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Introduction

Ultrasound is a unique medical imaging tool in
the investigation of dermatological diseases
that provides anatomical and functional data in
real time with high-resolution grayscale
images. It has no ionizing radiation. Grayscale
images show lesion morphology; echogenicity;
inner texture such as solid, cystic, or mixed;
homogeneous or inhomogeneous; foci of calcifi-
cations; location and depth of penetration; and
lesion size and volume. Doppler ultrasound pro-
vides blood flow information. Color and spectral
Doppler ultrasound is able to determine vascular-
ity in real time, showing flow pattern, flow direc-
tion, and velocity. Furthermore, ultrasound
enables safe guidance of interventional proce-
dures such as needle localization of lesions,
biopsy of suspected malignancies, drainage of
collections, and foreign-body localization and
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removal. Sonography provides detailed anatomic
information that is useful for surgical planning.

To produce high-quality diagnostic images, it
is essential to understand the physics of interac-
tions between transmitted acoustic energy and
reflected echoes from interfaces within tissues.
Optimizing the techniques used to produce the
ultrasound display is essential. Successful diag-
nosis requires knowledge of the clinical setting,
operator skills, and knowledge of the physics and
instrumentation used to optimize the imaging
information. If the operator is facile with ultra-
sound technique, then pitfalls from misinterpre-
tation of artifacts can be avoided. In comparison
to other imaging examinations, ultrasound is a
safe and effective noninvasive, low-cost, and
widely available test that is useful for diagnosis
and follow-up.

Basic Acoustics
and Instrumentation

Grayscale Ultrasound Imaging

The mainstay of ultrasound imaging is provided
by B-mode, gray scale, and real-time display [1].
B-mode display refers to the brightness level of the
echoes and is related to the strength of the reflected
signal. Reflected signals of different amplitudes
are displayed in different intensities or levels of
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Fig. 4.1 B-mode grayscale image. Transverse (axial)
image of a pediatric liver, showing a hyperechoic convex
line (large arrow) representing the diaphragm, a highly
reflective interface between the liver and the aerated lung;
anechoic structures (short arrow) that are the inferior vena
cava and the hepatic veins; and the hypoechoic liver
parenchyma (asterisk)

brightness. Gray scale depicts the signal intensity
from white to black through different shades of
gray. Signals of greatest intensity are displayed as
white, those with intermediate intensity as shades
of gray, and absence of signals as black. These are
referred to as hyperechoic (white), hypoechoic
(gray), and echo-free or anechoic (black)
(Fig. 4.1). Real-time ultrasound is the dynamic
display of organs achieved by generating 2D
images at a rate of 15-60 frames per second.

Doppler Sonography

The ability of sonography to show and character-
ize subtle nuances in tissue composition has been
enhanced by the development of Doppler sonog-
raphy [2]. The reflected sound from a stationary
target has the same frequency as the transmitted
sound, whereas the reflected sound from a mov-
ing target has a different and changing frequency
from the transmitted sound. The Doppler effect
reflects this change in frequency and is directly
proportional to the velocity of the moving target.
Doppler measurements have to be made at an
angle of insonation of 60 degrees or less. No
Doppler shift is detected at 90 degrees, because

there is no relative movement of the target
towards or away from the transducer i.e.- the
cosine of 90 degrees is zero). Accurate estimation
of target velocity requires precise measurement
of the Doppler frequency shift at a correct angle
of insonation of the moving target. Doppler fre-
quency shifts fall in the audible range. The
received signal may also provide useful informa-
tion about flow characteristics.

Both color and power Doppler display the
Doppler shifts in color superimposed on the
grayscale image in real time (Fig. 4.2). Color
Doppler mode displays flowing blood in a color
map information on flow direction. Usually red
means towards the transducer and blue away
from the transducer; however, the color map can
be changed in the configuration of the machine.
Relative velocity information is signified
by lighter tints corresponding to higher veloci-
ties (Fig. 4.3). Power Doppler mode uses a
single-color map to display the power or ampli-
tude of the Doppler signals. Power mode has
increased sensitivity for flow detection, but
lacks information about flow direction and flow
velocity. Low-velocity flow and poorly vascu-
larized lesions are better displayed by power
Doppler. Color Doppler provides more informa-
tion in higher flow velocity hypervascular
lesions because it demonstrates both flow direc-
tion and relative velocities. On color Doppler
mode, color artifacts may be reduced to a mini-
mum by optimizing the color Doppler amplifi-
cation; i.e. - degrading it until only pulsating
color pixels are left. Lack of intralesional vessel
detection may be due to low Doppler amplifica-
tion, which can be corrected by increasing
amplification just until colored artifacts are seen
in or around the lesion.

