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W Introduction

A Underlying assumptions when forming
B-mOde images off the mark com oy varcrarisi

A Artifacts for specular reflectors ST I 1 oo

A Reverberations

A Scatter effects, speckle, speckle
reduction

A Mirror image artifacts

A Common artifacts in Doppler
A Refraction

A Attenuation, shadowing, enhancement
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( http://en.wikipedia.org/wiki/List _of U.Sstate nickname$

The Beehive State (Utah)

1 Y S NID&@ryldpdWisconsin)

The Coyote state (S. Dakota; officially, Mt Rushmore state)
The Beaver State (Oregon)

The Lone Star State (Texas)

o hr ODdE


http://en.wikipedia.org/wiki/List_of_U.S._state_nicknames
http://en.wikipedia.org/wiki/List_of_U.S._state_nicknames

Underlying Assumptions when forming images:

A-MODE AND B-MODE

A-Mode W
Amplitude } '\ i
Echo Arrival Time—>
B-Mode  _ S b
Brightness
Depth =

(Assumes a Sound Speed, usually 1,540 m/s)



Underlying Assumptions when forming images:

B-MODE IMAGING
S5ANBOU ao6St Y3
region
1502004 | O2 dza G A O
(beam line$
25-50 sweeps/s
Pulse repetition frequency
about 25 x 200 = 4,000 /s

Dots representing echo signals are displayed along a line that represents the
ultrasound beam axis. Location along the line depends on echo arrival times.



Dot brightness represents the echo signal amplitude. Try to
optimize TGC, etc., so this indicates relative reflectivity.




Which of the following is NOT assumed implicitly
during the formation of a conventional ultrasound B
mode image?

SOK2Sa 2NAIAYIFIGS FTNRY |ft2y3 6
wave speed 14540 m/s

brightness indicates reflectivity level

speckle reveals microscopic detailssoétterers
TGC corrects for attenuation throughout

20%

20%

20%

20%

SR

20%
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B-mode Imaging Assumptions

A Pulseechotransittimescan be converted to
reflector depth through uniform tissumodels.

A Echoesoriginate (only)from locations along the
transmit-receive axes of pulggropagation path.

A Firstorder correction schemesuch as TGC)
adequatelyaccount for acoustic wave attenuation
and absorption.

A Displaybrightnessencodedissue echogenicity.

JAZagzebskEssentials of Ultrasound Physibksby, St Louis, 1996. Chapter 7.
FKremkay Chapter 6 iMTextbook of DiagnostisonographySL HageAnsert Elsevier,
2012, Chapter 6.



Echoes from the superior pole of the
kidney are weaker (do not appear as
bright) than those from the proximal
surface because of changes in
over the liverkidney interface.

20%1. Beam focusing

20% 2. frequency

20% 3. acoustic impedance
206 4. depth




Answer 5: changes incident beam angle

SpeculaReflector: effects on ability to
outline an object

Impedance change at
liver-to-kidney interface
likely is uniform

Beams from a
curvilinear array
emerge perpendicular
to surface of aperture

Strong effects of beam
angle on detected
amplitude, display
brightness

JAZagzebskEssentials of
Ultrasound Physi¢c$loshby, St
Louis, 1996. Chapter 7.

LONG LIVER_




Spatial Compounding

A: asa aoSly aas
technology
A Combines scans from different

i
A M letely outlines

shaoiirery doanlN 111

perpendicular to primary / 1}‘0‘0‘0‘0‘0‘0‘ \

beam direction / K \
A Smoothegandom dots called 4 | ,>u>u>1

speckle
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CONVENTIONAL IMAGING SonoCT™ REAL TIME COMPOUND IMAGING

EntrekinRR, Porter BASilleserHH, Wong ADGooperberg [ @ “imewpatialfcompound imaging:

application to breast, vascular, and musculoskeletal ultras@®eminUltrasound CT MR. 2001 Feb;22(1)&0



The region of brighter echoe
In thislongitudunalview of
the liver and kidney are mos
likely due to which of the
following?

LONG LIVER
RT KIDNEY

20%

A focal mass

20%

Higher speed of sound in this regic

20%

Sidelobe artifacts

20%

Reverberations

20%

gl B e N

Stress from a swollen kidney

Focal
brightness |



Answer 4: Reverberations (likely, the most ubiquitous ultrasound artifact)

JA Zagzebski, Essentials of Ultrasound Physics, Elsevier, 1996.
FW Kremkau, Sonography Principles and Instruments,, Elsevier, 2011.

