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Forelasningens innehall

1. Teori om artefakter
2. Genomgang av viktigaste bildartefakterna

3. Genomgang av flodesartefakter

4. Resultat fran egen forskning om utrustningsfel
< Inte med pa tentan
< Men ar forhoppningsvis av intresse anda
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Artefa’kt (latin a'rte fa'ctum ’konstgjord’), av manniskohand fabricerat foremal, produkt eller effekt.

Termen artefakt anvands bl.a. inom arkeologin som beteckning for redskap, verktyg, vapen, smycken
m.m., ibland aven for stérre konstruktioner sdsom hus, gravar och batar. Inom experimentell vetenskap
och diagnostik ar en artefakt en artificiell produkt eller effekt som harror fran den experimentella metoden
och som stér tolkningen av resultaten.

Vid avbildande diagnostik (rontgenundersdkning m.m.) forekommer rorelseartefakter, dvs. att en struktur
forandrats pa bilden genom att patienten rort sig under exponeringen.

Frammande foremal &r en annan artefaktkalla. En kvarglomd EKG-elektrodplatta kan vid lungrontgen ge
en rund fortatning som uppfattas ligga inuti en lunga och imiterar utseendet av en tumér. Metallforemal
som implanterats i kroppen ger artefakter vid undersékning med magnetisk resonanstomografi.

Vid EKG-registrering kan artefakter i kurvan uppsta bl.a. genom att den understkta har en sjukdom som
ger muskelryckningar eller darrningar.

Ett missvisande utfall av en kemisk blodanalys p.g.a. att provet hanterats felaktigt kan ocksa kallas en
artefakt



Ultraljudsartefakter — teori

Inom ultraljudsbaserad avbildning betyder ordet artefakt antingen:

1. Att atergivningen av vavnad i B-modebilden ar felaktig
Eller:
2. Eller att den uppmatta hastigheten av floden ar felaktig




Ultraljudsartefakter — teori

+ Vavnadsartefakter (i B-modebilden) upptrader som strukturer som
antingen ar:

1. Falska
2. Saknas

3. Felaktigt placerade

4. Eller som aterges med fel nyans, form eller storlek




Ultraljudsartefakter — teori

- Artefakter uppstar antingen genom:

1. Defekt utrustning eller felaktiga instéallningar

2. Eller ar ett naturligt resultat av fysiken eller begransning i
tekniken och uppstar trots att utrustningen fungerar perfekt
och ar korrekt installd




Ultraljudsartefakter — teori

Vid konstruktion av ultraljudsmaskiner maste vissa antaganden goras for att veta
hur B-modebilden ska skapas

Om nagot av antagandena inte uppfylls uppstar oundvikligen nagon form av artefakt

Hmmm... vissa nddvandiga antaganden?
Lat oss diskutera tillsammans vad som &r nddvandigt att anta



2l Gemensam diskussion om nédvandiga antaganden

Vad maste vi anta for att det reflekterande objektet ska placeras pa ratt plats, och
med ratt nyans och form, i den skapade ultraljudsbilden?

|

<G )
“Wreflected wave

( i Pulsekoprincipen

Object

original wave'

distance r

( Rektangularscanning

Ultraljudsbild




Ultraljudsartefakter — teori

Vid konstruktion av ultraljudsmaskiner maste vissa antaganden goras for att veta
hur B-modebilden ska skapas

Om nagot av antagandena inte uppfylls uppstar oundvikligen nagon form av artefakt

Nodvandiga antaganden:

1. Ljudvagor bgjs inte av, utan fardas i raka linjer
2. Ekon kommer fran ekokallor utmed ljudvagens utbredningslinje

3. Amplituden péa ekon &r direkt relaterade till ekokallans
reflektionsegenskaper samt att intensiteten minskar med 0.5 dB/cm/MHz

4. Avstandet till en ekokalla berédknas med hastigheten 1540 m/s

5. Atervandande ekon kommer fr&n senaste utséand ljudpuls



Exempel pa artefakter vid avbildning med ultraljud

Kommentar
Ingen konsensus vad det galler benamningar.
Ofta anvands engelska namn aven pa svenska.
Har valt ut de artefakter jag anser vara de
viktigaste att kanna till, samt de vanligaste
forekommande benamningarna pa bade
engelska och svenska.