The Doppler frequency spectrum (pulsed
Doppler; spectral curve analysis) displays
Doppler shifts in graphic form. The Doppler fre-
quency spectrum shows flow velocity and direc-
tion by vertical deflections of the waveform above
and below the baseline. Doppler parameters such
as maximum systolic velocity, end diastolic veloc-
ity, and mean blood flow velocity may be mea-
sured. Pulsatility and resistive indices may be
calculated. Spectral Doppler display allows dif-
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Fig. 4.2 Color and
power Doppler
sonography. Flow
direction is displayed in
colors toward or away
from the

transducer. Transverse
(axial) image of ventral
wrist. (a) Radial

artery appears

red (arrow) and radial
veins appear blue, on
both sides of the artery
on color Doppler. (b)
Same vessels displayed
on power Doppler.
Power flow uses a
single-color map to
display the amplitude of
the Doppler signals.
Power Doppler increases
sensitivity for flow
detection at lower
velocities, although it
lacks information on
flow direction and flow
velocity

Fig.4.3 ColorDopplersonography. Dermatofibrosarcoma
at the mid-thigh. (a) On grayscale image, the tumor is
very hypoechoic (arrow), surrounded by edematous
hyperechoic subcutaneous fat. (b) Color Doppler shows
the rich vascularity of the lesion. Red color represents
flow towards the transducer and blue away from the
transducer

ferentiation between venous and arterial flow by
showing flow characteristics and velocity mea-
surements (Fig. 4.4). By combining grayscale
ultrasound with Doppler ultrasound, the accurate
definition of lesion features may be obtained,
including internal echogenicity, size, shape, mar-
gins, deep-layer involvement, and blood flow.
Doppler sonography sometimes may be useful to
differentiate between vascular lesions, inflamma-
tion, and tumors; however, hypervascularity is
nonspecific because it is found both in inflamma-
tory and malignant lesions.

Modern high-resolution equipment using
high-frequency probes and a very sensitive power
Doppler technique allows a clear definition of
superficial structures, grayscale characteristics,
and vascularity. Color Doppler sonography can
be used to increase the specificity of ultrasonog-
raphy in the evaluation of focal lesions. Benign
tumors may be associated with hyperemia and
ectasia of vessels but not with any appreciable
formation of new vessels. Conversely, angiogen-
esis is seen in many malignant tumors where it
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Fig. 4.4 Color and spectral Doppler sonography. A
hypervascular lesion at the dorsal foot is shown. (a) Color
Doppler display of vessels and flow direction displayed in
a color map, superimposed on the grayscale image in real
time. Red towards the transducer and blue away from the
transducer. Lighter hues correspond to higher velocity.
The color bar is shown on the right side of the image. (b)
Spectral Doppler display of arterial flow. A cursor (two
parallel lines) is placed into the vessel to display flow.
Peak systolic velocity (PSV), end diastolic velocity
(EDV), mean diastolic velocity (MDV), and resistive
index (RI) are automatically calculated and displayed dur-
ing one cardiac cycle, enclosed between the vertical lines
on the spectral display at the bottom of the image. (c)
Spectral Doppler display of venous flow. Spectral Doppler
allows differentiation between arterial and venous flow
based on flow characteristics. Note that in this vein, flow
direction is towards the transducer, which is displayed in
red and is located above the baseline

can be an important indicator of prognosis. The
detection of Doppler signals is a simple, noninva-
sive method of analyzing vascularity. Intratumoral
vascularity can influence treatment planning and
selection as well as extent of excision. Extensive
vascularity in a primary tumor may indicate a
less favorable prognosis due to the propensity for
early spread. However, vascularity and tissue
perfusion may be favorable for penetration by
chemotherapy and other forms of treatment. In
summary, Doppler sonography allows blood flow
detection and definition of flow direction, charac-
teristics, and velocity.