Images of &ammex403 Phantom

12 mm tissudike layer between the
Transducer in direct contact transducer and the phantom

4:48:26 PM 6/30/2014
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REVERBERATION ARTIFACT

Tissue Surface
First Echo
First Reverb
Second Reverb

Third Reverb

!f
1

Reflector

Beam bounces back and forth
between transducer and target

16



Air bubble In
a water-filled
condom.

ReverberatiorArtifacts

17



Reverberations
m

Map 3

Map3 o Reverberations here
Persist Med R T

Fr Rate Med

2D Opt:THI 2

Produce fAn

FUNDAMENTAL IMAGING
9 WEEK GES

EntrekinRR, Porter BASilleserHH, Wong ADGooperberg [ @ -imewgtaltcompound

imaging: application to breast, vascular, and musculoskeletal ultrasb8&edhinUltrasound CT

MR. 2001 Feb;22(1).54 18



Reverberations

m

Map 3
150dB/C3
Persist Med
Fr Rate Med
2D Opt:THI 2

CS5-2 90R OB;

FUNDAMENTAL IMAGING
9 WEEK GES] LONG LIVER

Entrekinet al, SeminUltrasound CT MR.
2001 Feb;22(1):564




Reverberations

. Ideal(??) Fundamental prol?lem: must
\ transmit through tissue layers

Ultrasound

probe \ )

Donadon& Torzilli Am J

! MedlinePlus 2012
Roent,198(4): April, 2012.

LONG LIVER : 4 Reverbs
RT KIDNEY Do v

t I NJ |&rdperativeContrastcenhanced
sonographiX ¢ W | £ 4N} 42dz2flR aSR op)TOY MHYT
2014.



Entrekinet al, SeminUltrasound

cr R 200t renzzanee - Harmonic Imaainc

m TIb0o.6 MIN.0
CS5-2 90R OB/General 101:13 pm Fr#49 186.7cm

150dB/C3 % .
Persist Med
Fr Rate Med
2D Opt:THI 2

FUNDAMENTAL IMAGING TISSUE HARMONIC IMAGING
S WEEK GESTATION

Transmit a low-frequency pulse (2-5 MHz)
The pulse gradually distorts due to nonlinear propagation
A second harmonic generation

Harmonic field is weaker than fundamental as incident beam
propagates through superficial layers 21




Reverberations

22



Harmonic Beam

23



(’X / f | (ENJ\anéFl\/lélicé Solutions)

Uses power Doppler signals to remove unwanted gray scale echo signals from vessels.

ARTIFACTS4 11:56:10 AM 7/3/2014 ARTIFACTS4 11:56:16 AM 7/3/2014
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Doppler flow phantom After applying Clarify




Examples of reverberations occurriwghin distal objects,
not back and forth between transducer and object.

REVERBERATION ARTIFACTS

mm . -

Metal Bowel

G/ 2YSG ¢ Af ¢ oRingdowig I

25



G/ 2YS0 ¢ Xafrederberatddiphefonetot) &

Seldinger wire a few millimetres above its Reverberations within a biopsy needle.
entry to the jugular vein.

Reverberation

(Comettail sign) - :

Reusz G et al. Br. J. Anaesth. 2014;112:794-802 Schwartz DB, Zwiebel WJ, Zagzebski JA, ArbogastAL.o Us e o f
real-time ultrasound to enhance fetoscopicv i s u a | iJLlmital o
B] J!% British Journal of Anaesthesia

Ultrasound. 11(3): 161-164 (1983).
© The Author [2014]. Published by Oxford University Press on
behalf of the British Journal of Anaesthesia. All rights
reserved. For Permissions, please email:
journals.permissions@oup.com




RingdownArtifacts

(a reverberation phenomenon)

Water couple a transducer to giiiesieasesrm e TR
phantom; then withdraw the | | T
probe from the phantom i Gk

surface. Effect is as shown o

the right.

