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Preface

In preparing this atlas, I have been thinking of the young medical generation, who look for
quick answers and are used to high-tech tools. This group includes my daughter Camila, who
has recently started her medical road. It was also done while thinking of those readers who are
curious and avid for information in the field of dermatologic ultrasound.

The book is divided into 10 chapters that contain common, challenging topics for those
practicing this field of imaging. The chapters that show pathology are subdivided by conditions
and present illustrative images and some references to review.

All images are of high resolution and were performed on state-of-the-art equipment. They
show a nice correlation between clinical and sonographic images.

A practical approach to each condition is presented, with focus on its key sonographic
signs. Some videos are also available, which provide an idea of the rich data available in these
dynamic, real-time imaging studies.

I hope that this book will support and motivate each reader’s dermatologic ultrasound
practice.

Santiago, Chile Ximena Wortsman, MD
May 2018
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1.1 Ultrasound Anatomy of the Skin
The skin is composed of three layers (Fig. 1.1) [1-5]:

e The epidermis is the outer layer; in most regions of the

body, it appears as a hyperechoic line owing to its keratin
content (Fig. 1.2), but in the palmar and plantar regions
(glabrous skin), the epidermis appears as a bilaminar,
hyperechoic layer because of a thicker presence of keratin
in the stratum corneum (Fig. 1.3).

The dermis is located beneath the epidermis and appears as
a hyperechoic band, less bright than the epidermis. The
echogenicity of the dermis is due mainly to its collagen con-
tent. There are regional differences in the thickness of the
dermis. For example, the dermis is thin in the face and ven-
tral forearm, but thicker in the dorsal region. This variability
may provide a major possibility of involvement of deeper
layers in the regions that present a thinner dermis, such as
the face. In photoaged skin, a subepidermal low-echogenic
band (SLEB) is detected in the regions exposed to the sun;
this band corresponds to the deposits of glycosaminoglycan
in the upper dermis (Fig. 1.4). It should not be confused
with inflammatory cutaneous diseases such as morphea.
The hypodermis, also called subcutaneous tissue or sub-
cutis, shows as a hypoechoic layer because of its fatty lob-
ules. Between the fatty lobules are hyperechoic, linear
fibrous septa.

X. Wortsman, Atlas of Dermatologic Ultrasound, https://doi.org/10.1007/978-3-319-89614-4_1
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2 1 Normal Ultrasound Anatomy of the Skin, Nail, and Hair

Fig. 1.1 Drawing of the
normal anatomy of the skin.

Hair shaft

Epidermis —| |

Dermis —

Subcutaneous —
tissue (fat)

Muscle

Sweat Nerve Vein Artery

epidermis

Fig. 1.2 Normal ultrasound anatomy of the non-glabrous skin (other than the palms and soles). The arrows are pointing out the hyperechoic
fibrous septa of the hypodermis (subcutis).



1.1 Ultrasound Anatomy of the Skin

epidermis

Fig. 1.3 Normal ultrasound anatomy of the glabrous epidermis (plantar region). Notice the bilaminar hyperechoic structure of the epidermis.

left cheek

Fig. 1.4 Subepidermal low-echogenic band, also called SLEB; between markers.
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1 Normal Ultrasound Anatomy of the Skin, Nail, and Hair

1.1.1 Vascularity of the Skin

Current ultrasound machines can show the hypodermal arte-
rial and venous vessels in most corporal regions, but to detect
blood flow on color Doppler, usually, a velocity of the blood
of at least 2 cm/s is needed. Therefore, it is commonly not
possible to detect the dermal vascularity unless there is some
abnormality such as an inflammatory process, a vascular
anomaly, or a tumor that increases the presence (number and/
or dilatation) of vessels in this layer [1, 2, 5].

Distal edge
of nail plate

Nail plate

Dorsal view

1.2  Ultrasound Anatomy of the Nail

The nail is composed of the nail plate, the nail bed, and the peri-
ungual regions. The nail plate appears as a bilaminar, hyper-
echoic layer with an anechoic interplate space in between. The
outer plate is called the dorsal plate and the inner plate is named
ventral plate (Figs. 1.5, 1.6, 1.7, and 1.8). The echogenicity of
the nail is due to the presence of keratin, which shows different
reflection capabilities of the sound waves in the periphery and
center owing to variability in the density of the keratin. In
machines working with higher-frequency probes (>20 MHz)
the interplate space becomes more echogenic.

Cross-section

Lateral nail folds
(paronychium)

Lunula

Cuticle
(eponychium)

Proximal nail
fold

Nail plate Nail bed

Hyponychium

Epidermis

Fig. 1.5 Drawing of the

normal surface anatomy of
the nail.

Collagen
fibers

Lateral nail
groove

Distal
phalanx

Lateral
nail fold

Epidermis

Sagittal view

Cuticle
(eponychium)

Nail
matrix

Distal
phalanx



1.2 Ultrasound Anatomy of the Nail 5

Fig. 1.6 Drawing of the Anatomy of the fingernail and toenail
normal anatomy of the
fingernail. Nail Synovial Articular Middle

matrix Epiphysis membrane cartilage phalanx

Nail root
E hi Lateral
ponychium AL band
(cuticle) 7~ Centaral Extensor
Lunula 1 mechanism

W k ' tendon

—— Flexor digitorum
superficialis
tendon

P Fibrous tendon

sheath of finger

Nail bed
Distal phalanx

Body of nail

Synovial (flexor tendon)
sheath of finger

\ L)
i "\ . =
s .
2 Flexor digitorum
) profundus tendon
Nerves  Arteries Septa
T
Distal anterior closed space (pulp) Articular cavity

Palmar ligament (plate)

Fig. 1.7 Normal anatomy of Cross section of toenail
the toenail in cross section.

Dorsal nail plate

Nail bed
Ventral nail plate
Eponychium
Fibrous .
attachment of Lateral nail

groove

bone

Bone of finger

dorsal plate

p— o ventralw

nail bed

Fig. 1.8 Normal ultrasound
anatomy of the nail
(longitudinal view).




1 Normal Ultrasound Anatomy of the Skin, Nail, and Hair

The nail bed shows as a hypoechoic space that usually
turns slightly more hyperechoic in the proximal part, where
the matrix is located. The periungual region is mainly com-
posed of hyperechoic dermis and is separated in the proximal
and lateral nail folds.

There is a close relationship between the nail unit and
the distal insertion of the extensor tendon and the distal
interphalangeal joint. Thus, on histology, some fibers of the
extensor tendon have been seen to reach the proximal part
of the nail unit. This can explain why tendinous and distal
joint conditions can easily affect the ungual or periungual
regions [1, 2, 6-9].

B
nail bed

Fig. 1.9 3D Color Power

Doppler reconstruction of the

nail blood flow (longitudinal
view).

1.2.1 Vascularity of the Nail

The blood flow comes from the digital arteries on both sides
of the fingers, and with the current machines, the vascularity
can be detected in the inner two-thirds of the nail bed, mostly
close to the bony margin of the distal phalanx. Usually, if on
ultrasound the blood flow touches the ventral plate, we con-
sider the presence of some abnormality that stimulates an
increase in the number or dilatation of the vessels (Fig. 1.9)
[1,2,6-9].

p';éximal nail fold

RS e
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1.3  Ultrasound Anatomy of the Hair

The hair is composed of two parts: the hair follicle and the
hair tract or shaft. The hair follicles appear on ultrasound as
hypoechoic, oblique bands located in the dermis and some-
times the upper hypodermis. The degree of obliquity of the
hair follicles can vary according to ethnic factors and the
type of hair. For example, individuals with curly hair show
more oblique follicles than persons with straight hair, in
whom the hair follicles tend to be more vertical (Figs. 1.10
and 1.11).

The hair cycle may be seen on ultrasound (Fig. 1.12). For
example, in the telogen or resting phase, the hair follicles are
seen as tiny, hypoechoic, oval-shaped structures located in
the upper dermis, usually in the subepidermal region. In the
anagen or mature phase, a fully developed hair follicle is
detected in the upper and lower dermis and sometimes the
upper hypodermis. In the catagen or intermediate phase, the
hair follicles are between the telogen and anagen locations.

Fig. 1.10 Drawing of the
anatomy of the hair follicle
and terminal hair tract.

Sweat gland

Blood vessels

Monitoring of the hair cycle may be useful in some hair dis-
ease conditions such as telogen effluvium.

The hair tracts or shafts appear as laminar, hyperechoic
structures because of their keratin content. The scalp hair tracts
show two types morphology (Fig. 1.13). Most (approximately
80%) present as a trilaminar, hyperechoic structure that corre-
sponds to the terminal hair, showing an outer cuticle-cortex
complex and an inner medulla. The rest of the scalp hair tracts
and most hair tracts of the body present as a bilaminar, hyper-
echoic structure that corresponds to the villus type of hair. A
higher proportion of bilaminar vellus hair in the scalp may indi-
cate the presence of an abnormality in the generation of the
hair, such as androgenetic alopecia. This vellus, bilaminar type
of hair seems to be more fragile than the trilaminar type.

The eyelashes and eyebrows commonly appear in
machines working with probes <20 MHz as a monolaminar
hyperechoic structure, perhaps because of a thinner layer of
keratin but these may show a bilaminar appearance on higher
frequencies [1, 10, 11].

Hair anatomy

Arrector
pili muscle

Hair shaft

Medulla

Nerve
Cortex
Hair root
Sebaceous
gland

Hair bulb
in follicle

Dermal
papilla

Cuticle
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.
>

Fig. 1.11 Normal ultrasound anatomy of the hair follicles. (a)
Greyscale at 18 MHz (arrowheads). (b) Greyscale at 70 MHz (arrows).

hypodermis

hair follicles

Old club

Return to
Anagen

Catagen

Anagen Telogen

Active Transition Resting
growth 7 phase Dermal phase
phase ; papilla Hair matrix
separated forming
from follicle new hair
2 ~ 6 years 1 ~ 2 weeks 2 ~ 4 months

Fig. 1.12 Drawing of the hair cycle.
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cuticle-cortex complex

4

medulla

Terminal Hair Tract

vellus type of hair tract

Fig. 1.13 Normal ultrasound morphology of the hair tracts. (a) Trilaminar terminal hair tract of the scalp. (b) Bilaminar or vellus type of hair
without medulla most commonly found in the rest of the body.
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1.4  Structures Adjacent to the Skin
1.4.1 Lymph Nodes

Lymph nodes appear on ultrasound as well-defined, oval-
shaped structures with a thin, hypoechoic band that
corresponds to the cortex and a hyperechoic medulla in the
central part. The vascularity is commonly seen in the center
(centripetal) or in one of the borders of the lymph node at the
point of entrance of the hilum vessels (Fig. 1.14). By conven-
tion, the normal size of the lymph node is maximum 1 cm in
transverse view, but larger lymph nodes may be detected that

1

Fig. 1.14 Normal
ultrasound anatomy of the
lymph node (transverse
views; left side of the neck).
(a) Greyscale (between
markers). (b) Color Doppler
(transverse view). Notice the
normal size (0.7 cm
transverse axis), the oval
shape, the hypoechoic band
of the cortex, and the
hyperechoic center of the
medulla. On color Doppler,
the vascular hilum is located
at the deep border.

can reach 2 cm in transverse view in the jugulodigastric, axil-
lary, and groin regions. The location of the lymph nodes fol-
lows the anatomical chains of drainage of the lymphatic
system. Inflammatory lymph nodes are usually larger and
present a thicker cortex but tend to retain their oval shape and
centripetal vascularity. Suspicious signs of malignancy can
include a change in shape (from oval to round); in size (larger
than 1 cm); in echogenicity (loss of the difference between
the cortex and the medulla, becoming fully hypoechoic); in
the appearance of hypoechoic, eccentric nodules in the cor-
tex or medulla; and the appearance of mostly cortical vascu-
larity with irregular and tortuous vessels [1] (See Chap. 5).

left side neck transverse view

- .

left side neck transverse view
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1.4.2 Tendons

The tendons appear as hyperechoic, fibrillary structures, as
their structure is formed by parallel bundles of collagen sur-
rounded by a virtual synovial sheath in most body regions
(Fig. 1.15). There are tendons, such as the Achilles tendon,
that show a virtual paratenon instead of a synovial sheath.

Tendons and their synovial sheath can become inflamed in
some rheumatic diseases that may also present skin lesions.
Tendons can also present tendinopathy (i.e., chronic altera-
tion of their fibrillar pattern) in some dermatologic diseases
such as psoriasis. During the dynamic study, it is possible to
detect real-time tendinous movements such as for example
during flexion and extension [1, 12].

— -

posterior tibial tendon medial aspect left ankle longitudinal view

Fig. 1.15 Normal ultrasound morphology of the tendons. (a) Flexor pollicis longus. (b) Posterior tibial tendon. Notice the hyperechoic fibrillary

pattern of the tendons (arrows).
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1.4.3 Muscle

The muscles appear as hypoechoic, fibrillary structures that
present dynamic changes under contraction and rest
(Fig. 1.16). There are accessory muscles that show as normal
variants in certain anatomical locations, such as the extensor

digitorum brevis muscle in the hand (Fig. 1.17), the anco-
neus muscle in the posterior aspect of the elbow, and the
peroneus quartus muscle in the ankle. These accessory mus-
cles may simulate dermatologic or soft tissue masses.
Table 1.1 lists the most common accessory muscles and their
location in the limbs [1, 13].

extensor digitorum brevis dorsum left hand longitudinal view

Fig. 1.17 Ultrasound morphology of an accessory muscle at the dorsum of the left hand: extensor digitorum brevis (arrowheads).

Table 1.1 Frequent accessory muscles of the limbs

Accessory muscles Location
Chondroepitrochlearis Arm

Anconeus Elbow
Anomalous palmaris longus Forearm
Proximal origin lumbrical muscles Wrist and hand
Extensor digitorum brevis Wrist and hand
Flexor digitorum superficialis of the index Wrist and hand
Abductor digiti minimi Wrist and hand
Tensor fasciae suralis Knee
Accessory soleus Ankle
Peroneus quartus Ankle
Accessory flexor digitorum longus Ankle
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1.4.4 Nerves Nerves can show anatomical variants; one of the most com-
monly seen is the bifid median nerve in the wrist (Fig. 1.18),

Nerves present as fascicular structures with a mixed hyper- which can present with a remnant artery between the two neural
echoic and hyp()echoic pattern. In transverse view, they appear branches, called persistent median artery. Sometimes this rem-
as oval-shaped, hyperechoic structures with multiple hypoechoic ~ nant artery can become thrombosed, and the patient may pres-
dots, and may resemble the ultrasound appearance of an ovary. ~ent a swelling in the palmar aspect of the wrist [1].

. i‘ -:-- ;‘ -_-_‘- -~
_H'-‘--?V-:ﬁ,:“-.-"'_- :--"“_ —

-

bifid median nerve right wrist transverse view

Fig. 1.18 Normal ultrasound morphology of the nerves. (a) Median  ers; transverse view) demonstrates two branches with fascicular pattern
nerve (longitudinal view; arrows) shows the fascicular pattern of the in the carpal tunnel, one of them dominant, with larger size (0.42 cm vs.
nerve. (b) Bifid variant of the median nerve at the wrist (between mark- ~ 0.17 cm; transverse axis in (b)).
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1.4.5 Bursae

Bursae are virtual sac-like subcutaneous structures located in
areas exposed to high friction, such as the plantar or poste-
rior elbow regions. Normally, bursae are not detected, but in
the presence of inflammation they show as anechoic,
fluid-filled, and compressible structures with echoic

\

Fig. 1.19 Ultrasound morphology of bursitis. (a) Olecranon
bursitis (greyscale with color filter; longitudinal view) shows
anechoic fluid and prominent synovium (bursa; arrows) in the
hypodermis of the posterior aspect of the left elbow. (b) Plantar
bursitis (greyscale; longitudinal view; plantar region) shows
anechoic fluid and prominent synovium (bursa between
markers) located on top of the flexor tendon of the first toe.

Table 1.2 Frequent bursae locations

synovium, which in some cases can be very prominent
(Fig. 1.19). Bursae can also be generated “de novo” or
acquired in rarer anatomical locations such as the fingers,
toes, or the malleolar regions through high exposure to fric-
tion. The latter condition is called adventitial bursitis.
Table 1.2 lists common bursae and their anatomical locations
[1, 14].

i L 1.94 cm|
59 cm

first toe longitudinal view

Bursae Location

Olecranon Posterior elbow
Lumbar Baastrup’s Interspinous processes
Trochanteric Hip

Prepatellar Anterior knee
Infrapatellar Anterior knee

Tibial tuberosity Anterior knee
Calcaneal Posterior ankle

Distal metatarsal

Plantar region
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1.4.6 Cartilage characteristics are seen in the nasal cartilages (superior and

alar) and the ear pinna cartilage (Fig. 1.20). In the auricular
The cartilage appears in ultrasound as hypoechoic bands, —region, the cartilage is detected in the upper two thirds, but
usually without detectable vascularity. These anatomical the lobule of the ear pinna does not contain cartilage [1, 15].

right ear pinna transverse view

Fig. 1.20 Normal ultrasound morphology of the cartilage (greyscale; transverse views). (a) Alar nasal cartilages (arrows) at the tip of the nose.
(b) Auricular cartilage (arrows) of the right ear pinna. Notice the hypoechogenicity of the cartilage pattern.
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1.4.7 Joints

The joint spaces contain hypoechoic synovial cartilage on
top of the epiphyseal parts of the long bones; a laminar
anechoic band of fluid may be detected. Normally, the fluid
of the joint does not displace the tendons upward, so if this
situation is detected, a synovitis should be suspected. In nor-

middle phalanx

mal conditions, there is no vascularity within the joint space,
and the vascularity in the periphery of the joint corresponds
to the normal digital vessels. If vascularity starts to surround
the joint or appears within the synovium, a more severe stage
of synovitis is suspected. The margins of the bony cortex
appear as hyperechoic lines with posterior acoustic shadow-
ing due to the calcium content (Fig. 1.21) [1, 16].

* proximal phalanx

right 5th proximal interphalangeal joint longitudinal view

Fig. 1.21 Normal ultrasound morphology of the joints (longitudinal views). (a) Metacarpophalangeal joint in the right second finger. (b) Proximal

interphalangeal joint. The arrows are pointing out the joint spaces.
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1.4.8 Vessels Veins are commonly compressible with the probe and may

be easily collapsed and dilated. The spectral curve analysis
Arteries and veins appear as anechoic tubular structures with ~ shows the systolic and diastolic phases in the arteries, and a
a variable thickness according to the anatomical location. ~monophasic type of flow in the veins (Figs. 1.22 and 1.23).

Fig. 1.22 Arterial blood flow T

spectral curve analysis. Notice the [Vel 61.0 cm/sires .
systolic and diastolic peaks. (a) :
Normal right temporal artery (peak
systolic velocity, 61 cm/s). (b) A
variant, caliber-persistent artery in
the lower lip (transverse view),
shows high peak systolic velocity,
75 cm/s

Vel 0.0 cm/s

Lyt iy i Lw-vea rna RN T T T i T T ol I O T 1 0T T o S e et 1o o B e

|
2
- L 0 -

' . Vel 75.0 cn_v’s'
5

lower lip transverse view
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Anatomical variants in the presence, number, and location of
the vessels can be recognized in the different regions of the
body [1]. For example, a variant called caliber-persistent
artery in the lip (an artery that does not decrease in size as

1 Normal Ultrasound Anatomy of the Skin, Nail, and Hair

usual when entering the labial dermis) may simulate a tumor
[17, 18]. The velocity of the blood flow varies according to
the size and type of the vessel. Usually in the hypodermis,
the vessels present a velocity of 15 cm/s or less [1].

left common femoral vein longitudinal view

AR N S A 1 A A

e ] IO o It B BT R B T et e ) o T 1 et O S o i et ] B ol et D

=20

- cmis

- .40

Fig.1.23 Venous blood flow spectral curve analysis demonstrates a monophasic flow at the left common femoral vein.
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1.4.9 Salivary Glands

The major salivary glands are the parotid and submandibular
glands. However, there are also several minor salivary glands
located in the submucosal region of the lips. The parotid and
submandibular glands are hyperechoic in comparison with
the muscles in the vicinity. The minor salivary glands are
hypoechoic (Fig. 1.24).

In the parotid region, there are frequent anatomical gland
variants, such as a prominent ventral part of the parotid gland

Fig. 1.24 Ultrasound morphology of salivary
glands. (a) Parotid gland (transverse view).

(b) Submandibular gland (transverse view).

(¢) Minor salivary submucosal gland at the
lower lip (between markers; longitudinal view).
Notice the homogeneity of the glands, mostly
hyperechoic in the parotid and submandibular
glands and hypoechoic in the minor salivary
glands.

that lies on top of the upper segment of the masseter muscle
(Fig. 1.25), and an accessory parotid gland that also is located
on top of the masseter muscle but is separated from the main
parotid gland.

The submucosal minor salivary glands located in the oral
mucosa appear as well-defined, round, hypoechoic struc-
tures. These glands can be normally prominent in some indi-
viduals or may become inflamed and simulate a mucocele or
a tumor [1].

parotid gland

left parotid gland transverse view

. subm\an.dibular g}tang_

—

left submandibulargland transverse view
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Fig. 1.24 (Continued)

minor salivary gland lower lip longitudinal view

right parotid gland covering the masseter muscle transverse view

Fig. 1.25 An anatomical variant shows a prominent ventral part (asterisks) of the parotid gland which covers the upper part of the masseter
muscle.
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1.5 Mammary Glands

The fibroglandular mammary tissue can be seen as a mixed
hyperechoic and hypoechoic structure. The mammary gland
presents an axillary tail that goes to the base of the axillary
region. In some patients, the axillary tail can be prominent
(Fig. 1.26). Beneath the hypoechoic structure of the nipple,
there are anechoic tubular ducts, which correspond to the loca-
tion of the drainage of the ductal mammary system. The der-
mis of the areola contains small accessory glands, called
Montgomery glands, that sometimes may become inflamed
and simulate a dermatologic nodule. The ectopic presence of
mammary tissue (for example, isolated in the upper part of the
axillary region), the development of fibroglandular mammary
tissue in men (gynecomastia), or the presence of the breast

buds may also mimic a soft tissue tumor. Rarely, an ectopic or
supernumerary nipple may be detected, which usually follows
the location of the embryonic milk mammary lines [1, 19].

1.5.1 Bone/Calcium

On ultrasound, only the cortex of the bone can be detected
because the sound is stopped by the calcium. It appears as a
hyperechoic line with posterior acoustic shadowing artifact,
as seen in Fig. 1.21. Calcium deposits show as hyperechoic
spots or bands, according to their origin. For example, calci-
nosis deposits present as hyperechoic spots, and bony
implants present as hyperechoic bands. These calcium
deposits usually present a posterior acoustic shadowing arti-
fact according to their size [1, 20].

~ mammary gland -
e S e

-
— - -
-

B o

axillary tail right mammary gland longitudinal view

Fig. 1.26 Normal ultrasound morphology of the tail of the mammary gland at the base of the axillary region (between markers; longitudinal view).
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2.1 Technical Considerations

2.1.1 Basic Requirements

* A multichannel color Doppler ultrasound machine with
variable high-frequency probes working with an upper
range >15 MHz.

* An operator trained in ultrasound imaging and dermato-
logic conditions [1-8].

2.1.2 Sedation

For children less than 4 years old, sedation with chloral
hydrate is recommended, using a dosage of 50 mg/kg, which
can be repeated 30 min later if there is no effect with the first
dose. This sedation is used because any movement or crying
of the child can generate noise acoustic artifacts on the screen
and alter the detection of the patterns of vascularity and peak
systolic velocities [1-5]. Although in some cases the diagno-
sis can be made without sedation, the monitoring of the
lesion may become difficult because data on vascularity may
be unreliable or hard to interpret. In our experience, this dos-
age of chloral hydrate is safe for children and allows the nec-
essary time (approximately 20—40 min) to examine the child
in a quiet environment. This could be particularly important
for facial lesions such as those in the nasal, periocular, or
perioral regions, where naturally the child may tend to move
and where the anatomical information can be critical for the
right selection of treatment.

Melatonin, with a dosage according to age, can also be
used. Melatonin produces a more superficial type of sleep, so
it is not recommended for facial lesions [8].

The parents or guardian should sign an informed consent
before the administration of medication. A modified Aldrete
score, with measures of consciousness, activity, respiration,
circulation (blood pressure), and oxygen saturation, may be
used for monitoring the child [9]. A pulse oximeter is needed
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for this purpose. The child should be monitored during the
sedation period and discharged only when he or she is fully
awake (Aldrete modified score >9) [1-9].

2.1.3 Alternatives to Sedation

Sedation can be replaced in newborns by breastfeeding, or in
older children by the coordination of the time of the ultrasound
examination with the usual time of the child’s nap. In some
cases, deprivation of sleep the night before or of the usual nap
before the examination can help to induce sleep for the exami-
nation more quickly. These require a good communication and
coordination with supportive parents or guardians.

Some very quiet children may not need sedation; this
should be evaluated case-by-case, considering the site of the
lesion. These quiet children are allowed to have bottles with
milk or juice during the examination if this does not interfere
with the site of the lesion.

For older children, the use of media such as cartoons or
movie clips in smartphones or tablets can help to keep the
child quiet and distracted during the examination.

2.2 Advantages and Limitations
of Dermatologic Ultrasound
Examinations

2.2.1 Advantages

* Good balance of resolution and penetration (0.1-60 mm
depth) with the same high-frequency probe

e Resolution: 100 pm/pixel axial and 90 pm/pixel, consider-
ing an upper frequency range of 15-18 MHz

e Real-time examination

* Good definition of the skin layers and deeper structures

e Morphology of the lesion and surrounding tissues

e Qualitative and quantitative analysis of blood flow

* No effects from radiation or confinement to a reduced space
* No adverse reactions to contrast medium

2.2.2 CurrentLimitations
e Lesions that measure <0.1 mm

e Epidermal-only location
e Pigments such as melanin

23 Recommended Protocol
and Guidelines for Dermatologic
Ultrasound Examinations

2.3.1 Recommended Setting

of the Ultrasound Machine

e Focal point in the first 3 cm (upper part of the screen)

* A low pulse repetition frequency (PRF) and wall filter

e Color gain under the noise threshold

e If necessary, use of power Doppler or echo-angiogram
applications to improve the detection of slow flow

e Panoramic views for observing large lesions

e Three-dimensional (3D) reconstructions are optional but
can improve the understanding of the images by clini-
cians not involved in the imaging [1-8].

Tip Create and save a setting for dermatologic ultrasound
studies on your machine, with the support of the application
specialist of the brand that you are using. Having this setting
can save time and improve the definition and sensitivity of
the vascularity in the ultrasound examinations.
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2.3.2 Suggested Protocol

e Phase 1 Conversation with the patient, retrieval of the his-
tory, and visual inspection and palpation of the lesional
and perilesional areas with the lights of the room turned
on or in a well-illuminated room.

e Phase 2 Turn off or lower the light of the room in a way
that the lesional area can still be detected. Position the
lesion close to the operator and the probe, and add a copi-
ous amount of gel in the lesional and perilesional regions.

Phase 3 Use the setting in the machine previously set for

the dermatologic ultrasound examination.

Phase 4 The ultrasound machine study includes three

steps (Figs. 2.1 and 2.2) [1-8, 10]:

— Step 1: Grey scale sweep in at least two perpendicular
axes that include the lesion and perilesional tissues
(Fig. 2.3). Comparison with the contralateral side may
support the examination. In inflammatory diseases,
detection of the transitional zone between the normal
and abnormal skin is recommended.

Color Doppler Dermatologic Ultrasound
Examination Protocol

At least in two perpendicular axes

At least in two perpendicular axes (vessels in colors)

Step 1 Step 2

Arterial flow: systolic peak / diastolic flow

Venous flow: monophasic flow

Fig. 2.1 Color Doppler dermatologic ultrasound examination protocol. Notice that Color Doppler is a must for dermatologic ultrasound examinations.
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Tracking Inflammatory Activity on Ultrasound

Za WTERGL TR

Grey Scal

Confirm the presence of a lesion
suspicious of an inflammatory origin.
For example, in this case, a fluid
collection in the intergluteal region.

Color Doppler Spectral Curve Analysis
Confirm the presence of active inflammation Demonstrate the real presence of arteries
due to vessels. In this case most of the and/or veins. In the case, there are medium
vessels are located in the periphery and velocity arteries (systolic peak: 20.1 cm/sec).
some of them in the inner part of
the fluid collection. Tip: Have a reference of the
velocity of the normal arteries vessels

. Low velocity: < 15 cm/sec
Scale of Arterial Peak Medium velocity: 16-35 cm/sec Mean Normal Peak Systolic Velocity

Systolic Velocity High velocity: > 36 cm/sec Carotid Artery: 60-120 cm/sec
Radial Artery: 20-35 cm/sec

Fig. 2.2 Ultrasound tracking of activity protocol in inflammatory dermatologic diseases. An approximate average of the normal arterial peak
systolic velocity of the large and middle-size arteries and a grading of peak systolic velocities are provided as references.

Grey Scale Settings

Fig. 2.3 An example of grey
scale setting for dermatologic
ultrasound studies.
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— Step 2: Color Doppler qualitative analysis of the vascu- the origin and path of the feeding vessels can support
larity patterns of the lesional and perilesional tissue the diagnosis of vascular lesions.
(Fig. 2.4). Detection of the thickness of the vessels (mm)
and the registration of at least three representative vessels
per axis (longitudinal and transverse) are strongly recom-  2.3.3  Protocol Tips
mended. Please note that usage of color Doppler is man-

datory in dermatologic ultrasound examinations. e Skin Ultrasound Examination: Include the transitional
— Step 3. Color Doppler quantitative analysis of the zone (i.e., the border between normal and abnormal tis-

blood flow through spectral curve analysis of the sue) and compare the appearance of the lesional area ver-

lesional and perilesional vessels allows the detection sus a normal area and/or the contralateral side.

of the type (arterial or venous) and the velocity of the ¢ Nail Ultrasound Examination: The ultrasound sweep

flow (cm/sec). The analysis of at least three spectral includes the ungual and periungual regions (medial and

curves in each axis (longitudinal and transverse) is lateral; radial and ulnar; proximal and distal).

suggested. Depending on the size and amount of vas- ¢ Scalp Ultrasound Examination: For a better definition of

cularity, six curves per axis (longitudinal and trans- the hair follicles, displace the hair tracts and align the axis

verse) may be needed in vascular lesions. Analysis of of the probe with the major axis of the hair follicles.

Color Doppler Setting

Fig. 2.4 An example of color
Doppler setting for

dermatologic ultrasound 1ZQ ABR BUTITR
studies.
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2.4  Reporting of Dermatologic

Ultrasound Examinations

inactive). A sonographic scoring (SOS) can be reported
for some conditions such as SOS-Acne or SOS-HS
(sonographic scoring of hidradenitis suppurativa).
Assessment of benignancy versus malignancy: Provision
of the sonographic signs that favour a benign or malignant
ultrasound appearance of the lesion.

e A formal ultrasound impression at the end of the report is

A formal report is always recommended. Besides the usual infor- ¢
mation on identification, date, referring physician, technique,
and brief history, provision of the following data is suggested [8]:

Origin of the lesion (dermatologic vs non-dermatologic;
endogenous vs exogenous)

Anatomical location (layers involved)

Nature of the lesion: cystic, solid, mixed

suggested, which can suggest a presumptive diagnosis. If
the sonographic pattern is not typical, some potential dif-
ferential diagnoses can be described (ideally, no more
than three).

e Relevant acoustic artifacts that support the diagnosis

e Diameters in all axes

e Vascularity: presence, type (arterial or venous), thickness,
and maximum peak systolic velocity of the arterial vessels

e Surrounding relevant anatomical structures

e Phase: In hemangiomas, the description of the phase
(proliferative, partial or total regression) is suggested.

e Activity: In inflammatory diseases, a description of the
ultrasonographic phase of activity is needed (active or

Note Figures 2.5,2.6, and 2.7 illustrate technical problems
that may occur in reporting dermatologic lesions if the
examination is performed by a non-trained operator or with
the use of a non-recommended machine or the wrong fre-
quency. Thus, following the published guidelines for per-
forming dermatologic ultrasound studies is strongly
recommended [8, 10].