Ultrasound Transducers

The ultrasound fransducer, (also known as the
probe), is the handheld part of the ultrasound
machine that produces transmitted sound and
detects reflected ultrasound waves. Convex array
transducers have a lower frequency (1-6 MHz),
a greater tissue penetration, but a lower resolu-
tion and are selected to image deeper structures
like abdominal organs (Fig. 4.5). Linear array
transducers have a higher frequency (6—-18 MHz),
lesser penetration, and greater spatial resolution
than convex array transducers (Fig. 4.6). High-
resolution linear transducers are used for super-
ficial applications like thyroid, breast, testis,

Fig. 4.5 Convex array transducer. Low-frequency (up to
6 MHz) convex-shaped transducer. Convex transducers
are used for imaging deeper structures like abdominal
organs due to their higher penetration, although at the
price of a lower resolution
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Fig.4.6 Linear array transducer. High variable-frequency
(6.0-18.0 MHz) ultrasound (HVFUS) linear array trans-
ducers have a higher resolution but lower penetration than

convex transducers and are used for

applications

superficial

superficial vascular, musculoskeletal, and skin.
Modern ultrasound systems employ transducers
with a broad high variable-frequency ultrasound
range or broad “bandwidth” (HVFUS) [1]. High-
frequency linear transducers that are currently
used in skin imaging range from 6 to 18 MHz for
grayscale imaging and from 7 to 14 MHz for
Doppler frequency ranges. This wide range of
frequency availability and adjustable focal
length allow echo sources at different depths to
be accurately pinpointed. The small “hockey
stick”-shape footprint compact lightweight
7-15 MHz linear array probe allows complete
contact with the skin surface. This contact
reduces scattering artifacts and improves access
to mobile structures such as the tongue, or small
appendages such as children’s fingers (Fig. 4.7).
“Hockey stick”-shape transducers make a good
choice for superficial and vascular imaging.
High-resolution linear transducers with combi-
nations of variable (tunable) frequencies
(6-18 MHz) can define lesions in the submilli-
meter range down to 0.1 mm and may reach tis-
sue depths of 60 mm. Transducers using
frequencies of 15 MHz or above can clearly
define skin layer morphology including changes
in epidermal thickness. Variable (tunable)-fre-
quency ultrasound (HVFUS) transducers allow a
complete view of the skin and the deeper struc-
tures (muscles, tendons, and bone margins) with
minimal dispersion of the sound energy waves

Fig. 4.7 “Hockey stick” transducer. Versatile multifre-
quency (up to 13 MHz) linear compact, hockey stick-
shape transducer, with a high Doppler and color flow
sensitivity. The “hockey stick” shape allows complete
contact with the skin surface, reducing scattering artifacts,
making it a good choice for small superficial structures,
including vascular imaging

by selection of the transmission frequency and
adjustment of focal length at a selected depth
(Fig. 4.8). Frequencies in the upper range (14—
15 MHz) are used to demonstrate the superficial
and dermal layers, while frequencies in the lower
range (7-13 MHz) are for imaging the deeper
tissues. The resulting real-time composite imag-
ing integrates the effects of frequency-specific
tissue reflectance and full-field automatic scan-
ning. The images produced are sharp. By apply-
ing Doppler ultrasound, estimation of blood flow
is provided [3-7]. Fixed (not variable) high-
frequency ultrasound transducers are activated at
a single high operating frequency (20-100 MHz)
that determines the resolution and depth of pen-
etration: 6-7 mm at 20 MHz and 3 mm at
75 MHz. Most lesions examined in skin ultra-
sound involve subepidermal structures, which
would be out of reach for devices of low pene-
trating power that cannot show deep subcutane-
ous tissues. Images produced by fixed
high-frequency ultrasound transducers are static
and lack blood flow and vascular pattern infor-
mation [6]. The spatial resolution of Magnetic
resonance imaging (MRI) is dependent on matrix
size, field of view, and slice thickness, whereas
the spatial resolution of positron emission/com-
puted tomography (PET-CT) generally is limited
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Fig. 4.8 Gain, depth, and focal length adjustments on
grayscale image. Axial scan at the level of the wrist. (a)
Focal length is adjusted at the area of interest: vertical line
on the left side of the image, a correct depth (2.5 cm pen-

in comparison to small-parts US imaging. Both
MRI and PET-CT typically use an intravenously
administered contrast material that renders
them more expensive [8]. Thus, among all the
available imaging techniques, variable-frequency
ultrasound (HVFUS) has favorable spatial reso-
lution, ideal focal depth, and lesser cost,