SC Off/ DTCE Off
Map D/ ST 3




RingdownArtifacts
(a reverberation phenomenon)

ARTIFACTS2 12:55:54 PM 7/2/2014

Water couple a transducer to pisseresarr

phantom; then withdraw the | <] wEhT
probe from the phantom SOAPY WATER_ “Sens 500w
surface. Effect is as shown o || eniergEom
the right. ’

Repeat the experiment after
adding detergent to the water.
. dz0 0t Sa Nadz
artifact.

This is the origin of what has
come to be known as
dringdownartifacts.



RingdownArtifacts

(a reverberation phenomenon)

ARTIFACTS2 12:49:37 PM 7/2/2014 ARTIFACTS2 12:55:54 PM 7/2/2014
14.07.02-12:39:06-DST-1.3.12.2. ... 14.07.02-12:39:06-DST-1.3.12.2. ...

-

TIS: 0.6 a At T Mli: 0E===el 'k
TIB: 0.6 v 18L6 HD / Breast

MI: 0.9 N General
100%

SOAPY WATER| 5 SOAPY WATER_ GEN / 15.00 MHz

0dB/DR 70

SC Off/ DTCE Off

Map D /ST 3

30fps 18cm 54fps 4.5cm

Fr496 * R

Phased Array  (BubblesNB & dzf A wrtifact)




RingdownArtifacts

(a reverberation phenomenon)

http://www.criticalecho.com/conte
nt/tutorial -1-basiephysics
ultrasoundand-doppler
phenomenon




What 2 factors are
combined on this Bnode
image? (Hint, 1 is an
artifact, the other involves
acquisition/processing.)

20%], Specular reflection angle effecimdharmonic imaging
2092,  Specular refection angle effecsnd speckle reduction
209¢3. Ring dowrand Spatial compound imaging

20%4. Reverberationgndharmonic imaging

20%5.  Shadowin@ndspatial compounding




Answer 3Ringdownartifacts viewed withSpatial compound imaging

ReverberationArtifacts

Ringdown artifacts from the stomach imaged with both conventional
(A and C) and spatial compound imaging (B and D)

Veterinary Radiology &JltrasoundVolume51, Issue Gpages 621627, 4 NOV 2010
DOI: 10.1111/}.1748261.2010.01724.x
http://onlinelibrary.wiley.com/doi/10.1111/j.17468261.2010.01724 . x/full#f3



http://onlinelibrary.wiley.com/doi/10.1111/vru.2010.51.issue-6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/vru.2010.51.issue-6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1740-8261.2010.01724.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1740-8261.2010.01724.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1740-8261.2010.01724.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1740-8261.2010.01724.x/full

Scan courtesy of Dr. Stephen
Thomas, Dept of Radiology,
University of Chicago.

These 2 images of the bladder are identical, except one uses multiple transmit
focal zones (left) while the other does not (right). The most likely cause of the
echogenic region in the lower half of the bladder on the left is: (Hint, multiple
transmit zones often result in aglevated PR}

20% 1, Reverberations

20% 2, Range ambiguity

2096 3. Beam width artifacts

20% 4. Mirror image artifacts

20% O. Speed of sound artifacts




Echo signal

Answer 2Rangd YO A 3dzA 0 & I NI AZAgkeOskiFADélandy(Rargd S
ambiguity artifacts, Vet Radiology & Ultrasound 42:-54%, 2001

9O0OK2 aArdaylftaz I NIATI Olatizhgbeéyand e G A
FOV are detectedf PRF is too high, they apecked up aftetransmitting
along beamn + 1.)

Reverb from bottom of
phantom, beam n

Time (beam n)

: 1/PRF

\4

Time (beam n + 1)

Beam n

Beamn+1




6Speculaw S F { SVOScCattdry €

Coe

414 A Scatter helps visualize
normal structures.

A Scatter helps visualize
abnormal structures.

35



LiverHemangiomavisualized because of
scatter changes w/normal tissue

i TIs0.6 MI1.3
Il ST.PAUL'S HOSP. RM7 C5-2 Abd/Gen 10:20:41am  Fr #89 16.7cm

AL
Map 3 -0
150dB/C 3 2
Persist Med
2D Opt:HRes

HEMANGIOMA
PULSE INVERSION HARMONIC IMAGING




Speckle

Transducer

MAR-09-99 1€
element PITAL & CLINICS 16¢
< - ',.t

o, Ultrasound
st T — pulse

5 PP RET LS 3
ey -
v

JAZagzebskEssentials of Ultrasound Physibksby, St Louis, 1996. Chapter 7.
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A Each dot we see on the image does not represent a single
scatterer

A Each dot is the result of echo signals simultaneously
detected from manyscatterersnsonifiedby the pulse.

