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LEARNING
OBJECTIVES
FOR TEST 6

After reading this

article and taking

the test, the reader
will be able to:

m List the assump-
dons of US image
processing.

m Describe the im-
aging fearures of US
artifacts.

B Discuss the physi-
cal origins of US
artifacts.

TEACHING
POINTS

See last page

Myra K. Feldman, MD « Sanmjeev Katval, MD « Margaret S. Blackwood, MS

Image artifacts are commonly encountered in clinical ultrasonog-
raphy (US) and may be a source of confusion for the interpreting
physician. Some artifacts may be avoidable and arise secondary to
improper scanning technique. Other artifacts are generated by the
physical limitations of the modality. US artifacts can be understood
with a basic appreciation of the physical properties of the ultrasound
beam, the propagation of sound in matter, and the assumptions of im-
age processing. US artifacts arise secondary to errors inherent to the
ultrasound beam characteristics, the presence of multiple echo paths,
velocity errors, and attenuation errors. The beam width, side lobe,
reverberation, comet tail, ring-down, mirror image, speed displace-
ment, refraction, attenuation, shadowing, and increased through-
transmission artifacts are encountered routinely in clinical practice.
Recognition of these artifacts is important because they may be clues
to tissue composition and aid in diagnosis. The ability to recognize
and remedy potentially correctable US artifacts is important for image
quality improvement and optimal patient care.

“RSNA, 2009 * radiographics. rsnajnls. org




Associados as caracteristicas do feixe

Grating 4 Side
Lobe 488 Lobe

Um forte espalhador das
ND " ol ondas de ultrassom localizado
~ fora do feixe principal (lobo

THeR, principal) pode gerar ecos
detectaveis pelo transdutor.

Figure 1. Diagram of an ultrasound beam. The main
ultrasound beam narrows as it approaches the focal
zone and then diverges. Grating lobes and side lobes
are forms of off-axis energy.

Published in: Myra K. Feldman; Sanjeev Katyal; Margaret S. Blackwood; RadioGraphics 2009, 29, 1179-
1189. DOI: 10.1148/rg.294085199 © RSNA, 2009




Figure 3. Side lobe
artifact. (a) Diagram
shows multiple beams
of off-axis side lobe
ultrasound energy en-
countering an object
(black circle). (b) The
display assumes that
the echoes return-
ing from this off-axis
object came from the
main beam and mis-
places and duplicates
the structure.

U Associados as caracteristicas do feixe

https://radiopaedia.org/articles/side-lobe-artifact-2
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Transmit-receive Linear transducer
aperture array probe

N
’ Directions of 1st order
/‘ receive grating lobes,(8y)
A main receiving at different frequencies

beam at 0 degrees for the main receiving
beam at 0 degrees

http://www.sciencedirect.com/science/article/pii/S0301562912006680#
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Associados as caracteristicas do feixe

BLADDER LONG

Figure 2. Beam width
artifact. (a) The ultrasound
image localization software
assumes an imaging plane

as indicated by the dotted
lines. (b) Echoes generated
by the object located in the
peripheral field (gray circle)
are displayed as overlapping
the object of interest (white
square). (¢, d) Adjusting the
focal zone and placing the
object of interest within the
center of the focal zone (c¢)
will eliminate the misplaced
echoes on the display (d).
(e) Longitudinal US image
of a partially filled bladder
shows echoes (arrow) in the
expected anechoic urine. The
focal zone is improperly set
too shallow. (f) Longitudi-
nal US image obtained after
adjustment of the focal zone
and optimal placement of the
transducer shows resolution
of the intravesical echoes.
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Transducer Transducer

https://radiologykey.com/ultrasound-imaging-2/




G @ Associados a miltiplos ecos

mm» Na presenca de duas superficies paralelas
altamente reflexivas, os ecos gerados a partir de
um feixe de ultrassom primario pode ser
repetidamente refletido para frente e para tras
antes de retornar ao transdutor para deteccao.

mm Quando isso ocorre, ecos multiplos sao gravados
e exibido.




Artefato associados a
multiplos ecos

b. C. d.