etration in this scan), and gain are selected, for imaging of
the skin and deeper structures. (b) Incorrect depth selec-
tion, with depth. (¢) Too much depth. (d) Incorrect gain
selection, with too little gain. (e) Too much gain

thereby empowering high-quality images of the
skin layers, subcutaneous fat, tendons, muscles,
and bone (Fig. 4.9). Skin ultrasound images
are cross-sectional views of the scanned areas in
grayscale images that show the location,
morphology, size, and echogenicity of normal
and pathological structures.
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Fig. 4.9 High-resolution image of skin and deeper lay-
ers. Focus is adjusted at the superficial level (vertical line
on the left side of the image) to allow better definition of
the skin. A generous amount of gel (G) over the skin is
recommended in order to avoid near-field artifacts. A clear
separation of skin layers (S) is shown. The epidermis is
seen as a thin hyperechoic line and the dermis as a hyper-
echoic band of variable thickness (thin in the forearm and
thicker in the lumbar region, due to a high collagen con-
tent). The subcutaneous tissue (SC) is hypoechoic, gener-
ated by fat lobules, which are surrounded by hyperechoic
fibrous septa. Muscles (M) are hypoechogenic, with paral-
lel echogenic lines. The bone margin (B) appears as a dis-
tinct hyperechoic line

Software Developments

Modern ultrasound equipment includes capabili-
ties for harmonic imaging, compound imaging,
extended field of view (EFOV), elastography, 3D
ultrasound, contrast-enhanced ultrasound
(CEUS), microvascularity, and fusion imaging.

Tissue Harmonic Imaging

Harmonics are multiples of the fundamental
transmitted frequency. Transmitting a band of
frequencies centered at 3 MHz will result in the
production of harmonic frequency bands cen-
tered at 6, 9, 12 MHz, etc. The generated images
exhibit reduced noise and improved spatial reso-
lution [9, 10] (Fig. 4.10). The second harmonic is
being used to produce the image because the sub-
sequent harmonics are of are insufficient to gen-
erate a proper image. Harmonics reduce imaging
artifacts caused by the interaction of the ultra-
sound beam with superficial structures or due to

Fig. 4.10 Tissue harmonic imaging at the wrist. (a)
Fundamental scan, without applying any software devel-
opment. Radial vessels (straight arrows) and median
nerve (oblique arrow). (b) Harmonic imaging reduces
near-field artifacts caused by the interaction of the ultra-

sound beam with superficial structures. The generated
images exhibit reduced noise and improved spatial resolu-
tion. Sharper imaging of radial vessels (straight arrows)
and median nerve (oblique arrow)
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Fig. 4.11 Spatial compounding imaging. Compound
imaging of the wrist. Compounding significantly improves
contrast-to-noise ratio by reducing artifacts generated by
the scattering of ultrasound from small tissue reflectors

aberrations at the edges of the beam profile. The
artifact-producing signals are of low energy and
insufficient to generate harmonic frequencies.

Spatial Compounding Imaging

Spatial compounding obtains information from
several different angles of insonation, combining
them into a single image. Compound imaging
generates higher quality images by improving
border definition and increasing signal-to-noise
ratio by reducing artifacts generated by the scat-
tering of ultrasound from small tissue reflectors
(speckle) [11] (Fig. 4.11).

Extended Field of View (EFOV)

EFOV allows acquisition and display of a pan-
oramic images offering the possibility of viewing
topographic anatomic structures with no loss in
resolution [12]. EFOV applies a sophisticated
computer processing algorithm that analyzes mul-
tiple real-time images to produce a static image of
considerable length (Figs. 4.12 and 4.13).

Three-Dimensional (3D) Imaging

3D imaging permits volume data to be displayed
in multiple planes and allows accurate measure-
ment of lesion volume. 3D imaging when com-
bined with power Doppler or contrast-enhanced
imaging improves anatomic and vascular visual-
ization [13] (Fig. 4.14).

