. #Fibrous tissue. o & o A}\.g" Plaque Vulnerability: A Comparison with Histology. Ultraschall

in Med 2015; 36: 3861 390
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Clinical studies
Shear Wave Elastography imaging of carotid plague

23/10/2012 09:39:55 08/10/2012 10:19:09
| SL15-4 | Breast | Breast . SL15-4 | Breast / Breast
i Mil1.2 Tio.4 MI1.3 TI0.5

B B +180 kPa|
Gen/Med — = el aaac — : L m— Gen/Med ! ' ! = " s

M 5/65 dB/Med g M 5/65 dB/Med

T 1480 m/s = - — T 1480 m/s

SC/SR 2 : < SC/SR 2

G 19 % * 2 .~ g wers = o 4l G25%

Fr. 12 Hz - . - = Fr. 12 Hz

SWE™ e SWE™
Pen/Med . Pen/Med
M 1/High - M 1/Med
S 6/0 50 % ey S 6/0 50 %
G 70 % 4 ! ? G70%

Z 115 % _ Z 100 %

Ultrasound B-mode and SWE video clip of carotid Ultrasound B-mode and SWE video clip of minor
pl ague causing a O70% stenosi s de mcarctitd plaqueeddmoasdtratédtatehe carotid bifurcation.
origin to the ICA. Greyscale imaging demonstrates Greyscale imaging demonstrates a predominately anechoic
apparently large fibrous and calcified plaque type 1 plaque on the posterior wall corresponding to
corresponding to relatively high YM in the SWE image. relatively low YM in the SWE image.
Ramnarine et al. Shear wave elastography imaging of carotid plagues: feasible, reproducible and of clinical potential. Cardiovascular Ultrasound 2014, 12:49
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Clinical study in 81 patients: potential clinical value

A Gray- Weale Classification vs. Novel methods
120 - I —— PR P ——— ",

Z 5
é L CEPPPEPPEPPPPPREIEEY TEPERPE BN T - 150 =
:
2 604 100 2
s £
3 g
30 4 . 50
0 0
>
‘ ‘ & & §‘ §6 Q -
O‘a » .> & &S » P

Subjective Appearance by Gray-Weale Classification

C Symptomatic vs. Asymptomatic plaques
1204 3 r 180

:

Greyscale Median (GSM)
2
(e>)) snpnpoyy s,3uno X

Table 4 Summary of YM and GSM values in vessel wall and plaque and inter-frame reproducibility of measurements’

Greyscale
[ Median

Young's
B Modulus
(kPa)

Greyscale
» O3 Median

Young's
B3 Modulus
kPa)

B Degree of stenosis vs. Novel methods

120 caas -200
Z <
% 904 z Greyscale
o ] B3 yedian
= -
i s Young's

60 ° oung's
- & Em Modulus
« = 2 Do
.; E x¥Fa)
& % z
- =
C £

0 ]

3050 5070 >70 3050 85070  >70
Degree of carotid plaque stenosis (%0)

D ROC Curves

== Degree of gemons
Combmed % gtenons

and YM
- Combmed % stenons

—~ mnd GSM
)
e w— YM only
4 GSM aly
= L. xRy
g «=+ Lineofidentty
2

T
> -

'3 ‘* ‘\"-' \a"
False Positive Rate (%0)

All patients wall Ym Plaque ¥YM Plague GSM
Mean 42 kPa (95% Cl: 37-48 kPa) 75 kPa (95% Cl: 64-85 kPa) 56 (95% Cl: 52—65)
cv 22% (95% Cl: 20-249%) 19% (95% Cl: 17-21%) 7% (95% Cl: 5-8%)

"The mean and 95% confidence intervals (Cl) of results across all patients are shown in addition to the average inter-frame coefficient of variation (CV) of ¥YM and

GS5M measurements.

Graphs illustrating key results.

A) Box and whisker plots showing
the Greyscale median (GSM) and
Youngbés Modul us (Y
against subjective Gray-Weale
Classification. Both values increase
with higher classification of plaque
appearance.

B) Box and whisker plots illustrating
plaque GSM and YM against the
percentage stenosis, grouped into
either mild (30-50%), moderate (50-
70%) or severe (>70%).

