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Quantitative Assessment of Scanners
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Quantitative Assessment of Scanners
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Resolution Integral R
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Resolution Integral R = Ly/Dg
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160 scanner/transducer combinations 1986-2009
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Of Mice and Men

e EXxperimenting on humans frowned upon

— Alternatives
 Nematode worm
e Insects

— Fruit fly
* Fish (zebra fish)
e Mammals

— Mice

— Rats

— Pigs

— Sheep

— Primates



ODbjectives of Genetic Engineering

e Understand human disease processes

e Develop treatments and cures




Manipulating the Genome

 Natural mutations
e Chemical mutagenesis

« Knockout approach
— Stop an existing gene from functioning
e Random / Targeted
e Transgenic approach

— Incorporation of a foreign gene into the
genome of the target organism




Mouse Models

o Cancer e Cystic Fibrosis
— Brain  Sickle cell disease
— Melanoma e Glaucoma
o Obesity-diabetes » Parkinson’s Disease
* Polio e Deafness
« Birth defects » Cardiology
_ Cleft pallet e Alzheimer's
— Spinal defects * Drug testing
e Emphysema » Baldness
o etc



Characterisation

e (Genotype

— "internally coded, inheritable information*

— The blue print for construction and maintenance of living
organism.

* Phenotype

— Describes the physical attributes of the organism

« Atoms, molecules, cells, structures, metabolism, energy utilisation,
tissues, organs, reflexes.



Spot the Difference

Results of genetic changes may
be -

obVvIOousS
or

NEVA




Phenotyping Methods

e Biochemical
e Behavioural
e Imaging
— (Serial studies)



Ultrasound Scanners

e Real-time

* High frame rate
e High resolution
e Portable

o Safe

e Convenient

e Moderate cost
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Small Animal Imaging

e Animal Imaging
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Small Animal Imaging

@ study Name: cardiovascular
® Acquired: 1/11/2005, 10:45:21 AM

|* |||||||\H|||||||||||||||||||||||||U|II|IIII|III||||||||||| mm
— 3
PW Doppler Moda 6/10/2000 =
MVISUALSONICS thisiise /i =
BHF, Univiersity of Edinburg Roviaw Bossl =
Default Operator vl Ressian Z
RMY-704 40 MHz —_ 4
J TGC Settings -
a0 Fnz 1 -
Powers 100 % . | —l— 10 -
PRI 20 knz | =
Sample Volume E| {1 1 —

] £.07 mm | I 10 —
Length: 0.54 mm —
Angl 56 deg g

Recel __ 5
voppler Galn: 10,00 db ] —f— -

1 =

H —— .

. ] —3F—
- " |

| _l_ 10 -

1 dn e

-4 —-16

| =

i LeftLagmmon Carotid -

E = — Z
: £ External Carotid -
. [ # er:fteraru i —— — 7
= Y. - z
] -
* =
o 2 -
wri -10 - =
NI 297 em, -
Cycles : 1.00 cycles 20 — 8
ECG 158 mV HR 1w B -
Faap 180 s - [ -
- T e« —
- [ -, —_
| 1 1 -
o Tirne (ms) -
tmage: 25/26 [0 IE
C——  uesso0 ]

Courtesy of Visualsonics




Small Animal Imaging

® . Study Name: microinjection 10 day
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Small Animal
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Imaging — Zebra
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Small Animal Imagin
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Scanners — Previous Work

Mouse heart filled with
ultrasonic contrast

Diasus — Dynamic Imaging

.8-16, L10-22 probes



Scanners

Micromaxx Scanner — Sonosite

Vevo770 - Visualsonics

1U22 Philips



Subjects - Marmosets

*59 marmosets

*Held stationary by trained handlers

*Belly shaved for optimum imaging
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Qualitative study
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Qualitative study

Hospital : Chancellor,s Building Clinician : 09:42 ..
Patient : marm190 ID: 09 Mar 2006
— |
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.
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Qualitative study

Hospital : Chancellor,s Building Clinician : 11:62 ..
Patient : marm1 4w 1D : 20 Apr 2006
|

L8-16MHz
Frozen
Cine -1

PostP:1
Frame Av : 0.70

R¥ Gain : 48
Transmit: 99
Ml : 0.58

20
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Distance : 2.8mm
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Dynamic Imaging

Early pregnant uterus — approx 15 days
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Comparative gqualitative study

‘3" MARM 205 BCF 1970Uan01  00:14
a
=i

Distance ) 15
- 0.29m
Distance : 1.0 i
niiéﬂﬁi: 1.umm “ 0.54em
RIERIE . == Cal1 3% cal? £7:Elipse | %/Manual X Delete

nnnnnnnnnnnnnn

Diasus image showing 3 follicles
In right ovary and 1 follicle in
left ovary

Micromaxx image. Follicles not
distinguishable in left ovary.