Elastography
Elastography maps the elastic properties and
stiffness of the tissue that can indicate the pres-

(speckle). Improved imaging of radial vessels (wide
straight arrows) and median nerve (thin oblique arrow), as
compared to fundamental image in Fig. 4.10a at same
level

+ Dist T7.91cm
i Dist 1.72em”

Fig.4.12 Extended field of view (EFOV). An oval lesion
in the subcutaneous tissue, almost 8 cm long (cursors), is
compatible with a subcutaneous lipoma. EFOV or pan-
oramic view allows acquisition and display of large struc-
tures and the topographic anatomic relationships with the
surrounding tissues with no loss in resolution

Fig. 4.13 Extended field of view (EFOV). A hypoecho-
genic, poorly delimitated skin lesion is shown. The tumor
was a dermatofibrosarcoma on histology. Panoramic
imaging shows extension of the lesion into the epidermis,
dermis, and subcutaneous fat tissue and the relationships
with the surrounding structures

ence or status of disease. Malignant tumors will
often be stiffer than the surrounding tissue, as are
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Fig. 4.14 Three-dimensional (3D) imaging. Infantile
hemangioma of the lower lip. 3D reconstruction of a
power Doppler ultrasound highlighting the rich vascular-
ity of the lesion. Images may also be displayed in separate
planes. 3D imaging combined with either B-mode, power
Doppler mode, or nonlinear contrast imaging allows for
quantification of volume and vascularity within a defined
anatomical structure (courtesy of Dr. Ximena Wortsman)

22.67 + 5.35 kPa

Fig. 4.15 Elastography. The region of interest in the
liver is placed in the right lobe avoiding vessels. Tissue
elasticity is measured and calculated in kPascal units.
High values are compatible with F4 liver
fibrosis-cirrhosis

diseased organs compared to healthy ones.
Fibrosis is another example of stiff tissues.
Ultrasound elastography produces a stiffness
map with an anatomical image for comparison
[14, 15] (Fig. 4.15).

Contrast-Enhanced Ultrasound

The introduction of microbubble contrast
injection for ultrasound (CEUS) redefined the
role of ultrasound in resolving tissue vascular-

Fig. 4.16 Contrast enhancement ultrasound imaging
(CEUS). Hemangioma in a child at the parietal region. A
bolus injection (4 mL) of a microbubble contrast agent
was injected into a peripheral vein, followed by a “flush”
of 10 mL of saline. CEUS helps delineate small vascular
structures (0.1-0.3 mm in diameter) and enhance signals
from low-velocity small volumes of blood (courtesy of Dr.
Marcio Bouer)

ity [16-20] (Fig. 4.16). CEUS can help delin-
eate small vascular structures (0.1-0.3 mm in
diameter) and enhance Doppler signals from
small volumes with low-velocity blood flow.
Ultrasound contrast media aids in characteriz-
ing the vascularity of benign and malignant
tumors. After performing a conventional gray-
scale and Doppler scan, the mode is changed to
contrast-enhanced imaging with intravenous
injection of a signal-enhancing agent. One of
the major features of malignancy is the degree
of intratumoral vascularity as measured by the
percentage vessel area (p.v.a.) of the lesions.
The p.v.a. is defined as the ratio of intratumoral
vessel area compared to the “gray” parts of the
tumor. A significant difference in vascular-
ity was found between malignant and benign
tumors (p = 0.01). The mean p.v.a. of malignant
tumors was 9.6% before and 18.8% on CEUS.
The mean p.v.a. of benign tumors was 1.1% and
3.3%, respectively. Analysis of tumor vascular-
ity using the p.v.a. after injection of the micro-
bubble agent was superior to B-mode, spectral
Doppler ultrasound, and flow indices. When
combined with 3D US, nonlinear contrast agent
imaging is a valuable tool for relative vascular-
ity and perfusion quantification [18]. Contrast-
enhanced ultrasound is regarded as safe. At the
tiome of this writing, Ultrasound contrast
agents have safety comparable the safety MRI
contrast agents with a better safety profile than
typical iodinated contrast agents that are used
in CT scans.
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Microvascularity

Microvascular software such as superb microvas-
cular imaging (SMI) is a recently developed ultra-
sound imaging application that aims to visualize
low-velocity and small-diameter blood vessel
flow [21]. SMI achieves a greater sensitivity than
color and power Doppler by suppressing noise
caused by motion artifacts without removing the
weak signals from low-velocity flow (Fig. 4.17).