Fig. 2.5 Technical problems
related to gel. A comparison
of the ultrasound image of the
same lesion without and with
gel. A copious amount of gel
on top of the lesion provides a
better-defined image,
including the surface.

Without Gel With Gel

1| Problems: U

Fig.2.6 Technical problems
related to the frequency. A
comparison of the detection
of vascularity of the same
lesion using 10 MHz and

18 MHz probes. The usage of
variable-frequency probes
working with upper-frequency
ranges >15 MHz is
recommended; otherwise, the
sensitivity of the detection of
the blood flow in superficial
layers is limited.

Lesion with 10MHz
Hypovascular

Lesion with 18 MHz
Hypervascular
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Fig. 2.7 Technical problems
related to the device, frequency, Wrong Machine - Wrong Frequency
and training of the operator. (a) Non Trained Operator

The report from an examination
using the wrong machine, wrong
frequency, and a non-trained
operator shows a hypovascular
nodule of uncertain origin,
suggesting a correlation with
other imaging modalities and
histology. (b) A report on the
same lesion examined using the
right machine, right frequency,
and a trained operator shows a
hypervascular solid hypodermal
nodule suggestive of glomus

tumor. Hypovascular nodular lesion of uncertain origin.
Correlate with MRI and histology

Right Machine and Frequency - Trained Operator

R AT DI T T Q MEN BU LAT DISTAL TR

Hypervascular solid hypodermal nodule compatible with an extradigital glomus tumor
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2.5 Tips for the Dermatologic Ultrasound

Examination

Work in a room where the lights can be turned on and off
easily.

Some ultrasound machines include a warmer for the bot-
tle of gel; a baby-bottle warmer may also be used for
warming the gel. Before applying the gel to a child, it is
suggested to test the temperature of the gel in your hand.
Clean the probes with a non-alcohol solution. (Ask the
manufacturer for recommendations for your device.)
When dealing with open wounds, sterile gel and a cover
for the probe (for example, a sterile glove or a cover for
laparoscopic surgery equipment) may help.

A cover for the probe is also needed for lesions that
involve mucosal areas.

The operator can often stabilize his or her hand by using
the little finger for support (Figs. 2.8 and 2.9).

To examine the hands or toes, warm water or saline can be
used instead of gel.

When studying the ear pinna, cover the external meatus
with a piece of cotton, in order to decrease the entrance of
gel, which may be uncomfortable for the patient
(Fig. 2.10).

When examining a child, ask the parents or someone from
your team for support in order to maintain the position of
the child (Fig. 2.11).

A pad or towel can be used for examining the nail of the
thumbs, which allows comparison with the contralateral
side and stabilizes the position of these fingers (Fig. 2.12).
For observing the scalp, displacement of the hair tracts is
needed (Fig. 2.13).

Fig. 2.8 Skin ultrasound examination. The recommended position of the fingers during the dermatologic ultrasound examination of the skin.
Notice that the little finger supports and stabilizes the position of the hand of the operator. Observe the amount of gel needed for the study.
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Fig. 2.9 Nail ultrasound examination. The recommended position of the fingers during the dermatologic ultrasound examination of the nail. The
little finger helps to stabilize the position of the hand of the operator. Notice the amount of gel needed for the study.
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Fig.2.10 Ear pinna
examination. Add a piece of
cotton to the external meatus
in order to avoid the
significant entrance of gel.

I'l.

‘ r\”’ '\"\‘

Fig.2.11 Examination of the palm of
the hand in newborns or infants. Ask
the parents or someone from your
team to help in maintaining the
extension of the fingers.
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Fig.2.12 A pad or towel
may support the positioning
for the examination of the
nails of the thumbs.
Comparison with the
contralateral side may
facilitate the detection of
abnormalities.

Fig. 2.13 Examination of the
scalp. Displacement of the hair
tracts is needed to create space
for positioning of the probe and
to facilitate the penetration of the
soundwaves.
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3.1 Cystic Lesions

3.1.1 Epidermal Cyst

3.1.1.1 Definition

Dermal and/or hypodermal cystic structure composed of epi-
dermal elements that include a granular layer and keratinous
material. They can also present cholesterol crystals and occa-
sionally a connecting tract to the subepidermal region called
punctum. The cyst can suffer inflammation, and then it can
rupture partially or totally. Thus, the keratinous content of
the cyst can spread into the surrounding tissues, generating
more inflammation and in later stages, scarring and fibrosis
[1,2].

3.1.1.2 Synonyms

Inclusion cyst, epidermoid cyst, keratinous cyst, infundibu-
lar cyst. Sebaceous cyst is a misnomer, because it does not
have a sebaceous origin [1, 2].
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3.1.1.3 Key Sonographic Signs without a connecting tract to the subepidermal layer.
The sonographic signs of epidermal cysts will differ depend- Posterior acoustic reinforcement artifact can be detected.
ing on the type and phase of the cyst (Figs. 3.1, 3.2, 3.3, and Some epidermal cysts can show a “pseudotestes” pattern
3.4) [1-5]: due to the presence of cholesterol crystals, or an “onion-
layer” pattern due to keratin layers (Figs. 3.5 and 3.6).

e Intactv Well-defined, round or oval, anechoic or Cholesterol crystals may appear as dark, hypoechoic or
hypoechoic dermal and/or hypodermal structure with or anechoic bands. Occasionally, hyperechoic spots or bands

intact

inflammation

partial
rupture

total rupture

Fig. 3.1 Variable appearance
of epidermal cysts according
to the phase of the cyst.
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suggestive of calcifications may also appear. If the cyst is
inflamed, increased vascularity in the periphery of the
cyst is noted on color or power Doppler.

Partial rupture Partially ill-defined dermal and/or hypoder-
mal hypoechoic structure with posterior acoustic reinforce-
ment artifact. Hypoechoic areas in the periphery of the cyst
correspond to the keratinous material spread into the vicin-

Fig.3.2 Inflamed epidermal cyst. (a) Photograph of the clinical lesion
in the left cheek. (b and ¢) Ultrasound transverse views of the left cheek

(b,

greyscale; ¢, color Doppler) show a 1.78-cm (transverse) x 1.67-cm

(thickness) well-defined hypodermal and dermal oval-shaped structure

ity. On color or power Doppler, increased vascularity is
observed in the periphery of the cyst (Fig. 3.3; Video 3.1).
Total rupture Tll-defined dermal and/or hypodermal
hypoechoic structure, which may contain some anechoic
areas. Increased echogenicity of the surrounding hypo-
dermis and posterior acoustic reinforcement artifact may
be detected (Fig. 3.4; Video 3.2).

hypodermis

that produces acoustic posterior reinforcement. Notice the increased
vascularity in the periphery of the cyst and the close location of the
angular artery beneath the cyst.
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hypodermis

_ posterior acoustic

. =~ reinforcemt

left cheek

Fig. 3.2 (Continued)

Fig. 3.3 Partial rupture of epidermal cyst. (a) Clinical image of the
lesion in the right thigh. (b and ¢) Ultrasound of the right thigh demon-
strates a dermal and hypodermal hypoechoic structure with a partial site
of rupture in the upper and lateral region, where there is a discontinuity
of the border of the cyst (b, greyscale with color filter, longitudinal

view; ¢, color Doppler, transverse view). Notice the hypoechoic mate-
rial (arrow) spread into the surrounding hypodermis (b). On color
Doppler (c), there is increased echogenicity of the hypodermis at the
site of the rupture and hypervascularity in the periphery of the cyst,
which is more intense at the rupture region. See Video 3.1.
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Fig. 3.3 (Continued)

right thigh

muscle
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dermis *

hypodermis

posterior acoustic
reinforcement

right cheek

Fig. 3.4 Total rupture of epidermal cyst. (a) Clinical photograph of the  ture with lacunar areas and posterior acoustic reinforcement (b,
lesion in the right cheek. (b and ¢) Ultrasound of the right cheek shows  greyscale; ¢, color Doppler; transverse views). On color Doppler (c),
an ill-defined dermal and hypodermal hypoechoic and anechoic struc-  notice the hypervascularity in the periphery of the cyst. See Video 3.2.
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Fig. 3.4 (Continued)

Fig. 3.5 “Onion-layer” pattern
of epidermal cyst. Notice the
hyperechoic layers (arrowheads),
which correspond to a pack of
compressed layers of keratin
within the cyst.

right cheek

. posterio oL
_reinforcement

right elbow transverse view

4
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- Qqstgrlor_acousﬁrc' 8

P e -

1L 3.49 cm
2L 2.03 cm

Fig.3.6 “Pseudotestes” pattern of epidermal cyst. This well-defined, cysts tend to be more heterogeneous, owing to the mix of keratin and
oval-shaped, hypoechoic structure in the anterior aspect of the thoracic ~ cholesterol crystals.
wall presents a sonographic shape similar to a testicle, but epidermal
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3.1.1.4 Tip
For diagnosing epidermal cysts look for the posterior acous-
tic reinforcement artifact.

3.1.2 Trichilemmal Cyst

3.1.2.1 Definition

A cyst derived from the external sheath of the hair follicle
without a granular layer. These are commonly found in the
scalp but can be present in other body regions. Frequently,
these cysts clinically show focal sites of alopecia. They can
be single or multiple and can become inflamed and then rup-
ture, with a spread of the content in the vicinity. Rarely, they
can present epithelial proliferation, keratinization, some
atypical cells, and a locally aggressive behavior; the latter
forms of presentations are called proliferating or malignant
trichilemmal cysts [2, 6-8].

3.1.2.2 Synonyms
Pilar cyst, isthmus-catagen cyst.

3.1.2.3 Key Sonographic Signs

e Well-defined, round or oval, dermal and/or hypodermal
structure with inner echoes or debris and posterior acous-
tic reinforcement. Sometimes, these can show hyper-
echoic calcium deposits and/or hyperechoic linear
structures, which correspond to fragments of hair tracts or
keratin layers (Figs. 3.7, 3.8, and 3.9).

e Scalp location is the most common.

* On color Doppler, increased vascularity may be detected
in the periphery of the lesions due to inflammation.
However, the center of the cyst is usually avascular.

* Signs suggestive of proliferative or malignant transformation:
non-scalp location, fast growth, lesion greater than 5 cm, ill-
defined or lobulated contour, inner hypoechoic solid nodules,
and hypervascularity within the lesion [2, 7, 8].

Fig. 3.7 Trichilemmal cyst. (a) Clinical photograph. (b) Ultrasound
(greyscale; transverse view) shows a 10.6-mm (transverse) x 7.7-mm
(thickness) well-defined, round-shaped, anechoic dermal and hypodermal

structure with echoes and posterior acoustic reinforcement artifact in the
scalp region. Notice the hair tracts on the skin surface (marked with arrows
inb). (¢) Color Doppler demonstrates lack of vascularity within the lesion.
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hair tracts
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- i -
o — - oy =

o — - B
— 4

rd

bony margin

1L 1.06 cm frontal region transverse view

2L 0.77 cm

frontal region transverse view

Fig. 3.7 (Continued)
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hair tracts

=

o

hypodermis

il
bony margin

left parietal region longitudinal view
1L 1.18 cm|

Fig. 3.8 Trichilemmal cyst. (a) Clinical image. (b) Ultrasound due to debris and posterior acoustic reinforcement artifact. (¢) Color
(greyscale, longitudinal view, left parietal region) shows an 11.8-mm, Doppler demonstrates hypervascularity at the periphery of the cyst due
well-defined, oval-shaped, anechoic structure with prominent echoes  to inflammation. (d) 3D reconstruction of the lesion.
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Fig. 3.8 (Continued)
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hair tracts

dermis

hypodermis

muscle

bony margin

F L 1.18 cm‘ occipital region transverse view

2L 0.81 cm

Fig. 3.9 Trichilemmal cyst. (a) Clinical photograph. (b) Ultrasound rior acoustic reinforcement artifact at the bottom of the lesion, sug-
(greyscale, transverse view, occipital region) shows a well-defined,  gestive of a fluid-filled structure. (¢) Color Doppler presents increased
oval-shaped, dermal and hypodermal structure that contains multiple  vascularity in the periphery of the lesion. (d) 3D reconstruction of the
hyperechoic lines that correspond to keratin layers. Notice the poste-  lesion.
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Fig.3.9 (Continued)

hypodermis

muscle

occipital region transverse view
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3.1.3 Hidradenoma 3.1.3.3 Key Sonographic Signs
e Apocrine Well-defined, oval-shaped, dermal and hypoder-
3.1.3.1 Definition mal structure with mixed hypoechoic solid and anechoic
Sweat gland benign tumor; these can be mainly divided into fluid-filled lacunar areas with posterior acoustic reinforce-
apocrine and eccrine according to the type of cells, but the ment artifact. Some inner septa, fluid-fluid levels, and a
lesions may show mixed cellular types [9-12]. “snow-falling” sign may be detected (Figs. 3.10 and 3.11;
Videos 3.3 and 3.4). On color Doppler, low-velocity vessels
3.1.3.2 Synonyms can be seen within the hypoechoic solid component [9].
Spiradenoma, nodular hidradenoma, poroid hidradenoma ¢ Eccrine Well-defined, oval-shaped or lobulated, dermal
(eccrine subtype), clear-cell hidradenoma (apocrine and/or hypodermal structures showing hypoechoic solid
subtype). or anechoic fluid-filled areas that may contain mural

hypervascular or hypovascular hypoechoic nodules [10—
12]. Depending on the amount of fluid, the lesion may
show posterior acoustic reinforcement artifact.

<
~ -
dermis

— 1

-

hypodermis &, =

Fig. 3.10 Apocrine hidradenoma.
(a) Clinical image at the left lower
quadrant of the abdominal wall. (b)
Ultrasound (greyscale; transverse
view) demonstrates a well-defined,
oval-shaped, dermal and hypodermal
structure with hypoechoic solid areas
and anechoic lacunar areas
(asterisks). There are some septa and
a fluid-fluid level sign. (¢) Color 3
Doppler shows vascularity within the [1 203 cm left lower quadrant abdominal wall
hypoechoic solid part of the nodule. = transverse view

See Video 3.3. 2L 1.38 cm
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_—
dermis

hypodermis

left lower quadrant abdominal wall
longitudinal view

Fig.3.10 (Continued)
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anteromedial aspect of the left leg
transverse view

Fig. 3.11 Apocrine hidradenoma. (a) Clinical image at the anteromedial ~ solid content and multiple anechoic lacunar areas (asterisks). Notice the
aspect of the left leg. (b) Ultrasound (greyscale, transverse view) presents a  fluid-fluid level within the nodule. (¢) Color Doppler demonstrates prominent
well-defined, oval-shaped, dermal and hypodermal structure with hypoechoic ~ vascularity within the hypoechoic solid part. See Video 3.4.
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3.1.4 Hidrocystoma 3.1.4.3 Key Sonographic Signs

¢ Well-defined, round or oval, dermal anechoic struc-
3.1.4.1 Definition tures that commonly displace upward the epidermis
Cysts derived from the proliferation or obstruction of apo- and may compress the orbicularis muscle of the eye-
crine or eccrine cells (Glands of Moll) usually located in the lid. Occasionally, they may contain echoes. These
face and predominantly found around the eyelids or canthus cysts are frequently located in the eyelid, the inner or
region. The most common clinical forms of presentations are outer canthus, the forehead, or the upper part of the
single or multiple translucent nodules [2, 13]. cheeks.

e On color Doppler, they are usually avascular (Fig. 3.12) [2].
3.1.4.2 Synonyms
Moll’s cyst, cystadenoma, sudoriferous cyst.

Fig.3.12 Hidrocystoma. (a) Clinical image. (b) Ultrasound (greyscale,  epidermis upward. (¢) Color Doppler presents increased vascularity in
longitudinal view, inner canthus) shows 3.4-mm (thickness), well-  the periphery of the cyst. lom lower orbicularis muscle of the eyelid,
defined, oval-shaped anechoic cystic dermal structure that displaces the ~ uom upper orbicularis muscle.
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Fig.3.12 (Continued)

right inner canthus longitudinal view

right inner canthus longitudinal view
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3.1.5 Chalazion 3.1.5.2 Key Sonographic Signs

e Well-defined, round or oval, anechoic or hypoechoic
3.1.5.1 Definition structure in the posterior aspect of the eyelid.
Pseudocystic structure with lipogranulomatous inflamma- ¢ It can extrinsically compress the orbicularis muscle of the
tory reaction caused by the obstruction of the Meibomian eyelid.
glands that are located in the posterior aspect of the eyelids. ¢ The dermis can appear as hypoechoic and thick, owing to
It may simulate a cutaneous lesion or secondarily affect the the inflammatory process.
skin [2, 14, 15]. e Increased vascularity may be seen, predominantly in the

periphery of the structure (Fig. 3.13; Video 3.5) [2].

e Occasionally, drainage of the mixed anechoic and/or
hypoechoic lipogranulomatous content can be detected in
the dermis of the eyelid.

1

chalazion

Fig.3.13 Chalazion. (a)
Clinical image of the lesion at
the right lower eyelid. (b)
Ultrasound (greyscale,
transverse view) shows a
round, hypoechoic structure
at the posterior aspect of the
eyelid that extrinsically
compresses the orbicularis
muscle (om), which is anterior chamber
displaced superficially. There ocular globe

is decreased echogenicity of
the dermis. (¢) Color Doppler
demonstrates increased
vascularity predominantly in
the periphery of the structure.
See Video 3.5.

right lower eyelid transverse view
1L 0.80 cm
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Fig. 3.13 (Continued)

chalazion

anterior chamber
ocular globe

right lower eyelid longitudinal view

55
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3.1.6 Dermoid Cyst 3.1.6.2 Key Sonographic Signs

e Well-defined, round or oval, anechoic or hypoechoic
3.1.6.1 Definition structure located beneath the fascia and commonly pro-
Remnant cyst located along embryonal lines of closure, truding to the hypodermis and dermis (Figs. 3.14 and
which contains cutaneous elements such as hair and seba- 3.15; Video 3.6).
ceous glands. The most common locations are the tail of the ¢ Occasionally, slow growth of these lesions can generate
eyebrow or upper eyelid; less frequent locations include the scalloping of the bony margin of the skull.
face, neck, and scalp [2, 16, 17]. e Echoes due to debris and hyperechoic linear structures that

correspond to hair tracts can be detected within the cyst.

e Posterior acoustic reinforcement artifact due to the fluid
content may be seen.

e On color Doppler, these cysts commonly do not present
inner vascularity [2].

Fig.3.14 Dermoid cyst. (a)
Clinical image. (b)
Ultrasound (greyscale,
transverse view, right
superciliary region)
demonstrates 13.9-mm
(transverse) x 9.7-mm
(thickness), well-defined,
oval-shaped, anechoic cystic
structure beneath the lateral
part of the upper orbicularis
muscle of the eyelid (m)
which is displaced
superficially. Notice the
hyperechoic linear structures,
which correspond to hair
tracts (arrowheads). (¢) Color
Doppler presents slightly
increased vascularity in the @

periphery; however, there is 1L1.39cm lateral superciliary region transverse view
no vascularity within the cyst. L 097 cin

b bony margin. See Video 3.6. : =
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Fig. 3.14 (Continued)

Fig.3.15 Dermoid cyst with
low fluid content. (a) Clinical
photograph. (b) Color
Doppler ultrasound. (¢) 3D
reconstruction (left
superciliary region,
longitudinal view). These
images demonstrate a
well-defined, oval-shaped,
hypoechoic, subfascial
structure that protrudes to the
hypodermis. Notice the
posterior acoustic
reinforcement artifact due to
fluid content.

right superciliary region longitudinal view
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posterior acoustic reinforcement

left superciliary region longitudinal view

epidermis

dermis

hypodermis fascia

bony margin

posterior acoustic reinforcement

left superciliary region longitudinal view

Fig.3.15 (Continued)
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3.1.7 Pilonidal Cyst 3.1.7.2 Key Sonographic Signs

e Sac-like or band-like, anechoic or hypoechoic, dermal
3.1.7.1 Definition and/or hypodermal structure is connected to the dilated
Pseudocyst or cavity in the lumbosacral region that contains a base of the hair follicles and frequently located in the
nest of hair tracts and keratin. They commonly become inflamed intergluteal region (Figs. 3.16 and 3.17).
and are considered a localized form of a follicular inflammatory ¢ Hyperechoic linear structures that correspond to hair
disease called hidradenitis suppurativa. The frequent presence tracts are often present. On color Doppler, if the pilonidal
of hair tracts within pilonidal cysts seems to correspond to an cyst became inflamed, increased vascularity in the periph-
abnormal generation of hair tracts in the dermal and/or hypoder- ery of the lesion and sometimes within the lesion can be
mal region, not to the protrusion of hair tracts through the fol- detected, which can vary according to the level of
licular ostia. This ectopic presence of hair tracts and keratin can inflammation.

be highly irritant and may be related to traumatic friction and
high humidity levels, perhaps supported by autoimmune inflam-
matory and genetic mechanisms [2, 18-20].

bony margin S

intergluteal region longitudinal view

dermis

hypodermis

intergluteal region transverse view

Fig. 3.16 Pilonidal cyst. (a) Clinical photograph of the intergluteal — and hypodermal structure filled with multiple hyperechoic linear frag-
region. Notice the erythema and the two dilated follicular ostia. (b)  ments of hair tracts (arrowheads). (¢) Color Doppler (transverse view)
Ultrasound (greyscale, longitudinal view) shows hypoechoic dermal  demonstrates increased blood flow in the periphery of the lesion.
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£ - "
hypodermis

intergluteal region longitudinal view

dermis

hypodermis

intergluteal region longitudinal view

Fig. 3.17 Pilonidal cyst. (a) Clinical image. (b and ¢), Ultrasound linear fragments of hair tracts (arrowheads). (d) Color Doppler demon-
(greyscale, longitudinal view; ¢ with color filter) shows hypoechoic, strates increased vascularity in the periphery and some vessels within
sac-like dermal and hypodermal structure with multiple hyperechoic  the lesion.
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Fig.3.17 (Continued)

intergluteal region longitudinal view
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3.2  Solid Lesions 3.2.1.2 Key Sonographic Signs

*  Well-defined, oval-shaped, hypodermal nodule tends to
3.2.1 Lipoma follow the axis of the skin layers.

e Angiolipomas usually appear as round or oval hyperechoic
3.2.1.1 Definition nodules. Fibrolipomas tend to appear as hypoechoic struc-
Tumor that contains mature adipose cells, usually mixed tures with hyperechoic linear septa. Rarely, lipomas may
with other mesenchymal-derived tissues such as capillary be isoechoic with the surrounding tissues (Fig. 3.18) [2,
vessels (angiolipoma) or fibrous components (fibrolipoma). 22-24].

Lipomas and their variants are the most common soft tissue ¢ Frontal subgaleal lipomas may be located between the
tumors [21]. These can appear as single or multiple palpable superficial hyperechoic fascia and the hypoechoic fronta-
nodules; some (particularly angiolipomas) tend to be tender. lis muscle, between the frontalis muscle and the deep
Occasionally, lipomas can compress neighboring structures, hyperechoic fascia (Fig. 3.19), or between the deep fascia
which can produce symptoms such as pain, which is more and the hyperechoic bony margin of the skull. The fronta-
commonly seen in angiolipomas. In other cases, these tumors lis muscle is usually thin (sometimes <1 mm thick) and
can occur in risky locations, such as close to thick vessels or this layer can present anatomical variations, particularly
nerves [2, 21, 22]. in its central part, which may lack muscular fibers [2, 22].

¢ On color Doppler, lipomas can be avascular or may present
some vessels within the tumor and/or on its periphery [2].

e The presence of high vascularity or heterogeneity within
a lipoma should raise the suspicion for malignant trans-
formation or an atypical lipoma [2, 22-24].

—= e e e ——

dermis

left side lumbar region transverse view

Fig.3.18 Lipomas.

(a) Angiolipoma. Ultrasound
shows a well-defined, oval-shaped
hyperechoic hypodermal structure
(between markers) in the left side
of the lumbar region.

(b) Fibrolipoma. Well-defined,
oval-shaped hypoechoic
hypodermal structure (asterisk)
with some hyperechoic septa and
producing a slight extrinsic
compression of the underlying
pectoral muscle. left side anterior thoracic region
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Fig.3.19 Subgaleal lipoma.
(a) Clinical photograph. (b)
Ultrasound (greyscale,
transverse view) shows
1.6-cm (transverse) x 0.3-cm
(thickness), well-defined
hypoechoic structure with
hyperechoic septa located
between the frontalis muscle
and the deep fascia. (¢) Color
Doppler (longitudinal oblique
view) demonstrates that the
frontal branch of the temporal
artery runs on top of this
lipoma.

. de;mis
-~ hypodermis
4 Mmuscle

deep fascia ; bony margin

i 3lcdcm right frontal region transverse view

2L 0.31 cm

frontal branch temporal artery

right frontal region longitudinal view
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3.2.1.3 Tips

* In some locations, such as the frontal region, it is relevant
to know in advance if the lipoma is located on top of or
beneath the musculoaponeurotic layer (galea) because
subgaleal lipomas may be not detected during the visual
inspection at surgery if the clinician is not aware of this
location.

e The angulation of the probe in the borders of the lipoma
may be useful for detecting the location of subgaleal lipo-
mas [22].

3.2.2 Pilomatrixoma

3.2.2.1 Definition

A tumor derived from the hair matrix, which generates pal-
pable nodules, usually in the head, neck, and extremities and
most frequently in children or young adults. The nodules can
be single or multiple and may show a variable appearance
that can vary from skin-colored to erythematous or bluish
lumps. Calcium deposits in these tumors can vary from low
to high amounts, which may generate a different sonographic
appearance [2].

3.2.2.2 Synonyms
Pilomatricoma, calcifying epithelioma of Malherbe.

3.2.2.3 Key Sonographic Signs

e The most common form of presentation is the “target
type,” which shows a well-defined, round or oval, dermal
and/or hypodermal nodule with a hypoechoic rim and
hyperechoic center with hyperechoic spots that can pres-
ent posterior acoustic shadowing artifact according to
their size (Fig. 3.20). These hyperechoic spots correspond
to calcium deposits and are a key element for diagnosing
pilomatrixomas [1, 2, 25-28].

e The second form of presentation is a well-defined, hyper-
echoic dermal and/or hypodermal nodule with strong pos-
terior acoustic shadowing artifact, corresponding to a
completely calcified pilomatrixoma (Fig. 3.21) [2,
26-28].

e A third and less frequent form of presentation is the “cys-
tic pilomatrixoma,” comprising a well-defined, oval-
shaped, dermal and/or hypodermal structure that presents
a hypoechoic rim and an anechoic inner cavity that shows
a mural hypoechoic nodule that protrudes into the cavity.
This hypoechoic nodule may present tiny, hyperechoic
spots of calcium deposits, and the anechoic fluid within
the cavity may show hypoechoic or hyperechoic septa.
This cystic presentation is usually produced by sudden
hemorrhage within a pilomatrixoma [2, 29].

e A slight increase of echogenicity of the surrounding
hypodermal tissue is commonly detected.

e On color Doppler, vascularity may be variable in piloma-
trixomas; some show no vascularity, and others show only
peripheral or mixed peripheral and inner low-velocity
vessels.

e In highly vascular pilomatrixomas, the presence of fluid
within the vessels may cause a posterior acoustic rein-
forcement artifact. These cases may clinically mimic a
vascular anomaly such as an hemangioma.

3.2.2.4 Tip
Look for the hyperechoic calcium spots within the nodule.
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Fig.3.20 Pilomatrixoma.
(a) Clinical photograph. (b
and c¢) Ultrasound (transverse
views, frontal region; b,
greyscale; ¢, Color Doppler)
demonstrates a 5.9-mm
(transverse) X 6.2-mm
(thickness), well-defined
dermal and hypodermal
“target type” nodule (between
markers), with a hypoechoic
rim and hyperechoic center.
Notice the hyperechoic spots
(b), which correspond to
calcium deposits (arrow) and
the peripheral and inner
vascularity within the nodule
(¢). A posterior acoustic
reinforcement artifact may be
seen due to the prominent
presence of vessels within the
nodule. In addition, a slight
increase of the echogenicity
of the surrounding
hypodermal tissue is
detected.
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posterior acoustic
shadowing

1L 0.84 cm left forearm longitudinal view
2L 0.27 cm

Fig.3.21 Pilomatrixoma. (a) Clinical image of a bump in the left fore-  terior acoustic shadowing that corresponds to a completely calcified
arm. (b) Ultrasound (greyscale, longitudinal view) shows a dermal and ~ pilomatrixoma.
hypodermal hyperechoic nodule 8.4 mm long x 2.7 mm thick, with pos-
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3.2.3 Dermatofibroma

3.2.3.1 Definition

A fibrous tumor that shows several histological variants. The
most common subtype is the common cellular or nodular,
which accounts for up to 75-80% of dermatofibromas [30].
Among the less common variants are aneurysmal, hemosid-
erotic, and atrophic dermatofibromas [30, 31].
Dermatofibromas are commonly located on the limbs and
the trunk and are more frequently found in females [30, 31].

3.2.3.2 Synonyms
Benign fibrous histiocytoma, histiocytoma cutis.

3.2.3.3 Key Sonographic Signs
e Anill-defined, hypoechoic dermal structure that may pro-
trude into the hypodermis. However, if the tumor extends

into the hypodermis, it does not show lobulations or
prominent convexity of the deep hypodermal margins.
Besides, the fatty lobules surrounding the tumor are usu-
ally easily compressible with the probe.

e Common nodular subtypes usually present a more intense,
pseudonodular hypoechoic center and distortion of the
regional hair follicles.

e Aneurysmal variants can show anechoic cystic lacunar
spaces due to hemorrhage.

* Atrophic variants may appear as hypoechoic solid lesions
with atrophy of the dermis.

e On color Doppler, vascularity may vary from hypovascu-
lar to hypervascular (Figs. 3.22 and 3.23; Video 3.7) [2,
32-34].

Fig.3.22 Dermatofibroma. (a) Clinical image of a lesion in the right upper
thoracic region in a female patient. (b) Dermatoscopic image of the same
lesion. (¢) Ultrasound (greyscale, transverse view) shows a 7.9-mm (trans-
verse) x 2.7-mm (thickness), ill-defined, hypoechoic dermal structure that

protrudes into the hypodermis and presents decreased echogenicity and a
pseudonodular center (asterisk). (d) Color Doppler (transverse view) demon-
strates a slight increase of vascularity in the periphery and within the lesion
(asterisk). (€) 3D reconstruction of the tumor (asterisk). See Video 3.7.
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Fig.3.22 (Continued)
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Fig.3.22 (Continued)

right upper lateral anterior thorax transverse view
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Fig.3.23 Dermatofibroma. (a) Clinical photograph of the lesion in the
left forearm of a female patient. (b) Dermatoscopic photograph of the
same lesion. (¢) Ultrasound (greyscale) shows a 9.0-mm (trans-
verse) x 5.2-mm (thickness), ill-defined, hypoechoic dermal structure

that extends into the upper hypodermis, displaces the epidermis upward,
and shows a pseudonodular, more intense hypoechoic center (double
asterisks). (d) Color Doppler ultrasound presents a few vessels at the
periphery of the lesion (asterisk).
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Fig.3.23 (Continued)

left forearm ulnar aspect transverse view

left forearm ulnar aspect longitudinal view
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3.2.4 Nodular Fasciitis 3.2.4.3 Key Sonographic Signs

e The most common forms of presentations are an ill-defined
3.2.4.1 Definition hypoechoic structure and a hypoechoic hypodermal nod-
Fibrous reactive process of unknown cause; it is most com- ule with some parts showing irregular contour [2, 35, 36].
monly seen in the forearms of young adults but may affect ¢ The most common location is the deep hypodermis, and
other corporal regions. On histology, it presents spindle cells frequently these lesions contact the fascial layer at some
within myxoid and collagen stroma, inflammatory cells, ves- point (Fig. 3.24).
sels, and inner hemorrhage [2, 35]. » Panniculitis signs can be detected in the periphery such as

increased thickness and echogenicity of the fatty lobules

3.2.4.2 Synonym of the hypodermis, and a variable amount of anechoic or
Pseudosarcomatous fibromatosis. hypoechoic fluid between the fatty lobules.