Bildartefakter
Speckle pattern

(Graskalemonstret i bilden)

Ultraljudsbilder har en "kornighet” som inte ar direkt kopplad till reflektorer i
vavnaden

Ar ett monster som uppstar genom interferens
Monstrets "korn” representerar alltsa inte ekon fran verkliga ekokallor

Manga tillverkare har utjamningsalgoritmer

ORIGINAL ENHANCED

https://www.itnonline.com/content/contextvision-showcases-image-enhancement-dose-reduction-ecr-2016



Bildartefakter

Axial resolution artifacts
(Upplosningsartefakt, axiellt)
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Mer om pulslangden

- Pulslangden bestams av vaglangden samt
antalet svangningar

Pulse Waveform
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Mer om pulslangden

- Pulslangd fran en phased array samt en linjartransducer
- Notera att antalet svangningar ar lika manga
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Bildartefakter

Lateral resolution artifacts
(Upplosningsartefakt, sidled)
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Bildartefakter

Section thickness artifacts
(Upplosningsartefakt, hojdled)
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Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Bildartefakter

Reverberations
(Multipelekoartefakt)
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Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006
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Ferits Bildartefakter

Reverberations
(Multipelekoartefakt)
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FIGURE 8.4 (A) A chorionic villi sampling catheter (straight arrow) and two reverberations (curved arrows).
(B) A fetal scapula (straight arrow) and two reverberations (curved arrows).

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Bildartefakter

Comet tall
(Multipelekoartefakt)
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Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006
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Bildartefakter
Ring-down
(Multipelekoartefakt)

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Bildartefakter
Mirror image
(Speglingsartefakt)
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Bildartefakter
Mirror image
(Speglingsartefakt)

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Nagot annat som ar konstigt med den héar
ultraljudsbilden?

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Bildartefakter
Refraction
(Refraktionsartefakt)

Medium 1 %

C = ljudhastighet

Target O
Displayed image @




Bildartefakter

Side lobes
(Sidlobsartefakt)

N

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Bildartefakter

Side lobes
(Sidlobsartefakt)

6 elements, 0.4 mm pitch 3 Iements, 1 mm pitch




Bildartefakter

Side lobes
(Sidlobsartefakt)

Kommentar
| litteraturen gors ibland f6éljande uppdelning:

Side lobes: are beams that propagate from a single element
in direction different from the primary beam.

Grating lobes: are additional beams emitted from an array
transducer that are stronger than the side lobes of individual
elements.

Jag tycker den uppdelningen mest ar forvirrande, da det inte
sakert gar att veta bakgrunden till sidloben. Vi ndjer oss med
att kalla all energi utanfor huvudstralen for sidlober.

Grating?
Grating (substantiv) = galler, spisgaller

Grating (adjektiv) = skarande, gnisslande, skorrande,
obehagligt ljudande

To grate (verb) = gnissla, knarra, lata illa, skrapa mot,
skorra, forse med galler, riva



Bildartefakter

Speed error
(Hastighetsartefakt)

Transducer
Fatc = 1420ms—1 <1540 m/s: ekon placeras for langt bort
fisue O >1540 m/s: ekon placeras for nara

(a)
Target O is displayed at @



Bildartefakter
Range ambiguity
(Avstandsartefakt, Multipelekoartefakt)
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Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Bildartefakter

Shadowing and Enhancement
(Skuggningsartefakt och Forstarkningsartefakt)

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Bildartefakter

Shadowing and Enhancement
(Skuggningsartefakt och Forstarkningsartefakt)
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Fran forelasning Ultraljud i praktiken obstetrik och gynekologi, Lotta Herling.



Flodesartefakter
Aliasing
(Vikningsartefakt)

Definition: Felaktigt atergiven information pga. otillracklig informationsméangd
Kan vara spatial eller temporal



Flodesartefakter
Aliasing
(Vikningsartefakt)

- Nyquistgransen = 0.5 * Pulsrepetitionsfrekvensen (PRF)

(Om Dopplerskiftet verskrider halva PRF uppstar aliasing/vikningsartefakt)




Flodesartefakter
Aliasing

(Vikningsartefakt)

Signal processor:
4) Jamfor utsand puls med mottagen puls for att
bestamma dopplerskiftet

| Doppler-shift Detector | F Spectrum Analyzer |

Beam former:

1) Drivpuls till transducer

2) Drivpuls aven till signal processor

3) Tar emot ekosignaler fran transducern och valjer
vilket tidsfonster/range gate som ska ga till signal-
processorn om PW

SIGNAL — IMAGE
E,,_ PROCESSOR |~ P_,| PROCESSOR
op
BEAM
FORMER DISPLAY

Gated Amp!|f|er i

T

Dopplerskift vid CW

Dopplerskift vid PW




Flodesartefakter
Aliasing
(Vikningsartefakt)

CW- och PW-maétningar aterges som ett spektrum av hastigheter
(hdgst i mitten och noll vid karlvaggarna) — kallas darfor aven spektral-
doppler

5:CAROTID DUAR: 100%

Ingen aliasing/vikningsartefakt Med aliasing/vikningsartefakt



Flodesartefakter
Aliasing
(Vikningsartefakt)
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Okad PRF (Pulse Repetition Frequency) = Okad Nyquistgrans = Minskad risk for aliasing/ vikningsartefakt