Comparative gqualitative study

Hospital : Chancellor,s Building Clinician : 10:30 .. MYISUALSONICS Study Name: 121 marm B-Mode 4/20/2006
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Comparative qualitative study

Hospital : Chancellor,s Building Clinician : 11:52 . \. it Ifnya:VIaDme i:x ;n:r:g'!:us g
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Comparative qualitative study

Clinician :
ID:
|

Hospital : Chancellor.s Building
Patient : marm260_2
|

20

Diasus image showing three
follicles in right ovary
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Philips Scanner (second session
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Quantitative Assessment of Scanners

—o—Dynamic Imaging Diasus 10-22
—+— Dynamic Imaging Diasus 8-16
—A— VisualSonics 704 -111 (40MHz)
—e— MicroMaxx HFL38 6-13MHz




Quantitative Assessment of Scanners

—A— VisualSonics 704-111




Resolution Integral R = Ly/Dg

L 4 Depth of Field Ly .
Characteristic Resolution Dy




Ultrasonic Scanner Results

Scanner Probe Resolution | Depth of Field | Characteristic
Integral (mm) Resolution
(R) (mm)

Phillips  iu22 | L17-5 75 50 0.67

scanner

SonoSite HFL38 6-13 MHz 57 48 0.84

Micromaxx

scanner

Diasus Scanner | L8-16 55 33 0.6

Diasus Scanner | L10-22 44 23 0.52

Visualsonics 704 20 7 0.35

Resolution integral, depth of field and characteristic resolution of the five ultrasonic
transducers.



Results from Scanners using Clinical and
Pre-clinical Pipe Phantoms

Depth of Field versus Characteristic resolution
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Visualsonics VVevo 770

Single element probe

Multiple probe heads to
ensure focussed at necessary




Structure

o Assess the performance of clinical ultrasound
transducers

e Assess the performance of commercially
avallable ultrasound transducers for pre-clinical

Imaging
e Assess the performance of commercially
avallable pre-clinical transducers



The Wellcome Trust High-Resolution
Ultrasound Imaging Facility

April 2008

‘RMV 704
‘RMV 707B
‘RMV 708
‘RMV 710B
‘RMV 711




Characteristics of probes
- Manufacturer’s data

Probe Name Centre Lateral Depth of
Frequency Resolution Field
(MHz) (Hm) (mm)
RMV 710 25 140 2.7
RMV707B 30 115 2.2
RMYV 704 40 80 1.5
RMV708 55 70 1.4
RMV711 1) 90 2.4
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High Resolution Pipe Phantom

Pipes of diameter (micron):
1470
550
330
193
139
93
68
45




Example images of Pre-clinical Pipe Phantom

\Vevo /70

. Study Name: Resolution Test Phantom 708

. . Image Label: 550 micron pipe imaged with 708 probe . Study Name: Resolution Test Phantom 708
Acquirad: 07/08/2008 10:18:15 Image Label: 330 micron pipe imaged with 708 probe
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Example images of Pre-clinical Pipe Phantom

\evo 7/

® @ Study Name: Resolution Test Phantom 708 @ @ Study Name : Resolution Test Phantom 708
™ ° Acquired: 07/08/2008 11:30:07 ™ ° Acquired: 07/08/2008 12:00:58
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Results from Vevo 770 using Pre-clinical
Pipe Phantom

Depth of Field versus Characteristic resolution
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Results from Vevo 770- RMV704 probe using
tracking technique

ICS Study Name: Resolution Test Phantom RMY704 B-Mode
Animal ID: Frame: Recalled
Image Label:
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Small Animal Imaging
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Results from Vevo 770- RMV704 probe using
tracking technique

Depth of Field versus Characteristic resolution
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Visualsonics Vevo 2100
Linear Array Technology

Linear array technology l l l l l l l

«Colour Doppler

*\Wide field of view

s Vevo2100




Visualsonics Vevo 2100 - transducers

Centre Frequency
Frequency Bandwidth
Transducer (MHz) (MHz) FOV (mm)

MS200 15 9-18 36
MS250 21 13-24 30
MS400 30 18-38 20
MS550S 40 32-56 11
MS550D 40 22-55 7




Small Animal Imaging
Vevo 2100

Series Name Carotide - ApoE mice
Frequency 40 MHz — Z
S— 5 T 3 mm

111111




Small Animal Imaging
Vevo 2100

SIS Study Name  ETBR

s MS550D — 40MHz
Image Label ok left kidney
Fregquancy

QQQQQ




Clinical Pipe Phantom with Vevo 2100 probe
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Example images of Clinical Pipe Phantom
Vevo 2100, MS200, 15MHz