*  On color Doppler, these lesions can show hypovascularity
or prominent vascularity in the periphery or within the
structure [2].

3.2.4.4 Tip
Look for the contact of the lesion with the underlying
fascia.
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Fig. 3.24 Nodular fasciitis.
(a and b), Ultrasound (a,
greyscale; b, panoramic view
with color filter) shows a
hypoechoic nodule in the
deep hypodermis, with some
irregular contours and
attachment to the fascia
(arrow). (¢) Color Doppler
demonstrates increased

vascularity in the periphery right thigh transverse view

of the lesion.
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Fig. 3.24 (Continued)
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3.2.5 Neurofibromas

3.2.5.1 Definition

Tumors derived from the nerve sheath. These can be single
or multiple and can be associated with neurofibromatosis
type I (von Recklinghausen’s disease). The most common
forms of presentations are diffuse, localized, and plexi-
form [2].

3.2.5.2 Key Sonographic Signs
The forms of presentations of neurofibromas show different
types of sonographic patterns (Fig. 3.25) [2, 37-42]:

¢ Diffuse type commonly appears as ill-defined dermal and/or
hypodermal structures or plaque-like regions with mixed
echogenicity that can show hypoechoic and hyperechoic
areas, some hypoechoic tortuous tracts, and hypoechoic nod-
ules (Figs. 3.25¢, 3.26, and 3.27; Videos 3.8 and 3.9). In
some cases, these structures can present lobulated contours.

e Localized type wusually appears as well-defined,
hypoechoic single or multiple nodules located beneath the
fascial layer (Fig. 3.25d). Occasionally, these can present
centrally located afferent and efferent hypoechoic tracts.

e Plexiform type frequently appears as multiple thick,
hypoechoic neural bundles or nodules that follow the axis
of the main nerves and their branches, including the hypo-
dermal neural tracts. This form of presentation has been
called “bag of worms” (Fig. 3.25e).

e These forms of presentation can be present in the same
patient in the corporal region or in different body loca-
tions of the patient.

* On color Doppler, vascularity has been reported to vary
from hypovascular to hypervascular.

* Rarely, neurofibromas can present hemorrhage and produce a
sudden lump. In these cases, ill-defined heterogeneous struc-
tures may be detected in the dermis and hypodermis [2, 41].

Fig. 3.25 Neurofibromatosis type I with diffuse, localized, and plexiform
variants in the same patient. (a) Clinical image of a lesion on the left thigh.
(b) Diffuse lesions. Ultrasound (greyscale, transverse view; left thigh)
shows three neighboring hypoechoic dermal lesions that with a plaque-like
structure that measures 3.59 cm (transverse) x 0.33 cm (thickness) and pro-
trudes into the upper hypodermis. (¢) Diffuse lesion. Color Doppler ultra-
sound (longitudinal view; left thigh) shows inner vascularity within the

structure. (d) Localized lesion. Color Doppler ultrasound at the left groin
region (longitudinal view) demonstrates well-defined, oval-shaped nodule
underlying the fascial layer, with some vessels in the periphery. (e)
Plexiform type. Ultrasound (greyscale, longitudinal view; proximal and
lateral part of the left leg) shows three well-defined nodules that measure
3.7,3.8, and 8.7 mm, following the path of the left common peroneal nerve.
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Fig.3.25 (Continued)
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left common peroneal nerve path

Fig.3.25 (Continued)

Fig. 3.26 Neurofibromatosis diffuse type I. (a) Clinical image of a
lesion in the mandibular region. (b) Photograph of café-au-lait spots in
the abdominal wall of the same patient. (¢ and d) Ultrasound of the
mandibular region (¢, greyscale, transverse view; d, panoramic view
with color filter) shows 2.22-cm (transverse) x 0.79-cm (thickness) ill-
defined, plaque-like dermal and hypodermal structure with heteroge-

neous echogenicity. This lesion shows hypoechoic tracts that involve
the hair follicles and hyperechoic areas that affect the dermis and hypo-
dermis. (e) Color Doppler of the mandibular region (longitudinal view)
presents prominent vascularity within the structure. (f) The mandibular
lesion (asterisk) in three-dimensional view. See Video 3.8.
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left mandibular region longitudinal vie

hypodermis

masseter muscle

left mandibular region transverse view

Fig.3.26 (Continued)
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Fig. 3.27 Neurofibromatosis
diffuse type I. (a) Clinical
photograph of the right forearm in
a patient with neurofibromatosis.
(b) Ultrasound of the right forearm
(greyscale with color filter,
transverse view) shows a
hypoechoic dermal and
hypodermal structure with some
hyperechoic areas and irregular
contour at the right side of the
image (radial border). (¢) Color
Doppler ultrasound of the same
region (transverse view)
demonstrates vascularity in the
periphery and within the structure
(asterisk). See Video 3.9.

right forearm transverse view
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3.2.5.3 Tips

Look for the afferent and efferent tracts; these are not always
present, but if you find them, this sign can strongly support
the diagnosis. Examine the patient and look for café-au-lait
spots (Fig. 3.26b), which are common in neurofibromatosis

type L

3.2.6 Keloid

3.2.6.1 Definition

Abnormal growth of scar tissue at a site of injury, with prom-
inent fibrotic response to trauma or inflammation that usu-
ally extends beyond the original wound site [43—-49].

Fig. 3.28 Keloid. (a) Clinical photograph of the lesion with a point
(arrow) that drains serohematic fluid. (b) Ultrasound (longitudinal view
at the site of drainage) demonstrates 2.6-cm (length) x 0.3-cm (thick-
ness) band-like structure at the bottom of the keloid, suggestive of a
fistulous tract. Notice the thickening and hypoechogenicity of the der-
mis that displaces the epidermis upward. (¢) Ultrasound (greyscale;
panoramic transverse view) shows a 12.2-cm long structure with thick-

3.2.6.2 Key Sonographic Signs

* Hypoechoic and/or heterogeneous thickening of the dermis
that moves the epidermis upward and follows the major
axis of the skin layers, with or without a laminar pattern
and with or without extension to deeper layers (Fig. 3.28).

e Color Doppler ultrasound can support the tracking of
activity in keloids because the presence of vessels within
the keloid can suggest an activity and therefore perpetuation
and/or growth of the keloid. Active keloids show low-
velocity arterial and/or venous vessels (Fig. 3.28d).

* Hypoechoic band-like fistulous tracts and hyperechoic
spots due to calcification can complicate the evolution of
the keloid (Fig. 3.28b).

e Occasionally, keloids can involve both dermis and hypo-
dermis, as well as deeper layers such as the fascia and the
muscle [46].

nesses of 8.4 mm on the right side of the lesion, 7.3 mm in the center,
and 6.4 mm on the left side. Notice that the hypoechogenicity of the
lesion is more prominent in the most superficial areas; the laminar,
more hyperechoic pattern of the keloid is seen in the deep part. (d)
Color Doppler ultrasound (longitudinal view; left side of the lesion)
present hypervascularity within the dermal keloid (asterisk) at the
periphery of the hypoechoic fistulous tract (o) located in the left side.
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The 2014 update of the classification of vascular anoma-
lies performed by the International Society for the Study
of Vascular Anomalies (ISSVA) [1] separates the vascular
anomalies into two major groups: vascular tumors and vas-
cular malformations. Within these groups, vascular tumors
can be divided into benign, borderline, and malignant types.
Vascular malformations are classified as simple, combined,
malformations of major named vessels, and malformations
associated with other anomalies. Nevertheless, there are
some non-classified vascular entities (usually less frequent),
such as angiokeratoma, verrucous hemangioma, multifo-
cal lymphangioendotheliomatosis with thrombocytopenia
(MLT), cutaneovisceral angiomatosis with thrombocytope-
nia (CAT), kaposiform lymphangiomatosis, and PTEN-type
hamartoma of the soft tissue [1-8]. This chapter reviews the
most common vascular conditions.

4.1  Vascular Tumors

Vascular tumors are characterized by endothelial prolifera-
tion and can be separated into benign, locally aggressive/
borderline, or maligvnant tumors. Of these, the most fre-
quent are benign vascular tumors, which include infantile
hemangioma, congenital hemangioma, reactive proliferative
vascular lesions, and other vascular tumors [1-3].

4.1.1 Infantile Hemangioma (IH)

4.1.1.1 Definition

Infantile hemangioma (IH) is a benign endothelial cell prolifera-
tion positive for glucose transporter 1 (GLUT-1). IH is the most
common tumor of infancy and accounts for up to 5% of all
tumors. Clinically, these tumors initially present a phase charac-
terized by fast growth after birth, also called proliferative phase.
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Then, they show a plateau, and later, they start phases of partial
and total (or almost total) regression or involution [2-8].

4.1.1.2 Synonym
Hemangioma of infancy.

4.1.1.3 IH Classification
IH can be classified according to:

Pattern of distribution:

e focal

e multifocal

e segmental

¢ indeterminate

Layers of involvement:

e dermal, also called superficial ITH
e hypodermal and/or deeper layer, also called deep [H
* mixed forms (dermal-superficial and hypodermal-deep)

4.1.1.4 Associated Syndromes

IH, particularly when they present as large and segmental vari-
ants, can be associated with other vascular and non-vascular
anomalies, including some well-known syndromes [2—-8]:

e PHACE syndrome (posterior fossa brain malformations,
hemangiomas, arterial anomalies, cardiovascular defects,
and eye anomalies, with or without midline ventral defects
such as sternal clefting or supraumbilical raphe)

e LUMBAR syndrome (lower body hemangioma, urogenital
anomalies/ulceration, myopathy, bony deformities, ano-
rectal or arterial anomalies, and renal anomalies)

4.1.1.5 Key Sonographic Signs

The ultrasonographic appearance (echogenicity and degree
of vascularity) of IH varies according to the phase of the
lesion (Fig. 4.1) [9-16]. The proliferative and partial regres-
sion phases are considered active stages of proliferation,
with differences in the degree of the vascularity [11-13].

Proliferative Phase

e [ll-defined, hypoechoic, hypervascular solid, mass-like
structure

e Spectral curve analysis shows arterial and venous vessels,
and sometimes arteriovenous shunts.

e Occasionally, IH can show direct afferent branches from
medium-size arteries that would be important to describe.

e Itis relevant to report the thickness and layers of involve-
ment of the hemangioma (Figs. 4.2, 4.3, and 4.4; Videos
4.1,4.2, and 4.3).

Partial Regression Phase

[l-defined, heterogeneous, solid mass-like structure with a
mixed pattern of vascularity that presents hypervascular and
hypovascular areas (Fig. 4.5; Video 4.4).

Total Regression Phase

e Ill-defined structure that is hypovascular or without
detectable vascularity. The hypodermis is usually
hyperechoic in sites affected by the hemangioma, but
focal areas of thinning of the dermis and hypertrophic
hypodermal lipodystrophy may be also detected
(Fig. 4.6).

e The appearance of this phase may vary according to the
type of treatment that the patient has received before
the ultrasound examination. For example, lesions that
have been treated with steroids tend to show more atro-
phy signs. Lesions that have been partially removed by
surgery may present hypoechoic scarring tissue, some-
times with a laminar pattern and/or areas with distorted
heterogeneous architecture (Fig. 4.7).

4.1.1.6 Tips

e If more than five cutaneous hemangiomas are present, it is
recommended to extend the examination and to scan the
liver in order to look for hepatic hemangiomas.

e Inchildren younger than 6 months with midline lesions,
it is suggested to extend the examination and scan the
brain and spinal cord. In older children, the scanning of
the brain will depend on the size of the anterior fonta-
nel (the site used for accessing the brain on ultrasound),
which usually closes around 1 year of age.

* The scanning of the spinal cord will depend on the degree
of ossification of the spine, which normally increases in
children older than 6 months. Therefore, keep in mind
that ultrasound can allow studying the spinal cord in chil-
dren younger than 6 months.

e Inolder children, the brain and spinal cord cannot be fully
displayed on ultrasound because the normal calcification
of the skull and spine stops the soundwaves.

4.1.2 Congenital Hemangioma

4.1.2.1 Definition

Congenital hemangioma (CH) is a proliferative endothelial
cell proliferation that is usually present at birth and is nega-
tive for glucose transporter 1 (GLUT-1). CHs are less com-
mon than IHs.

4.1.2.2 Classification
CHs can be classified according to their evolution [12,
17-19]:
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Hemangioma of Infancy

Proliferative Phase Partial Regression Phase Total Regression Phase

-Rapid growth -Slow regression -Hypovascular
-High hypervascularity -Hypervascular -Hyperechoic
-Mainly hypoechoic -Mixed echogenicity | hypo

-Most common soft tissue tumor in infancy
-Composed of true endothelial proliferations

Fig. 4.1 Phases of infantile hemangioma.
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Fig. 4.2 Infantile hemangioma in proliferative phase, with sequence
that shows a summary of the protocol for studying hemangiomas. (a)
Clinical image of the lesion in the left retroauricular region. (b)
Greyscale ultrasound (transverse view). (¢ and d) Color Doppler ultra-
sound shows the vessels (¢) and their thicknesses (d) within the lesion.
(e and g) Color Doppler ultrasound with spectral curves analyses. (f)
Echoangiogram (B-flow, General Electric Health Systems; Milwaukee,

WI, USA) that demonstrates the type of the flow. The child presented a
2.39-cm (transverse) x 0.61-cm (thickness), ill-defined dermal and
hypodermal hypoechoic solid structure(*) with a mass-like appearance
(b). There is a diffuse, prominent hypervascularity in the structure (c),
and thickness of the lesional vessels varies between 1.1 and 1.3 mm (d).
Notice the presence of high peak systolic velocity in the arterial vessels
that reaches 60 cm/s (e), the monophasic venous flow in (f), and the
arterialized venous flow in (g). See Video 4.1.
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bony margin i

left nasal region transverse view

left nasal region transverse view

Fig. 4.3 Hemangioma in proliferative phase. (a) Clinical photograph  hypoechoic structure in the dermal and hypodermal layers. In the lateral

of the lesion in the left nasal and perinasal region. (b and ¢) Greyscale  border (right side of the image; arrow in b) the lesion involves the mus-

and color Doppler ultrasound (transverse views; left nasal region) cle and contacts the bony margin of the left maxilla. The color Doppler

shows a 1.38-cm (transverse) x 1.05-cm (thickness), ill-defined, shows prominent hypervascularity in all the parts of the lesion in (c).
See Video 4.2.
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@[

1

left lower eyelid longitudinal view

Fig. 4.4 Hemangioma in proliferative phase. (a) Clinical image of the
lesion in the lower eyelid. (b—d) Greyscale and color Doppler ultra-
sound (c, longitudinal view; d, transverse view) demonstrate an ill-
defined hypoechoic structure (between markers), 8.5 mm

left lower eyelid transverse view

(length) x 3.4 mm (thickness) that involves the orbicularis muscle of the
lower eyelid. Notice the diffuse hypervascularity that involves dermis,
the orbicularis muscle, and the posterior aspect of the lower eyelid (¢
and d). In (¢) involvement of the dermis and hypodermis of the upper
part of the of the cheek is detected. See Video 4.3.
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right arm transverse view

Fig. 4.5 Hemangioma in partial regression phase. (a) Clinical photo-
graph of a bulging lesion in the right arm of a 10 month-old baby. (b and
¢) Greyscale and color Doppler ultrasound (transverse views; right arm)
show 1.6-cm (transverse) x 1.6-cm (thickness), ill-defined dermal and
hypodermal bulging structure with thickening of the dermis and a

"
e

right arm transverse view

mass-like appearance. The superficial part (asterisk) is mainly
hypoechoic, and the deep part (o) is predominantly hyperechoic. On
color Doppler (c), there is hypervascularity in the superficial part (pro-
liferative phase) and hypovascularity in the deep part (regression
phase). See Video 4.4.
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left mandibular region transverse view

Fig. 4.6 Hemangioma in total regression phase with residual atrophic
dermis and a hypertrophic hypodermal lipodystrophy. (a) Clinical
image of the lesion in the left mandibular region. (b and ¢) Greyscale
(with color filter) and color Doppler ultrasound (transverse views; left

left mandibular rec

mandibular region) demonstrate a focal area (arrows) with decreased
dermal thickness and increased thickness of the fatty hypodermal com-
ponent (hypertrophic lipodystrophy). This focal site presents hypovas-
cularity on color Doppler (c).
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tip of the nose transverse view

total regression phase
infantile hemangioma

Fig.4.7 Hemangiomas in total regression phase with hyperechoic pat- hemangioma. At the bottom (nasal region), the residual fibrofatty tissue
tern. Ultrasound Greyscale (transverse views). On top (dorsal region),  (asterisks) involves dermis, hypodermis, and the region of both alar
the residual dermal and hypodermal fibrofatty tissue (asterisks) is asso- ~ nasal cartilages (no cartilage is detected). This can be critical informa-
ciated with scarring and distortion of the architecture in the center of the ~ tion in case of a reparative surgery.

lesion. These findings are due to an intent of partial resection of the
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e Rapidly involuting congenital hemangioma (RICH), which
supposedly regresses during the first 6-18 months of life

e Non-involuting congenital hemangioma (NICH), which
does not regress spontaneously

 Partially involuting congenital hemangiomas (PICH), which
present an initial involution and then a partial regression.

4.1.2.3 Key Sonographic Signs

Rapidly Involuting Congenital Hemangioma (RICH)

e Atbirth, these hemangiomas appear as ill-defined or well-
defined hypoechoic structures affecting dermis and com-
monly hypodermis and deeper layers. RICHs present high
vascularity with arterial and venous vessels; venous ves-
sels are usually more prominent than in IH.

e In contrast with infantile hemangiomas, RICHs tend to
show a fast and spontaneous decrease in size, increase in
echogenicity, and decrease in vascularity after birth. This
spontaneous involution process usually takes place during
the first year of life (Figs. 4.8, 4.9, and 4.10; Videos 4.5,
4.6, and 4.7).

Non-involuting Congenital Hemangioma (NICH)

These are similar to RICH in sonographic appearance, but
they may show even more dilatation of the venous compo-
nent and sometimes can present hyperechoic, calcified
deposits (Figs. 4.11 and 4.12; Videos 4.8 and 4.9).

e In some cases, direct feeding branches from the main
arteries can be detected.

e NICHs tend to maintain their ultrasound characteristics, par-
ticularly their size, and do not regress over time. However, in
some cases they may become more heterogeneous.

Partially Involuting Congenital Hemangioma (PICH)

e These have an ultrasound appearance similar to the previ-
ous types. They can present partial signs of regression,
such as some decrease in size and vascularity, but PICHs
do not fully regress.

e In some cases, direct feeding branches from the main
arteries can be detected.

4.1.3 Telangiectatic Granuloma

4.1.3.1 Definition

Benign reactive endothelial vascular proliferation that can
involve the skin and the mucosa and has been related to
trauma, chronic irritation, drugs, and hormones. It is more
common in females and in the face, but it can also affect
other locations such as the finger, including the ungual and
periungual regions. This tumor frequently presents a fast
growth and tends to show bleeding and ulceration. The most
common tumor of this type is the telangiectatic granuloma
[12, 20, 21].
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) L

1 .L 2432 cm|
2L 1.30 cm

anterior aspect right leg longitudinal view

Fig. 4.8 Rapidly involuting congenital hemangioma (RICH). Basal sound (longitudinal views) demonstrates 2.1-cm (long) x 1.3-cm (thick-

study in a 1-month-old child. (a) Clinical image (anterior aspect of the  ness) hypoechoic dermal and hypodermal solid mass-like structure

distal part of the right leg). (b and ¢) Greyscale and color Doppler ultra-  (between markers). On color Doppler (c), there is prominent vascularity
within the lesion. See Video 4.5.
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Fig. 4.9 Rapidly involuting congenital hemangioma (RICH). 3-month
follow-up of the same case as in Fig. 4.8, which has been under obser-
vation and without medication. (a) Clinical image (anterior aspect of
the distal part of the right leg). (b and ¢) Greyscale and color Doppler
ultrasound (longitudinal views) demonstrates 2.0-cm (long) x 1.4-cm

[1L1.99cm| anterioraspect right leg longitudinal view
|2 L 1.44 cm|

anterior aspect right leg longitudinal view

(thickness) hypoechoic dermal and hypodermal mass-like structure.
Notice that the lesion is becoming more hyperechoic in the periphery of
the mass and that the size is similar to the basal study; color Doppler (¢)
still shows prominent vascularity within the mass. See Video 4.6.
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o ]
1L1.92cm| anterior aspect right leg longitudinal view
2L 1.09 cm

anterior aspect right leg longitudinal view

Fig. 4.10 Rapidly involuting congenital hemangioma (RICH). more ill-defined dermal and hypodermal mass-like structure. The lesion
6-month follow-up of the same case, which has been under observation  is slightly more hyperechoic and heterogeneous than in the previous
and without medication. (a) Clinical image (anterior aspect of the distal ~ studies, and there is a small decrease in the thickness. Color Doppler (¢)
part of the right leg). (b and ¢) Greyscale and color Doppler ultrasound ~ shows a significant decrease of the vascularity within the mass. See
(longitudinal views) demonstrates 1.9-cm (long) x 1.0-cm (thickness) ~ Video 4.7.
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‘1 L 4.74 cm|

posterior neck longitudinal view

Fig. 4.11 Non-involuting congenital hemangioma (NICH) in a dermal and hypodermal exophytic, mass-like structure with anechoic
3-month-old child. (a) Clinical image (posterior neck). (b and ¢) tubular and lacunar areas. On color Doppler (c), there is prominent vas-
Greyscale and color Doppler ultrasound (b, transverse view; ¢, longitu-  cularity within the mass, comprising arterial and venous vessels with-
dinal view) shows 4.74-cm (transverse) x 2.4-cm (thickness) hypoechoic  out arteriovenous shunts. See Video 4.8.
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Fig.4.12 Non-involuting congenital hemangioma (NICH). Follow-up
at 1 year and 6 months of the same case as in Fig. 4.11. (a) Clinical
image (posterior neck). (b and ¢) Greyscale and color Doppler ultra-
sound (b, transverse view; ¢, longitudinal view) show no significant
changes in the diameter of the lesion, a 5.0-cm (transverse) x 1.8-cm

posterior neck longitudinal view

(thickness) hypoechoic dermal and hypodermal exophytic, mass-like
structure that maintains its anechoic tubular and lacunar areas. On color
Doppler (c), there is still prominent vascularity within the mass with a
similar pattern of arterial and venous vessels without arteriovenous
shunts. See Video 4.9.
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4.1.3.2 Synonyms
Pyogenic granuloma, lobular capillary hemangioma.

4.1.3.3 Key Sonographic Signs

» Exophytic or polypoid epidermal and dermal hypoechoic
solid structure, when affecting the skin (Fig. 4.13; Video 4.10).

¢ In the nail bed, these tumors tend to show an ill-defined
hypoechoic structure that displaces the nail plate upward.
Erosion of the bony margin is not common, but in long-

1L 0.85cm|

term cases usually associated with infection, irregularities
and/or erosions of the underlying bony margin can be
detected.

e Telangiectatic granuloma can also affect the epidermal
and dermal layers of the periungual region, more com-
monly seen at the proximal nail fold.

* On color Doppler, these lesions show high vascularity
with arterial and venous vessels, commonly presenting
low velocities (Fig. 4.13) [12, 21].

]
left border upper lip longitudinal view

2L 0.71 cm

—— ¥
left border upper lip longitudinal view

Fig.4.13 Telangiectatic granuloma. (a) Clinical image of the lesion in
the upper lip. (b and ¢) Greyscale and color Doppler ultrasound (longi-
tudinal views; left border of the upper lip) demonstrates 8.5-mm

(long) x 7.1-mm (thickness) exophytic, polypoid mass-like epidermal
and dermal structure. On color Doppler, there is prominent and diffuse
hypervascularity within the lesion. See Video 4.10.
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4.1.4 OtherVascular Tumors

These include tufted angioma (TA) and kaposiform heman-
gioendothelioma (KHE), which present histological similar-
ities and are positive for lymphatic endothelial markers
D2-40 and Prox1 (Prospero homeobox protein 1). Both can
be associated with consumptive coagulopathy, also called
the Kasabach-Merritt phenomenon (thrombocytopenia,
hemolytic anemia, and coagulation abnormalities). One of
the main differences between these two tumors is that KHEs
tend to infiltrate hypodermis and muscle [22, 23].

Among the borderline or locally destructive vascular
tumors are KHE and other rare vascular tumors such as reti-
form hemangioendothelioma, composite hemangioendothe-
lioma, and papillary intralymphatic angioendothelioma
(Dabska tumor) [22-25].

The malignant vascular tumors include angiosarcoma and
epithelioid hemangioendothelioma (EHE). Angiosarcomas
are most commonly seen in the head, neck, and breast, but
they can be seen in other corporal locations and can present
after radiation or chronic lymphedema [26].

muscle

vastus lateralis

femur

lateral aspect right thigh transverse view

Fig. 4.14 Cutaneous kaposiform hemangioendothelioma (KHE). (a
and b) Greyscale and color Doppler ultrasound (transverse views; lat-
eral aspect of the right thigh) show ill-defined hyperechogenicity
(asterisks) in the hypodermis, which involves the fascial layer and the

1L 4.66 cm

4.1.4.1 Cutaneous Kaposiform
Hemangioendothelioma (KHE)

Definition
Locally aggressive endothelial proliferation that involves the
skin and underlying layers [22, 23].

Key Sonographic Signs

 Ill-defined structure with heterogeneous echogenicity that
usually involves dermis, hypodermis, and the underlying
muscle layer.

e The vascularity tends to be prominent, with low-velocity
arterial and venous vessels (Fig. 4.14).

lateral aspect right thigh

surface of the lateral aspect of the vastus lateralis muscle. On color
Doppler, there is asymmetric hypervascularity in the dermis and hypo-
dermis, with tortuous and irregular vessels that also involve the surface
of the lateral aspect of the vastus lateralis muscle.
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4.1.4.2 Cutaneous Angiosarcoma

Definition

Malignant endothelial proliferation that affects the skin and
deeper layers and can metastasize. The most common sites
of presentation are the scalp, breast, and extremities; the
most frequent site of metastasis is the lung. It can appear as
single or multiple lesions, which can also present as satellites
of the main lesion [12, 24-26].

almaTY o

medial aspect left foot longitudinal view

Fig. 4.15 Cutaneous angiosarcoma. (a) Clinical photograph of the

mass in the medial aspect of the left foot. (b and ¢) Greyscale and color

Doppler ultrasound (b, transverse view; ¢, longitudinal view) show 4.5-

Key Sonographic Signs

e [ll-defined hypoechoic or heterogeneous dermal and
hypodermal solid mass with irregular or lobulated
borders

e Involvement of deeper layers such as tendons, muscles,
and bone can be detected.

* On color Doppler, prominent vascularity with low-
velocity arterial and venous vessels can be seen in the
whole tumor or in parts of the mass with irregular and
tortuous vessels (Fig. 4.15).

medial aspect left foot transverse view

cm (transverse) X 3.5-cm (thickness) ill-defined dermal and hypoder-
mal hypoechoic mass (asterisks) with some lobulated borders. On color
Doppler (c¢), there is hypervascularity with irregular and tortuous ves-
sels within the lesion.



4.2 Vascular Malformation

103

4.2 Vascular Malformations

4.2.1 Definition

Error in the morphogenesis of the vessels, which generates
dysplastic vascular channels. Vascular malformations (VMs)
are commonly present at birth and grow slowly and propor-
tionally with the child.

4.2.2 Classification
VMs can be classified according to the type of flow:

e High-flow
— Arterial and communicating, with arteriovenous fistu-
las or shunts
— Non-communicating arteriovenous tracts
* Low-flow (venous, capillary, lymphatic, or mixed)

These types are usually treated in different ways, so the
sonographic support in the diagnosis can be relevant [1-3, 6,
8-10, 13, 27, 28].

4.2.3 Syndromes Associated to Vascular
Malformations

Several congenital syndromes that present vascular malfor-
mations are listed in Table 4.1.

Capillary malformations are also present in salmon patch,
hereditary hemorrhagic telangiectasia (HHT), cutis marmo-
rata telangiectatica congenita, and cerebral cavernous
malformation (CCM), and usually in the variants that show
hyperkeratotic capillary malformations.

Venous malformations can be observed in familial VM
cutaneomucosal (TIE2), blue rubber bleb nevus syndrome,
and cerebral cavernous malformation (CCM).

Arteriovenous flow is seen in glomuvenous malforma-
tions, which are variants of VMs associated with glomus
cells.

Lymphatic VM (LVM) can be separated into macrocystic,
microcystic, or mixed. These are seen in Gorham-Stout dis-
ease, Nonne-Milroy syndrome, and primary hereditary
lymphedema, as well as in several other, less frequent
entities.

Table 4.1 Syndromes associated with vascular malformations

Syndrome Types of vascular malformations

Klippel-Trenaunay | Low-flow vascular malformations (VMs)

M-CM or MCAP Low-flow VM, usually capillary VM

CLOVES Low- and/or high-flow VM

Proteus Low-flow VMs

Parkes Weber Low- and/or high-flow VM, usually
capillary and/or arteriovenous

CM-AVM Low- and/or high-flow VM

Sturge—Weber Facial capillary VM

MICCAP Low-flow VMs

Bannayan—Riley— Low- and/or high- flow VM, usually

Ruvalcaba capillary

SOLAMEN High-flow VM

Maffucci Low-flow VMs, usually venous VM

Servelle-Martorell Low-flow VMs, usually venous VM

CLOVES congenital, lipomatous, overgrowth, vascular malformations,
epidermal nevi and spinal/skeletal anomalies and/or scoliosis, CM-AVM
capillary malformation-arteriovenous malformation, ~ MCAP
macrocephaly-capillary  malformation, MICCAP  microcephaly-
capillary malformation, SOLAMEN segmental overgrowth, lipomato-
sis, arteriovenous malformation and epidermal nevus
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4.2.4 Key Sonographic Signs

Network of tortuous, anechoic, tubular structures or lacu-
nar areas

Lack of mass-like appearance

VMs can be classified according to the shape of the curve
in the spectral analysis of the color Doppler evaluation
(Figs. 4.16, 4.17, 4.18, 4.19, 4.20, 4.21, and 4.22, Videos
4.11, 4.12, 4.13, and 4.14). Thus, arterial VMs will show
a curve with systolic and diastolic peaks, venous VMs
will present a curve with monophasic flow, and arteriove-
nous VMs will show a mix of arterial and venous curves
plus some arteriovenous shunts or arterialized venous
flow. Lymphatic VMs commonly do not show continuous
flow. Flow is not detected in capillary VMs because of the
very slow velocity and the small size of these capillary
vessels.