Fusion Imaging

Performing fusion of real-time ultrasound with
reference series of CT, MRI, or PET examina-
tions using simultaneous live navigation enables
direct anatomic and pathologic correlation
between both modalities [22-25]. Fusion imag-

ing is useful for the interpretation of complex
cases and for ultrasound guidance of procedures
(Fig. 4.18).

Fig.4.17 Microvascularity. Flow within an angiomatous
subcutaneous lesion in the ulnar aspect of the hand. Tiny
vessels are clearly delineated on microvascular imaging
(courtesy of Dr. Ximena Wortsman)

Fig. 4.18 Fusion imaging. Co-registration of aortic
aneurysm between ultrasound and computerized tomogra-
phy angiography. Ultrasound (left plot) registered simul-
taneously with computed tomography (right plot). (a)
Aneurysm (arrows) on axial plane. (b) Aneurysm (arrows)

on sagittal plane. A better estimation of a fusiform aneu-
rysm may be achieved on fusion imaging, hence opening
a possibility for surveillance by ultrasound examinations,
reducing repeated exposure to radiation and contrast
material
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Operator Performance

US examination is largely operator dependent.
The quality of the obtained information depends
mostly on the skill and experience of the exam-
iner. Optimal adjustment of the technical set-
tings such as depth, focal length, and gain is
needed for every ultrasound scan (Fig. 4.8).
Color Doppler and spectral Doppler settings
have to be adjusted according to flow velocity
(Figs. 4.3 and 4.4). A generous amount of gel
on the skin is recommended to avoid near-field
artifacts (Fig. 4.9). The operator should avoid
compressing vigorously with the transducer,
which may result in disappearing or false thin-
ning of lesions. Ultrasound examinations
should be recorded and reported, preferably
using a standardized ultrasound report template
[26]. The EFSUMB (European Federation of
Societies for Ultrasound in Medicine and
Biology) Steering Committee for Dermatologic
Ultrasound has developed a series of consensus
position statements regarding technical and
practice-training requirements [27]. To arrive at
the correct ultrasound diagnosis, the operator
should have information on the clinical setting
and the clinical question. Besides high-quality
equipment, knowledge of basic ultrasound
physics, facility with ultrasound technology,
and the operator’s familiarity with the patient’s
clinical picture essential to produce a high-
quality exploration and a correct diagnosis.
Ultrasound can be used to guide the perfor-
mance of procedures like tissue biopsy, drain-
age of fluid collections, foreign-body
extractions, and demonstrations of biopsy nee-
dle positions [28-30] (Figs. 4.19 and 4.20).
Success of US-guided procedures is widely
dependent on the clinical expertise and training
of the operator. Standardization of ultrasound
imaging technique is advisable to produce a
correct and reproducible examination [31].

Fig. 4.19 US-guided biopsy. Ultrasound-guided biopsy
of a slightly enlarged cervical lymph node at level IV—
lower internal jugular (deep cervical) chain. The needle
shaft (wide arrow) and needle tip (thin arrow) are per-
fectly delineated as a highly echogenic line into the target.
Note the proximity of the tip to the common carotid artery
(at the left) and the subclavian vein (posteriorly)

Fig. 4.20 US-guided drainage. Gallbladder drainage
under US guidance. A pigtail catheter is followed into the
gallbladder (wide arrowhead); the tip of the catheter
(small arrowhead) is seen in the gallbladder lumen

Future Directions

The increasingly wide usage of ultrasound con-
trast material will advance the increasingly
important role of ultrasound for imaging
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diagnosis and interventions. The implementation
of ultrasound imaging contrast materials to not
only reveal tumors but also deliver a payload of
therapeutic agents enables a theranostic approach.
Thus, ultrasound can not only “find it,” but also
“fix it” [32]. Artificial intelligence with machine
learning using big data, fast processing, and
smart algorithms offers segmentation, feature
analysis, and classification of findings that is
becoming automated such that unsupervised
computerized deep learning is now a reality. No
doubt this will soon become mainstream, includ-
ing for ultrasonography [33]. The increasing use
of telesonography, especially during the current
Coronavirus pandemic, will likely also persist
long after the infection is controlled, with further
potential as a mechanism for remote transmission
and interpretation of ultrasound images for urgent
and emergent indications, but potentially also for
enhanced home care [34].

Tips and Teaching Points

1. Ultrasound examinations are operator depen-
dent. Optimal performance of an US scan
requires live adjustment of B-mode and
Doppler technical settings.