AGLYUGSNFSNBY OS¢ STFSOGa KSfL
I Signals from individual scattering entities reinfqrpartially
cancel, or completely cancel, depending on their relative phases.

A Most consider this a noise phenomenon.

A{LI GAFEt O2YLRdzyRAYy3a O2YO0AY
field from different directions; reduces speckle.

A Somemanufacturers are taking measures to reduce
speckle.



i TEST, 404GS 02/10/28:123937 28 Oct 02 Tls01 MIOS

A U, WISCONSIN HOSPITAL L12-5 50 SmPrt/Brst 12:4531 pm Fr#73 39cm
26

Map 4 F-y ) et e Sl T i : DS \ 31 .
170dBIC 3 33
Persist Med . 43"
2D Opt:Gen b 52
Fr Rate:High 64

67-1

Image of a phantom, showirgpeckle
(Philips Ultrasound)




i TEST, 404GS 02710/28:123937 28 Oct 02 TIs0.0 MIO0S57

A0 U, WISCONSIN HOSPITAL L12-5 50 SmPrt/Brst 124545 pm Fr#80 39cm
SO

Map 4 ATL 33 '\

36
170dB/C 4 i

Persist Off . = |I
2D Opt:FSCT 55
Fr Rata'Syry 66

Spatially Compounonage of a phantom, showing reducsgdeckle
(Philips Ultrasound)




Speckle Reduction Imaging (SRI)
By Coherent Diffusion

sz <ottt arcs o s s ra oo s e oo
o . - - - . - .
E=raray = Eereray = perray peray E==ray = e

Algorithm Adapts Based on Image Feature; if statistical test results for a pixel re
I NB O2yaraisSyd gA0K 0KS |NBIF 06SAy3
speculartype interfaces, the original data are maintained. 1

(GE Medical)



Original
50§ 50 | 50 § 50 §
100 fe 100 | 100 | 100 fa
150 150 150 150
200 200 200 200
250 250 250 250
300 300 300 300
100 200 300 100 200 300 100 200 300 100 200 300
T=4.00 T=8.00 T=16.00
50 | 50 | 50 | 50
100 fa 100 K 100 | 100 e
150 150 150 150
200 200 200 200
250 250 250 250
300 300 300 300
100 200 300 100 200 300 100 200 300

42



SPEED OF SOUND ARTIFACT

1800 m/sec

1540 m/sec
1200 m/sec

Assumed speed of sound
= 1540 m/sec

43



Speed of Sound Artifacts

KremkauFW, Taylof W X din MEBAsbihdA ik B Ay I = €
Ultrasound Med. 1986 Apr;5(4):227 .

44



Speed of Sound Artifacts

Muscle SOS = 1560 m/s

Cartilage
SOS = 2500 m/s

Thesoft tissueto-lung interface(arrow)
should appear straight, but the higher SOS
the cartilage results in the interface
appearing curved.

45



Therapy planning and monitoring

A Superimposed CT
and Ultrasound
Image, after
correcting for SOS
effects.

A asSyanrie
O2NNBOU A

A Each pixel along
each beam line is
shifted according
to new SOS
estimations based
on CT density.

Fontanaros®, van der Meer BloemenvanGurp9 = daal Iy A0 dzRS 27F
aberration corrections for ultrasound image guided radiotherapy for prostate and othe
Iy I (G2 YA Med. PhiisRa1XS 39@)¢ 528692.



Therapy planning and monitoring

1700 -

A Superimposed CT
and Ultrasound 1650 -
Image, after
correcting for SOS
effects.