C) Box and whisker plots illustrating
the plague GSM and YM of
symptomatic and asymptomatic
plaques.

D) ROC curves for the logistical
regression of different ultrasound
methods, and percentage stenosis
as an individual method.

Ramnarine et al. 2014. Shear wave
elastography imaging of carotid plaques:
feasible, reproducible and of clinical potential.
Cardiovascular Ultrasound 2014, 12:49
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The reality: what is being measured?
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The reality: what Is being measured?

Assumes medium is: Reality:
Linearly elastic Non-linear, time dependent mrsizinm
Infinitely homogeneous Ti ssue boundaries, | st sé
Isotropic Tissue anisotropy
Continuous Di scontinuities, struct , TN,
Incompressible Compressible, viscoelastic Viscoelastic
Constant density Variable density Behavior
Non-dispersive Dispersive tissue
Challenges:
Need to consider viscoelasticity, poroelasticity, artifactsé
Propagation speed depends on methodol ogy, frequency,
n/\/\/\/\/\u\/\/\]\/mw\f\/\n\/\/\/\/\w Group velocity vs Phase velocity
. https://en.wikipedia.org/wiki/Group_velocit
V%Igowmg P p g/wiki/Group y m
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Elastography Phantoms and Test Objects

wWell characterised phantoms and test objects:

I For Experimental Studies
wVascular flow phantom of carotid plaque

I For Routine USQA of elastography modalities

I For Performance Assessment
wlLeicester-St T h cElastography Pipe phantom (L-STEP)

I For Teaching/Training

V%lr%owmg NHS
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Shear Wave Liver Fibrosis Phantoms Some commercial elastography phantoms

Model 039

CI]'Y QA PHANTOMS _ Model 049 & 049A

T— SPECIFICATIONS

MEASURE KNOWN TISSUE ELASTICITIES WITH SHEAR WAVE SYSTEMS DIMENSIONS: 8.5"inx6"inx4"in MODEL 049A ELASTICITY QA PHANTOM -
(20cm x 15cm x 10cm) STEPPED CYLINDER

PHANTOM WEIGHT: Model 049 - 6 Ib e

Elasticity QA Model 049A - 7 Ib
MATERIALS: —— i

h Background l_l—
Phantoms e =1 [|g ® 1
Model 049 & 049A Attenuation: 0.5 dB/cm-MHz !! J

ZERDINE® Inside

Speed of Sound: 1540 m/s S
Lesions

Material: Zerdine

Sz Attenuation: 0.5 dB/cm-MHz
CiRg Elasticity >*
W Background: 25 kPa
Lesion Type |: 8 kPa
Lesion Type II: 14 kPa
Lesion Type lll: 45 kPa
Lesion Type IV: 80 kPa

SCANABLE SURFACE | 17 x 10 cm
AREA

2135
1373%

Elastjoj
Spher,',g,m1 Phantop,

ZERDINE® Ins{o;e
e - Users of magnetic resonance elastography (MRE) systems may require
DEVELOPED TO PROVIDE USERS WITH ACOUSTIC TARGETS OF custom hqusing to provide a larger opening for MRE drivers. Contact CIRS MODEL 049 ELASTICITY QA PHANTOM -
DISCHETE KNOWN STIFFNESS to customize the phantom for this application. SPHER'CAE

V%lhowing Cournane et al. 2012. Review of ultrasound elastography quality control and training test phantoms Ultrasound 2012; 20: 16 1 23 m
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ELASTO TIS0.9 MI 1.3
C5-1

20Hz M3 MS
RP

60 kPa

Area 0.808 cm?
EQI Avg 1.49 kPa
EQI Std 0.153 kPa
EQI Med 1.41 kPa
EQIIQR 0.000 kPa
EQI IQR/Med 0%
EQI Min 1.06 kPa =
EQI Max 1.76 kPa ®
Conf. Threshold 0%

ELASTO TIS0.2 MI 1.3
C5-1

19Hz

RP

2D

68%
Dyn R 55
P Med
Gen

ELASTPQ:
RP
68.3Hz

Sample 2 —
EPQAvg 1.70 kPa
EPQ Std 0.026 kPa

\2,I'éowing
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