1

Fig.4.16 High-flow arterial vascular malformation. (a) Clinical image
of the right temporal region in the scalp. (b) Greyscale ultrasound (right

temporal region, longitudinal view) presents multiple anechoic, lacu-
nar, hypodermal communicating spaces and tracts (between markers),

which vary in their thickness between 0.8 and 3.1 mm. (¢) Color

In some cases, a combination of different types of
VMs can be seen. The most common mixes are venous
and arterial, venous and lymphatic, and venous and
capillary.

Venous VMs are usually compressible with the probe and
can present hyperechoic calcifications (called phlebo-
liths) in some areas.

VMs commonly do not show significant changes in size,
echogenicity, and vascularity, and they tend to grow pro-
portionally with the child. They may present thrombosis
in some areas, which is more commonly seen with venous
VMs. Therefore, some of the vascular channels can be
dilated, hypoechoic, non-compressible, and show no
presence of blood flow on color Doppler.

Keep in mind that blood flow is usually detected on color
Doppler when the velocity of the vessels is at least 2 cm/s.

L=~

" hypodermis

right temporal region longitudinal view

Doppler spectral curve analysis shows high peak systolic arterial veloc-
ity (87.4 cm/s) within the network of vessels. A feeding arterial vessel
to the network of vessels coming from the right temporal artery was
also detected on this examination. See Video 4.11.
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tip of the nose transverse view

Fig.4.17 High-flow arterial vascular malformation. (a) Clinical image
shows a lesion (arrow) in the right side of the tip of the nose. (b)
Greyscale ultrasound; (c—e) Color Doppler ultrasound. (f) Spectral
curve analysis of the blood flow in the same region. An ill-defined,
hypoechoic dermal area in Greyscale (b, arrows) clearly becomes a net-
work of tortuous dermal vessels on color Doppler (¢, longitudinal view;
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d, transverse view). The dermal hypervascularity at the anterior aspect
of the right nostril involves the surface of the right alar nasal cartilage
(c—e). In the spectral curve analysis (f), the peak systolic velocity is
15.1 cm/s, which is a high velocity for the dermis. Notice that there is
no mass-like structure between the vessels. rnc right alar nasal carti-
lage, Inc left alar nasal cartilage. See Video 4.12.
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right frontal region

Fig.4.18 High-flow arteriovenous vascular malformation. (a) Clinical
photograph of the lesion in the right frontal region. (b) Greyscale ultra-
sound (transverse view) demonstrates hypoechoic, oval-shaped hypo-
dermal structures (asterisks) and increased echogenicity of the
hypodermis. Color Doppler (¢) and power Doppler (d) (transverse

e TN T =

=, dermis B3 \%

bony margin

right frontal region transverse view

views) show a network of hypodermal vessels in this region. (e and f)
Spectral curve analyses of the blood flow demonstrate high-velocity
arterialized venous flow in the center of the lesion, which reaches
106.9 cm/s (e); other parts show venous monophasic flow. See Video
4.13.
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Fig.4.19 Low-flow venous vascular malformation with partial throm-
bosis. (a) Clinical image of the lesion in the upper eyelid. (b and c)
Greyscale images (longitudinal views; b, focused on the eyelid; c,
focused on the orbit) show multiple hypoechoic and anechoid lacunar
and tubular structures (between markers in b) that involve the orbicu-
laris muscle of the right upper eyelid and its frontal part, as well as the
posterior aspect of the upper eyelid on the same side. These lacunar and
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posterior chamber

right upper eyelid longitudinal view

right frontal region transverse view

tubular structures measure between 1.2 and 2.3 mm in thickness (b);
they extend to the hypodermis of the right frontal region (¢, arrows in
the left part of the image). The hypoechogenicity in some of these struc-
tures is suggestive of partial thrombosis. (d) Color Doppler ultrasound
(transverse view) shows no signs of vascularity in some of these tubular
and lacunar structures (asterisk). (e) Spectral curve analysis of some of
the vessels demonstrates low-velocity venous flow.
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Fig. 4.20 Low-flow venous vascular malformation. (a) Clinical image
of the lesion in the lower part of the left side of the thorax. (b and c)
Greyscale images (longitudinal views; b, zoom in; ¢, panoramic view)
show multiple hypoechoic and anechoid hypodermal lacunar and tubular
structures (between markers in b; asterisks in ¢). These lacunar and

F—
- -

hypodermis

e
0.21 cm
il 0.16 cm

left inferior thorax

tubular structures measure between 1.3 and 2.1 mm in thickness (b). The
hypoechogenicity in some of these structures is suggestive of sites with
partial thrombosis. (d and e) Spectral curve analysis of the flow demon-
strates lack of detectable flow in some parts, but a low-velocity flow
appears with the compression of these structures (e). See Video 4.14.
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e® 1 medial aspectright leg transverse view
1L 0.11cm

hypodermis

T e

medial aspect right leg transverse view

Fig.4.21 Low-flow capillary vascular malformation. (a) Clinical pho-  slightly decreased echogenicity of the upper dermis (b), but neither
tograph of the lesion in the medial aspect of the right leg and foot. (b signs of abnormal thickness or echogenicity in the deeper layers (b) nor
and ¢) Greyscale and color Doppler ultrasound (transverse views) show  signs of hypervascularity (¢) are detected in the region.
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Fig. 4.22 Low-flow lymphatic vascular malformation. (a) Clinical
image that shows swelling of the right forearm. (b—d) Greyscale ultra-
sound. A longitudinal zoom-in view (b) and transverse panoramic view
(c) demonstrate multiple anechoic and irregular hypodermal tubular
and lacunar anechoic fluid-filled spaces (asterisks), which vary in thick-

ness between 2.2 and 5.6 mm. These spaces are located in an area that
measures 5.0 cm (long) x 1.3 cm (thickness) x 4.5 cm (transverse).
Notice the increased echogenicity and thickness of the regional hypo-
dermis. (e) The spectral curve analysis shows no detectable flow within
these spaces.
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m

4.3  Provisionally Unclassified Vascular
Anomalies
4.3.1 Angiokeratoma

4.3.1.1 Definition

Benign proliferation of dilated capillary blood vessels in the
upper dermis and hyperkeratosis. The most common form of
presentation is a solitary reddish or purple, warty-like lesion
in one corporal region, but it can appear as multiple lesions
or as a diffuse form of presentation, which can be associated
with Fabry disease. Common sites of involvement are the
limbs or vulvar and scrotal regions, but it can affect other
sites [12, 29]. Recently, an association of angiokeratomas
with cavernous vascular malformations of the brain has been
reported [30]. Therefore, a brain imaging study such as MRI
could be desirable in these cases.

4.3.1.2 Key Sonographic Signs

e Band-like epidermal and dermal structure

e Thickening, undulation, and irregularities of
epidermis

e Thickening and decreased echogenicity of the dermis
(Fig. 4.23)

e On color Doppler, tendency to show hypovascularity

the

4.3.2 Verrucous Hemangioma

4.3.2.1 Definition

Benign proliferation of dilated capillary blood vessels in the
dermis and hypodermis, with a variable degree of hyperkera-
tosis of the epidermis. Verrucous hemangioma (VH) is simi-
lar to angiokeratoma but deeper [12, 31].

1L 1.79 cm|
2L 0.12 cm

ct left thigh longitudinal

medial aspect left thigh longitudinal view

Fig. 4.23 Angiokeratoma. (a) Clinical image in the medial aspect of
the distal part of the thigh. (b and ¢) Greyscale and color Doppler (lon-
gitudinal views) demonstrate thickening and undulation of the epider-

mis and decreased echogenicity of the upper dermis. On color Doppler,
the lesion appears hypovascular.
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4.3.2.2 Key Sonographic Signs

e Variable degree of thickening, undulation and irregulari-
ties of the epidermis.

e Thickening and decreased echogenicity of the dermis
(Fig. 4.24).

o[
'L

243 cmg

e [ll-defined hyperechogenicity of the
hypodermis.
e On color Doppler, VH tend to show hypovascularity due

to their slow-flow capillary vessels.

underlying

ventral aspect right forearm tre se view

2L 0.98 cm

Fig. 4.24 Verrucous hemangioma. (a) Clinical photograph. (b and ¢)
Greyscale (transverse view) and color Doppler (longitudinal view)
ultrasound of the ventral aspect of the right forearm shows thickening
and mixed echogenicity (o) of the dermis and hypodermis, with upward
displacement of the epidermis, decreased echogenicity of the upper

ventral aspect right forearm longitudinal view

dermis (arrow) and a more hyperechoic and heterogeneous hypoder-
mis. The area of abnormality of the echostructure measures 2.4 cm
(transverse) x 1.0 cm (thickness). On color Doppler (¢), no signs of
hypervascularity are detected in this region.
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5.1 Introduction

The most common forms of skin cancer can be divided
into melanoma and non-melanoma skin cancers. Non-
melanoma skin cancers are the most frequent form of can-
cer in humans. Of these, basal cell carcinoma is the most
common form, followed by squamous cell carcinoma.
Each year there are more new cases of skin cancer than
the combined incidence of cancers of the breast, prostate,
lung, and colon [1, 2].

5.2 Non-melanoma Skin Cancer

5.2.1 Basal Cell Carcinoma

5.2.1.1 Definition

Epithelial malignant tumor of low malignant potential, which
presents basaloid cells. It is the most common form of skin
cancer and usually affects the skin exposed to the sun.

5.2.1.2 Synonyms
Basal cell epithelioma, Basalioma.

5.2.1.3 Facts on Basal Cell Carcinoma

e Of all cases of basal cell carcinoma (BCC), 85% are
located in the head and neck. BCC is rarely lethal, but it
may be disfiguring because it commonly involves the
face. Metastases are rare [1-4].

e Ultrasound is a first-line imaging technique for studying
this tumor because it can show the exact location, charac-
teristics, and extent of the primary lesion (including thick-
ness), without limitations in penetration [5—8].
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5.2.1.4 Key Sonographic Signs

Fig

Oval or band-like hypoechoic dermal and/or hypodermal
structure with slightly irregular borders that commonly
presents hyperechoic spots. These spots have been corre-
lated to the presence of compact nests of neoplastic cells
and seem not to correspond to calcium deposits or corni-
fied cysts (Figs. 5.1, 5.2, 5.3, and 5.4) [5-14].
Occasionally, the tumors can show an “hourglass” or
“butterfly” shape or can be lobulated, asymmetric, irregu-
lar, or bulging [8]

The presence of seven or more hyperechoic spots within the
lesion has been associated with BCC histologic subtypes
having a high risk of recurrences, such as micronodular,
sclerosing, infiltrating, morpheiform, and metatypical sub-
types (Figs. 5.5, 5.6, and 5.7). The low risk of recurrences
histologic subtypes include macronodular or nodular, super-
ficial, adenoid cystic, and Pinkus fibroepithelioma [7].
Occasionally, the involvement of muscles or cartilage
may be detected, most often in lesions located on the
nose, eyelids, ears, and lips [5-8, 10].

* On color Doppler, there is low to moderate vascularity

within or at the bottom of the lesion, with low-velocity
arterial and/or venous vessels [5-8, 10].

Superficial and nodular subtypes of BCC composed of
nests of cells that measure less than 0.1 mm may not show
hyperechoic spots, correlating with the current limitations
of the definition of the ultrasound devices working with
variable frequency probes that present an upper range of
15-24 MHz [5].

Subtypes of BCC with the high and low risk of recurrence
subtypes may be detected in the same lesion. These
lesions present areas with marked differences in the den-
sity of the hyperechoic spots (i.e., high and low density or
number). Knowledge of this mixed type of BCC lesions
can support the choice of the site of biopsy and/or the type
of surgery [9].

. 5.1 Basal cell carcinoma of high-risk-of-recurrence subtype. (a)

Clinical image. (b and c¢), Greyscale and color Doppler ultrasound
(transverse views) show 18.9-mm (transverse) x 1.8-mm (thickness)
hypoechoic dermal band in the right paranasal region, suggestive of

high-risk-of-recurrence subtype. Notice more than seven hyperechoic
spots (arrows) that are seen within the lesion (histology: morpheiform).
On color Doppler, there is increased vascularity within the lesion.
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right paranasal transverse

right paranasal transverse

Fig. 5.1 (Continued)
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hypodermis«g
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1L 1.10 cm] left superciliary region medial border transverse
2L 0.47 cm

Fig. 5.2 Mixed high-risk and low-risk-of-recurrence basal cell carci- lar (high risk of recurrence) and nodular (low risk of recurrence). The
noma. (a) Clinical image. (b and ¢), Greyscale and color Doppler (longi-  high-risk-of-recurrence subtype appears as areas with a higher concentra-
tudinal view). (d) 3D reconstruction ultrasound (transverse views, left  tion of hyperechoic spots. Color Doppler shows hypervascularity in the
superciliary region). Mixed subtypes shown in this lesion are micronodu-  periphery and within the lesion, with thin arterial and venous vessels.
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left superciliary region longitudinal

left superciliary region transverse view

Fig.5.2 (Continued)
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Fig. 5.3 Basal cell carcinoma of low-risk-of-recurrence subtype. (a)  hypoechoic lesion (asterisk) suggestive of low-risk-of-recurrence sub-
Clinical image. (b) Greyscale. (¢) 3D reconstruction ultrasound (trans-  type (histology: nodular subtype). Notice the small number of hyper-
verse views; left nasal ala) demonstrate a well-defined, oval-shaped  echoic spots (arrowheads) within the lesion.
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left nasal ala longitudinal

left nasal ala transverse view

Fig.5.3 (Continued)
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Fig. 5.4 Basal cell carcinoma of low-risk-of-recurrence subtype that
involves the auricular cartilage. (a) Clinical image that was simulating
another dermatologic lesion owing to the lump. (b and ¢) Greyscale and
color Doppler ultrasound (transverse views; left ear pinna) show round,

left ear pinna transverse view

hypoechoic dermal structure (asterisk) that involves the surface of the auric-
ular cartilage (arrowhead). Few hyperechoic spots (arrow) are detected
within the lesion. On color Doppler, there is a slight increase of the vascular-
ity, mainly in the periphery of the lesion. Histology: nodular subtype.
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Fig. 5.5 Basal cell carcinoma of high-risk-of-recurrence subtype that does not involve the auricular cartilage. (a) Clinical photograph. (b)
Greyscale. (¢) 3D reconstruction ultrasound (transverse views; left ear pinna).
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|.1. [: 1_3? le left ear pinna transverse
2L 0.23 cm|

left ear pinna transverse view

Fig.5.5 (Continued)
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Fig.5.6 Basal cell carcinoma
of high-risk-of-recurrence
subtype that involves dermis
and hypodermis. (a) Clinical
photograph. (b) Dermoscopic
image. (¢) Greyscale
(longitudinal view; right
perinasal region) and (d)
color Doppler ultrasound
(transverse view; right
perinasal region) demonstrate
pyramid-shaped dermal and
hypodermal hypoechoic
image. The vertex of the
pyramid (arrow) is located at
the deep part of the lesion.
There are multiple
hyperechoic spots, suggestive
of a high-risk-of-recurrence
subtype. On color Doppler,
there is increased blood flow
at the bottom of the lesion.
Histology: morpheiform
subtype.
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right perinasal region transverse view

Fig. 5.6 (Continued)
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Fig. 5.7 Ulcerated basal cell
carcinoma of high-risk-of-
recurrence subtype that involves
dermis, hypodermis, and the
superficial and upper part of the
zygomaticus major muscle
(arrowheads), and contacts the
bony margin. (a) Clinical
photograph. (b) Greyscale (with
color filter; longitudinal view; right
cheek) and (c) color Doppler
ultrasound demonstrate irregular,
hypoechoic structure with
spiculated borders and multiple
hyperechoic spots suggestive of a
high-risk-of-recurrence subtype.
Notice in (b) the ulceration
(arrowhead pointing downward),
the involvement of the
zygomaticus major muscle
(arrowheads pointing upward) and
the contact with the bony margin
of the malar bone (horizontal
arrow). On color Doppler, there is
increased vascularity in the dermis,
hypodermis, and part of the
zygomaticus major muscle.
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5.2.2 Squamous Cell Carcinoma

5.2.2.1 Definition

Second most common form of non-melanoma skin cancer.
Squamous cell carcinoma (SCC) usually affects areas of the
body exposed to the sun, such as the scalp or the face [1-5].

5.2.2.2 Synonyms
Spinocellular  carcinoma,
spinalioma.

epithelioma  spinocellulare,

-:n,ag L3

Fig. 5.8 Squamous cell carcinoma with satellite lesions (less than
2 cm from the primary tumor) and perineural involvement. (a)
Clinical image. (b and ¢) Greyscale and color Doppler ultrasound
(transverse views; left cheek) shows ill-defined, oval-shaped,
hypoechoic dermal and hypodermal solid mass (asterisk) that

5.2.2.3 Key Sonographic Signs

e Hypoechoic, oval or band-like dermal and/or hypodermal
structure (Figs. 5.8, 5.9, and 5.10)

e Usually, SCC does not show hyperechoic spots within the
lesion.

* On color Doppler, a moderate increase in the blood flow
may be detected within and at the periphery of the lesion.

e Involvement of deeper layers is more common than in
BCC.

e Locoregional metastasis of SCC may be detected and
can involve the paths of lymphatic drainage of the
tumor [5, 6, 15].

involves the zygomaticus major and minor muscles and presents two
well-defined, oval-shaped satellite lesions (o), which involve the
bony margin and the exit of the infraorbital nerve. On color Doppler,
there is prominent vascularity in the periphery and some vessels
within the lesion (asterisk).
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left cheek transverse view

Fig. 5.8 (Continued)
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Fig. 5.9 Squamous cell carcinoma of the
scalp. (a) Clinical photograph. (b) Greyscale
(longitudinal view) and (c) color Doppler
ultrasound (transverse view) present a 4.5-cm
(major axis) x 0.2-cm (thickness) hypoechoic
band that involves dermis and hypodermis.

I L 4.54 cm|
z L 0.22 cm|

scalp parietal region longitudinal view

scalp parietal region transverse view
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nasal dorsum transverse view

located 0.9 mm on top of the nasalis muscle. No signs of involvement
of the superior nasal cartilages are seen. On color Doppler, there is
increased blood flow within the lesion.

Fig.5.10 Squamous cell carcinoma of the nasal region. (a) Greyscale;
and (b), color Doppler ultrasound (nasal dorsum; transverse view) dem-
onstrate 1.0-cm (transverse) X 0.3-cm (thickness), ill-defined,
hypoechoic lesion (between markers). The deep part of the lesion is
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5.3 Melanoma e Additionally, sonography can help to locate the sentinel

lymph node and may guide cytologic (fine-needle aspira-
5.3.1 Definition tion) or histologic procedures.

Most lethal form of cutaneous cancer, caused by a malignant
proliferation of melanocytes. Frequently, malignant mela-
noma (MM) appears as a hyperpigmented lesion with irregu-
lar borders [1, 2, 16].

5.3.2 Synonym

Malignant cutaneous melanoma.

5.3.3 Facts on Melanoma

» The prognosis of the patient with a cutaneous melanoma
is strongly related to the histologic thickness of the pri-
mary tumor, which has been called the Breslow index
(Table 5.1).

e The levels of invasion in melanoma are classified accord-
ing to Clark’s classification (Table 5.2).

e Tumors that measure 1 mm or more in thickness indicate
a sentinel lymph node procedure to confirm the degree of
locoregional spread.

e Ultrasound can support both the study of the primary
lesion (including providing the thickness) and the perfor-
mance of locoregional staging [16-32].

e Occasionally, melanomas present as non-pigmented
lesions; this is called amelanotic melanoma and is due to
a sarcomatous-like lesion with hidden traces of pigment.

¢ Melanomas can show satellite metastases (no more than
2 cm from the primary tumor), in-transit metastases (more
than 2 cm from the primary tumor), nodal metastases
(Iymph nodes), and distant metastasis in other organs
such as liver, brain, or bone [19-24].

Table 5.1 Breslow’s index of thickness of melanoma

Tumor depth, mm Approximate 5-year survival, %
<1 95-100

1-2 80-96

2.1-4 60-75

>4 50

Table 5.2 Clark’s classification of the levels of invasion in melanoma

Levels Histologic layers

1 In situ melanoma

11 Superficial papillary dermis—subepidermal

11 Superficial and deep papillary dermis abutting the
reticular dermis

v Papillary and reticular dermis

\ Invasion of the subcutaneous fat
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5.3.4 Key Sonographic Signs

e Hypoechoic and commonly fusiform-shaped dermal and/
or hypodermal structure

e On color Doppler, prominent hypervascularity is fre-
quently detected within and at the periphery of the tumors
(Figs. 5.11 and 5.12).

e Satellite and in-transit metastases usually follow the path
of the lymphatic and venous drainage of the tumor and
appear as oval-shaped, hypoechoic hypodermal structures
commonly surrounded by hyperechoic hypodermal fatty

Fig.5.11 Melanoma in the scalp
at an advanced stage. (a) Clinical
image; (b) Greyscale panoramic
ultrasound (transverse view); and
(¢) color Doppler ultrasound
(longitudinal view) demonstrate
8.2-cm (transverse) X 3.2-cm
(thickness) ill-defined, irregular,
hypoechoic mass that involves
dermis, hypodermis, and the
musculoaponeurotic layer. On i)
color Doppler, there is increased 1L 847 Cm|
blood flow within the lesion. 2L 3.16 cm|

tissue. Melanoma metastasis commonly shows hypervas-
cularity on color Doppler.

Satellite, in-transit, and nodal metastasis may present
anechoic areas that have been associated with the pres-
ence of compact nests of malignant cells and are not due
to intratumoral necrosis.

Ultrasound can support fine-needle aspiration and biopsy
for melanoma.

An ultrasound-guided sentinel lymph node procedure can
be performed [16-32].
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frontal longitudinal view

Fig.5.11 (Continued)
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left plantar region transverse view

Fig.5.12 Plantar melanoma. (a) Clinical photograph of mostly amela- ~ dermis and hypodermis. On color Doppler, prominent vascularity is
notic melanoma (b and ¢) Greyscale and color Doppler ultrasound  detected within the lesion.
(transverse views) show ill-defined, hypoechoic mass that involves
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left plantar region transverse view

Fig.5.12 (Continued)
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5.4 Dermatofibrosarcoma Protuberans 5.4.2 Key Sonographic Signs
(DFSP)

¢ [ll-defined, mixed-echogenicity mass with a hypoechoic

5.4.1 Definition band-like or nodular dermal and/or hypodermal superfi-
cial part and a hyperechoic hypodermal region that pres-

Intermediate to lowgrade of fibrous sarcomatous tumor that ent convex borders or pseudopods-like areas [5, 33-37].
shows high rates of local recurrence and low risk of metastasis. ¢ The degree of vascularity within the lesion varies; lesions
DFSP occurs most commonly in the trunk and proximal extrem- tend to show a moderate presence of low-velocity arterial
ities but may also affect other regions, such as the face and neck. and venous vessels (Figs. 5.13 and 5.14).

e DFSP can involve the fascial and muscular layers and
may present satellite metastases (i.e., located at no more
than 2 cm from the primary tumor), which appear as
hypoechoic nodules in the vicinity of the lesion.

Fig.5.13
Dermatofibrosarcoma
protuberans. (a) Clinical
image in the right lower
quadrant of the abdominal
wall with a lesion that
simulated a keloid. (b)
Greyscale (transverse view);
(¢) power Doppler; and (d)
3D reconstruction ultrasound
demonstrate a structure with
mixed echogenicity, upper
hypoechogenicity (asterisk)
of the dermis and some part
of the upper hypodermis, and
a deeper hyperechogenicity
(0) of the hypodermal part.
Notice the lobulated and
convex borders at the deep
part of the tumor. On power —

Doppler, increased vascularity

within the lesion 1L 3.19cm lower quadrant abdominal wall transverse view
predominates in the upper -

part.
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right lower quadrant abdominal wall transverse view

dermis

hypodermis

Fig.5.13 (Continued)
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left perioral region transverse view

2L 1.46 cm)|

hypodermal mass. Notice the lower echogenicity in the upper part and the
hyperechogenicity at the deeper part. There is infiltration of the left bor-
der of the orbicularis oris muscle (arrowheads). On color Doppler, there
is more intense hypervascularity at the upper part of the mass.

Fig. 5.14 Dermatofibrosarcoma protuberans. (a) Clinical photograph of
a lump in the left perioral region. (b and ¢) Greyscale and color Doppler
ultrasound (transverse views) demonstrates 1.8-cm (transverse) x 1.5-cm
(thickness) ill-defined, oval-shaped, mixed echogenicity dermal and
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left perioral region transverse view

Fig.5.14 (Continued)
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5.5 Merkel Cell Carcinoma 5.5.2 Key Sonographic Signs

5.5.1 Definition e [ll-defined hypoechoic dermal and/or hypodermal tumor

that shows intense hypervascularity on color Doppler
Aggressive form of cutaneous cancer, frequently lethal, that (Fig. 5.15) [38, 39].

presents fast growth. e The tumor can invade deeper layers such as muscle or

bone.

_1 L 0.31 Cm_ lateral border of the left upper eyelid longitudinal view
2 L 0.32 cm)|

Fig.5.15 Merkel cell
carcinoma (a) Clinical
photograph. (b and ¢)
Greyscale and color Doppler
ultrasound show 3.1-mm
(longitudinal) x 3.2-mm
(thickness), oval-shaped
hypoechoic nodule that |
involves the lower dermal ; P _ -
border of the lateral aspect of [ ML /S - -
the upper eyelid. On color -~ 4 =
Doppler, there is prominent = - b ;
blood flow in the periphery 1L 0.07 cm ) ) ) .

and within the lesion. The 2L 0.06 cm lateral border left upper eyelid longitudinal view
thickness of the vessels varies T AR ]
between 0.5 mmand 0.7 mm. 3L 0.05cm
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5.6 Malignant Lymph Nodes

5.6.1 Definition

Infiltration of lymph nodes by neoplastic cells.

5.6.2 Key Sonographic Signs

* Normal or benign lymph nodes show as oval-shaped
nodules with a thin and well-defined hypoechoic cortex
and hyperechoic medulla. The vascular hilum is usually
located in one of the borders of the lymph node, and the
main vascular branches are mainly located in the medulla
(Fig. 5.16). Benign inflammatory or reactive lymph nodes
may show thickening of the cortex; however, they main-
tain the main sonographic features of normal lymph nodes.

 Signs of malignancy in lymph nodes (Figs. 5.17 and 5.18):
— Round shape

— Partial or total loss of the difference in echogenicity
between the cortex and the medulla of the lymph node

— Cortical hypoechoic nodules or asymmetrical areas
with increased thickness of the cortex

— Diffusely hypoechoic lymph node

— Increased echogenicity of the hypodermis in the
periphery of the lymph node

— Size greater than 1 cm (transverse axis)—through
lymph nodes in some areas (such as the jugulodigas-
tric, axillary and groin areas) normally present a
larger size

— On color Doppler, prominent cortical or diffuse blood
flow with tortuous, irregular, and/or thick vessels
[40-49].

Ultrasound-guided fine-needle aspiration and/or biopsy

may support the diagnosis

Qualitative and quantitative elastography have been

reported to support the diagnosis of malignancy, with

higher sensitivity in quantitative elastography (shear wave).

~ '1;'" ey
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= = -ti-* _ﬁ* i
o P S - - = — et

Fig.5.16 Ultrasonographic
morphology of benign lymph
nodes. (a) Greyscale. (b) Color
Doppler shows well-defined,
oval-shaped structures with an
outer hypoechoic cortex and inner
hyperechoic medulla. In (b) the
vascular hilum is located in a
border and the vascularity tends to
be centripetal.
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cortex —

medulla
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internal nodules

asymmetrical
nodules

rounded shape
surrounding edema

enlarged diameter

loss of the medulla
fully hypoechoic

Fig.5.17 Ultrasound morphologies in greyscale, suggestive of malignant lymph nodes.
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Fig. 5.18 Patterns of peripheral blood flow of malignant lymph nodes. (a) Low degree of peripheral vascularity. (b) High degree of peripheral
vascularity.
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6.1 The Role of Sonography in Cosmetic

and Plastic Surgery

Several anatomical structures of the face may be critical for
performing cosmetic or plastic surgery procedures. For
example, the injection of Botulinum toxin type A in the
wrong place may produce an unwanted effect such as an
eyelid ptosis. Another example of an adverse reaction may
follow the unintended intravascular injection of fillers in the
glabellar or nasofold regions, which can cause skin necrosis
and blindness [1]. Fortunately, in spite of the large and rising
numbers of cosmetic procedures that are performed
worldwide, reports of very severe adverse reactions seem to
be infrequent; most adverse reactions are transitory and
manageable. However, knowledge of the precise anatomical
characteristics and location of these structures may support
the prevention and/or early detection of these troublesome
and sometimes devastating side effects [2, 3].

Sonography can show the location and thickness of mus-
cles, arteries, veins, and glands, including the presence of
anatomical variants. It provides non-invasive imaging of the
eyelids, nose, and lips and can detect the presence and loca-
tion of exogenous material such as fillers [4].
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6.2  Main Anatomical Layers of the Face
The face is composed of several layers such as: [1-3]:

1. Skin: Epidermis, dermis, and hypodermis (also called
subcutaneous tissue), including superficial fat pads

2. Superficial muscular-aponeurotic  system

defined as a network of connective tissue with fibrous and
elastic components, which is located between the skin

and the muscles

Fig. 6.1 Superficial fat pads
of the face (front view).

Lack of superficial
periorbicular fat pad

Lack of superficial
perioral fat pad

3. Muscles
4. Bones

Between these layers, there are deep fat pads, arteries,
veins, nerves, glands, and cartilages. Figures 6.1, 6.2, 6.3,
6.4,6.5,6.6,6.7,6.8,6.9, and 6.10 illustrate and describe the
relevant facial anatomical structures. Moreover, the aging
process produces changes in the anatomical layers of the
face that are evidenced by common lines and wrinkles
(Fig. 6.11).

Superficial facial fat pads

Infraorbital or malar
fat pad

Nasolabial fat pad

Lip mandibular fat pad
Mandibular fat pad

Pre mental fat pad

Pre platysmal fat pad
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Fig. 6.2 Muscles of the face
(front view).

Frontalis

Corrugator
Procerus

Nasalis

Levator labii superioris
alaeque nasi

Levator labii superioris

Parotid gland

Body of buccal fat pad
Buccinador

Masseter

Orbicularis oculi

Zygomaticus minor
Zygomaticus major
Levator anguli oris
Risorius

Facial part of platysma

Depressor anguli oris

L Orbicularis oris
Depressor labii inferioris

Cervical part of Mentalis

platysma

Deep Facial Fat Pads

Retroorbicular fat

(ROOF) Lateral forehead

fat pad

Orbicular fat Glabelar fat pad

Lateral
temporal fat

Suborbicularis oculi fat
(SOOF)

Buccal fat pad

Fig. 6.3 Deep fat pads of the

face (front view). ROOF— Lower part of
retro-orbicularis oculi fat; buccal fat pad
SOOF—suborbicularis oculi

fat.

Submental
fat pad
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Fig. 6.4 Vessels of the face

(front view). Supratrochlear

artery and vein

Supraorbital
artery and vein

Superficial temporal
artery and vein

Retromandibular vein

External carotid
artery

Angular artery
and vein

Infaorbital artery
and vein

Lateral nasal artery
Facial vein
Facial artery

Labial arteries

Superficial arteries and veins of face and scalp

Frontal branch of superficial
temporal artery and vein

Parietal emissary vein

Parietal branch of superficial
temporal artery and vein

Zygomaticoorbital artery

Supraorbital artery and vein

Superficial temporal
artery and vein
Supratrochlear artery and vein

Anterior auricular artery

Occipital artery and vein Angular artery and vein

Infraorbital artery and vein
Middle temporal artery
and vein

Transverse facial artery

Posterior auricular and vein

artery and vein

' . Facial artery and vein
Retromandibular vein y

Lingual artery and vein
External jugular vein 9 4

Internal carotid artery

Common carotid artery
External carotid artery

Internal jugular vein

Fig. 6.5 Vessels of the face and scalp (lateral view).
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Typical facial artery

Fig. 6.6 Classic path of the facial artery and its angular and labial branches (top), and some anatomical variants (I-1II).