A asSyanrie
O2 NNB Ol A & 15001

A Each pixel along
each beam line is
shifted according 1400 [ ; : , .
to new SOS 0.900 0.950 1.000 1.050 1.100 1.150
estimations based Denstty(e/em’)

al ald ¢X G9YLANROFE NBEFGAZY
on CT density. KdzYty &a2F0 O0AaadzSaové | O2dzad

Muscle, Connective

1600 -

Fat, Adipose

peed of sound (m/s)
[=Y
a
(=]

¢=(1.09p + 0.419)-103

1450 -~

Fontanaros®, van der Meer BloemenvanGurp9 = daal Iy A0 dzRS 27F
aberration corrections for ultrasound image guided radiotherapy for prostate and othe
Iy I (G2 YA Med. PhiisRa1XS 39@)¢ 528692.



Therapy planning and monitoring

A Typical results for prostate, using the Original US Corrected U
shift of the centroid of the target as a
metric:

1p -1.3 mm

2p -3.6 mm

3p -3.1mm

4p -3.3 mm

5p -2.8 mm

Average shift;2.8 mm

A & alarger apparent depth of the
prostate is produced by the SOS
aberration, with different
magnitudesaccording to the relative
importance ofthe amountof fat
tissue and urine content in the
bladder [1520m/s with respect to
muscle tissue [1580 mverlying
the prostateb €

Fontanaros®, van der Meer BloemenvanGurp9 = daal Iy A0 dzRS 27F
aberration corrections for ultrasound image guided radiotherapy for prostate and othe
Iy I (G2 YA Med. PhiisRa1XS 39@)¢ 528692.



Sound Speed Correction

1.48 mm/nsec ATS Phantom Imaged at 1.54 mm/nsec

06/07/05

ID_20050607_ 163308 4:33:07 PM
SPiThyroid

— L10-5/8.5MHz

DR70/M2/P3

_ G84/E21100%
MI1.3 Tls0.2

8.0 cm

Zonare allows the machine to
change the assumed SOS in the
beamformer in order to optimize
the sharpness. Notive here the SC
in the phantom is 1480 m/s while
the machine assumes 1540 m/s i
the beamformer.

249 of 249

(Courtesy of Larry Mo, Zonare Cf‘8rp.)



Sound Speed Correction

1.48 mm/nsec ATS Phantom Imaged at 1.48 mm/nsec

06/07/05

ID_20050607_ 163308 4:33:32 PM
SPiThyroid

— L10-5/8.5MHz
DR70/M2/P3
G84/E21100%
MI1.3 Tls0.2

8.0 cm

Zonare allows the machine to
change the assumed SOS in the
beamformer in order to optimize
the sharpness. Here the SOS in t
phantom is 1480 m/s and the
machine assumes 1480 m/s in the
beamformer.

Image Rescaled to 1.54 mm/ngec Dimensions

(Courtesy of Larry Mo, Zonare C258rp.)



Sound Speed Correction  Average Patient

8.5 MHz Breast Image at 1.54 mm/nsec

08/18/05
12:08:33 PM

Off-line

T — L10-5
e i — DR75/M4/P0
G69 AO100

4.0cm

Zonare allows the machine to
change the assumed SOS in the
beamformer in order to optimize

the sharpness. Here the SOS in t
tissue is unknown, yet the machin
assumes 1540 m/s in the
beamformer.

51
(Courtesy of Larry Mo, Zonare Corp.)



Sound Speed Correction Average Patient

8.5 MHz Breast Image at 1.44 mm/nsec

08/19/05
3:41:26 PM

Off-line
L10-5
DR75/M4/P0
G69 AO100
4.0cm

Zonareallows the machine to
change the assumed SOS in the
beamformerin order to optimize
the sharpness. Here the SOS in t
tissue is unknown, but the best
Image is achieved when the
machine assumes 1440 m/s in the
beamformer

Many scanners now employ

application specific presets where
lower SOS is assumed along at le
part of the path.

Image Rescaled to 1.54 mm/ngsec Dimensions 52
(Courtesy of Larry Mo, Zonare Corp.)