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Flodesartefakter
Aliasing
(Vikningsartefakt)
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Minskad transducerfrekvens = minskad risk for aliasing/vikningsartefakt

Dopplerskiftet= 2 *f* v * cosO

C
Risken for aliasing/vikningsartefakt 6kar aven med 6kat sokdjup da pulsrepetitions-frekvensen
minskar med Okat djup

Kremkau, Fredrick W, Diagnostic Ultrasound, St Louis: Saunders Elsevier 2006



Utrustningsfel
Egen forskning

- Fran tidigare i presentationen:

- Artefakter uppstar antingen genom:

1. Defekt utrustning eller felaktiga instéallningar

2. eller &ar ett naturligt resultat av fysiken eller begransning i
tekniken och uppstar trots att utrustningen fungerar perfekt
och ar korrekt installd
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Exempel pa utrustningsfel fran Klinfys, KS Huddinge. Missad ductus arteriosus
persistens (Oppen forbindelse mellan aorta och lungartaren)

Visade sig bero pa en defekt transducer

Bakgrunden till en storre studie
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KEYWORDS Aims The objective was to evaluate the function of ultrasound transducers in use in routine clinical
Ultrasound; practice and thereby estimating the incidence of defective transducers.

Transducer; Methods and results The study comprised a one-time test of 676 from 7 ‘which
Probe; were in daily use in clinical departments at 32 hospitals. They were tested with the Sonora FirstCall Test
Test; System; 39.8% exhibited a transducer error. Delamination was detected in 26.5% and break in the cable
Defect; was detected in 8.4% of the tested transducers. Errors originating from the piezoelectrical elements
Error were unusual. Delaminationand short circuit occurred without significant differences between transducers

from all tested manufacturers, but the emrorsbreak in the cable, weak and dead element showed a statisti-
cally significant higher frequency in transducers from certain manufacturers.
Conclusion The high emror frequency and the risk for incorrect medical decisions when using a defective

transducer indicate an urgent need for increased testing of the transducers in clinical departments.

Introduction

The proper functioning of the ultrasound transducer is a key
factor for reliable diagnosis by ultrasound.™? This function
depends highly on the condition of the piezoelectricelements®
and on the wires withinthe transducer. It is alsoimportant that
the function of the matching layers in front of the elements
and the backing material behind the elements work properly.
Until recently, it has beendifficult totest the function of these
transducer parts, but now the Sonora Medical Systems Inc.
{Longmont, CO, USA) has developed a transducer tester, the
Sonora FirstCall Test System, which cantest all essential trans-
ducer parameters according to FDA regulation 21CFR 820.
Although many organizations™*® and researchers®™"® have
presented several methods for measuring the performance
of ultrasound scanners since the late sixties, no international
consensus about a common quality assurance protocol has
been reached. Many methods in use today have large subjec-
tive components, such as visual assessment when testing
with a tissue-mimicking phantom, but more objective test
methods have been published®'»™2151818.59 A these

*Corresponding author. Tel: -+46 8 790 48 72; fax: +46 8 21 83 68.
E-mail address: mmar@kth

references are concerned with testing transducer and
scanner together, not the transducer alone).

In 2004, in order to improve the quality of protocols for
testing ultrasound scanners and to reduce their subjectivity,
the Karolinska University Hospital introduced transducer
testing with the Sonora FirstCall Test System. In 2006, it
was di during a re- ination of a patient that a
congenital heart disease had been missed at the first exami-
nation in 2004. After checking the test results, it turned out
to be due to a defective transducer (delaminated); the
transducer had been replaced at the next routine mainten-
ance test. That clinical case of a missed diagnosis, and a
large number of defective transducers found at the Karo-
linska University Hospital since 2004, prompted the
current study. The objective was to evaluate the function
of transducers in use in routine clinical practice and
thereby to estimate the incidence of defective transducers.

Methods
The transducers

The study comprised a one-time test of 676 transducers with no
follow-up. All tests were performed with the Sonora FirstCall Test
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Frekvens av transducerfel hos 676 testade transducrar

Transducerfel Antal Procent
Delaminering 179 26,5
Kabelbrott 57 8,4
Kortslutning 23 3,4
Svaga element 6 0,9
Ddda element 4 0,6
Totalt 269 39,8
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- Pulslangden foérandras om backingmaterialet eller elektroniska
aktiveringen inte fungerar som de ska
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Svart att inse att en transducer ar defekt genom att anvénda den

Fullt fungerande transducer Defekt transducer fran KS, anvandes dagligen

Sensitivity

Sensitivity

Volts p-p
Volts p-p

0
1 11 21 31 41 51 61 1 11 21 31 41 51 61 71 81 91 101 111 121
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Hur manga element far vara trasiga?
Féretagens patent kan ge en indikation

GE patent 6,120,449:

”... the effect of dead elements on the image can be significant, particulary in the near
field of the image where a fewer number of elements are used to form the beam...”