Preaponeurotic
fat pad

Lacrimal gland Interpad septum

Nasal fat pad

Temporal fat pad
Path of inferior

obliqgue muscle

Interpad septum Central fat pad
(arcuate expansion of

Lockwood’s ligament)

Fig. 6.7 Orbital fat pads and related structures.
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Skin
Orbicularis

Orbital septum

levator tendon
Mdller's muscle

Cul-de-sac of
conjunctiva

Attachments

Orbital fat

Tear trough

Arcus

to tarsus
-—— Attachments
‘ to skin
Tarsus
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SOOF FAT

Fig.6.9 Lower eyelid (lateral view). SOOF—suborbicularis oculi fat.

Fig. 6.8 Upper eyelid (lateral view).

Supra-orbital artery
and vein

Supratrochlear artery
and vein

Lacrimal artery

Superficial
temporal
artery and vein

Angular artery
and vein

Transverse facial
artery

Infra-orbital artery

Fig. 6.10 Vessels of the orbit. The lateral aspect is located on the left and medial aspect on the right of the drawing.
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marjonette lines

——

mental crease

Fig.6.11 Frequent facial wrinkles and lines.

Table 6.1 Muscles of the face

6.2.1 Muscles of the Face

Most cosmetic procedures deal with the so-called facial
expression muscles [5-8]. These include several muscles
around the main cavities of the face, such as the orbit and the
mouth. Interestingly, some of these muscles, such as the
zygomaticus or risorius muscles, are very thin and may show
prominent fibrous parts. Other muscles, such as the
orbicularis oculi, present loose insertions into the fibrofatty
hypodermal tissue, or they can end in a common muscular
site such as the modiolus region of intersection of the
peribuccal muscles. These muscles support the expression of
emotions by playing agonist-antagonist roles and are mostly
innervated by branches of the facial nerve. Cosmetic
procedures such as botulinum toxin injections are intended
to decrease the strength of the muscles that generate
unwanted lines or wrinkles by a powerful contraction.

An illustration of the muscles of the face is shown in
Fig. 6.2. Table 6.1 summarizes the origin, insertion, and
action of facial muscles, and the wrinkles derived from their
actions [9-18].

Muscle name | Origin Insertion Actions Comments Wrinkles
Frontalis or Galea aponeurotica Orbicularis Oculi | Raise eyebrows No bony attachment Horizontal
Epicranius muscle, Procerus 88% individuals show bifurcation forehead lines
muscle, 46% of these 88% show
Hypodermis of the microscopic muscle fibers at the
eyebrows bifurcation and beyond
Corrugator Medial supraorbital Medial half of the | Frowning angry The superior and lateral fibers are Vertical
rim 46% hypodermis of the | expressions. Pull medial | interdigitated with the frontalis glabellar or
Medial frontal bone eyebrows part of eyebrows muscle frown lines
31% together
Medial infraorbital
rim 17%
Upper nasal process
7%
Orbicularis Frontal bone Fibrofatty tissue of | Orbital part: close Circle-shaped muscle with 3 parts: | crow’s feet
Oculi Maxillary bone the eyelids eyelids voluntarily Orbital orbicularis: ellipse- shaped, | lines
Palpebral ligaments | Palpebral part: close outer and outer part tear throughs
eyelids involuntarily Palpebral orbicularis: located in the | nasojugal
(blinking reflex) upper and lower eyelids groove
Lacrimal part: Lacrimal orbicularis or tensor tarsi
compresses the lacrimal | antagonist: levator palpebrae
sac and supports the superioris
flow of tears
Procerus Fascia on top of nasal | Fibrofatty glabellar | Frowning downward Pull the medial part of eyebrows Horizontal or
bones tissue and frontal Very angry expressions | downward bunny lines
musculoaponeurotic Flaring nostrils
layer It has a triangular shape

(continued)
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Table 6.1 (continued)

Muscle name | Origin Insertion Actions Comments Wrinkles
Zygomaticus | Zygomatic bone Modiolus Smiling Raise the angle of the mouth upward | Nasolabial
Major and laterally lines
34% can show a bifid structure Midcheek
lateral to the zygomatic minor lines or
muscle furrows
Zygomaticus | Zygomatic bone Fibrofatty Sad facial expressions | Move upper lip backward, upward, | Nasolabial
Minor hypodermal tissue and outward lines

It has a fibrous component

Levator Labii | Medial infraorbitary | Orbicularis oris Elevation of the upper | Some fibers merge with the procerus | Vertical lines
Superioris margin Fibrofatty tissue of | lip muscle upper lip

the upper lip Nasolabial

lines

Levator Labii | Nasal and maxillary | Lateral fibrofatty Dilation of nostrils Merge with fibers of the nasalis Nasojugal
Superioris bones tissue of the Elevation of the upper | muscle groove
Alaeque Nasi nostrils, alar lip Due to its action it has been called

cartilages and Elevation of the wings | “Elvis muscle” in remembrance of

muscular layer of | of the nose the expressions commonly

the upper lip performed by the singer Elvis Presley
Levator Anguli | Maxillary bone canine | Modiolus Smiling Also called caninus muscle
Oris fossa Elevation of the upper

lip
Risorius Parotid fascia Modiolus Lateral smiling Thin bundle with prominent fibrous
Masseter fascia Pulls backward the component
Platysma angles of the mouth It may partially cover the masseter
muscle
Orbicularis Maxilla Fibrofatty tissue of | Puckering the lips Circle-shaped muscle connected to | Vertical upper
Oris Mandible the lips Kissing other muscles in the modiolus lip lines
region

Depressor Tubercle of mandible | Modiolus Lower and lateral Also called Triangular muscle Marionette
Anguli Oris displacement of the lines

angles of the mouth
Sadness expression

Depressor
Labii inferioris

Oblique line of
mandible

Fibrofatty tissue of
the lower lip

Depression of the lower
lip
Sadness expression

Also called Quadratus muscle
Fibers blend with orbicularis oris
muscle

Mentalis Anterior mandible Fibrofatty tissue of | Protrusion lower lip Paired muscle Crease lines at
the lower lip Elevation of the soft the chin
tissues of the chin
Pout expression
Masseter Zygomatic arch Angle and lateral Mastication Elevation of the mandible necessary
Maxillary process of | surface of the ramus for closing the mouth hypertrophy
the zygomatic bone of the mandible affects the lateral shape of the lower
Coronoid process face
Platysma Fibrofatty tissue of the | Anterior and lateral | Lower the mandible and | Thin band of muscle that overlaps | Marionette
infraclavicular and parts of the corners of the mouth the Sternocleidomastoid lines
acromial regions mandible Stress or tension Pectoralis major and Deltoid Medial neck
Fascial layers of the Fibrofatty tissue of |expression in the face | muscles vertical lines
pectoralis and deltoid | the chin and neck Chin crease or
muscles Sadness expression dimpling
Nasalis Medial aspect of the | Nasal bones Elevation of the nostrils | It has 2 parts
maxilla Depression of the tip of | Transverse: covers the bridge of the

the nose
Compression of the
bridge of the nose

nose
Alar: attached to the alar cartilages
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6.2.2 Main Vessels of the Face

The location of some vessels produces danger regions in cos-
metic and plastic surgery procedures. Among the most relevant
are the facial artery and its branches, such as the angular and
labial arteries. Illustrations of the distribution of the main ves-
sels of the face and some anatomical variants of the facial and
labial arteries [19-22] are shown in Figs. 6.4, 6.5, and 6.6.

6.2.3 Anatomy of the Eyelids and Periorbital
Region

Several cosmetic and plastic surgery procedures are per-
formed around the eyelids and periorbital regions [23, 24],
so knowledge of the regional anatomy is of paramount
importance. Figs. 6.7, 6.8, 6.9, and 6.10 illustrate the anat-
omy of these areas.

6.3  Sonographic Evaluation of Facial

Structures

The ultrasound evaluation of facial structures can be relevant
for the assessment of the regional anatomy, ruling out vari-
ants or a dystrophic presence of the components of the layers
of the face. Additionally, the effects of facial nerve paralysis
have been studied on ultrasound [25-30]. Sonography has
proved useful in the evaluation of the masseter muscle in
bruxism and its effects on the shape of the lower face [31].
These sonographic data may support more precise planning
of the cosmetic or surgical procedures in this region.

Figures 6.12,6.13, 6.14, 6.15, 6.16, 6.17, 6.18, 6.19, 6.20,
6.21, 6.22, 6.23, 6.24, 6.25, 6.26, 6.27, 6.28, 6.29, and 6.30
show a correlation of clinical and sonographic images. They
include the recommended positions of the probe for faster
tracking of the structures. Once a structure is detected in the
suggested axis, the probe is rotated in order to study the per-
pendicular axis of the same structure.

™ B T . S " J—

Fig.6.12 Frontalis muscle.
(a) Clinical image shows
the location of the probe.
(b) Ultrasound (transverse
axis) demonstrates the
hypoechoic structure of the
frontalis muscle (asterisks).
Notice the thin musculo-
aponeurotic layer at the
frontal region.

dermis

bony margin of the sku

frontalis muscle
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dermis

hypodermis

-

-

left corrugator supercilii muscle

Fig.6.13 Corrugator muscle. (a) Clinical image shows the location of the probe. (b) Ultrasound (oblique axis) demonstrates the deep location of
the corrugator muscle (asterisks).
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Fig. 6.14 Orbicularis muscle
upper part (orbital and
palpebral). (a) Clinical image
shows the location of the probe.
(b) Ultrasound (longitudinal
axis) shows the thin hypoechoic
band of the upper palpebral part
of the orbicularis muscle (om).
(c) Ultrasound panoramic
longitudinal view demonstrates
the upper orbicularis muscle
orbital part (omo) and palpebral
part (omue), as well as the
lower palpebral part of the
orbicularis muscle (omle). fin
frontalis muscle, ¢ tarsal plate.

eyelashes

lens

dermis
~ hypodermis

S—

frontal bony
margin
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eyelashes

ocular
globe

Fig. 6.15 Orbicularis muscle lower part (orbital and palpebral). (a)  and orbital part of the orbicularis muscle (om). Notice the distal inser-
Clinical image shows the location of the probe. (b) Ultrasound (longi-  tion of the orbicularis muscle in the superficial fibrofatty hypodermal
tudinal axis) demonstrates the hypoechoic thin band of the palpebral  tissue and the eyelashes (arrow). B bony margin, ofp orbital fat pad.
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'_"‘\-_.._‘_,_ —
dermis

hypodermis

P

nasal bony margin

Fig. 6.16 Procerus muscle. (a) Clinical image shows the location of the probe. (b) Ultrasound (longitudinal axis) shows the hypoechoic thin
structure of the procerus (p) muscle attached to the bony margin (b) of the nasal bones.
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Fig.6.17 Zygomaticus
major muscle. (a) Clinical
image shows the location of
the probe. (b) Ultrasound
(longitudinal oblique axis at
the proximal part) and (c)
Ultrasound (longitudinal
oblique panoramic view)
present the hypoechoic thin
structure of the zygomaticus
muscle (zm) at the proximal
part and the thin, hyperechoic
band at the distal part close
to the distal insertion at the
modiolus (m).

zygomatic bony
margin

masseter
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levator labii superioris alaeque_nasi

\|

levator labii superioris

mazxilla bony margin

Fig. 6.18 Levator labii superioris and levator labii superioris alaeque  levator labii superioris. Notice that the levator labii superioris muscle is
nasi muscles. (a) Clinical image shows the location of the probe. (b)  thicker at the distal part (arrow) and the close and superficial location
Ultrasound (longitudinal axis) demonstrates the hypoechoic band of the  of the levator labii superioris alaeque nasi muscle.
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Fig. 6.19 Risorius muscle. (a) Clinical image shows the location of the probe. (b) Ultrasound (longitudinal axis) demonstrates the hypoechoic
band of the risorius muscle close to the modiolus.
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upper lip lower lip

superior labial artery

orbicularis muscles of the upper and lower lip longitudinal view

Fig. 6.20 Upper and lower parts of the orbicularis oris muscle. (a) Clinical image shows the location of the probe. (b) Ultrasound (longitudinal
axis) shows the hypoechoic bands of the upper and lower parts of the orbicularis muscle at the lips.
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— dermis

< - e "
S _gdermxs

- e

depressor anguli oris muscle

Fig. 6.21 Depressor anguli oris muscle. (a) Clinical image shows the
location of the probe. (b) Ultrasound (longitudinal panoramic view)
shows the hypoechoic structure of the depressor anguli oris muscle.
Notice that the muscle (asterisks) is wider in the upper part (left part of
the image) close to the modiolus region. (¢) Ultrasound (longitudinal

closer view) demonstrates the presence of minor salival glands (gl)
beneath the muscle, which should not be confused with the location of the
depressor. (d) Ultrasound (transverse view) shows the wide oval shape of
the depressor anguli oris muscle (asterisk) at the proximal region close to
the modiolus region. g/ minor salival gland, m mandible, t tooth.
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o
mandible bony margin

« dermis
d

—hypo dermis

depressor anguli oris muscle transverse view

Fig.6.21 (Continued)
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Fig. 6.22 Depressor labii inferioris
muscle. (a) Clinical image shows the
location of the probe. (b) Ultrasound
(longitudinal oblique view)
demonstrates the mostly hyperechoic
band of the depressor labii inferioris
muscle (depr lab) underneath and
medial to the depressor anguli oris
muscle (depr angl or). Note that the
location of the depressor anguli oris
and depressor labii inferioris muscle
forms a letter V.

depr angl Or..e-

depr lab

mandible bony margin
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hypodermis

anterior part of the mandible

mentalis muscle longitudinal view

Fig. 6.23 Mentalis muscle. (a) Clinical image shows the location of the probe. (b) Ultrasound (longitudinal oblique view) shows the hypoechoic
band of the left band of the mentalis muscle (m) attached to the anterior aspect of the mandible.
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dermis

_hypodermis

parotid
gland
buccal fat
pad
masseter

Fig. 6.24 Masseter muscle. (a) Clinical image shows the location of the probe. (b) Ultrasound (transverse axis) shows the hypoechoic structure
of the masseter muscle, which also contains hyperechoic septa between the muscle fibers.
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buccal fat pad

masseter

Fig. 6.25 Buccal fat pad. (a) Clinical image shows the location of the  aspect of the masseter muscle. Notice the facial artery (fa) running
probe. (b) Ultrasound (transverse oblique axis) demonstrates the  anteriorly to the buccal fat pad.
hypoechoic structure of the buccal fat pad attached to the anterior
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——  Nasal bones

columella  =————

philtrum

vermillion border cupid’s bow

Fig. 6.26 Facial surface anatomy of the nasal and nasolabial (transverse view) demonstrates the hypoechoic and homogenous
regions. (a) Clinical image shows the names of the superficial struc-  structure of both upper nasal cartilages (¢). (¢) Ultrasound (trans-
tures and the level of the location of the probe for detecting the verse view) shows the hypoechoic structure of the alar nasal
upper and alar nasal cartilages (horizontal lines). (b) Ultrasound cartilages.
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alar nasal cartlages transverse view

Fig. 6.26 (Continued)
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Fig. 6.27 Nasalis muscle. (a) Clinical image shows the location of the probe for detecting the nasalis muscle. (b) Ultrasound (transverse view)
demonstrates the hypoechoic structure of the left nasalis muscle.
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facial artery

Fig. 6.28 Facial artery. (a) Clinical image shows the location of the  of the artery (red color) passing anterior to the buccal fat pad.
probe for tracking the facial artery. It is recommended to start in trans-  (¢) Longitudinal view. The facial artery (in colors) may present a tortu-
verse axis and then turn to the longitudinal axis. (b, ¢) Color Doppler  ous path; therefore, observation of the artery can require angulation of
ultrasound of the facial artery. (b) Transverse view. Notice the location  the probe to follow the axis of the artery.
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~ hypodermis
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buccal fat pad.

masseter

A

facial artery

facial artery longitudinal view

Fig. 6.28 (Continued)
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superior labial 4

inferior labial artery

Fig.6.29 Superior labial and angular arteries. (a) Clinical image shows  (transverse view) at the left border of the upper lip. Notice the location
the recommended positions of the probe for tracking the labial and angu-  of the labial artery (color) running close to the surface of the teeth (t). (¢)
lar arteries. (b, ¢) Color Doppler ultrasound. (b), Superior labial artery ~ Angular artery (longitudinal view) at the paranasal region.
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superior labial artery

angular artery longitudinal view

Fig. 6.29 (Continued)
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anterior auricular muscle

superficial temporal vessels transverse view

three branches of the auriculotemporal nerve (tan) can be seen as oval-
shaped, hypoechoic structures (arrows) in cross-sectional view, running
on top of the superficial temporal vessels.

Fig. 6.30 Superficial temporal vessels. (a) Clinical image shows the
recommended positions of the probe for tracking the temporal vessels.
(b) Color Doppler ultrasound (transverse view) demonstrates the loca-
tion of the vein (tv) and artery (ta) at the preauricular region. Notice that
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7.1 Detection of Photoaging
7.1.1 Definition

Clinical and histologic signs of aging in the skin due to
chronic exposure to sun superimposed on the normal
aging process. This damaged skin looks older, loses
elasticity, and presents a higher frequency of malignan-
cies [1]. In histology, a deposition of glycosaminoglycan
and an abnormal amount of defective elastic fibers (elas-
tosis) are detected in the papillary dermis (the upper layer
of the dermis) [2].
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7.1.2 Key Sonographic Sign

Hypoechoic band, also called SLEB (subepidermal low
echogenic band), in the upper dermis of areas exposed to
the sun, such as the face, neck, forearms, and legs
(Fig. 7.1) [3, 4].

hypodermis

Fig. 7.1 Photoaging. Comparative ultrasound views of the normal (left) and photoaged (right) dermis. Notice the subepidermal low echogenic
band (sleb) in the upper dermis (arrow), and a hyperechoic deposit in the hypodermis that corresponds to silicone oil (asterisk).



7.2 Cosmetic Fillers

181

7.2 Cosmetic Fillers

7.2.1 Definition

Exogenous materials injected for the treatment of sagging
skin or wrinkles or in the remodeling of the face contour.
Fillers can be divided into two main types: degradable or
absorbable (supposedly temporary) and non-degradable or
non-absorbable (long-lasting or permanent) [5, 6].

7.2.2 Key Sonographic Signs

Ultrasound can detect the presence and extent of cosmetic
fillers and can identify the most commonly used types.

According to their echogenicity, they can be divided into
anechoic types (usually with hydrophilic components) and
hyperechoic types (mostly synthetic materials). Their main
echogenicity and artifacts due to their intrinsic reflective
properties allow their identification [7-15]. Color Doppler
can demonstrate hypervascularity in the periphery of filler
deposits owing to inflammatory changes. The sonographic
morphologies of the most frequently injected types of fillers
are shown in Figs. 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, and 7.9
summarizes the morphology of most of these common
fillers.

Fig. 7.2 Hyaluronic acid. (a) Clinical photograph of a patient injected
with hyaluronic acid in the tip of the nose. (b) Ultrasound (greyscale,
transverse view; tip of the nose). Anechoic subcutaneous pseudocystic
deposits (asterisk) in the tip of the nose. The alar nasal cartilages (c) are

located beneath the filler deposits and show increased echogenicity. (c)
Color Doppler ultrasound (longitudinal view; tip of the nose) demon-
strates increased vascularity due to an inflammatory reaction in the
periphery of the deposits (asterisk).
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Fig.7.3 Hyaluronic acid. (a) Clinical image of a patient injected in the ~ hypoechogenicity of the hypodermis near the deposits due to an inflam-
cheeks with high-density hyaluronic acid 1 year previously. (b) matory reaction. (¢) Color Doppler ultrasound (longitudinal view)
Ultrasound (greyscale, longitudinal view; right cheek) shows multiple — shows increased vascularity in the periphery of the deposits (in colors).
small, anechoic hypodermal deposits (asterisks). Notice the blurry — Abbreviation: (b) margin of the maxillary bone.
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Fig.7.3 (continued)
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Fig. 7.4 Silicone oil. (a) Clinical photograph of a patient with bumps  upper and lower lip, as well as in the chin. Notice that the deposits
and swellings in the lips. (b) Ultrasound (greyscale, longitudinal view  involve the orbicularis muscle of the lips. (¢) Color Doppler ultrasound
of the lips and chin) demonstrates extensive hyperechoic deposits with ~ (longitudinal view) demonstrates increased dermal flow in the upper
posterior reverberation artifact (also known as “snow storm”) in the  and lower lips due to inflammation.
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Fig.7.5 Polymethylmethacrylate
(PMMA). (a) Clinical picture
showing a patient with erythema
and swelling of both nasofold
lines. (b) ultrasound (greyscale,
transverse view; left nasofold
region) shows multiple hyper-
echoic spots with mini—comet tail
artifact within the perioral
muscles, the dermis, and the
hypodermis. (¢) ultrasound
panoramic view (greyscale with
filter; transverse view) demon-
strates the extent of the deposits
(arrow).




186 7 Common Applications of Ultrasound in Cosmetic and Plastic Surgery Procedures

Fig. 7.6 Polyacrylamide gel
(PAAG). (a) Clinical photograph
of a patient that palpates bumps
in his cheeks. (b) Ultrasound
(greyscale; right cheek) shows a
round-shaped, anechoic
hypodermal structure (asterisk)
that corresponds to a PAAG
deposit. (¢) Ultrasound
(greyscale with filter, panoramic
transverse view; left cheek)
demonstrates multiple round and
oval-shaped, anechoic deposits
of PAAG (asterisks) in the
hypodermis of the cheek. Notice
the posterior acoustic reinforce-
ment of the deposits.

dermis

——— T

_ dermis
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Fig. 7.7 Polycaprolactone (PCL). (a) Clinical image of a patient comet tail posterior artifacts. These hyperechoic spots are also detected
injected into the tail of the eyebrows. (b) Ultrasound (greyscale, trans-  in the periphery of the deposits. (¢) Ultrasound (greyscale panoramic
verse view; left eyebrow) demonstrates hypoechoic deposits (asterisk) ~ view; left frontal region) shows the extent of the deposits.

that contain multiple hyperechoic spots that present hypodermal mini—

Fig.7.8 Calcium hydroxylapatite. (a) Clinical photograph of a patient  echoic deposits that produce posterior acoustic shadowing. (¢) Color
injected in both nasofold lines. (b) Ultrasound (greyscale, transverse ~ Doppler ultrasound (longitudinal view; right nasofold line). Notice the
view; right nasofold line) demonstrates dermal and hypodermal hyper-  increased hypervascularity in the periphery of the deposits (in colors).
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Fig. 7.8 (continued)
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Fig. 7.9 Ultrasound catalog of common cosmetic fillers.
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7.3  Other Nonsurgical Aesthetic

Procedures

Other procedures may produce variable degrees of inflam-
mation of the dermis and hypodermis, which is intended in
many cases to stimulate tightening of the skin through the

production of collagen, scarring, and fibrosis at a late stage
[16-18].

7.3.1 Maesotherapy

7.3.1.1 Definition
Injection of lipolytic or cosmeceutical agents for cosmetic
purposes. Mesotherapy is used to treat cellulitis or alopecia

Fig. 7.10 Mesotherapy. (a) Clinical image of the inner aspect of the
left thigh with erythema for 2 weeks after mesotherapy. (b) Ultrasound
(greyscale, transverse view; left thigh) shows thickening of the dermis
and hypodermis with decreased echogenicity of the dermis and

and in rejuvenation. Many compounds are used, some of
them off-label. Examples include pentoxifylline, carnitine,
coumarin, hyaluronidase/collagenase, calcium pyruvate,
aminophylline/caffeine, artichoke, melilotus or gingko
biloba, multivitamins, and T3/T4 [16-20].

7.3.1.2 Key Sonographic Signs

e Dermal and hypodermal thickening, as well as decreased
echogenicity of the dermis and increased echogenicity of
the hypodermis owing to inflammation and/or
lymphedema.

e Color Doppler can show hypervascularity due to inflam-
mation (Fig. 7.10).

="dermis

hypodermis

increased echogenicity of the hypodermis. (¢) Ultrasound (greyscale,
longitudinal views) comparing right to left thighs side-by-side. (d)
Color Doppler ultrasound (transverse view; left thigh) demonstrates
increased dermal and upper hypodermal vascularity.
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Fig. 7.10 (continued)
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7.3.2 Cryolipolysis

7.3.2.1 Definition

Non-invasive and device-managed exposure of the hypoder-
mal fatty tissue to very low temperatures (usually, —2 to
—10 °C) to decrease the amount of fat [21-24].

7.3.2.2 Synonyms
CoolSculpting, fat freezing, lipo freezing.

dermis

FS hypodermis

Fig. 7.11 Cryolipolysis. (a) Clinical photograph of a patient that was
exposed to cryolipolysis 1 month previously. Although there are no
signs of erythema, the patient palpates a lump (arrow) in the lateral
aspect of the right flank. (b) Ultrasound (panoramic longitudinal view;
right flank) shows increased echogenicity and thickness of the hypoder-

7.3.2.3 Key Sonographic Signs

Increased thickness and echogenicity of the hypodermis;
some areas may present thickening and decreased echo-
genicity of the dermis (Fig. 7.11).

In some cases, hypodermal anechoic pseudocystic struc-
tures may be found, due to liquefaction of the fatty tissue
(fat necrosis) and heterogeneous echogenicity (Fig. 7.12).
On color Doppler, variable degrees of vascularity may
observe, from hypervascular to hypovascular areas.

right flank

mis (asterisk) with a central area that demonstrates thickening and
decreased echogenicity of the interlobular septa (arrow). (¢) Color
Doppler (longitudinal view; right flank) shows increased vascularity in
the central part of the alteration.
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Fig. 7.12 Cryolipolysis. (a) Clinical image of a patient with a history
of cryolipolysis 6 months previously, who palpates lumps in the inner
and proximal aspect of the left arm close to the axillary region. (b)
Ultrasound (greyscale, longitudinal view; left arm) demonstrates
increased echogenicity of the hypodermal fat (o). (¢) Color Doppler

ultrasound (longitudinal view; left arm) shows slightly increased blood
flow (in colors) in the upper hypodermis, anechoic pseudocystic struc-
tures due to fat necrosis (asterisks), and increased echogenicity of the
hypodermis (0).
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7.3.3 Radiofrequency

7.3.3.1 Definition

Usage of radiofrequency to heat the superficial layers (sup-
posedly the dermis), for treating skin laxity. According to the
number of electrodes, the device can be classified as mono-
polar, bipolar, or tripolar [25, 26].

1L 8.88 cm|
2L 1.09 cm

C

dermis

Fig. 7.13 Radiofrequency. (a)
Clinical image of a patient

15 days after exposure to
radiofrequency in the proximal
and inner aspect of the right arm.
After the procedure, she
developed erythema and swelling
of the region. (b) Ultrasound
(greyscale, panoramic longitudi-
nal view; right axillary and inner
proximal aspect of the arm)
shows thickening and decreased
echogenicity of the dermis as
well as thickening and increased
echogenicity of the hypodermis.
(¢) Color Doppler (longitudinal
view; inner and proximal aspect
of the right arm).

7.3.3.2 Key Sonographic Signs

Thickening and decreased echogenicity of dermis
(Fig. 7.13)

Thickening and increased echogenicity of hypodermis
On color Doppler, variable degrees of vascularity, from
hypovascular to hypervascular areas

dermis

hypodermis

right axillary region

hypodermis

right arm
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7.3.4 Autologous Fat Grafting 7.3.4.3 Key Sonographic Signs
Hypoechoic nodules or structures sometimes with hyper-
7.3.4.1 Definition echoic septa between them, with similar or more intense
Injection of fat for restoring volume [27, 28]. hypoechogenicity in comparison to the fatty hypodermal
tissue. In contrast with the normal fatty lobules, these tend to
7.3.4.2 Synonyms disrupt the normal architecture and axes of the skin layers

Autologous fat transfer, lipotransfer, liposculpting, lipofilling. ~ (Figs. 7.14 and 7.15).

ki
|1 L 0.84 cm| left lower eyelid
2L 0.54 cm

Fig. 7.14 Autologous fat grafting. (a) Clinical image of a patient eyelid) shows 8.4 x 5.4-mm hypoechoic dermal and hypodermal nodule
injected with autologous fat in the lower eyelid, showing a palpable  with fatty tissue in the region of injection.
lump (arrow). (b) Ultrasound (greyscale, longitudinal view; left lower
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left calf

Fig.7.15 Autologous fat grafting. (a) Clinical photograph of a patient ~ oval-shaped, well-defined, hypoechoic hypodermal structures (aster-
injected with autologous fat in the left calf. (b) Ultrasound (greyscale, isks) with fatty tissue.
panoramic longitudinal view with a color filter; left calf) shows two
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7.3.5 TensorThreads

7.3.5.1 Definition

Synthetic threads designed to lift sagging skin, usually to
restore facial contour. The threads can be classified as
absorbable or non-absorbable, and barbed and non-barbed.
The types now most commonly used are absorbable and non-
barbed threads. These use materials that are similar to the
materials used in polydioxanone (PDO) sutures [29-33].

Fig.7.16 Tensor threads. Ultrasound
(greyscale, longitudinal view; (a) right
temple; (b) right cheek) demonstrates
hyperechoic spots that correspond to a
cross-sectional view of polydioxanone
tensor threads (between markers; vertical
arrows). Notice the posterior acoustic
shadowing artifact ((b) short horizontal
arrows).

7.3.5.2 Synonyms
Russian threads, facial threads, wire threads.

7.3.5.3 Key Sonographic Signs

Linear, hyperechoic structures that may present hyperechoic
dots if they are barbed. Some threads can produce posterior
acoustic shadowing artifact [34, 35] (Fig. 7.16).

a2 =" -
' dermis._

: h}p&deﬁnis
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right temple

right cheek
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7.3.6 Implants

7.3.6.1 Definition

Synthetic volumetric structures used for restoring volume
or contour. Besides breast implants, implants are used in
other parts of the body such as the nose, cheek, chin, glu-
teal region, or calf. The most common implants are com-
posed of pure silicone gel or saline, but other synthetic
materials such as porous high-density polyethylene can be
used, and autologous cartilage or fat also can be used as
implants [34-40].

7.3.6.2 Key Sonographic Signs

e Intact silicone implants appear as well-defined, oval-
shaped anechoic structures with a hyperechoic monol-
aminar, bilaminar or trilaminar outer layer (Fig. 7.17).

Fig. 7.17 Silicone implant. (a)
Clinical photograph of a patient
with silicone implants in the
cheeks. (b) Ultrasound
(greyscale, transverse view; right
malar region) shows oval-shaped,
anechoic structure that corre-
sponds to the silicone implant on
top of the bony margin.

The signs of rupture of silicone implants have been well

reported in the literature for breast implants [38, 39].

— Signs of intra-capsular rupture: Collapse of the
implant; inner hyperechoic debris or wavy lines (also
called the “stepladder sign”) or discontinuity of the
laminar margin of the implant can be observed [39].

— Signs of extra-capsular rupture: Hyperechoic deposits
with “snow storm “posterior reverberance artifact in
the periphery of the implant [39] (Fig. 7.18).

Polyethylene implants are detected as well-defined, hyper-

echoic bands (Fig. 7.19).