2. A large amount of gel on the skin should be
spread. It is advisable to avoid over-
compression with the transducer. Knowledge
of the clinical setting helps to produce a cor-
rect diagnosis.

3. High variable-frequency ultrasound transduc-
ers (HVFUS) with Doppler capability allow
excellent resolution (as low as 0.1 mm),
although with low penetration, clearly defin-
ing skin layers and deeper structures, and
showing vascularization patterns and flow
velocity.

4. Power Doppler is more sensitive for low-
velocity flow and thus better for poorly vascu-
larized or low-velocity flow lesions, but lacks
information on flow direction or flow
velocity.

5. US-guided procedures are widely used for
biopsies, drainages, foreign-body extractions,
and needle insertions.

Useful Glossary of Ultrasound

Transducer: Device that converts one form of
energy into another. In ultrasound, the trans-
ducer converts electric energy provided by the
transmitter to mechanical energy (acoustic
pulses) and vice versa, as reflected echoes are
converted to electric signals. Transducers are
made of thin piezoelectric crystals that expand
and contract to generate acoustic vibrations
(frequencies).

Resolution: The ability to separate two points
along the path of the ultrasound beam, which are
in close proximity (spatial resolution) or have
similar echogenicity (contrast resolution). Axial
resolution is the smallest thickness, while lateral
resolution is the smallest width that can be
resolved. Higher ultrasound frequencies raise the
spatial resolution, at the cost of lowering the
depth of penetration into the tissues.

Artifacts: Imaging pitfalls that may interfere
with or completely obscure visibility of the
intended target or suggest the presence of false
structures that are not actually present. Examples
of artifacts suggesting structures that are not
actually present are reverberation, refraction, and
side lobe artifacts.

(a) Reverberation artifacts are due to repeated
reflection of the ultrasound signal between
highly reflective interfaces that are usually
located near the transducer.

(b) Refraction artifacts are due to bending of
the sound beam causing targets that are not
situated along the axis of the transducer to
appear in a misleading location.

(c) Side lobe artifacts are due to a strong out-of-
plane reflector, generating confusing echoes.

(d) Posterior acoustic shadowing artifact is due
to total reflection of the US waves by a strong
reflector that causes loss of information from
the tissues deep to the reflecting structure. It
is usually seen in the calcified or
osseous structures.

(e) Posterior acoustic enhancement or rein-
forcement artifact is due to more rapid pas-
sage of the sound waves through a fluid-filled
structure. In the screen, it appears as a white
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band underneath the lesion and is commonly
seen in cysts.

(f) Snowstorm artifact is a diffuse reverbera-
tion artifact usually generated by the pres-
ence of silicone oil (synthetic filler).

(g) Mini-comet tail artifact is a focal reverbera-
tion artifact commonly produced by the pres-
ence of polymethylmethacrylate (synthetic
filler).

Grayscale Image: Referred to as B (brightness)-
mode, in which tissues of interest are depicted in
the scale of grays of variable brightness, from
black (anechoic) and different grades of gray
(hypoechoic) to white (hyperechoic). The forma-
tion of a B-mode image relies on the pulse-echo
principle (i.e., assuming that the speed of sound
remains constant, the position of a target of inter-
est may be inferred by the time taken from emis-
sion to its return to the transducer).

Echogenicity: It is related to the echo ampli-
tude and brightness of the image compared to the
surrounding tissue. Isoechoic: Reflected signals
(echoes) of the same intensity or amplitude as the
surrounding tissue. The lesion is detected only if
it has defined margins.

(a) Hypoechoic: Reflected signals (echoes) of
intermediate intensity or amplitude, generat-
ing images of low brightness in different
shades of gray. Examples of hypoechoic tis-
sues are liver, spleen, renal parenchyma, and
muscles.

(b) Hyperechoic: Reflected signals (echoes) of
high intensity or amplitude, generating
images of high brightness (white). Examples
of hyperechoic tissues are fat, fibrous tissues
and bones. Examples of hyperechoic struc-
tures are foreign bodies and calcified stones.

(¢c) Anechoic: Echo-free or sonolucent: Absence
of reflected signals (echoes), generating
images in black. Examples of anechoic tar-
gets are normal vessels, gallbladder, urine in
the bladder, and cysts.