Another artifact: Scan an ATS 539 Phantom

4:21:49 PM 6/30/2014
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Use a Larger FOV: Mirror Image Artifacts
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Mirror Image Artifacts

R

Echo from surface of object
Echo from strong reflector

Echo from object produced by 2
3 reflected by strong reflector

55



Mirror Image Artifacts

Still, calm Colorado River, canyon, and mirrored canyon.

http://www.criticalecho.com/content/tutoriat1-basic
physicsultrasoundand-dopplerphenomenon

56



Mirroring can be side-to-side

5:40:17 PM 6/30/2014
14.06.30-16:15:15-DST-1.3.12.2. ... UWMF
TIS: 0.7 1 . :

TIB: 0.7

MI: 1.0

6C1 HD / Abdomen

25fps 18cm

o Fr210
Side wall ofzammexd03 phantom is the mirror




This Bmode imageobtained with
atransvaginatransducer,
llustrates an early pregnancy
(arrow). It also presentan
Interesting example of what type
of artifact? (red arrow)

20%

Side lobe
Attenuation
Mirror image
Reverberations
Speed okound

20%

20%

20%

SR

20%




Answer 3: Mirror image

Mirror -lmage Artifact of Early Pregnancy on Transvaginal

Sonography
JUM November 1, 2012 vol. 31 no. 11 18889

Imaging done with a tightly curved curvilinear
transducer (note, this image is oriented properly)

Mirror image

(mUratim



Mirror Image Artifact (Spectral Doppler)

Active o _ o
aperture Flow in thl§ carotid art_er;_/ IS r_|ght-to-left.
14 ! However, it appears bi-directional.
——— l . &
e —— | |
! | | P PUR<8BH
' | 3548 @/-/D
' ' 2.8mm/1
e R T—— P D= 14nm
¢ ‘ungﬁln' 4
\ I
\ I
| I
Ui o7
\ /
\ |
| I
\ I
' ! 5. - : :
b Dopp'?r : : ) e Vi obime “(‘.‘~~-ﬁ&“i&x ) L'W“‘Af’.‘ 'sv»?“v_ogf« - ;.\!“ﬂ u
eam axis “alpr| | s £ B R T T T
\ I
\ !
Doppler V2 i
gate V!
T o Image Afacts
_}U,'__ Mirror Image Artifacts in Doppler:
- = - - being ~ perpendicular to flow;
| - using too high a gain

- dead transducer elements(?) 60



Mirror Image Artifact (color)

A Inferior vena cava
AGSEGNY ¢ O

A Mirror is the
diaphragm in this
case.

PozniakM, Zagzebski, Jastanla Y a{ LISOUNIt | yR [/ 2t 2NJ
Radiographics12, 354, 1992.



PW Doppler Processing and Spectral Disple

Sensitive to the changing phase of the returning echo signz
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PW Doppler Processing and Spectral Disple
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ThisDoppler signal waveform is inadequate, mainly because of
which artifact?

20% 1. Aliasing

20% 2. Speckle

20% 3. Ring down

20% 4. Speed of sound
209 5.  Spectral mirroring
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Answer 1: Aliasing

Doppler Signal Formation with PW Doppler
(Sampling at the PRF)

E}% PHYSICS 00/12/04:174848 04 Dec 00 TIs01 MIO027
gl UW. Hospital and Clinic L12-550 SmPrt/Sup 6:00:54 pm  Fr #445 30c¢cm

Doppler mode pulses transmitted along 8 " —
Foa52 LI SNI 6SHY A e /= I
Operator selects location, gate size of a | Sy
Gal YLX S @2f dzySé
Dopplersignal(yellow signal curve for

example) from this volume is generated
0 KNR dzZa3 K | pracéiss YLI A Y

A ie, shownhere with the white arrows

The sample rate equals the pulse
repetition frequency (PRF)!

SV Angle 70°

JAZagzebskEssentials of Ultrasound Physics
Mosby, St Louis, 1996. Chapter 5.




Arrows represent
sampling times

Aliasing occurs if the Doppler
frequency exceeds %2 the PRF.

ALIASING

|deal signal

Sampled resuli




Manifestation of Aliasing
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After increasing the Velocitgcale (or the PRF)
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To get rnd of aliasing:

A Change the
velocity scale CORRECTION OF ALIASING
A Change the Adjustment of Baseline
baseline ; o3
A Use dower ‘ : -=
ultrasound s E
= =)

frequency




This image illustrates an example of:

20% 1. Aliasing

20% 2.  Spectral mirroring

20% 3. PoorDopplerangle

20% 4. Erroneous angle correct

209% 5. Too low a PW ultrasonlc frequency
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Answer 4: Erroneous angle correct

The angle correct is established by the sonographer. The erroneous

setting in the previous case resulted in an apparent peak velocity of 22
cm/s.