Cartilage implants present as well-defined, hypoechoic

bands (Fig. 7.20).

On color Doppler, the degree of vascularity in the periph-

ery can vary from hypovascular to hypervascular

(inflammation) [34, 35].

malar bony margin

right malar region
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[1L17.74 cm
zL 2.38 cm

right calf

Fig. 7.18 Silicone implant. (a) Clinical photograph of a patient with ~ ture on top of the medial gastrocnemius. Notice the “snow storm”
silicone implants in the right calf, presenting a partial rupture of the  artifact (o) on the right side of the image (lower part of the calf), sec-
implant with an inflammatory reaction. (b) Ultrasound (greyscale, lon-  ondary to the leakage of silicone into the surrounding tissues ( extracap-
gitudinal view; right calf) demonstrates an oval-shaped, anechoic struc-  sular rupture).
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—
dermis
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bony margin nasal bones

Fig. 7.19 Polyethylene implant. (a) Clinical photograph of a patient with a history of polyethylene implant in the dorsum of the nose. (b)
Ultrasound (greyscale, color filter; longitudinal view at the dorsum of the nose) shows hyperechoic band (implant, arrow) on top of the nasal bones.
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.

; , left alar cartilage
right alar cartilage. -

nasal tip

Fig.7.20 Cartilage implant. (a) Clinical image of a patient with a his-  band that corresponds to the cartilage implant, on top of both alar carti-
tory of cartilage implant in the tip of the nose. (b) Color Doppler ultra-  lages. Slightly increased vascularity at the periphery of the implant is
sound (transverse view; tip of the nose) demonstrates a hypoechoic  also found.
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7.4 Surgical Aesthetic Procedures e Anechoic fluid bands or collections (remnant
and Noninvasive Remodeling serohematomas)
e Decreased echogenicity and/or thickening of the dermis
7.4.1 Liposuction e Anechoic, pseudocystic hypodermal structures due to fat

7.4.1.1 Definition
Surgical removal of fatty tissue for cosmetic purposes
[41, 42].

7.4.1.2 Synonyms
Lipoplasty, liposculpture suction, lipectomy, lipo.

7.4.1.3 Key Sonographic Signs

In early postoperative stage
e Areas with decrease or lack of hypoechoic fatty tissue
e Increased echogenicity of the hypodermis

necrosis

On color Doppler, variable degrees of hypervascularity of
the dermis and/or hypodermis due to inflammation
(Fig 7.21) [34, 35].

In late stage

Areas with decreased fatty tissue and hyperechogenicity
of the hypodermis

Bright and sometimes thick, hyperechoic fibrous hypo-
dermal septa

Posterior shadowing due to prominent fibrosis

In some cases, areas of retraction of the cutaneous layers
Anechoic, pseudocystic hypodermal structures due to fat
necrosis (Fig. 7.22) [34, 35]

hypogastrium

Fig.7.21 Liposuction. (a)
Ultrasound (greyscale; longitudi-
nal view; hypogastrium).
Hypoechoic fluid hypodermal
collection (asterisk) that
corresponds to serohematoma,
which produces posterior
acoustic reinforcement. The
echogenicity of the surrounding
hypodermis is increased, and the
dermis is thickened with
decreased echogenicity owing to
edema. (b) Ultrasound
(greyscale, transverse view;
inner aspect of the right thigh)
shows a focal region that
measures 8.47 x 2.15 cm and
presents increased echogenicity
of the hypodermis, with a few
anechoic fluid bands. Notice that
this region does not show the
typical echostructure of the fatty
tissue. (c¢) Color Doppler
ultrasound (longitudinal view;
inner aspect of the right thigh)
demonstrates increased blood
flow in the hypodermis due to
inflammation.

posterior acoustic
reinforcement artifact

hypogastrium

right inner thigh
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muscle

right thigh

Fig.7.21 (continued)

left flank

Fig. 7.22 Liposuction. (a) Ultrasound (greyscale, color filter; inner — acoustic shadowing (o) due to prominent scarring and fibrosis. (b)
aspect of the right thigh) shows areas with increased echogenicity of the ~ Ultrasound (greyscale, transverse view; left flank) demonstrates two
hypodermis (asterisks), a round-shaped anechoic structure (arrow) that  hyperechoic areas with loss of the hypoechoic fatty tissue (between yel-
corresponds to focal liquefaction of the fat, and areas with posterior  low markers).
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7.4.2 Abdominoplasty

7.4.2.1 Definition

Surgical removal of the excess of skin and fatty tissue, with
tightening of the anterior abdominal muscles (commonly the
anterior rectus muscles). It is commonly combined with lipo-
suction and implies the creation of a neo-umbilicus, the
repositioning of the anterior rectus muscles, and the removal
of skin and fat. Frequently, a wide suprapubic scar goes from
one hip to the other [42—45].

7.4.2.2 Synonyms
Tummy tuck.

7.4.2.3 Key Sonographic Signs
e Increased echogenicity of the hypodermis, sometimes
with hypoechoic or anechoic fluid collections (Fig. 7.23)

In some cases, thickening and/or decreased echogenicity
of the dermis

Complications include anechoic or hypoechoic serohe-
matomas, hypoechoic fistulous tracts, hypoechoic granu-
lomas, hyperechoic linear structures due to sutures or
pieces of drainage catheters, hypoechoic and/or heteroge-
neous thickening of the dermis due to keloids or hypertro-
phic scars (Figs. 7.24 and 7.25).

In cases with plication, hypoechoic fat attached to the sur-
face of the sheath of the anterior rectus muscles is detected.
Thickening and decreased echogenicity of the sheath of
the anterior rectus muscles. The sonographic alterations
are usually found in the hypogastrium, flanks, and peri-
umbilical, umbilical, and epigastric regions [35].

Fig. 7.23 Abdominoplasty. (a) Clinical image. (b and ¢) Ultrasound
greyscale (color filter; panoramic transverse views of the anterior

abdominal wall; (b) infraumbilical; (¢) hypogastrium) shows thicken-

ing and decreased echogenicity of the sheath (asterisks) of the anterior
rectus muscles (rm). Notice the increased and heterogeneous echo-
genicity of the hypodermis in the hypogastrium region.
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Fig.7.24 Abdominoplasty. (a) Clinical photograph of a patient showing
slight erythema surrounding the scar. (b and ¢) Ultrasound ((b) greyscale;
(¢) color Doppler; longitudinal views; hypogastrium) demonstrates
hypoechoic fluid collection suggestive of serohematoma surrounding a

hypodermis
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s

hypogastrium

bilaminar, hyperechoic tubular structure compatible with a piece of a
drainage catheter (arrows) in the hypodermis. Notice the increased echo-
genicity of the hypodermis in the periphery due to edema, and the
increased vascularity due to inflammation surrounding this region (c).
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Fig.7.24 (continued)

hypogastrium




7.4 Surgical Aesthetic Procedures and Noninvasive Remodeling 207

p—— ————— "hypodermis
E — S - — -
ft 5 S — emm —

e

periumbilical

1 L 8‘]7 cni
2L 0.68 cm

Fig. 7.25 Abdominoplasty. (a) Clinical image of the neoumbilical ~ dermal fistulous tract (ft) ((¢), between markers) with prominent echoes
region of a patient after abdominoplasty. (b and ¢) Ultrasound (greyscale ~ and hyperechoic bilaminar structures suggestive of remaining pieces of
(b) and color Doppler (c¢) at the peri-neoumbilical region; longitudinal ~ sutures and some hyperechoic images with hyperrefringent images due
oblique views) shows an 8.17 x 0.68-cm hypoechoic dermal and hypo-  to small air bubbles.
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7.4.3 Blepharoplasty 7.4.3.2 Synonym
Periocular rejuvenation.
7.4.3.1 Definition
 Surgical: Removal of sagging skin and/or excess fat for 7.4.3.3 Key Sonographic Signs

improving the cosmetic appearance and/or function of the
eyelids. The surgical approaches to the upper and lower
eyelid are different. In the upper eyelid, the removal of
skin is performed through an incision along the eyelid
crease. If necessary, part of the orbicular muscle and the
superficial and protruding part of the intraorbital extra-
conal fat are removed. In this case, the surgery becomes
intraorbital because the surgeon needs to make an inci-
sion of the upper orbitary septum. In the lower eyelid, the
most common approach is transconjunctival; it is per-
formed through a window in the posterior aspect of the
eyelid, where the surgeon removes the superficial part of
the intraorbital extraconal fat. In this surgery, the lower
orbitary septum is perforated, so this surgery is intraor-
bital. In some cases with hypertrophy of the lower orbicu-
lar muscle, the incision is performed through the skin
[46].

* Nonsurgical: Remodeling of the periorbital and eyelid

regions is usually performed with botulinum toxin or fill-
ers. These nonsurgical procedures are commonly used for
treating wrinkles and tear troughs [47].

In early postoperative stage:

* Hypoechoic tissue in the site of incision

* Increased echogenicity of the superficial part of the orbital
fat pads and orbicularis muscle, sometimes with thicken-
ing of the muscle

e If cosmetic fillers were injected, deposits are found in the
eyelid layers (dermis and orbicularis muscle), infraorbital
part of the cheek (dermis and hypodermis), and some-
times within the superficial part of the orbital fat pad.

¢ On color Doppler, vascularity may vary from hypovascularity
to hypervascularity of the surrounding dermis and hypoder-
mis as well as the orbicularis muscle and the orbital fat pad.
In late stage:

e Sometimes, thinning of the orbicularis muscle, with
hypoechoic, well-defined nodules in the surface of the
orbital fat pad that correspond to granulomas.

e In cases treated with fillers, the deposits can be found at
the injection sites, which may be located in the eyelid,
orbital fat pad, and surrounding cutaneous layers. The
echostructure of these deposits will depend on the type of
filler used in the procedure (Fig. 7.26) [34].

Fig. 7.26 Blepharoplasty. (a)
Clinical image. Patient with history
of upper and lower blepharoplasty,
with a scar in the upper eyelid and
some palpable bumps in the lower
eyelid. (b) Ultrasound (greyscale,
longitudinal view) shows two
well-defined, round nodules that
measure 1.7 mm and 2.9 mm in the
surface of the orbital fat pad,
suggestive of granulomas. bm bony
margin, om orbicular muscle.
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1 IL 0.17 cm
2L 0.29 cm

Fig.7.26 (continued)
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7.4.4 Rhinoplasty

7.4.4.1 Definition

Surgical: Correction of the shape of the nose to improve
its aesthetic appearance and/or function performed by
surgery.

Nonsurgical: Injection of exogenous agents such as cos-
metic fillers, to improve the aesthetic appearance of the
nose.

7.4.4.2 Synonyms
Nose job, nose reshaping, rhinomodulation.

7.4.4.3 Key Sonographic Signs

Fig. 7.27 Rhinoplasty with
chronic inflammation and
granuloma. (a) Clinical
photograph of a patient with a
history of rhinoplasty, who
shows erythema and swelling of
the nose. (b) Ultrasound
(greyscale, color filter) and (c)
power Doppler ultrasound

Variable amount of hypoechoic inflammatory and/or
granulomatous tissue in the tip of the nose, which may be
attached to or may have replaced the alar nasal cartilages

(transverse views; tip of the nose
at the level of the alar cartilages)
demonstrate 2.01 x 0.49-cm
hypoechoic granulomatous and
chronic inflammatory tissue
(between markers) replacing the
alar cartilages. Notice the
hyperechoic linear structures
within the hypoechoic tissue,
corresponding to sutures
(arrows). Color Doppler shows
increased dermal vascularity in
the periphery of the hypoechoic
tissue.

LS
1L 2.01 cm
2 L 0.49 cm|

e Hyperechoic linear structures suggestive of sutures

(Fig. 7.27)

Irregularities of the hyperechoic line of the nasal bones.
[ll-defined hyperechoic band with posterior acoustic
shadowing artifact, in cases with bony implants (Fig. 7.28)
Well-defined hyperechoic band, with use of synthetic
materials such as for example polyethylene implants
(Fig. 7.29)

On color Doppler, variable degrees of vascularity (from
hypovascularity to hypervascularity) in the dorsum and
tip of the nose [48].

Cosmetic fillers in the tip and/or dorsum of the nose in
cases of nonsurgical rhinoplasty. The echostructure of
these deposits depends on the type(s) of filler used [34,
35].
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TR NASAL

Fig. 7.27 (continued)

Fig. 7.28 Rhinoplasty with bony implant. (a) Clinical image. (b) Ultrasound (greyscale, longitudinal view) shows a 1.6 x 0.14-cm hyperechoic
band in the dorsum of the nose, suggestive of a bony implant surrounded by hypoechoic inflammatory and granulomatous tissue (asterisks).
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1L 1.60 cm
2L 0.14 cm|

Fig.7.28 (continued)

defined hyperechoic band compatible with a synthetic polyethylene
implant (arrows) in the dorsum of the nose. On color Doppler
(c), hypervascularity in the periphery of the implant is seen.

Fig. 7.29 Rhinoplasty with synthetic polyethylene implant. (a)
Clinical image shows patient with a history of rhinoplasty, erythema,
and swelling. (b) Ultrasound (greyscale, color filter) and (¢) Color
Doppler (longitudinal views; dorsum of the nose) demonstrate a well-
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Fig.7.29 (continued)
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8.1 Growth and Location Alterations
8.1.1 Ingrowing Nail: Onychocryptosis

8.1.1.1 Definition
Abnormal growth of the nail plate into the periungual region.
The most commonly affected digit is the big toenail.

8.1.1.2 Key Sonographic Signs

e Hyperechoic bilaminar or laminar fragment embedded in
the periungual region (medial, lateral, ulnar, radial)
(Fig. 8.1).

e Hypoechoic dermal tissue surrounding the hyperechoic
fragment (Fig. 8.2; Videos 8.1 and 8.2).

* Hypervascularity (common) or hypovascularity (initial or
chronic onychocryptosis) in the periphery of the fragment
[1-3]. The degree of vascularity can vary according to the
degree of inflammation, since when the patient presents
the condition and the presence of paronychia (i.e., sec-
ondary infection of the nail fold).
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nail plate

nail plate : : 4
\ — - A nail plate

- fragment

nail bed

bony margin nail bed

distal phalanx
distal
phalanx

L t_‘)_35_crgl left hallux lateral aspect transverse view
2L 0.11 cm

left hallux lateral aspect transverse

Fig. 8.1 Onychocryptosis. (a) Clinical photograph. (b) Greyscale reconstruction (transverse view). Notice the hyperechoic fragment
ultrasound (transverse view; left hallux). (¢, d) Color Doppler ultra- measuring 3.6 mm (transverse) x 1.1 mm (thickness) embedded in the
sound (c, transverse view; d, longitudinal view) shows hypervascularity ~ lateral periungual region.

(vessels in colors) in the periphery of the fragment. (e) 3D ultrasound
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nail plate

.

distal phalanx

right hallux transverse view

Fig. 8.2 Onychocryptosis. (a) Clinical photograph. (b) Greyscale ded in the lateral periungual region. Notice the hypoechogenicity
ultrasound (transverse view; right hallux). (¢) Color Doppler ultrasound  (asterisks, b) and the hypervascularity (in colors, ¢) in the periphery of
(transverse view; right hallux). (d) 3D ultrasound reconstruction (trans-  the fragment. Videos 8.1 and 8.2.

verse view; right hallux). A hyperechoic bilaminar fragment is embed-
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Fig. 8.2 (continued)
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8.1.2 Onychomadesis » Thickening and loss of the bilaminar pattern of the nail
plate

8.1.2.1 Definition e Hypoechogenicity of the nail bed that affects the matrix
Fragmentation of the nail plate. The most commonly affected region (inflammation) (Fig. 8.4)
digit is the big toenail. » Increased thickness of the nail bed (inflammation)

e Retronychia (i.e, posterior embedding of the nail bed)
8.1.2.2 Key Sonographic Signs may be concomitant
» Segmentation of the nail plate into two or more fragments * Hypovascularity or a variable degree of hypervascularity

(constant) (Fig. 8.3) of the nail bed [1, 2, 4].

Fig. 8.3 Onychomadesis. (a)
Clinical photograph. (b)
Greyscale ultrasound (longitudi-
nal view; left hallux). Notice the
fracture of the nail plate into two
parts (fragments 1 and 2). The
distal phalanx pseudo-fracture is
due to a posterior acoustic
shadowing artifact (as) caused by
hyperkeratosis and free air at the
proximal end of the distal
fragment of the nail plate
(fragment 2).
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Fig. 8.3 (continued) [
=
- __‘Ergln'_!al

gy -y
3 T am

-

distal phélanx

Fig. 8.4 Onychomadesis. nail plai
(a) Clinical photograph. !m
(b) Greyscale ultrasound = -

(longitudinal view; right hallux).

Thickening and fragmentation of . alnail fc i3 A

the nail plate with three parts - 1 e fragment 2
(arrowheads). Thickening and

hypoechogenicity of the nail bed nail.bed

affect the matrix region
(asterisk). A posterior acoustic
shadowing artifact (as) beneath
the most distal fragment is due to
hyperkeratosis of the nail plate
and the presence of free air
below this fragment.

distal phalanx
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8.1.3 Retronychia e Presence of a hypoechoic halo surrounding the origin of
the nail plate (constant) (Figs. 8.5 and 8.6; Video 8.3)
8.1.3.1 Definition e The distance between the origin of the nail plate and the
Embedding of the nail plate into the proximal nail fold. The base of the distal phalanx of 5.1 mm or less in big toes and
most commonly affected digit is the big toenail. thumbs and/or a difference of 0.5 mm or more of this dis-
tance between the affected nail (with decreased distance)
8.1.3.2 Key Sonographic Signs and the contralateral healthy nail.
Retronychia can be unilateral or bilateral. Comparison with * Proximal nail fold thickness of 2.2 mm or more for males or
anormal contralateral side may be helpful in assessing these 1.9 mm or more for females, and/or a proximal nail fold
sonographic signs: 0.3 mm thicker than in the contralateral healthy nail [1, 2, 4-6].

b nail plate

distal phalanx

Fig. 8.5 Retronychia. (a) Clinical photograph, left hallux. (b—d), e).In (c) a decreased distance between the origin of the nail plate and
Greyscale ultrasound (longitudinal views; (b) left hallux; (¢, d) right to  the base of the distal phalanx in the left hallux is shown. (d) Thickening
left hallux comparison). (e) 3D ultrasound reconstruction. Notice the  of the proximal nail fold in the hallux. Video 8.3.

hypoechoic halo (asterisk) surrounding the origin of the nail plate in (b,
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nail plate

4

1L 0.81cm right hallux left hallux
2L 0.45cm

right hallux left hallux

Fig. 8.5 (continued)
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b _ nail plate

nail plate

'L 0.33cm| right index left index
2L 0.44 cm|

Fig.8.6 Retronychia. (a) Clinical photograph of the right index finger.  phalanx, as well as thickening and decreased echogenicity of the proxi-
(b) Greyscale ultrasound (longitudinal views; side-by-side comparative ~ mal nail fold in the right index. Notice the thin hypoechoic halo sur-
views of the right and left index finger) demonstrates decreased dis-  rounding the origin of the proximal nail plate at the right side.

tance between the origin of the nail plate and the base of the distal
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8.2 Congenital Diseases 8.2.1.2 Key Sonographic Signs

e Thickening and decreased echogenicity of the nail
8.2.1 Malalignment bed that affects the nail matrix region (Fig. 8.7)

* Thickening and loss of the bilaminar pattern of the nail
8.2.1.1 Definition plate that can be associated with fragmentation of part of
Abnormal longitudinal axis of growth of the nail plate, usu- the ventral plate.

ally with lateral deviation. It can be unilateral or bilateral and ¢ Secondary onychocryptosis may be present [1, 2]
most commonly affects the big toenail. Acquired and

iatrogenic malalignments have been reported, most of them

probably related to a chronic trauma of the nail matrix.

distal phalanx

Fig.8.7 Congenital malalignment. (a) Clinical photograph of the right  ing of the nail bed. Notice the thickening of the nail plate and some
big toenail (notice the lateral deviation of the nail). (b) Greyscale ultra-  hyperechoic linear fragments of the nail plate in the nail bed close and
sound (longitudinal view) shows decreased echogenicity and thicken-  attached to the ventral plate.
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8.2.2 (Cystic Fibrosis 8.2.2.2 Key Sonographic Signs

e Increased convexity of the nail plate
8.2.2.1 Definition * Increased thickness and decreased echogenicity of the
Autosomal recessive disease resulting from mutations in the nail bed
cystic fibrosis transmembrane conductance regulator gene. The ¢ Prominent hypervascularity in the nail bed (Fig. 8.8;
main clinical manifestations are related to lung disease, pancre- Video 8.4) [7, 8]

atic insufficiency, and infertility, but skin and nail abnormali-
ties can be present. Patients commonly show digital clubbing.

right thumb

Fig. 8.8 Clystic fibrosis. (a) Clinical photograph of the right thumb. Notice the digital clubbing. (b) Color Doppler ultrasound (longitudinal view;
right thumb) shows increased convexity of the nail plate and prominent hypervascularity (colors) in the nail bed. Video 8.4.
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8.3 Inflammatory Conditions of the Nail
8.3.1 Psoriasis

8.3.1.1 Definition

Chronic autoimmune disease that commonly generates ery-
thematous and scaly patches on the skin. This condition can
affect the nails, tendons, entheses, joints, and bony margins.

8 Ultrasound of Nail Conditions

According to literature, of psoriatic patients with nail
involvement, 5% do not show cutaneous effects; of patients
with psoriatic arthritis, 53-86% commonly present with nail
involvement [9-12].

thickening of the nail bed

hyperechoic deposit
in the ventral plaque

thickening of ventral
and dorsal plaque

wavy plaques

Fig. 8.9 Nail psoriasis. Greyscale (longitudinal views) sonographic signs of psoriatic onychopathy.
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thickening of the nail bed

loss of definition of the ventral plate

focal hyperechoic deposit in the
ventral plate

thickening and wavy shaped nail
plates

Fig.8.10 Nail psoriasis. 3D ultrasound reconstructions (longitudinal views) showing sonographic signs of psoriatic onychopathy.
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right middle finger

Fig. 8.11 Nail psoriasis. (a) Clinical photograph of the right middle = Notice the hyperechoic deposit at the distal edge of the ventral plaque
finger. (b) Greyscale ultrasound (longitudinal view; right middle finger)  (arrow) and the loss of definition of the ventral plate (arrowhead).
demonstrates thickening and decreased echogenicity of the nail bed.
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nail bed

nail plate

plaque 2

*

nail bed

. ;kfk-

Fig. 8.12 Nail psoriasis. (a) Clinical photograph of the right ring fin-
ger. (b) Greyscale ultrasound (longitudinal panoramic view; right ring
finger, dorsal region) demonstrates focal areas of epidermal and dermal
thickening and decreased echogenicity of the upper dermis, corre-
sponding to the location of the cutaneous plaques. There is decreased

echogenicity (asterisk) of the lower dermis and the hypodermis neigh-
boring the proximal interphalangeal joint (pip). (¢) Color Doppler ultra-
sound (longitudinal view; right ring finger) shows increased thickness
and decreased echogenicity of the nail bed as well as slight undulation
of the nail plate (arrow). dip distal interphalangeal joint. Video 8.5.
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right thumb

Fig. 8.13 Nail psoriasis. (a) Clinical photograph of the right thumb.  echoic deposit (arrow) in the distal part of the ventral plate. (¢) Color
(b) Ultrasound (Greyscale, longitudinal view) shows thickening of the =~ Doppler ultrasound demonstrates increased blood flow in the proximal
nail bed, loss of definition of the ventral plate (arrowhead), and hyper-  part of the nail bed.
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right thumb

Fig.8.13 (continued)

8.3.1.2 Key Sonographic Signs » Thickening of the nail bed (increased distance between the
The following ultrasonographic signs show variable degrees ventral plate and the bony margin of the distal phalanx)
of involvement of the nail from early to late stages; however, * Loss of definition of the ventral plate

these or part of these signs could appear concomitantly in the * Hyperechoic focal involvement of the ventral plate (can

same nail. Besides, the fingernails and toenails of the same be subclinical)

patient can differ in their degree of affection. Moreover, the ¢ Thickening, irregularities, and undulation of one or both
sonographic signs of nail involvement in psoriasis can vary nail plates, commonly in late phases

over time according to the progression of the disease and the * Increased blood flow in the nail bed (sign of activity):
treatment of the patient. The following includes the most — Partial involvement of the nail bed: Hypervascularity
commonly found sonographic signs (Figs. 8.9, 8.10, 8.11, tends to affect the proximal nail bed

8.12, and 8.13; Video 8.5) [1, 2, 9—-12]: — Total involvement of the nail bed: Hypervascularity

affects the whole nail bed.
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8.3.2 Lupus

8.3.2.1 Definition

Autoimmune disease that can affect several parts of the body,
such as kidneys, skin, blood, heart, muscles, and bones. It
may affect the endothelium of the digital arteries, producing
chronic inflammation and thrombosis.

left index radial aspect

Fig. 8.14 Lupus nail. (a) Clinical photograph of the left index finger.
(b—d) Color Doppler ultrasound (b, side-by-side comparison right to left
index finger; ¢, longitudinal view; d, transverse view of the radial aspect
of the left index finger) showing increased thickness (vertical white line)

8.3.2.2 Key Sonographic Signs

* Hypoechoic material filling the digital arteries (Fig. 8.14)

* Lack of blood flow within one or more digital arteries

* Increased thickness of the nail bed

e Trregularities and loss of the bilaminar pattern of the nail plate

* Hypovascular nail bed that may be secondary to the vas-
cular involvement [1, 2]

left index finger r

and hypovascularity of the nail bed of the left index finger (b). There is
hypoechoic inflammatory and thrombotic material (asterisk and arrow)
filling the radial digital artery of the same finger. In (¢, d) notice the lack
(asterisks) of blood flow (color) within the lumen of the artery.
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8.3.3 Fluid Collections

8.3.3.1 Definition
Subungual pocket of fluid.

8.3.3.2 Key Sonographic Signs

e Well-defined anechoic or hypoechoic subungual fluid col-
lection located between the ventral plate and the nail bed
(Figs. 8.15 and 8.16; Video 8.6)

e Hyperechoic laminar or bilaminar edge at the bottom of

the fluid collection

e Hyperechoic echoes with posterior reverberance due to

free air can be detected within the collection [1, 2].

1L 0.78 cm right thumb
2L 0.11cm

Fig.8.15 Fluid collection. (a) Clinical photograph of the right thumb. (b—
d) Greyscale ultrasound (b, longitudinal; ¢, transverse; d, 3D reconstruction
longitudinal; right thumb) demonstrates 7.8-mm longitudinal x 1.1-mm
thickness x 5.1-mm transverse well-defined, oval-shaped, anechoic subun-

gual fluid collection (asterisk, between markers) in the middle third of the
nail bed. Increased thickness and decreased echogenicity of the proximal
part of the nail bed, as well as thickening and decreased echogenicity of the
dermis of the proximal nail fold, are also detected.
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nail bed

1L 0.51 cm right thumb
2L 0.11 cm|

nail plate

nail bed

M

Fig. 8.15 (continued)
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right thumb

2L 0.09 cm

shaped, anechoic subungual fluid collection (asterisk, between mark-
ers) at the proximal part of the nail bed. Notice the hyperechoic line at
the bottom of the fluid collection. Part (¢) Shows increased subungual
blood flow beneath the fluid collection. Video 8.6.

Fig. 8.16 Fluid collection. (a) Clinical photograph of the right thumb.
(b) Greyscale (longitudinal view), (¢) Power Doppler (longitudinal
view), and (d) 3D reconstruction (transverse view) of the right thumb
show 5.5-mm longitudinal x 0.9-mm thickness well-defined, oval-
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Fig.8.16 (continued)

right thumb

nail plate
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nail bed

distal phalanx

right thumb
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8.3.4 Median Canaliform Dystrophy

8.3.4.1 Definition

Central abnormality of the nail, with longitudinal splitting or
groove usually related to trauma and starting at or close to
the proximal nail fold.

distal phalanx

left thumb transverse view

—_—

Fig. 8.17 Median canaliform nail dystrophy. (a) Clinical photo-
graph of the thumbs. (b) Greyscale ultrasound (side-by-side com-
parison, longitudinal view). (¢) Greyscale (transverse view, left
thumb) and (d) Color Doppler (longitudinal view; left thumb) dem-
onstrate thinning of the proximal part of the nail bed and thickening
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8.3.4.2 Key Sonographic Signs

* Decreased echogenicity and alterations in the thickness of
the proximal nail bed, such as thickening and/or thinning

¢ Concavity and irregularities of the nail plate in the central
part of the nail [1, 2] (Fig. 8.17; Videos 8.7 and 8.8)

left thumb

right thumb

with decreased echogenicity of the proximal nail fold of the right
thumb. Notice the irregularities of the nail plate (arrows and arrow-
heads), with a concavity in the central part of the left thumb (c). No
signs of hypervascularity are shown on color Doppler at the right
thumb (d).
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8.4 Benign Tumors and Pseudotumors
8.4.1 Ungual Origin

8.4.1.1 Solid Tumors

Glomus Tumor

Definition

Subungual tumor derived from the neuromyoarterial appara-
tus. These tumors commonly produce exquisite ungual pain
and sensitivity to cold. According to literature, 95% of glo-
mus tumors occur in fingernails and only 5% in toenails. A

glomus
tumor

distal phalanx

1L 0.59 cm| right index finger
2L 0.31cm

Fig. 8.18 Glomus tumor (proximal location). (a) Clinical photograph
of the right index finger. (b—d) Ultrasound (b, Greyscale, longitudinal;
¢, Greyscale, transverse; d, 3D reconstruction, longitudinal view) dem-
onstrates 5.9-mm (longitudinal) x 3.1-mm (depth) x 3.9-mm

majority of them (64%) appear in the proximal third of the
nail bed, with 9% in the middle third and 27% in the distal
third [1, 2, 13, 14].

Key Sonographic Signs

Well-defined, hypoechoic, oval-shaped nodule
Scalloping of the bony margin. Erosion of the bone is less
common.