Philips patent 5,517,994
”...the failure of a single element in the probe can lead to a degradation in diagnostic
performance...”
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Hur manga element far vara trasiga?

Fullt fungerande

FT: ACUSON VY4 24107944 2?-0CT=01
— B§: 02: 20PH

6 doda element (6 av 128, 4.7%)
PT: ACUSOH ¥4

PH PHR<SE@E
38dB 8s-/D

FH PHR{580
3848 9/-/D
2.5n0n-4
SPW D= 38nmnm

2.5mms1
FPH D= 48mm

Toppvardet ca 20-25% lagre nar de 6 mittersta element saknades.

Weigang B, Moore GW, Gessert J, Phillips WH, Schafer M. The Methods and Effects of Transducer
Degradation on Image Quality and the Clinical Efficacy of Diagnostic Sonography. Journal of Diagnostic
Medical Sonography. 2003;19(1):3-13.
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Evaluation of tissue Doppler-based velocity
and deformation imaging: a phantom study
of ultrasound systems

Mattias Martensson®, Anna Bjillmark, and Lars-Ake Brodin
School of Technology and Health. Royal Institute of Technology (KTH). Campus Flemingsbery, Affred Nobels Alle 10, 141 52 Huddings. Sweden

Rectived 16 February 2010 ocespted afts reisons 16 Apsl 2011

Aims The objective of this study was to test the accuracy and diagnestic interchangeability of tissue Doppler-based
displacement, velocity, strain, and strain rate measurements in commerdially used ultrasound (US) systems.

Methods Using an in-house made phantom, four different LS scanner models were evaluated. Two different scanners of the

and results same model were tasted, and ane scanner acquisition was tested twice with two generations of the ame werkstation
giving six test results in total. The scanners were in active clinical use and are subject to regular maintenance checks.
There were three displacement and four velocity results that stood out from the rest and could be regarded as accu
rate and interchangeable, Amang the deformation measurements, three acceptable strain results were found while
there were no acceptable strain rate results. . the study that from scanners of the
same model, same acquisition post-processed on different workstations and repeated measurements from the same
scanner. can yield disparate resuls.

Conclusion Measurements that are accurate and of interchangeable use can be found for displacement and velacity measure-
ments, but are less likely to be found for strain and strain rate measurements. it is strongly recommended that
the ability of each individual US scanner to measure displacement, velocity, strain, and strain rate is evaluated
before it is introduced into clinical practice, and it must always be evaluated together with the workstation the
scanner is intended to be used in conjunction with.

Keywords Ultrasound scanner » Tissue Doppler » Velacity imaging  Strain imaging ® Phantom » Quality assurance

Introduction and they have yielded favourable results when evaluated**7"?

Furthermare, the methads have shawn such promising results in

Tissue Doppler-based velocity, displacement, strain, and strain rate
imaging are today standard methads in ultrasound (UUS) systems
fram every manufacturer, The advantage of these methods com
pared with cenventional echocardiography i the pessibility te
quantify cardiae function by providing detailed regional infarmation
about myocardial velocity. displacement, and strain  pattem.
Because of their less wbjective and user-dependent nature, they
have positively contributed to the interpretation of LS data,
especially for nonexperienced sonographers.! Tissue Doppler
imaging, a further development of colour Doppler flow imaging,”

ed methads have been described in several
589

and its associ
publications, both theoretically® 7 and their clinical relevance,

* Carresponding author. Tek +46 B 750 48 72. fux:+ 46 6 21 83 68, Eral: mmargikthse

adult echocardiography that they now are being introduced and
tested in ather clinical applications, such as fetal echocardiography
and imaging of skeletal muscles and tendons. "

However, the undisputed usefulness of motion and deformation
imaging does not have the empirical consequence that makes every
LIS system accurate when performing this kind of measurements.
One must remember that the theory behind the methad and
initial cvahstions only provides the theoretical possibiliy to
measure reliably. The reliability of a measurement is highly depen
dent on how the theary has been implemented by the manufac
turer, considering both the US scanner and any associted
vearkstation, The condition of the specific US scanners used will

Putlishad o behall of the Eurcpaan Society of Cardiology. AR rghts reverved © Tha Auther 1011, For parmissions plésse amak. ourrals peemssionyoup com

Displacement/Velocity

Strain/Strain rate
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- 10 upprepade matningar (displacement & velocity) for 6 olika ultraljudsmaskinermaskiner
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Transducerfel ar vanliga
Transducerfel paverkar bade 2D-bilden och Dopplermatningar
Transducerfel ar mycket svara att upptéacka genom anvandning

Matnoggrannheten varierar kraftigt mellan olika maskiner, aven mellan maskiner av samma
modell

Matnoggrannheten kan variera mellan olika sorters méatningar med samma maskin