Real Time: A moving cross-sectional image gen-
erated by sequential summation of a multitude of

neighboring scan lines, generating 2D images at
a rate of 15-60 frames per second.

Focus: Beam focusing refers to creating a nar-
row point in the cross section of the ultrasound
beam called the focal point. It is at the focal point
that the lateral resolution of the beam is the great-
est. Focus places the ultrasound beam on the area
of interest.

Doppler Effect: Change in frequency of the
sound when scattered by a moving target. The
Doppler frequency shift is described by the
Doppler equation:

AF =(FR—FT)=2FT Vcosf/c

AF: Doppler frequency shift.FR: frequency of
sound reflected from the moving target.FT: fre-
quency of sound emitted from the transducer.V:
target velocity.c: sound velocity in the medium.6:
angle between the flow axis and the incident
ultrasound beam (angle of insonation). This angle
must be kept at 60° or less.

Pulsatility Index (PI): Tissue resistance to
flow at each complete cardiac cycle. It is calcu-
lated as PI = PSV-EDV/mean velocity.

Resistive Index (RI): Tissue resistance to
blood flow at systole and diastole. It is calculated
as Rl = PSV-EDV/PSV.

Harmonics: Multiples or harmonic echoes of
the transmitted fundamental frequency generated
by the acoustical pulse as it travels within
tissues.

Compounding: Image resulting from sum-
ming ultrasound images obtained from different
scanning angles.

Extended Field of View (EFOV): Panoramic
image generated by manual movement of a real-
time probe in the direction of the transducer
array. Imaging-processing technology estimates
translation and rotation of the probe by compar-
ing successive images. The EFOV image buffer
combines the images to produce a panoramic
image.

3D Ultrasound: Tissue volume acquired by
dedicated 3D transducers employing hardware-
based image registration, high-density 2D arrays,
or software registration of scan planes.


https://radiopaedia.org/articles/ultrasound-physics?lang=us
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86

D. Gaitini et al.

Elastography: Modern method that uses
sound waves for assessing stiffness and elasticity
of tissues in response to mechanical pressure. It
allows detection of different pathologies by using
differences in mechanical properties of tissues.
Elastography techniques include shear wave or
transient elastography and strain elastography,
also called static or compression elastography.

Contrast-Enhanced Ultrasound Agents:
Intravascular blood pool agents comprised of
encapsulated microbubbles of gas, smaller than
red blood cells, capable of circulating freely
(“blood pool” agents). CEUS seeks to enhance
the echo amplitude by increasing the backscatter
from moving red cells while increasing attenua-
tion from the static tissue.

Superb Microvascularity Imaging (SMI): A
novel technique to demonstrate flow in small ves-
sels. SMI achieves a greater sensitivity than color
and power Doppler by suppressing noise caused
by motion artifacts without removing the weak
signals arising from blood flow into small
vessels.

Fusion Imaging: Co-registered display of
live ultrasound with a reference series from
another modality, such as CT, MRI, or PET. In a
simultaneous live navigation, reformatted planes
from the reference series are generated, matching
the ultrasound imaging planes. Images are dis-
played either as an overlay or side by side.

Conclusion

Grayscale sonography with color and spectral
Doppler capabilities is a real-time noninvasive
imaging technique used as a first-line diagnostic
tool in the clinical evaluation of many conditions.
Sonography does not require administration of
intravenous contrast media and has no ionizing
radiation. It is noninvasive, widely available, and
of low cost. It provides valuable information
about lesion characteristics, extent of disease,
and vascularity patterns. Measurements in US
images have a good correlation with pathology.
US-guided procedures are widely used for biop-
sies, drainages, foreign-body extractions, and
biopsy needle insertions. Preoperative imaging

aids in surgical planning by identifying the ana-
tomical location and extent of a lesion and the
presence of subclinical satellite lesions.
Follow-up ultrasound examinations allow moni-
toring of surgical results, especially for suspected
recurrent tumor or in cases with persistent pain.
Sonographic monitoring of lesions following
medical treatment allows an objective verifica-
tion of results and adjustment of treatment if
necessary.

There are few limitations of the ultrasound
technique that mostly relate to its lack of sensitiv-
ity to detect extremely thin (<0.1 mm) lesions.
The technique is operator dependent (training is
needed). Optimal adjustment of B-mode and
Doppler technical settings must be made while
performing ultrasound examinations.
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