-! * Vevo 2100
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MS-200

Application
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Display Map
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General Imaging
Detail
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Study Name Edinburgh pipe phantom B-Mode 9/3/2009
Series Name Day 2 resolution pipe phantom L ET Recalled 3:38:03 PM
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Image Label

12

16

20

24

28

A

32

Fy

A

36

1470 micron pipe

1007100
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Image: 106/117




Example images of Clinical Pipe Phantom
Vevo 2100, MS250, 21MHz

-! * Vevo 2100

Ph Trochet
MS-250
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Frequency
Power
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Dynamic Range
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General Imaging
Detail
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Study Name Edinburgh pipe phantom B-Mode 9/3/2009
Series Name Day 2 resolution pipe phantom Image Recalled 3:31:11 PM
Animal ID Review

Image Label
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Image: 102/117




Example images of Pre-clinical Pipe Phantom
Vevo 2100, MS550D, 40MHz

! Vevo 2100

LR N
Ph Trochet
MS-5508
Application General Imaging
Preset Superficial
Transmit

Frequency 40 MHz

Power 100 %

Acquisition

Gain 23 dB

Frame Rate 34

Depth 11 mm

Width 14.08 mm
Display

Dynamic Range 65 dB

Persistence Low

Line Density High
Display Map G5
Brightness 50
Contrast 50

Study Name Edinburgh pipe phantom
Series Name MS550 D

Animal ID

Image Label

B-Mode 9/2/2009
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Image: 33/48




Example images of Pre-Clinical Pipe Phantom
Vevo 2100, MS550S, 40MHz

;t_: Vevo 2100

Ph Trochet
MS-5508
Application General Imaging
Preset Superficial
Transmit

Frequency 40 MHz

Power 100 %

Acquisition

Gain 27 dB

Frame Rate 34

Depth 11 mm

Width 14.08 mm
Display

Dynamic Range 65 dB

Persistence Low

Line Density High
Display Map G5
Brightness 50
Contrast 50

Study Name Edinburgh pipe phantom

Series Name
Animal ID
Image Label

B-Mode
Image Recalled

139 micron pipe

9/2/2009
5:36:03 PM
Review

- 1mm

100/100

100

Image: 37/48




Results from Vevo 2100 using Pre-clinical
Pipe Phantom

Visualsonics Vevo 2100 MS550S




Comparison of results from Vevo 2100 and
Vevo /70

Depth of Field versus Characteristic resolution
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Results from Vevo 2100 using High
Resolution Pipe Phantom

Depth of Field versus Characteristic resolution
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Example images from Vevo 2100 and Vevo 770
40MHz probes

® @ Study Name: Abdominal day1-AM
Image Label: Left kidney

* . Acquired: 11/12/72008 08:25:40
oo e
AEPUIIISIEED Study Name  ETER
L "~ Series Name Kidney
Image Label ok left kidney " IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII mm
Fregquency 40 MHz
Sr — D s e S Lo o B =
i - e e — e T p—— =
Ehants e—— ——— “._—Smm e e = oS .“'—' —= k]
il Sapcile Cortex R = . e E
I _"“-r--./ & L3 : e -~ = 4
3 y . . - =
T 2 - ) =
- —, : -~ = _ 4 — 5
E =9 - e =
- = - 6 '\-w- S5 E
o o =<8
- =7
. ] - =
p L e e = 8
~ o = —— E
Vasculature e ——— =
— 9
— - %—ﬂ_mg =
—— - . =
Medilla =
- — 10
=mn
I 1 =
\ J// \\ / N N
1457
14 57
1/100
A |
1t 100

Vevo 2100 MS550S Vevo 770 RMV704



Conclusions

 Using the Edinburgh Pipe Phantom we are able to
guantify the performance of clinical and high
resolution, pre-clinical ultrasound scanners.




Advantages as Experimental Subjects

* Mice are easy to look after
— Inexpensive
— Large numbers — small space

o Short life cycle

— High reproduction rate
« Sexual maturity 6 weeks
» Gestation 19 days
 Disease often appears within 4-6 weeks



Many Differences

 Mouse
— Small
— 4 legs & atall
— Whiskers

— Communicate in ultrasonic
range
— Naturally athletic
e Canjump 1m
e Climb almost anything
— Relatively short life
e 1-3yrs




LLooks can be Decelving

e Similarities
— Eyes
— Ears
— Hair
— Internal organs
e (enes
— Only 150 of 30,000 not in common

o (Genome relatively easy to manipulate