Dystrophic changes in the nail plate that are secondary to
the involvement of the matrix region

Hypervascular 80%; hypovascular 20% (Figs. 8.18, 8.19,
8.20, 8.21, and 8.22; Videos 8.7-8.12) [1, 2, 13-17]

glomus
W tumor
2

>

distal phalanx

0.39 cm| right index finger

0.29 cm

glomus B =
»nmr

distal phalanx™

(transverse) well-defined, hypoechoic nodule in the radial aspect of the
proximal part of the nail bed, which produces scalloping of the bony
margin. Notice the hypervascularity within the nodule in the 3D view.
Videos 8.7 and 8.8.
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>

o[ ]
|1 L 0.55 cm| left ring finger
2L 0.30 cm

left ring finger left ring finger

Fig.8.19 Glomus tumor (proximal location). (a) Clinical photograph.  bed. Notice the scalloping of the bony margin. (d) Color Doppler ultra-
(b, ¢) Greyscale ultrasound (b, longitudinal; ¢, transverse) demonstrates ~ sound (longitudinal view) shows hypervascularity within the nodule.
5.0-mm (longitudinal) x 2.3-mm (thickness) X 5.5-mm (transverse) Videos 8.9 and 8.10.

well-defined, hypoechoic solid nodule at the proximal part of the nail

_nail bed
-

distal phalanx

left thumb ulnar aspect

Fig. 8.20 Glomus tumor (proximal location). (a) Clinical image hypoechoic nodule in the proximal part of the ulnar aspect of the nail
shows longitudinal erythronychia in the left thumb. (b—d) Greyscale bed, in the same axis as the erythronychia; it produces scalloping
ultrasound images (b, longitudinal; ¢, transverse; d, longitudinal com-  (arrow) of the bony margin of the distal phalanx. (e) Color Doppler
parison between radial and ulnar aspect) show 3.8-mm (longitudi- ultrasound (longitudinal view) demonstrates increased vascularity
nal) x 2.1-mm (thickness) x 3.7-mm (transverse) well-defined  within the nodule. Videos 8.11.
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('L 037 cm
2L 0.18 cm

radial aspect

Fig. 8.20 (continued)

left thumb
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1L 0.39cm right little finger
2 L 0.32 cm)|

Fig.8.21 Glomus tumor (proximal location). (a) Clinical photograph.  (transverse) well-defined hypoechoic nodule at the proximal part of the
(b, ¢) Greyscale ultrasound (b, longitudinal view; ¢, transverse view) nail bed, with prominent scalloping of the bony margin of the distal
demonstrates 4.7-mm (longitudinal) X 3.2-mm (thickness) x 3.9 mm  phalanx (arrows).
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left ring finger

2L 0.16 cm

Fig. 8.22 Glomus tumor (distal location). (a) Clinical photograph. hypoechoic solid nodule at the distal part of the nail bed. Notice the
(b—e) Ultrasound images (b and ¢, Greyscale [b, longitudinal; ¢, trans-  hypervascularity (d, arrow) within the nodule on color Doppler and the
verse]; d, color Doppler; e, 3D reconstruction) show 3.6-mm (longitu-  scalloping of the bony margin (e, arrow) as is shown in the 3D recon-
dinal) x 1.9-mm (transverse) x 1.8-mm (thickness) well-defined struction. Video 8.12.
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Fig.8.22 (continued)

r

1L 0.19cm left ring finger

2L 0.18 cm
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Fibrous Tumor Key Sonographic Signs
e Hypoechoic structures with oval, round, fusiform, or pol-
Definition ypoid shape

Heterogeneous group of fibrous tumors that may include ¢ Eccentric location in the nail bed
congenital conditions (such as Koenen’s fibromas in ¢ Involvement of the periungual region and matrix wing

patients with tuberous sclerosis) and acquired fibrous (common)
tumors, with eccentric location in the nail bed and periun- ¢ Scalloping of the bony margin in large-sized tumors
gual region. e Commonly hypovascular, except for angiofibromas that

can show thin, low-flow arterial and venous vessels
(Figs. 8.23 and 8.24, Video 8.13) [1, 2, 17]

Fig. 8.23 Fibrous tumor.
(a) Clinical photograph of the -
nail of the right hallux. nail bed
(b—f) Ultrasound images (b and c, .
greyscale; b, longitudinal;
¢, transverse views; d, color
Doppler, longitudinal view;
e, comparison side by side
between the lateral and medial
aspects of the nail of the right
hallux; f, 3D reconstruction,
longitudinal view) show
well-defined, oval-shaped
hypoechoic and hypovascular
structure (asterisks) in the
roximal and lateral parts of th r i
Ea(i)l be:ll tljatdinit(?l\?esp ?h::sl(;tetra;: 1L 0.47 cm Flght fllielicr ASpeC:
wing of the matrix region. 2L 0.29 cm
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Fig.8.23 (continued)

right hallux transverse view

medial aspect
lateral aspect

right hallux

nail plate
proximal nail fold

nail bed

distal phalanx

right hallux lateral aspect
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distal phalanx

right 5 toenail

Fig. 8.24 Fibrous tumor. (a) Clinical photograph of the nail of the
right 5th toe. (b—d) Ultrasound images (b, greyscale; ¢, color Doppler;
d, 3D reconstruction; all longitudinal views) demonstrate well-defined
oval-shaped hypoechoic structure (asterisks) on top of the nail plate

proximal nail fold

proximal nail fold

nail

distal phalanx

right 5 toenail

originated in the nail bed, where it involves the ungual matrix. Notice
the irregular thickening of the nail plate, probably secondary to the
involvement of the nail matrix. On color Doppler, thin vessels (colors)
are detected within the tumor (in colors).
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Onychomatricoma

Definition
Fibroepithelial tumor of the ungual matrix.

Key Sonographic Signs
e Hypoechoic structure with hyperechoic spots or lines
(Figs. 8.25, 8.26, and 8.27, Video 8.14)

e Located in the proximal part of the nail bed

e Involvement of the nail matrix region

» Extends into the interplate space (common)

e Eccentric

e Hypovascular or intermediate degree of vascularity within
the tumor, with low-flow vessels [1, 2, 17, 18].

Y

nail bed

right middle finger radial aspect

Fig.8.25 Onychomatricoma. (a) Clinical photograph of the nail of the
right middle finger. (b—d) Ultrasound images (b, greyscale, longitudinal
view; ¢, color Doppler, longitudinal; d, 3D reconstruction, longitudinal)
show hypoechoic structure (0) in the proximal part and radial aspect of

the nail bed that involves the matrix region. The tumor presents hyper-
echoic lines (arrows and arrowheads) and extends into the interplate
space. On color Doppler, few and thin vessels are detected within the
tumor region (in colors). Video 8.13.
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Fig. 8.25 (continued)

nail plate

nail bed

distal phalanx

nail bed

distal phalanx

right middle finger
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proximal nail bed

- ﬁc - -

distal phalanx

left thumb

proximal nail ol
nail plate

nail bed

distal phalanx

left thumb radial aspect left thumb

nail bed
—

right thumb left thumb

Fig. 8.26 Onychomatricoma. (a) Clinical image of the nail of the left  hypoechoic structure (o) in the proximal part and medial aspect of the
thumb. (b—f) Ultrasound images (b—d, greyscale; b, longitudinal view; nail bed; it presents hyperechoic lines (arrows and arrowheads) and
¢, transverse; d, comparison right to left, longitudinal; e, color Doppler,  extends into the interplate space. On color Doppler (e), low vascularity
longitudinal; f, 3D reconstruction, longitudinal) demonstrate  (in colors) is observed within the tumor region (o).
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Fig. 8.27 Onychomatricoma. (a) Clinical image of the nail of the left ~ show a hypoechoic structure (o) in the proximal part and ulnar aspect of
middle finger. Notice the hyperpigmentation of the tumor; melanoma was  the nail bed, with hyperechoic spots and lines (arrows) that extend into
among the clinical differential diagnoses. (b—d) Ultrasound images (b, the interplate space. On color Doppler (c), an intermediate degree of vas-
Greyscale; ¢, color Doppler; d, 3D reconstruction; all longitudinal views)  cularity is detected within the tumor region (in colors). Video 8.14.
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left middle finger ulnar aspect

left middle finger ulnar aspect

Fig. 8.27 (continued)
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Keratoacanthoma Key Sonographic Signs

e Hypoechoic rim
Definition e Anechoic or hypoechoic center (crater filled with
Rapidly growing subungual squamous proliferation that is keratin)

considered by some authors to be a simulator or a low-grade ¢ Posterior acoustic reinforcement artifact
squamous cell tumor. In contrast with the cutaneous presen- * Eccentric
tation, the subungual variant tends not to present spontane- ¢ Scalloping or erosion of the bony margin of the distal
ous regression. phalanx (Fig. 8.28)
* Hypovascular or intermediate degree of vascularity within
the tumor, with low-flow vessels [1, 2, 15, 19, 20]

distal phalanx

1L 1.07 cm right thumb ulnar aspect
2L 0.75cm

Fig. 8.28 Keratoacanthoma. (a) Clinical image of the nail of the right ~der (o) and a darker hypoechoic center (asterisk) that produces
thumb. (b—d) Ultrasound images (b, greyscale; ¢, color Doppler; d, 3D scalloping of the bony margin of the distal phalanx. On color Doppler
reconstruction; all longitudinal views) demonstrate 10.7-mm (longitu-  (¢), an intermediate degree of vascularity is detected in the periphery of
dinal) x 7.5-mm (thickness) subungual structure with a hypoechoic bor-  the tumor (in colors).
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distal phalanx

right thumb ulnar aspect

Fig. 8.28 (continued)
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8.4.1.2 Solid Pseudotumors Key Sonographic Signs

¢ [ll-defined hypoechoic structure
Granuloma/Telangiectatic Granuloma e Thickening in the nail bed, or concomitant areas of

increased and decreased thickness

Definition e Wavy or irregular nail plate due to involvement of the nail
Proliferative scarring, fibrous, and inflammatory reaction matrix
that generates a mass-like tissue. It may involve the matrix ¢ Lack of alteration of the bony margin of the distal
region and dystrophic changes in the nail plate. The telan- phalanx
giectatic (vascular) form of presentation presents promi- * Vascularity varying from hypovascular to hypervascular
nent inflammation and can show tenderness and easy (telangiectatic variant) with low-flow vessels (Figs. 8.29,
bleeding. 8.30, 8.31, and 8.32, Videos 8.15, 8.16, and 8.17) [1, 2].

Fig.8.29 Granuloma.

(a) Clinical image of the nail of
the right thumb. (b and ¢)
Ultrasound images (b, greyscale;
¢, power Doppler; longitudinal
views) show ill-defined
thickening and hypoechogenicity
of the nail bed with thinning of
the proximal part of the nail bed
(arrow in b), thickening of the
middle part, and thinning of the
distal part. On power Doppler
(c), a slight increase of
vascularity is detected in the
distal part of the nail bed (in
colors). Notice that the bony
margin of the distal phalanx is right thumb
unremarkable.

nail bed

distal phalanx
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Fig. 8.29 (continued)

»
'

Fig.8.30 Granuloma. (a) Clinical image of the nail of the right middle
finger. (b, ¢) Ultrasound images (b, greyscale; ¢, power Doppler; both
longitudinal views) demonstrate ill-defined thickening and hypoecho-
genicity of the nail bed that involves the matrix region. The nail plate
has lost its bilaminar pattern and there is upward displacement of the
nail plate region. On power Doppler (c), an intermediate degree of
hypervascularity is observed in the proximal two-thirds of the nail bed.
No signs of abnormality are detected in the bony margin of the distal
phalanx.

right thumb
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Fig. 8.30 (continued)

right middle finger

right middle finger

\

Fig. 8.31 Granuloma. (a) Clinical image of the nail of the right big
toe. (b—c) Ultrasound images (b, greyscale; ¢, color Doppler; longitudi-
nal views) demonstrate ill-defined thickening and hypoechogenicity of
the nail bed that involves the matrix region and predominates in the
proximal part of the nail bed. Thickening, shortage, upward displace-
ment, and loss of the bilaminar pattern of the nail plate are detected. On
color Doppler (¢), prominent vascularity is observed in the distal part of

the nail bed. The bony margin of the distal phalanx remains unremark-
able. Video 8.15.
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distal phalanx

left hallux

Fig.8.31 (continued)
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Fig. 8.32 Telangiectatic
granuloma. (a) Clinical image
of the nail of the left big toe.
(b—d) Ultrasound images (b,
panoramic greyscale; ¢, power
Doppler; d, color Doppler,
side by side right-to-left
comparison; longitudinal
views) show ill-defined,
hypoechoic and heterogeneous
thickening of the nail bed that
involves the matrix region.
There is a loss of the
bilaminar pattern of the nail
plate and wavy shape of the
tissue on top of the nail.
Power Doppler (¢) and color
Doppler (d) show diffuse and
prominent hypervascularity in
the nail bed of the left big toe.
The bony margin of the distal
phalanx show some
irregularities in the distal part,
but the rest is unremarkable.
Videos 8.16, and 8.17.
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left hallux

\.""

M-ﬂ-’

right hallux left hallux

Fig. 8.32 (continued)
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Subungual Wart e Eccentric
e Common involvement of the hyponychium and the adja-
Definition cent nail bed. Occasionally, they can affect the lateral or
Viral infection of the nail bed by the human papilloma- proximal periungual regions and nail bed, including the
virus, which produces an inflammatory fibroepithelial matrix region
reaction. e Thickening and irregularities of the nail plate are detected
if the nail matrix region is involved.
Key Sonographic Signs * Bony margin of the distal phalanx unremarkable
e Frequently, they show as an ill-defined focal hypoechoic * Vascularity varying from hypovascular to hypervascular
thickening of the nail bed and sometimes with a fusiform with low-flow vessels in the affected region (Fig. 8.33)
shape [1,2].

Fig.8.33 Subungual wart. (a) Clinical image of the nail of the right index  involves the radial aspect of the periungual region, with focal loss of the
finger. (b, ¢) Ultrasound images (b, greyscale; ¢, color Doppler; transverse  bilaminar pattern and irregularities and hyperechoic spot of the nail plate
views) demonstrates 3.8-mm (transverse) x 2.1-mm (thickness), fusiform-  in the affected region. Color Doppler (¢) shows increased vascularity of
shaped, hypoechoic focal region (asterisk) in the nail bed, which also  the nail bed and periungual nail fold in the vicinity of the wart (asterisk).
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K

. L 0.3_8(:_m_| right index finger transverse view
2L 0.21 cm|

—_—

nail bed

distal phalanx

right index finger transverse view

Fig. 8.33 (continued)
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8.4.1.3 Cystic Subungual Conditions e Occasionally, echoes representing debris may be seen
within the cyst.

Mucous Cyst e Posterior enhancement artifact is typically seen in fluid-
filled entities.

Definition e No vascularity within the cyst (Fig. 8.34)

Cystic subungual structures produced by degeneration of © If the cyst involves the matrix region, alterations such as

collagen. upward displacement, thickening, and irregularities of the
nail plate may be detected.

Key Sonographic Signs * Bony margin of the distal phalanx unremarkable, or slight

» Anechoic, round or oval (sometimes lobulated) structure scalloping

in the nail bed * No connection to the distal interphalangeal joint [1, 2]

Fig.8.34 Mucous cyst. (a) Clinical image of the nail of the right index  region. Notice that there is no vascularity within the cyst. Upward dis-
finger. (b, ¢) Ultrasound images (b, color Doppler; ¢, 3D reconstruc-  placement, thickening, and irregularities of the nail plate are observed.
tion; longitudinal views) show an oval-shaped, anechoic structure that ~ On color Doppler (b), there is increased vascularity in the proximal nail
produces posterior acoustic reinforcement and involves the matrix  fold close to the cyst. Dip distal interphalangeal joint.
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nail bed

distal phalanx

right index finger

nail plate

nail bed cyst

“E—""d

distal phalanx dip

Fig. 8.34 (continued)
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8.4.2 Periungual Origin
8.4.2.1 Solid Tumors and Pseudotumors
Subungual Exostosis

Definition

Outgrowth of bone with or without cartilage from the distal

phalanx, which protrudes into the nail bed. The clinical

exostosis

right hallux

Fig. 8.35 Subungual exostosis. (a) Clinical image of the nail of the
right big toe. (b—e) Ultrasound images of the right big toe (b, c,
greyscale; b, side-by-side comparative right-to-left longitudinal view;
¢, transverse view; d, color Doppler, and e, 3D reconstruction, longitu-
dinal views) present an eccentric, hyperechoic irregular band (exosto-
sis) that produces posterior acoustic shadowing and protrudes to the

appearance of exostoses can easily mimic other nail condi-
tions. Commonly, it affects the big toe.

left hallux

medial aspect of the nail bed. This hyperechoic band is connected to the
bony margin of the distal phalanx and is accompanied by an upward
displacement of the nail plate as well as thickening and hypoecho-
genicity of the nail bed in its vicinity. On color Doppler (d), slight
hypervascularity in the nail bed is observed in the periphery of the
hyperechoic band. Video 8.18.
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distal phalanx

right hallux transverse view
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nail bed . & s
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exostosis

right hallux
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nail bed 3
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Fig. 8.35 (continued)
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exostosis

left hallux

Fig.8.36 Subungual exostosis. (a) Clinical image of the nail of the left  trudes into the distal part of the nail bed. This hyperechoic band is con-
big toe. (b, ¢) Ultrasound images (b, color Doppler, and ¢, 3D recon- nected to the bony margin of the distal phalanx. Color Doppler (b)
struction; longitudinal views) demonstrate a hyperechoic, irregular ~ shows a slight increase of vascularity in the periphery of the hyper-

band (exostosis) that produces posterior acoustic shadowing and pro-  echoic band.
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nail bed exostosis

. : e

d:’s?é! phalanx

left hallux

Fig. 8.36 (continued)
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nail bed g

exostosis

distal phalanx

left 5 toenail

Fig.8.37 Subungual exostosis. (a) Clinical image of the nail of the left  the periphery of the hyperechoic band are detected. These alterations
5th toe. (b, ¢) Ultrasound images (b, color Doppler, and ¢, 3D recon-  involve the matrix region. Thickening and loss of the bilaminar pattern
struction; longitudinal views) show a hyperechoic band (exostosis) that  of the nail plate are detected. Color Doppler (b) shows a slight increase
generates posterior acoustic shadowing and protrudes into the nail bed.  of vascularity in the periphery of the hyperechoic band.
Hypoechogenicity of the nail bed and a slight increase of vascularity in
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. 8.37 (continued)

proximal nail
fold nail bed

exostosis

distal phalanx

left 5 toenail

* Hypoechoic cap on top of the hyperechoic band, in the

e Hyperechoic band (exostosis) in the nail bed that pro- presence of cartilage
duces posterior acoustic shadowing (Figs. 8.35, 8.36, and ¢ Thickening and hypoechogenicity of the nail bed due to a

8.37; Video 8.18)

secondary inflammatory and scarring reaction (Figs. 8.35)

Commonly, eccentric in the nail bed e Hypovascularity or hypervascularity in the periphery of
Connection to the bony margin of the distal phalanx the hyperechoic band, depending on the degree of inflam-

(Fig. 8.36)

mation of the nail bed [1, 2, 17]
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8.4.2.2 Cystic Tumors and Pseudotumors
Synovial Cyst

Definition

Also called myxoid cysts, these are periungual cystic struc-
tures produced by the leakage of fluid and/or synovial
proliferation that comes from the distal interphalangeal joint,
commonly associated with osteoarthrosis. These cysts usu-
ally affect the proximal nail fold.

Fig. 8.38 Synovial cyst. (a) Clinical image of the nail of the left index
finger. (b—d) Ultrasound images (b, ¢, greyscale transverse views; b, At
the proximal nail bed level and ¢, at the nail bed level; d, color Doppler,
longitudinal view) present an oval-shaped, anechoic structure at the
proximal nail fold, which produces extrinsic compression of the matrix

Key Sonographic Signs

e One or more anechoic, round or oval-shaped cystic struc-
tures in the proximal nail bed

e Commonly eccentric in the proximal nail fold

* Connection to the distal interphalangeal joint through a
thin and tortuous anechoic duct

* Synovitis and osteophytes in the distal interphalangeal joint

* Extrinsic compression of the ungual matrix (Fig. 8.38
Video 8.19)

* Concavity and irregularities of the nail plate due to the
compression of the matrix region in the same axis of the
cyst[1,2, 17, 21] (Fig. 8.39).

W

region (b). Notice the concavity (arrow) of the nail plate in (c, d) sec-
ondary to the extrinsic compression of the nail matrix. On color Doppler
(d), there is a slight increase of vascularity in the distal part of the nail
bed. See video 8.19.
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Fig. 8.38 (continued)
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right little finger

phalangeal joint (dip) (arrow) and the osteophyte in this joint at the
base of the distal phalanx. Color Doppler (b) shows increased vascular-
ity in the periphery of the cyst, at the proximal nail fold.

Fig.8.39 Synovial cyst. (a) Clinical image of the nail of the right little
finger. (b) Color Doppler ultrasound image (longitudinal view) shows
an eccentric, oval-shaped, anechoic structure (cyst) at the proximal nail
fold. Notice the anechoic tract that connects the cyst to the distal inter-
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8.5 Malignant Tumors of the Nail

8.5.1 Squamous Cell Carcinoma

8.5.1.1 Definition

Malignant squamous cell proliferation, which more com-
monly affects the fingernails. In situ squamous cell carci-
noma (SCC) is called Bowen’s disease.

8.5.1.2 Key Sonographic Signs

e ll-defined hypoechoic mass

e Commonly eccentric in the nail bed

* Erosion or focal loss of the contour of the nail plate

* Erosion of the bony margin of the distal phalanx

e Hypervascularity within the mass (Fig. 8.40; Videos 8.20
and 8.21) [1, 2]

nail bed

distal pﬁalanx

left index radial aspect

Fig. 8.40 Squamous cell carcinoma. (a) Clinical image of the nail of
the left index finger. (b—d) Ultrasound images (b, greyscale; ¢, power
Doppler, longitudinal views; and d, color Doppler, transverse view)
demonstrate an ill-defined, eccentric, hypoechoic mass (asterisk) that

affects the radial aspect of the periungual region and nail bed. Notice the
erosion of the nail plate and the bony margin in contact with the mass.
Power Doppler (¢) and color Doppler (d) show prominent vascularity
within the mass, with thick and tortuous vessels. Videos 8.20 and 8.21).
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nail bed
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Fig. 8.40 (continued)
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8.5.2 Subungual Melanoma

8.5.2.1 Definition

Also called acral melanoma, this is the ungual presentation
of melanoma. It is rare, and the clinical and sonographic pre-
sentation sometimes may mimic a telangiectatic granuloma.
Fortunately, the most common form of ungual presentation
is the in situ melanoma. It should be kept in mind that ultra-
sound currently cannot detect pigments such as melanin.

-

8.5.2.2 Key Sonographic Signs

e Jll-defined hypoechoic and heterogeneous subungual
mass

e Erosion or focal loss of the contour of the nail plate
(Fig. 8.41; Videos 8.22 and 8.23)

* Erosion of the bony margin of the distal phalanx

e Hypervascularity within the mass or in the same axis as
an ungual hyperpigmentation [1, 2, 15, 22].

melanoma

T

distal phalanx

left thumb longitudinal view

Fig. 8.41 Subungual melanoma. (a) Clinical image of the nail of the
left thumb. (b-d) Ultrasound images (b, greyscale; ¢, power Doppler,
longitudinal views; d, color Doppler, transverse view) demonstrate 5.2-
mm (transverse) X 4.9-mm (thickness), ill-defined, hypoechoic and het-
erogeneous mass that affects the central part of the nail bed. Notice the

loss of definition and focal upward displacement of the nail plate. No
sonographic alterations are detected in the bony margin of the distal
phalanx. Power Doppler (¢) and color Doppler (d) show hypervascular-
ity within the mass, with thick and tortuous vessels.
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2L 0.49 cm

Fig. 8.41 (continued)
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Video 8.1 Onychocryptosis (grey scale; transverse view) (see Fig. 8.2)

Video 8.2 Onychocryptosis (color Doppler, transverse view) (see
Fig. 8.2)

Video 8.3 Retronychia (color Doppler, longitudinal view) (see Fig. 8.5)

Video 8.4 Cystic fibrosis (power Doppler, longitudinal view) (see
Fig. 8.8)

Video 8.5 Nail psoriasis (power Doppler, longitudinal view) (see
Fig. 8.12)

Video 8.6 Fluid collection (see Fig. 8.16)

Video 8.7 Glomus tumor (proximal location) (power Doppler, longitu-
dinal view) (see Fig. 8.18)

Video 8.8 Glomus tumor (proximal location) (echoangiogram, longi-
tudinal view) (see Fig. 8.18)

Video 8.9 Glomus tumor (proximal location) (color Doppler, longitu-
dinal view) (see Fig. 8.19)

Video 8.10 Glomus tumor (proximal location) (echoangiogram, longi-
tudinal view) (see Fig. 8.19)

Video 8.11 Glomus tumor (proximal location) (echoangiogram, longi-
tudinal view) (see Fig. 8.20)

Video 8.12 Glomus tumor (distal location) (echoangiogram, longitudi-
nal view) (see Fig. 8.22)

Video 8.13 Onychomatricoma (grey scale longitudinal view) (see
Fig. 8.25)

Video 8.14 Onychomatricoma (power Doppler, longitudinal view) (see
Fig. 8.27)

Video 8.15 Telangiectatic Granuloma (echoangiogram, longitudinal
view) (see Fig. 8.31)

Video 8.16 Telangiectatic granuloma (color Doppler, longitudinal
view) (see Fig. 8.32)

Video 8.17 Telangiectatic granuloma (echoangiogram, longitudinal
view) (see Fig. 8.32)

Video 8.18 Subungual exostosis (power Doppler, longitudinal view)
(see Fig. 8.35)

Video 8.19 Synovial cyst (power Doppler, longitudinal view) (see
Fig. 8.38)

Video 8.20 Squamous cell carcinoma (grey scale, transverse view) (see
Fig. 8.40)

Video 8.21 Squamous cell carcinoma (echoangiogram, transverse
view) (see Fig. 8.40)

Video 8.22 Melanoma (color Doppler, longitudinal view) (see
Fig. 8.41)

Video 8.23 Melanoma (echoangiogram, longitudinal view) (see
Fig. 8.41)
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9.1 Fluid Collections
9.1.1 Hematomas and Seromas

9.1.1.1 Definitions
In simple terms [1, 2]:

e Hematoma: Localized collection of blood in the tissues

e Seroma: Also called lymphocele, this is a localized collec-
tion of serous or lymphatic fluid in the tissues

e Serohematoma: Fluid collection that contains hematic
and serous components
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9.1.1.2 Key Sonographic Signs
e Hematomas
— These appear as oval-shaped pockets of fluid with

irregular borders. Their appearance can vary according
to the phase of the hematoma. In the early phase, fresh
blood may appear hyperechoic. Later, the fluid collec-
tion becomes anechoic, hypoechoic or presents a
mixed hypoechoic-anechoic appearance, sometimes
with some septa due to the presence of fibrinous com-
ponents. During the regression period, hematomas
tend to show mixed (anechoic-hypoechoic) or
hypoechoic appearance (Fig. 9.1).

Commonly, hematomas affect the hypodermis; there-
fore, increased echogenicity in the periphery of the
hematoma may be detected.

— On color Doppler, increased vascularity can be

detected in the periphery of the collection.
Hematomas tend to decrease in diameter over a short
period of time, usually days.

Depending on their location, content, and phase, they
tend to be compressible with the probe. Organized or
hematomas in late-regression phase can have little or
no compressibility because of the presence of fibrous
components and scarring.

Seromas
— They show as anechoic oval-shaped or anfractuous

pockets, band-like or thin laminar fluid collections,
usually compressible with the probe.

— These fluid collections decrease in diameter very

slowly and may last for several months or even years.

hematoma

Fig. 9.1 Hematoma (anterior
aspect right leg). Ultrasound
longitudinal views (a, Greyscale
with color filter; b, color
Doppler demonstrate an
oval-shaped anechoic fluid
collection in the hypodermis
with slightly irregular borders
and some inner hyperechoic
septa. Increased echogenicity of
the surrounding hypodermis is
detected. Notice the posterior
acoustic reinforcement artifact
due to the presence of fluid.
Color Doppler shows increased 2 =

vascularity in the periphery of anterior aspect right leg longitudinal view
the collection.

hematoma
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9.1.1.3 Tip

Hematomas and seromas usually do not show internal vascu-
larity. If you detect vessels within a fluid collection, the pres-
ence of a tumor with hemorrhage and necrosis should be
ruled out [1, 3].

9.1.2 Abscess

9.1.2.1 Definition
Localized fluid collection with purulent or infected material
surrounded by inflammatory components in the tissues

9.1.2.2 Key Sonographic Signs
e Abscesses tend to appear as mixed echogenicity (anechoic
and hypoechoic) fluid collections with irregular borders.

Fig. 9.2 Abscess. (a) Clinical image of the
right mandibular region. (b, ¢) Ultrasound (b,
greyscale and ¢, color Doppler; longitudinal
views, right mandibular region) shows a
hypoechoic hypodermal fluid collection with
irregular borders and inner echoes. There is
increased echogenicity of the surrounding
hypodermis, as well as thickening and
decreased echogenicity of the dermis. Notice
the slight acoustic reinforcement artifact
beneath the collection. On color Doppler, ¥

there is dermal and hypodermal increased 1L 1.92cm
vascularity in the periphery of the abscess.

Seevideo ot 2L 1.91 cm

Commonly, they show prominent inner echoes due to
debris and hyperechoic fibrinous septa.

There is increase echogenicity of the hypodermis and
decreased echogenicity of the dermis in the periphery of
the fluid collection (Fig. 9.2; Video 9.1).

Color Doppler shows increased vascularity in the periph-
ery of the abscess.

These fluid collections may develop a draining,
hypoechoic fistulous tract to the superficial tissues, which
may displace upward or disrupt the epidermis.
Occasionally, they can connect with deeper layers such as
the fascia or the muscles.

Ultrasound can support the monitoring of treatment and
guide the percutaneous drainage of these collections [,
4-7].

bony margin mandible

right mandibular region longitudinal view
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right mandibular region longitudinal view

Fig. 9.2 (continued)
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9.2 Edema/Lymphedema  Lymphedema
— Usually affects all the skin layers and appears as a
9.2.1 Definition thickening of the epidermis, dermis, and hypodermis
with decreased echogenicity of the dermis and
 Edema: Swelling of the tissues due to an accumulation of increased echogenicity of the hypodermis (Fig. 9.4).
fluid. In the soft tissues, edema can be caused by a failure — In some cases, lymphedema can appear as blurriness
of the venous and/or lymphatic systems to remove an or a slightly hyperechoic and heterogeneous echo-
excess of fluid. genicity of the hypodermis.
e Lymphedema: Swelling of the tissues due to failure of — Additionally, compressible anechoic or hypoechoic
drainage of the lymphatic fluid fluid with internal echoes may be detected between the

fatty lobules of the hypodermis [1, 8].

9.2.2 Key Sonographic Signs

* Edema
— Decreased echogenicity of the dermis and increased
echogenicity of the hypodermis
— Anechoic bands of compressible fluid between the
fatty lobules of the hypodermis may be detected in
more severe stages (Fig. 9.3).
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Fig. 9.3 Grading of edema in
the skin layers. Notice the
increase of anechoic fluid
between the fatty lobules of the
hypodermis.

degree of edema
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Fig.9.4 Lymphedema. (a, b) Ultrasound (greyscale) shows thickening  that the fluid between the fatty lobules may present higher echogenicity
of the epidermis, dermis, and hypodermis. There is hypoechogenicity  than with plain edema.
of the dermis and hyperechogenicity of the hypodermis. In (a) notice
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9.3 Panniculitis
9.3.1 Definition

Inflammation of the hypodermis. Usually, it affects both the
fatty lobules and septa, but one component is often predomi-
nant. According to the predominant involvement, panniculi-
tis can be classified as septal, lobular, or mixed [1, 9-12]
(Fig. 9.5). The discrimination of the main type (septal or
lobular) may support the diagnosis, but sometimes the same
patient may present several lesions with different types of
panniculitis, making this discrimination difficult. In addi-
tion, vasculitis is not always detected, because of the small
size of the affected vessels. Nevertheless, hypoechoic inflam-
matory tissue and/or increased echogenicity of the hypoder-
mal fat surrounding medium-size or large vessels may be
seen on ultrasound. Table 9.1 lists the most common condi-
tions associated with each type of panniculitis.

Fig. 9.5 Key sonographic signs of lobular, mixed, and septal
panniculitis.
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Table 9.1 Conditions most commonly associated with panniculitis

Predominantly lobular [10]

Predominantly septal [9]

With vasculitis

With vasculitis

Erythema induratum of Bazin

Leukocytoclastic vasculitis

Neutrophilic lobular (pustular) panniculitis

Superficial thrombophlebitis

Crohn’s disease

Polyarteritis nodosa

Erythema nodosum leprosum

Without vasculitis

Without vasculitis

Sclerosing panniculitis

Erythema nodosum

Calciphylaxis

Necrobiosis lipoidica

Sclerema neonatorum

Granulomma annulare

Cold panniculitis

Morphea/scleroderma

Lupus erythematosus profundus

Rheumatoid nodule

Dermatomyositis

Necrobiotic xanthogranuloma

Pancreatic panniculitis

ol-Antitrypsin deficiency

Infective panniculitis

Factitial panniculitis

Sarcoidosis

Trauma

Lipoatrophy

Fat necrosis of the newborn

Poststeroid panniculitis

Gout

Crystal-storing histiocytosis

Cytophagic histiocytic panniculitis

Postirradiation pseudosclerodermatous panniculitis
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9.3.2 Key Sonographic Signs — Thickening and hypoechogenicity of the septa between
the fatty lobules (Figs. 9.10 and 9.11) that may show
low compressibility with the probe.