Figure 4. Reverberation artifact. (a) Diagram shows ultrasound echoes being repeatedly reflected between two
highly reflective interfaces. (b) The display shows multiple equally spaced signals extending into the deep field.
(¢) Transverse US image obtained over a palpable mass in a neonate shows reverberation artifact (arrow). (d) Lon-
gitudinal US image of the gallbladder shows comet tail artifact (arrow) caused by cholesterol crystals in Rokitansky-
Aschoff sinuses. This finding is diagnostic of adenomyomatosis. Shadowing gallstones are also identified.




https://radiologykey.com/ultrasound-guided-interventions-2/



(a) US image shows the comet-tail artifact (white arrow) from cholesterol crystals
trapped in an Aschoff-Rokitansky sinus of the gallbladder wall. (b) US image shows
reverberation artifacts (black arrowheads) arising between the transducer-skin interface
(white arrow) and strongly reflective gas in a bowel loop (black arrow)

httis:iiradioloiikei.comiuItrasound-imaiini-Zi
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Artefato ring-down

C. d.

Figure 5. Ring-down artifact. (a) Diagram shows the main ultrasound beam encoun-
tering a ring of bubbles with fluid trapped centrally. (b) Vibrations from the pocket of
fluid cause a continuous source of sound energy that is transmitted back to the trans-
ducer for detection. (¢) The display shows a bright reflector with an echogenic line ex-
tending posteriorly. (d) Left lateral decubitus US image of the gallbladder shows air and
fluid in the duodenum causing ring-down artifact (arrow).




G ‘@; Artefato Imagem Espelhada

mw Os artefatos da imagem em espelho também sao
gerados pela falsa suposicao de que um eco retorna
ao transdutor apos uma unica reflexao.

mw O feixe primario encontra uma interface altamente
reflexiva. Os ecos refletidos entao encontram o "lado
de tras" de uma estrutura e sao refletidos de volta
para a interface reflexiva antes de ser refletido no
transdutor para deteccao.

mmw O display mostra uma estrutura dupla equidistante,
mas profunda para a interface fortemente reflexiva.



Artefato Imagem Espelhada

GliMUS

Figure 6. Mirror image artifact. (a) In
this diagram, the gray arrows represent the
expected reflective path of the ultrasound
beam. These echoes are displayed prop-
erly. The black arrows show an alternative
path of the primary ultrasound beam. In
this path, the primary ultrasound beam
encounters the deeper reflective interface
first. (b) The echoes from the deeper
reflective interface take longer to return

to the transducer and are misplaced on
the display. (c) Longitudinal US image
obtained at the level of the right hepatic
lobe shows an echogenic lesion in the right
hepatic lobe (cursors) and a duplicated
echogenic lesion (arrow) equidistant from
the diaphragm overlying the expected loca-
tion of lung parenchyma.
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Example of a mirror image artifact in which liver tissue appears to be present cranial
and caudal to the diaphragm-lung interface. In this image, a complex lesion is seen in
the hepatic parenchyma; it is also seen as an artifact deep to the diaphragm-lung

interface.

http://todaysveterinarypractice.navc.com/imaging-essentialssmall-animal-

abdominal-ultrasonography-part-2-physical-principles-artifacts-false-assumptions/
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Intrauterine gestation

Mirror

http://www.sciencedirect.com/science/article/pii/51930043316302886



Associado a erros de velocidade

* 0O equipamento de ultrassom

assume velocidade do som Table 1
Density and Speed of Ultrasound for
constante de 1540 m/s. Selected Tissnes
. Material Density (kg/m?) C (m/sec)
* O feixe pode encontrar uma ‘

. . Air 1.2 330
variedade de tecidos como Fat 924 1450
ar, fluido, gordura, musculo, Soft tissue 1050 1540

Bone 1912 4080

0ss0. A velocidade do som
em cada estrutura pode
variar.

Source.—Reference 3.
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Figure 7. Speed displacement artifact. (a) In this diagram, the gray arrows repre-
sent the expected reflected path of the ultrasound beam. The echoes returning from
the posterior wall of the depicted structure will be displayed properly. The black ar-
rows represent the path of an ultrasound beam that encounters an area of focal fat.
The dashed lines indicate that the sound beam travels slower in the focal fat than

in the surrounding tissue. (b) Because the round trip of this echo is longer than
expected, the posterior wall is displaced deeper on the display. (¢, d) Transverse US
image of the liver (¢) and close-up detail image (d) show that the interface between
the liver and the diaphragm (arrow in ¢) is discontinuous and focally displaced (ar-
rows in d). This appearance may be explained by areas of focal fat within the liver.