With the correct setting, the peak velocity appears to be ~110 cm/s.
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JAZagzebskEssentials of Ultrasound Physibksby, St Louis, 1996. Chapter 5.



This image of a hepatic vein
suggests bdirectional flow (arrow)],
just below the gall bladder. This is|}
clear manifestation of:
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20% 1. A dissection

20% 2. The US frequency set too low
20% 3. A stenosis

20% 4. Aliasing

20% 5. The color gain set too high

AAAAAAA



Answer 4, Aliasing e T N
Color flow imaging is based on pulsed & g g
Doppler principles. Aliasing occurs if th o
Doppler frequency exceeds Y2 the PRFJ
and results in a wrapping around on the
color scale.

This i1s an image of the same structure
after the velocity scale was increased

from +12 cm/s to+21 cm/s, and the PRF
was increased from 0.6 kHz to 1.0 kHz.

Scan courtesy of Dr. DawdushterDept
of Radiology, University of Chicago.



This Bmode image (left) and color flow image (right) shows a urinary
bladder. The color image on the right exhibits an artifact (arrows)

known as:
20% 1. twinkling
20% 2. aliasing
20% 3. overgaining
20% 4, enhancement
20% 5. color bleeding




A Answer 1, twinkling

A The twinkle artifact is
associated with calcifications,
stones, and other rough
objects. It has been attributed
to system clock jitter, noise, a
even bubbles.

A (Mitchell CPozniak\V, Zagzebski,
Ledwidgea ® G ¢ HAY | f Ay 3
02 Ay iGN g a@ideound)
Med 22:14091411,2003.)




BEAM WIDTH ARTIFACT

A pointlike reflector will result in a line on the image; the length of the line equals the

beam width at the depth of the reflector.
76



Beam Width Artifacts
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Beam is wide here

Focal zone:; beam is
narrow

Beam is wide here




UW HOSPITAL BREAST CENTER Receive
Axius Direct SMG

Research Mode J fOCUSing Off

Mot for Diaghostic Use

Transmit focusing applied to a
single depth

Receive focusing is disabled
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UW HOSPITAL BREAST CENTER

Axius Direct SMG R e Ce ive
% Research Mode |, -
' J focusing on

Mot for Diagnostic Use

Transmit focusing applied to a
single depth

Receive focusing done in the
Abeam for mero
- Uses time delays

- Changes dynamically

Dynamic Receive Focusing
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SLICE THICKNESS ARTIFACT

B-mode image

80



This image Is of a phantom tha ¥

contains 4 mm diameter
spherical, low scatter objects.
The objects are not visualized
over the first 4 .5 cm (see
Image). This is due to

effects.

20%

Reverberation

20%

Refraction

20%

Speed of sound

20%

Beam width

20%

SR

Slice thickness




Answer 5, Slice thickness effects.
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JAZagzebskEssentials of Ultrasound Physibksby, St Louis, 1996. Chapter 2.
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Grating Lobes (array transducers)

actual //
position //

primar{/
beam

apparent

actual target image S itn

ghosts from grating lobes
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Example of side lobe, grating lobe

-




Effects of side/grating lobes from a damaged curvilinear
transducer. This image shows a section (red) of an ATS
539 phantom.
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NAIKISNE 2N aSy
sighalsare seen in this image
below the echo freenass. This is

a result of:
20% 1. Improper TGC settings

20% 2. Lower density in the mass
20% 3. Lower attenuation in the mass
20% 4. Higher speed of sound in the mass




| YA6SNI oY [26SNI FGGSyd GAzy Ay
Attenuation Artifacts (useful)

m——
Low
attenuating
mass No echoes
b %88 (total shadow)
High b W N Lower amplitude
attenuating ' (partial shadow)
mass Higher amplitude
(enhancement)

B-Mode image

JAZagzebskEssentials of Ultrasound Physibksby, St Louis, 1996. Chapter 7.
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Attenuation Artifacts (useful)

—

DISTANCE F.1mm
['ISTHN‘:E 1'5-.:!0[::

Enhancement Shadowing

(Attenuation in a cyst is lower than in (Attenuation in mass is greater
surrounding tissue) than that in surrounding tissue)




Refraction Effects

Alr
Eye

/ ¥ Angle of Incidence

Apparent Position

Water Angle of

Refraction
Actual Position

Light Refraction through Water

www.shutterstock.com - 146523508



Refraction Effects

96



Refraction Effects

o

Muscle ———"—

, :a \ Transmitted
’., ® | beam directic
s 4’ — Refracted

heam directit

Uterus \___‘

Buttery B, Davison G ¢ gi®stt NI A FI OG X €
JUltrasound Med. 1984 Feb;3(2)42. .



