7/15/2015

lune ncsul
_ULTRASOUND
st oraoeam

Viscoelastic Response (VisR) Ultrasound
for Noninvasively Assessing the
Viscoelastic Properties of Tissue

Caterina M. Gallippi, Ph.D.

The Joint University of North Carolina Chapel Hill,
North Carolina State University
Department of Biomedical Engineering

lune ncsul
_ULTRASOUND

=" fezemseh cerzomum

The Mechanical Properties of
Tissue are Diagnostically Relevant
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Breast Abdominal Organs Musculoskeletal System

The Mechanical Properties of Tissue
May be Assessed by Ultrasound

1. Expedite detection and
differential diagnosis of
diseases

2. Improve accuracy of disease
diagnoses

3. Monitoring response to
treatment
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uLRAasouND Methods for Tissue Mechanical
' Property Assessment by Ultrasound

density of energy and momentum of the propagating waves
because of the absorption, scattering or reflection from
inclusions or from spatial variations in propagation velocity.”
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Peak displacement conveys elasticity. How to
measure viscosity?
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e Fit to Mass-Spring-Damper Model

d? d
Fx(t) + mzrax[t) +owx(t) =

/ damper (n)

SN

NN

mass

(m)

——AMAMA—
spring (k)

G

m K

IR
LRSI Voigt Model
Viscoelastic Creep
|
i.
P\ g
| 5
I =
[=3 ' -
i
!
| !
!
[ i
i
!
IR .
_ULTRASOUND VisR Ultrasound
ts
=
Q
£
3
s
a
©0
a
tarr tAVRF Time
t,.- = Duration of ARF excitation
t.= Time separation of ARF excitation
lunE ncsul

7/15/2015




ULTR

CNR

Estimated ¢
-

[UNE ncsu .
ssoune  Experimental Phantom Results

exeeh ceeemum

=1.15 CNR = 0.84 CNR = 0.08

T

IEEEEN  coppected VisR Quantifies tin FEM

_ULTRASOUND
e et e . .
Simulation
2.0 ' . ' . v : T : —
1.8 Pl
P Viscosity (Pa-s)
1.6 P 1
» 0.5
14 e 1 |e 15
£ -7 1 25
= s e 35
3 10 » 1 45
g v
208 - ] ® 55
5 o« 6.5
“os -_,) 1 |* 75
8.5
0.4 / 1
” ® 95
[ d
0 .l " " 1 n

0

" " . . "
02 04 06 08 10 12 14 16 18 20
Material T (ms)

[unc ~ncsu]
_urasounn  VisR T Error is < 10% for Limited Range

ook cerzartiam

Corrected t Percent Error

21 22 23 24 25 26 27 28 29 30

NC STATE UNIV

7/15/2015




CEEEET  /igR Relative Elasticity Distinguishes

. ULTRASOUND
. Sact cresomuam

Relative Elastici
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VisR in Application to Monitoring

Dystrophic Degeneration in Duchenne
Muscular Dystrophy
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GRMD Dogs

Severe clinical phenotype,
genetically homologous to DMD

Muscle necrosis and
regeneration begin at an early
age

* Followed by extensive
connective tissue proliferation
and premature death from
cardiac and respiratory failure
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TRE8AICh CONSOTtium Varlatlon
* Sartorius: relatively
— spared
* Gastrocnemius:
~ enlargement, with
Sartorius
Vastus Intermedius predominantly
\ Gastrocnemius fatty deposition
(medial head)
/
) * Vastus
Intermedius: cyclic
: necrosis and
—_ fibrous deposition
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Next Steps: Anisotropy
_utrasounp  Biological Tissue Exhibits Structural Anisotropy
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not symmetric, ARF focal configuration

(a) B-Mode
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VisR tis Angle Dependent for Asymmetric, but
not Symmetric, ARF Focal Configuration
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¢ Ultrasound may be implemented to noninvasively assess
the mechanical properties of tissue, which are
diagnostically relevant.

* VisR ultrasound is a new acoustic radiation force-based
approach to estimating tissue viscosity, elasticity, and
degree of anisotropy.

* VisR has been applied to monitoring dystrophic muscle
degeneration in Duchenne muscular dystrophy.

* Other applications under study include kidney and
atherosclerosis.
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Viscosity in Excised Pig Kidney
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