The diaphragm appears undulating (black arrows) due to a velocity speed error
caused by the heterogeneous hyperechoic liver mass (white arrows)

https://radiologykey.com/ultrasound-imaging-2/
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Artefato de refracao

Figure 8. Refraction

artifact. (a) Diagram |:
shows the refraction or

change in direction of Y

the obliquely angled in- C1 )_

cident ultrasound beam

as it travels between two
adjacent tissues with
different sound propa-

gation velocities (CI
and C2).The incident
ultrasound beam with
refraction encounters
two structures. (b) The
object in the path of
the refracted portion of
the beam is misplaced
because the processor
assumes a straight path
of the beam.




Artefato de refracao
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Left: transverse abdominal scan showing what appears to be twin gestation sacs (arrow).
Right: diagram showing how a single gestation sac (blue) has been imaged twice



u—:j Double aorta artifact in sonography — a diagnostic challenge
@ Robert Hadzik / Przemystaw Bombinski / Michat Brzewski

GliMus V

A beam (continuous line) sent by the transducer (G) crosses the superficial fat tissue and rectus abdominis muscle
(M), and refracts medially on prismatic slow-conductive deep fat tissue (T). The base of the prism is made by the
edge of the liver. Subsequently, ultrasounds reach the aorta (A) through soft tissues. Produced echoes undergo
identical refraction (continuous line) on their way back to the probe. The monitor shows two vessels (Ar).

https://www.exeley.com/journal_of ultrasonography/doi/10.15557/JoU.2017.0005



Sombreamento de borda

» Definicao: sombras acusticas laterais causadas pela angulacao
do feixe tangencial, espalhamento, refracao, atenuacao do ({
feixe de ultrassom nas paredes de cisto.

» Descricao: Faixas ou sombras hipoecoicas estreitas nas bordas
das estruturas cisticas, muitas vezes mostrando um padrao
divergente.

» Significado: O sombreamento da borda é um critério util para  ce
o diagndstico de cistos.

» T =transdutor,
» C = cisto,
» CE = sombras de borda de cistos.

http://ultrasound-cases.blogspot.com.br/2015/04/ultrasound-imaging-artifacts.html
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TGC - Time Gain Control

Compensar a
atenuacao!

Fig. 4.4 Time-gain compensa-
tion (TGC). (a) The gain applied by
the TGC amplifier increases with
time after transmission to com-
pensate for the greater attenua-
tion of echoes from larger depths.
(b) After TGC, echoes from simi-
lar interfaces should be equal in
amplitude regardless of depth.




G ‘%@' Artefatos associados a atenuacao

mm O feixe de ultrassom ao encontrar uma regiao
que atenua o0 som em maior ou menor grau que
os tecidos adjacentes, modifica a magnitude do
sinal de regidoes mais profundas .

mm Portanto a imagem pode ter um brilho
aumentado ou diminuido nessas regides mais
profunda.




@ Artefatos de sombra

Figure 9. Shadowing.
(a) Diagram shows the ultra-
sound beam encountering a
strongly attenuating material.
The echoes received from
points distal to this mate-
rial are significantly lower in
intensity than echoes received
from a similar depth. (b) Lon-
Attenuator iR gitudinal US image of the

’ - gallbladder shows shadowing
Liver Long (arrow) posterior to echogenic
gallstones.

a.




Artefatos de sombra - Lesao de mama

- Lesao Maligna
- Ductal carcinoma with for a part

- Lesao Maligna
- Infiltrative breast carcinoma with
acoustic shadowing

acoustic shadowing




G wis Artefatos de sombra - Lesio de mama

GliMus @

- Lesdo Benigna

- Lesao Benigna
- Scar mimicking a malignant lesion - Fat necrosis with a dense
hyperechoic lesion with acoustic

shadowing




Artefato de reforco posterior

GliMUS

Figure 10. Increased through transmis-
sion. (a) Diagram shows the ultrasound
beam encountering a focal weakly attenuating
material. The echoes received from points
distal to this material are higher in intensity
than echoes received from a similar depth in
the imaging plane. (b) Transverse US image
of the liver shows hypoechoic and weakly
attenuating hepatic cysts. The hepatic paren-
chyma distal to the cysts is falsely displayed
as increased in intensity (arrow) secondary to
increased through-transmission artifact.
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Figure 11. Use of attenuation artifacts to analyze the composition of tissue. (a) Trans-
verse US image of the breast shows a small hypoechoic nodule with increased through
transmission (arrow). The nodule was stable over a 2-year period in a patient with multiple
cystic breast lesions. (b) Transverse US image of the breast shows a small hypoechoic nod-
ule with posterior shadowing (arrow). The lesion was a pathologically proved breast cancer.