LONG LIVER Logia &
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Recap:

Whichone of the following WiII
reduce reverberation artifacts

20% Apply compound imaging
Use coded excitation

Use harmonic imaging
Use a low transmit power

Avoid using curvilinear arrays

20%

20%

20%

SRR I

20%




Answer 3: Harmonic Imaging
It will at least partially help. Usually do not get the
dramatic results as seen in these 2 images.
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EntrekinRR, Porter BASilleserHH, Wong ADCooperberg [ @ -dimewgatalcompound

imaging: application to breast, vascular, and musculoskeletal ultrasb8edinUltrasound CT
MR. 2001 Feb;22(1):504
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Answer 3: Harmonic Imaging
It will at least partially help. Usually do not get the
dramatic results as seen in these 2 images. Typical:

MID.8 Tis1.2 C1-5
Abdomen

UW Archives

LONG LIVER




Coded Excitation

Transmitted Pulse Train
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Coded Excitation improves sensitivity

Courtesy of GE Ultrasound without resolution tradeoff



Recap:

This is an image of a tisslike
phantom containing an inclusion
The bottom of the phantom
exhibits a discontinuity in the 3 Inclusion
region beneath the inclusion. Th¢
iInclusion appears to have a

than the phantom
material.

20% Greater density
Lower attenuation
Higher attenuation

20% Lower speed of sound

20%

20%

= RE8I | IO




Speed of Sound Artifacts

| TM Gel SOS = 1560 m/s

of the phantom to appear |
displaced downward in the =
B-mode image.

Silicon Droplet
SOS = 1200 m/s

The interface (arrow) should appear straight,
but the lower SOS in the silicon results in the
interface appearing curved and distorted.

HLopez, W1 I NN & dihtéractiehs &vighdme Rilicone in a tissunimicking
phantom.d W ! f (i N} & 2 d/yOR1988S R MTY McC 0

103



Recap:

Shadowing and enhancement
(right) artifacts are most closely
related to spatial variations in

TRANS GB

20%

Attenuation

20%

Organ shape

20%

Acoustical impedance

20%

Speed of sound

20%

SN IR

Echogenicity

NTHI General 1

B 72dB  S§1/+1/3/3
Gain= 14dB  a=2



TRANS GB

AnSWGI’ 1 o ;t 72dB §1/+1/3/3

» Gain= 14dB  a=2

Shadowing and enhancement
artifacts are most closely related to
spatial variations in attenuation.
The gall bladder (GB) is fluid filled,
and the attenuation coefficient of
bile is lower than that of
surrounding tissue. This results in
higher amplitude echo signals from
distal to the GB.

JAZagzebskEssentials of Ultrasound Physibksby, St Louis, 1996. Chapter 7.



Recap:

To best visualize shadowing and enhancemegssss
features of breast masses, sonographers aregsss
advised to avoid use of

20% Harmonic imaging
Time gain compensation
Speckle reduction

20% Compound imaging

20%

20%

S




Answer: dq compound imaging.

Ref: ACR Breast UltrasoufddcreditationProgram Testing

Instructions. American College of Radiology, Reston, VA.
12014. Page.2

(Supposedly, for small masses that are shallomigtht
hide the shadowing and enhancement artifacts. )



Final Artifact Difficulties scanning (flat window)

phantoms with curvilinear array transducers.

Detecting damaged transducers is the most important QA task.
— Can only make contact with part of curved probes
Solution 1, with gel coupling, rock transducer
( UW HOSP. LOGIQ E9 *3 MI0.9 Tis 0.8 RIC5-9

| 49 02117114 06:42:12PM SED Thyroid

Gel couplin
- Pling

403 GS phantom

UNIFORMITY 105475KR8




Artifacts when scanning (flat window) phantoms with
curvilinear array transducers using water dam.

Solution 2: use a phantom with a curved window