The signs that could indicate a mostly lobular, septal or — This sonographic appearance has been named “cobble-
mixed panniculitis are the following (Figs. 9.6-9.11). stone” pattern.
*  Mostly lobular — On color Doppler, they may show hypo or hypervascu-
— Increased echogenicity of the hypodermis with a dif- larity [1, 11]
fuse and bright pattern (Figs. 9.6, 9.7, 9.8, and 9.9) e Mixed
— This appearance has been named “foggy” pattern — Present an intermediate pattern with increased echo-
— Color Doppler may show hypovascularity or hypervas- genicity of the fatty lobules and some areas with
cularity [1, 11]. hypoechoic prominent septa (Fig. 9.9)

e Mostly septal
— Prominent hypodermal fatty lobules that show
increased echogenicity

Fig. 9.6 Mostly lobular panniculitis. Fat necrosis of the newborn. (a)  genicity of the hypodermis (asterisks). On color Doppler, there is
Clinical image. (b, ¢) Ultrasound (longitudinal views, dorsolumbar increased dermal and hypodermal vascularity. Notice the “foggy” pat-
region; b, greyscale; ¢, color Doppler) shows a diffuse hyperecho-  tern of the fatty tissue.
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anterior aspect right leg proximal part longitudinal view

Fig. 9.7 Mostly lobular panniculitis. Fat necrosis secondary to increased echogenicity of the hypodermis. Notice the well-defined,
trauma in the anterior aspect of the right knee (infrapatellar region). — anechoic pseudocystic structures (asterisks) that correspond to sites
(a) Clinical image. (b) Greyscale, and (¢) color Doppler ultrasound  of liquefaction of the fat. On color Doppler, there is increased echo-
(anterior aspect of the right leg; longitudinal view) demonstrate  genicity of the hypodermis.
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anterior aspect right leg longitudinal view

Fig. 9.7 (continued)
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muscle

right thigh distal part transverse view

Fig. 9.8 Late calcification of fat necrosis site (mostly lobular pan-
niculitis). (a) Clinical image shows areas of retraction of the skin in
the lateral aspect of the right thigh. (b) Ultrasound (transverse view;
distal and lateral aspect of the right thigh) demonstrates two hyper-
echoic hypodermal nodules (asterisks) with strong posterior acous-

tic shadowing artifact due to the presence of calcium. The sites of
focal liquefaction of the fatty tissue may develop an “egg-shell”
type of calcification. Notice the slight retraction of the epidermis
and the dermal thinning on top of the calcified nodules, a result of
scarring.
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Fig. 9.9 Mixed panniculitis
(infectious). (a) Clinical
photograph. (b) Ultrasound
(middle third of the left calf)
shows increased echogenicity of
the hypodermis with some areas
with hypoechoic and thick
septa. (¢) Color Doppler
presents increased dermal and
hypodermal vascularity.
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Fig.9.10 Mostly septal panniculitis. Erythema nodosum. (a) Clinical ~ (asterisks) in the hypodermis. The dermis on top of this site shows
image. (b, ¢) Ultrasound (upper and anteromedial aspect of the right  decreased echogenicity. Color Doppler shows dermal and hypodermal
leg; transverse views; (b) greyscale, and (¢) color Doppler). There are  hypervascularity.

prominent hyperechoic fatty lobules (0) and hypoechoic and thick septa
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right distal forearm ulnar aspect longitudinal view

Fig. 9.11 Mostly septal panniculitis (granulomatous origin). (a) lobules surrounded by hypoechoic and thick septa in the hypodermis
Clinical site of the lesion in the distal and ulnar aspect of the right fore-  (asterisk). (d) MRI (T1-weighted with gadolinium and fat suppression)
arm. (b, ¢) Ultrasound (longitudinal views; (b) greyscale, and (c) pan-  shows hypodermal hyperintensity in the affected region (arrow), but it
oramic greyscale with color filter) demonstrates prominent hyperechoic  is not possible to discriminate the predominant type of panniculitis.
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Fig.9.11 (continued)
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9.4  Cutaneous Lupus
9.4.1 Definition

Autoimmune inflammatory disease that may be classified
into acute, subacute, or chronic types. It can be a cutaneous
manifestation of systemic erythematous lupus, or it may pre-
cede systemic involvement. Chronic cutaneous lupus
erythematosus includes several subtypes, including discoid
lupus erythematosus, lupus erythematosus profundus, chil-
blain cutaneous lupus, and lupus tumidus.

9.4.2 Key Sonographic Signs

* In the active phase, cutaneous lupus tends to show thick-
ening and hypoechogenicity of the dermis and increased
echogenicity of the upper hypodermis. The dermal affec-
tion frequently presents a fusiform or plateau shape
(Fig. 9.12). The most commonly affected region is the
face, particularly the malar or cheek regions. On color
Doppler, a variable degree of lesional blood flow may be
seen that could vary from hyper to hypovascularity
according to the level of activity.

e Chronic forms of cutaneous lupus such as discoid lupus

present atrophy of the cutaneous layers and
hypovascularity.

Lupus can show a prominent and deep, mostly lobular
type of panniculitis, also called lupus erythematous pro-
fundus (Fig. 9.13) or lupus panniculitis. This type of
involvement is more commonly seen as a cutaneous man-
ifestation of the systemic form of involvement. On ultra-
sound, this type of lupus may show a mixed pattern of
panniculitis, with some areas with mostly lobular involve-
ment that show diffuse thickening and hyperechogenicity
of the hypodermis (“foggy” pattern). Other sites may
present a mixed panniculitis or mostly septal involvement
with prominent thickening and hypoechogenicity of the
hypodermal septa (“cobblestone” pattern). On color
Doppler, this type of involvement can present dermal and/
or hypodermal hypovascularity or hypervascularity
according to the level of activity of the disease.

Lupus patients may show thinning and beading of the
lumen of the arteries due to autoimmune inflammation
and endothelial damage, which can cause Raynaud’s phe-
nomenon and ischemia with partial or total occlusion of
vessels, which is most commonly seen in the arteries of
the fingers [1, 13, 14].

Fig. 9.12 Cutaneous lupus. Active phase. (a) Clinical photograph of
the right malar region. (b, ¢) Ultrasound (right malar region; transverse
view; (b) greyscale, and (c¢) color Doppler) shows focal thickening and
hypoechogenicity of the dermis (asterisk) with a plateau shape.

Increased echogenicity of the upper hypodermis with a “foggy pattern”
is also detected. Color Doppler shows prominent vascularity in the der-
mis and hypodermis.
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right cheek longitudinal view

right cheek transverse view

Fig.9.12 (continued)
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left cheek transverse view

Fig. 9.13 Lupus profundus. (a) Clinical photograph. (b) Ultrasound  (“foggy” pattern) in the hypodermis (asterisk) at the lower part of the
(greyscale with color filter; left cheek; transverse view) shows a mostly  cheek. There is also thickening and decreased echogenicity of the der-
septal type of panniculitis (“cobblestone” pattern) in the hypodermis of ~ mis in this area. Notice the slight hypervascularity in the border of the
the left upper cheek (asterisk). (¢) Color Doppler (left mandibular ~ dermis and hypodermis.

region; transverse view) demonstrates a mostly lobular panniculitis
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left mandible region transverse view

Fig.9.13 (continued)
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9.5 Dermatomyositis

9.5.1 Definition

Autoimmune inflammatory disease that mainly affects the
skin and the skeletal muscles and lungs

Fig. 9.14 Dermatomyositis. (a) Clinical photograph. (b) Color side comparison of the sternocleidomastoid muscles) demonstrates
Doppler ultrasound (left cheek; longitudinal view) shows Increased —increased echogenicity with some hyperechoic areas in the left sterno-
echogenicity and thickening of the hypodermis (mostly lobular pan-  cleidomastoid muscle. (d) Color Doppler ultrasound (side-by-side
niculitis), thickening and hypoechogenicity of the dermis, and increased ~ comparison; transverse views of sternocleidomastoid muscles) shows
dermal and hypodermal vascularity. (¢) Ultrasound (greyscale; side-by-  increased vascularity within the left sternocleidomastoid muscle.
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sternocleidomastoid muscle

sternocleidomastoid muscle

Fig.9.14 (continued)
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9.5.2 Key Sonographic Signs » Hyperechoic hypodermal calcium deposits with posterior
acoustic shadowing, also called calcinosis, can be
¢ Increased echogenicity of the hypodermis (mostly lobular detected. These deposits can appear isolated or can
pattern of panniculitis) present as large, plaque-like deposits that cover wide
¢ Increased echogenicity of the muscles, which could show areas (Fig. 9.15).
patchy, partial, or diffuse types of intramuscular involve- ¢ On color Doppler, the vascularity of the hypodermis and
ment (Fig. 9.14) muscles can vary from hypovascularity to hypervascular-

ity according to the level of activity and type of involve-
ment of the disease [1, 15].

dermis

——— e — L

R e R ST

hypodermis

< &=
*

left arm longitudinal view inner aspect

Fig. 9.15 Calcinosis in dermatomyositis. (a) Clinical image. (b) view) shows hyperechoic calcified hypodermal plaque (asterisks),
Ultrasound (greyscale; anteromedial aspect of the left arm; longitudinal ~ which generates strong posterior acoustic shadowing artifact (0).
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9.6 Morphea

9.6.1 Definition

Localized cutaneous form of scleroderma [16, 17]. Morphea
is an autoimmune inflammatory disease of the connective
tissue characterized by the overproduction of collagen. It has
different phases, beginning with an inflammatory active
stage and ending with an atrophic, usually hyperpigmented
phase. There are several types and subtypes [18, 19]
(Table 9.2). Ultrasound has been proved useful for showing
the actual extent and activity of the disease, which can vary
from an inflammatory, active phase to an atrophic, inactive
phase [1, 20-25].

9.6.2 Relevant Sonographic Concepts
in Morphea

» Different lesions can show asynchronous activity in the
same patient, with some active and others inactive.

Table 9.2 Types and subtypes of morphea [18, 19]

* A single plaque may show asynchronous areas of activity,
such as an atrophic and inactive area in the center and
active areas at the borders.

e The presence of clinical atrophy does not mean inactivity;
sonographic signs of activity may be detected in these
lesions.

* The sonographic alterations of morphea should not be
confused with the presence of decreased echogenicity of
the skin produced by photoaging. The latter condition
generates a hypoechoic band in the upper dermis called
SLEB (subepidermal low echogenic band) in the corporal
regions with skin exposed to the sun. In contrast with
morphea, photoaging affects the superficial part of the
dermis and there are no significant changes of the dermal
thickness

Clinical types

\ Subtypes

| Variants

More frequent

Localized or circumscribed plaque-like

Superficial

Deep Subcutaneous

Eosinophilic fasciitis (ie, fascial
involvement)

Generalized (>2 anatomical regions)

Linear

Head/neck “En coup du sabre” (usually face and scalp)

Trunk/limbs

Pansclerotic

Mixed

Less frequent

Superficial plaque-like

Guttate morphea

Atrophoderma of Pasini and Pierini

Lichen sclerosus et atrophicus

Keloid morphea (nodular morphea)

Localized

Progressive facial hemiatrophy (Parry-Romberg syndrome)

Generalized

Bullous morphea
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— In atrophic stages, decreased thickness and increased
echogenicity of the dermis can be seen, as well as
o Activity signs (inflammatory signs) decreased thickness or lack of fatty hypodermal tissue
— Blurriness of the dermal-hypodermal border (Fig. 9.16) (Figs. 9.20 and 9.21). Color Doppler can show dermal
— Areas of increased echogenicity in the hypodermis and/or hypodermal hypovascularity in atrophic

9.6.3 Key Sonographic Signs

(Figs. 9.17, 9.18); these can show a localized, patchy,
or diffuse pattern.

— On color Doppler, increased dermal and/or hypoder-

mal vascularity (Fig. 9.19)

phases.

Involvement of the fascia may appear as blurriness
or thickening and decreased echogenicity of the fas-
cial layer. These findings frequently occur concomi-

tantly with increased echogenicity of the adjacent
hypodermis.

e Other morphea sonographic signs
— Thickening and decreased echogenicity of the dermis.

The alteration of the dermal echogenicity is usually
not used for tracking activity because these alterations
may be less specific and can be caused by other dermal
inflammatory conditions.

In presence of prominent hypodermal involvement, the
sonographic signs of panniculitis can vary from mostly

Occasionally, the involvement of the underlying mus-
cles is detected, which can appear as localized, patchy,
or diffuse areas of increased echogenicity of the
muscle(s) sometimes with increased vascularity
(Fig. 9.18). The presence of inflammatory muscular
signs may indicate a more severe form or a mixed

lobular to mostly septal. connective tissue disease.

blurriness of the dermal-hypodermal border

— — — —

increased echogenicity of the hypodermis-

= : hyPervascularity

g
-
-

signs of activity in morphea

Fig.9.16 Sonographic signs of activity in morphea.
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Fig. 9.17 Active morphea. (a) Clinical image. (b) Ultrasound (com-
parative side-by-side greyscale; right, lesional; left, normal; transverse
views, dorsal region) shows blurriness of the dermal-hypodermal bor-
der (arrowhead) and a focal site with increased echogenicity of the

hypodermis (asterisk). Notice the increased dermal thickening of the
lesional site in comparison with the normal skin (vertical white bands).
(¢) Color Doppler demonstrates dermal and hypodermal hypervascular-
ity in the lesional site.
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dermis

hypodermis

S

 —

muscle

anterior aspect left leg transverse view

hypodermal vascularity. The dermis shows decreased echogenicity and
there is blurriness of the fascial layer (arrow pointing down) and
increased echogenicity of the muscle.

Fig. 9.18 Active deep morphea. (a) Clinical photograph. (b) Color
Doppler ultrasound (transverse view; anterior aspect of the left leg)
shows blurriness of the dermal-hypodermal border (arrow pointing up),
increased echogenicity of the hypodermis, and increased dermal and
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Asynchronic Activity of the Plaques in Morphea

DEREBR TR DERBR TR

Right arm : Inactive

oL | DER CODO POST TR DER CODO POST TR

h L 0.16 cm

Right elbow : Active

Fig. 9.19 Asynchronicity of activity in different morphea plaques in  strates an active lesion that presents hypervascularity within a focal site
the same patient. The right arm shows an inactive lesion with thicken-  of thickening and decreased echogenicity of the dermis.
ing and decreased echogenicity of the dermis. The right elbow demon-
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dermis

hypoedermis

hypodermis

left dorsum lesional right dorsum

Fig.9.20 Inactive atrophic morphea. (a) Clinical image. (b) Ultrasound  the dermal-hypodermal border is well defined in the lesion area. On
(greyscale; comparative side-by-side transverse views of the dorsal  color Doppler (not shown) there were no signs of hypervascularity
region; left, lesional; right, normal) demonstrates decreased thickness ~ within the lesion.

and increased echogenicity of the dermis at the lesional site. Notice that
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right nasofold line left nasofold line

Fig. 9.21 Morphea with progressive facial hemiatrophy (Parry- decreased thickening of the dermis and hypodermis in the lesional side.
Romberg syndrome). (a) Clinical photograph of a patient that present  (¢) Color Doppler ultrasound of the parotid region (side-by-side com-
involvement of the right side of the face. (b) Ultrasound (greyscale;  parison, longitudinal views) demonstrates increased vascularity, slightly
comparative side-by-side transverse views at the nasofold lines) shows  decreased echogenicity and reduced size of the right parotid gland.
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right parotid gland left parotid gland

Fig.9.21 (continued)

9.6.4 Recommendations on How to Scan the presence of colors on the screen that are due to move-
Morphea Patients ments of the patient (for example, breathing or crying)
e Compare the lesional site(s) with the perilesional and/or
e Perform a sonographic sweep of the lesion(s), including the contralateral region(s).
center and the borders in at least two perpendicular axes. ¢ Check the echostructure of the skin and deeper layers
e Use greyscale and color Doppler; then confirm the presence such as the fascia and muscles.

of vessels with spectral curve analysis, which can rule out
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9.7 Psoriasis

9.7.1 Definition

Autoimmune inflammatory disease that affects the skin with
erythematous, scaly plaques. This disease also can affect the
nails, tendons, joints and bony margins [1, 26, 27].

9.7.2 Key Sonographic Signs

The disease can appear in an isolated site, or a patient may
show varying degrees of involvement in different areas. The
main ultrasound findings can be separated according to the
various targets of the disease (Figs. 9.22, 9.23, 9.24, 9.25,
9.26, and 9.27) [1, 26-42]:

e Skin
— Thickening of the epidermis
— Thickening and decreased echogenicity of the dermis
— Increased dermal vascularity (active phase)

Fig. 9.22 Active psoriasis with skin, tendon, and bone involvement.
(a) Clinical image. (b) Color Doppler ultrasound (transverse view,
proximal part of the left forearm) shows epidermal and dermal thicken-
ing with dermal hypoechogenicity and hypervascularity. (¢) Ultrasound

* Nail (See also Chapter 8)
— Thickening of the nail bed
— Loss of definition of the ventral plate
— Focal hyperechoic deposits in the ventral plate
— Thickening and undulation of the dorsal and ventral
plates
— Increased vascularity in the nail bed (active phase)
e Tendon
— Thickening and/or decreased echogenicity
e Joint
— Synovial anechoic fluid of variable degrees upon activ-
ity which is more commonly seen (but not limited) in
the wrist, hand [metacarpophalangeal joints], knee,
and foot (metatarsophalangeal joints)
— Synovial hypertrophy which is more frequently
detected (but not limited) in the wrist and the knee)
— Intra-articular and/or peri-articular increased vascular-
ity upon activity
* Bone
— Erosion of the bony margin
— Proliferation of the bony margin

psoriatic plague

(greyscale; longitudinal view; posterior aspect of the left elbow) dem-
onstrates slightly decreased hypoechogenicity of the distal insertion of
the triceps tendon and erosions (arrowheads) at the bony margin of the
olecranon.
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olecranon

posterior aspect left elbow longitudinal view
.". .'
1L 0.22cm

Fig.9.22 (continued)

epidermis

right flank transverse view

Fig. 9.23 Active psoriatic plaque. Color Doppler ultrasound (right flank; transverse view) demonstrates epidermal and dermal thickening with
dermal hypoechogenicity (asterisks) and hypervascularity at the plaque.
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focal hyperechoic deposits ventral plate

nail psoriasis activity

Fig. 9.25 Color Doppler ultrasound grading of activity in nail
psoriasis.

undulation, blurriness and thickening of
both plates

prominent thickening of both plates

nail psoriasis signs

Fig.9.24 Ultrasonographic signs of nail psoriasis.
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right little finger left index finger left little finger

Fig.9.26 Clinical and ultrasonographic correlation in active nail psoriasis. On top, the clinical images, and at the bottom, the greyscale and color
Doppler ultrasound of the same fingers. Notice the presence of variable degrees of psoriasis severity in the different fingers.
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distal phalanx

middle phalanx

right ring finger longitudinal view

Fig. 9.27 Psoriasis with skin, tendon, joint and nail involvement. (a)
Clinical photograph of a “sausage” ring finger in a 7-year-old child with
cutaneous psoriasis. (b) Power Doppler ultrasound demonstrates thick-
ening of the epidermis and dermis with decreased dermal echogenicity
and dermal hypervascularity at the cutaneous plaque site in the periun-
gual region. Notice the presence of anechoic fluid (asterisk) suggestive

of synovitis in the distal interphalangeal joint (dip) with increased peri-
articular vascularity. There is also decreased echogenicity of the distal
insertion of the lateral bands of the extensor tendon, as well as thicken-
ing of the nail bed and nail plate with increased vascularity in the nail
bed.
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9.8 Acne

9.8.1 Definition

Inflammatory cutaneous disease that affects the piloseba-
ceous unit with sebum, bacterial, and cornification unbal-
anced production. It is more common in adolescents and
young adults [43, 44]. Acne can be scored on sonography by
using a sonographic scoring called SOS-Acne that is shown
in Table 9.3 [45].

9.8.2 Synonym

Acne vulgaris

Table 9.3 SOS-acne classification of severity

Severity Number of lesions

Mild <5 pseudocysts and without fistulae
Moderate 5-9 pseudocysts and without fistulae
Severe >10 pseudocysts and/or fistulae

Adapted from Wortsman et al. [45]

9.8.3 Key Sonographic Signs

e Dilatation of the hair follicles

e Thickening and decreased echogenicity of the dermis

e Dermal and/or hypodermal oval or round-shaped hypoechoic
pseudocystic structures of variable size (Fig. 9.28; Video 9.2)

e Hypoechoic dermal and/or hypodermal band-like fistu-
lous tracts

¢ Increased dermal vascularity upon activity

* Calcinosis: hyperechoic focal dermal spots that may or
may not produce posterior acoustic shadowing (according
to the size of the calcium deposits)

e Scarring: hypoechoic focal sites or hypoechoic bands
with a fibrillar pattern in the dermis, which may cause
varying degrees of epidermal retraction [46]
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Fig. 9.28 Acne. (a) Clinical image. (b) Greyscale (longitudinal view;
right mandibular region) shows three oval-shaped, hypoechoic struc-
tures (asterisks) suggestive of pseudocysts; the larger pseudocyst is
located in the dermis and upper hypodermis; the two smaller pseudo-
cysts present a dermal location. (¢) Ultrasound (greyscale, longitudinal
view; right mandibular region) shows a hypoechoic, band-like dermal

structure (asterisks) compatible with a remnant fistula in the dermis and
upper hypodermis. Notice the fibrillar pattern suggestive of prominent
scarring in the periphery of the fistula. (d) Power Doppler ultrasound
(transverse view; right mandibular region) demonstrates increased vas-
cularity in the periphery of a dermal and upper hypodermal hypoechoic
pseudocystic structure (asterisks). See Video 9.2.
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dermis

-

right submandibular region

Fig.9.28 (continued)
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9.9 Hidradenitis Suppurativa

9.9.1 Definition

Chronic inflammatory disease that affects the terminal folli-
cle and presents with recurrent nodules and abscesses, usu-
ally in the intertriginous region [47, 48]. The most common
sites of clinical involvement of hidradenitis suppurativa (HS)
are the axillary and perineal regions, but other regions that
can be involved include the proximal and internal aspect of
the arms, the posterior neck, the groin and pubic areas, the
genitals (scrotum, labia majora), the proximal and internal
aspect of the thighs, the mammary region, and gluteal region
(intergluteal, infragluteal) [47—49].

9.9.2 Synonyms

Acne inversa, Verneuil’s disease

9.9.3 C(lassification and Staging

The most commonly used clinical scoring of HS severity is
Hurley’s classification [50]. This staging system is as
follows:

Table 9.4 Sonographic Scoring of Hidradenitis Suppurativa (SOS-HS)

e Stage I: Solitary or multiple abscesses without fistulous
tracts or scarring

e Stage II: Recurrence of single or multiple abscesses, with
fistulous tract and scarring in widely separated lessions

e Stage III: Multiple abscesses interconnected with fistu-
lous tracts running across an area entirely affected.

Ultrasound has proved useful for characterizing the sub-
clinical anatomical abnormalities [51-59], providing sono-
graphic diagnostic criteria and the possibility of staging the
disease through the sonographic scoring called SOS-HS
[57] (Table 9.4). This can be done through an assessment of
the real extent, severity, and activity of the disease in adults
and children (usually pre-adolescent) [57-65]. Frequently,
there are subclinical sonographic alterations that can easily
be missed by the clinical examination, including fluid col-
lections and fistulous tracts that can influence the degree of
severity of the disease [1, 55-65]. In addition, retained frag-
ments of hair tracts within the lesions may contribute to the
generation and perpetuation of the inflammatory process
[59]. Fistulous tracts can be classified according to the
degree of fibrosis and edema [62] (Tables 9.5 and 9.6).
Therefore, color Doppler ultrasound examinations are
strongly recommended to support the diagnosis, staging,
and monitoring of HS.

Stage Sonographic signs

Stage 1 Single fluid collection and/or dermal changes affecting a single body segment (either one side or bilateral), without
fistulous tracts

Stage II Two to four fluid collections and/or a single fistulous tract with dermal changes, affecting up to two body segments
(either one side or bilateral)

Stage IIT Five or more fluid collections and/or two or more fistulous tracts with dermal changes, and/or involvement of three or
more body segments (either one side or bilateral)

Adapted from Wortsman et al. [57]; with permission of Dermatologic Surgery

Table 9.5 Grading of fibrosis and edema of fistulous tracts in hidradenitis suppurativa

Grade \ Sonographic signs

Grading of fibrosis

0 Absent

1 Thin peripheral hypoechoic band (intermittent or continuous) with a fibrillar pattern

2 Thick and continuous peripheral hypoechoic band with a fibrillar pattern that invades the lumen of the tract and produces a
hypoechoic “halo” sign in transverse view (intermittent or continuous)

Grading of edema

0 Absent

1 Diffuse increase of the echogenicity of the hypodermis

2 Prominent hyperechoic hypodermal fatty lobules, with anechoic fluid between the fatty lobules

Adapted from Wortsman et al. [62]; with permission from Elsevier

Table 9.6 Types of fistulous tracts in hidradenitis suppurativa

Grade Types of fistulous tracts according to grading of fibrosis and edema
1 Low fibrotic scarring (grades 0—1) with high or low edema (grades 0-2)
2 High fibrotic scarring (grade 2) with low edema (grades 0-1)

3 High fibrotic scarring (grade 2) with high edema (grade 2)

Adapted from Wortsman et al. [62]; with permission from Elsevier
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9.9.4 Key Sonographic Signs *  On color Doppler, increased vascularity in the periphery

and Sonographic Diagnostic Criteria of the key lesions ( pseudocysts, fluid collections, and fis-

tulous tracts) is commonly detected and can show periph-

The key sonographic signs of HS are (Figs. 9.29, 9.30, 9.31, eral, inner, or mixed patterns. The presence of inner

9.32,9.33,9.34, and 9.35; Video 9.3): vascularity is commonly due to prominent fibrinous and

inflammatory tissue within the lesions. The hypervascu-

* Widening of the hair follicles larity is “per se” a sign of inflammation; therefore, it
¢ Thickening and/or abnormal echogenicity of the dermis means that the disease is active ).

e Dermal pseudocystic nodules (i.e., round or oval-shaped
hypoechoic or anechoic nodular structures) The sonographic diagnostic criteria of hidradenitis sup-

e Fluid collections (i.e., anechoic or hypoechoic sac-like purativa are the presence of three or more of the first five key
fluid deposits in the dermis and/or hypodermis connected —sonographic signs listed above [57].
to the base of widened hair follicles) Since ultrasound detects subclinical abnormalities in HS
* Fistulous tracts (i.e., anechoic or hypoechoic band-like  (Fig. 9.36), it is not uncommon to find discordance between
structures across skin layers in the dermis and/or hypo- the clinical and sonographic scorings (Fig. 9.37) [57, 60].
dermis connected to the base of widened hair follicles)

normal hair follicles hidradenitis hair follicles

Fig. 9.29 Hidradenitis suppurativa (HS). Widening of the hair follicles. Ultrasound (greyscale; axillary regions) comparative views of normal
versus HS hair follicles.
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Fig.9.30 3D ultrasound grading of the
widening of the hair follicles in HS. On
top, low widening; at the bottom, high
widening. Notice that the base of the
hair follicles is wider than the most
superficial part, which has been named
the “champagne bottle” sign.

3D hidradenitis hair follicles
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Fig.9.31 Retained fragments of hairs in HS lesions. Notice the hyperechoic linear structures suggestive of fragments of hair tracts (arrowheads)
within a pseudocyst (top) and a fistulous tract (bottom).
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hidradenitis pseudocysts

Fig. 9.32 Pseudocysts in HS. Notice the oval-shaped, hypoechoic dermal and upper hypodermal structures (between markers, top) that corre-
spond to pseudocysts.
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hidradenitis fluid collections

Fig. 9.33 Fluid collections in HS. Dermal and hypodermal hypoechoic sac-like structures. Notice the presence of fragments of hair tracts (top)
and the predominant peripheral hypervascularity of the collections.



9.9 Hidradenitis Suppurativa 325

hidradenitis fistulous tracts

Fig. 9.34 Fistulous tracts in HS. Hypoechoic band-like dermal and hypodermal structures.
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hidradenitis vascularity

Fig. 9.35 Grading vascularity of HS lesions from low (top) to high (bottom). Notice how the peripheral and inner patterns of blood flow vary
according to the different levels of inflammation (activity).
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Fig. 9.36 Hidradenitis suppurativa (HS) clinical and sonographic cor-
relation. (a) Clinical photograph of a patient clinically staged Hurley II.
(b—e) Ultrasound and color Doppler ultrasound of the same patient
sonographically staged as SOS-HS II. (b) Ultrasound (greyscale, longi-
tudinal view; left axillary region) demonstrates a 4.9-cm (long) x 0.74-
cm (thickness) dermal and hypodermal hypoechoic band-like structure
compatible with a type 1 fistulous tract. (¢) Ultrasound (greyscale;

left axillary region longitudinal view

transverse view) shows the connections between the fistulous tract and
the base of widened hair follicles, as well as the thickening and
decreased echogenicity of the regional dermis. (d) Ultrasound
(greyscale; longitudinal view) shows hyperechoic linear structures
within the fistulous tracts compatible with fragments of hair tracts. (e)
On color Doppler ultrasound (longitudinal view), there is increased vas-
cularity in the periphery of the fistulous tract.
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hair follicles
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dermis

fistulous
tract

left axillary region longitudinal view

Fig.9.36 (continued)
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Fig. 9.36 (continued)

Fig.9.37 HS clinical and
sonographic correlation
discordance. (a) Clinical
photograph of a patient clinically
staged Hurley II. (b and c) show
sonographic findings that
suggestive of SOS-HS

III. Greyscale ultrasound (b, right
axillary region, longitudinal view)
shows one of the three communi-
cating type 2 fistulous tracts
running in the right axillary
region (4.39 cm long x 0.78 cm
thickness). (¢) (left axillary
region, longitudinal) demonstrates
one of the ten type 2 fistulous
tracts running in the left axillary
region (2.52 cm long x 0.47 cm
thickness). Eight of these were
communicating tracts that
affected the axillary region and
the proximal part and inner aspect
of the left arm. See Video 9.3.

|t L 4.39 r_:rn|
2L 0.78 cm

fistulous tract

right axillary region longitudinal view

F1
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left axillary region longitudinal view
F8

|1 L 2.52 cm|
2L 0.47 cm

Fig. 9.37 (continued)
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9.10 Odontogenic Fistula
9.10.1 Definition

Abnormal communicating fistulous tract or sinus between
the periodontal region and the skin, originating in a dental
infection. Approximately 70% of these are located in the
mandibular region and 30% in the maxillary region. Clinical
difficulties in the differential diagnosis may involve other
inflammatory cutaneous lesions such as acne or folliculitis
barbae, as well as some benign and malignant cutaneous
tumors [1, 66].

9.10.2 Key Sonographic Signs

The most commonly found sonographic signs are [1, 28, 66,
67] (Fig. 9.38):

* Hypoechoic band-like structure running through the sub-

epidermal, dermal, hypodermal, muscular, and periosteal
layers, connecting with the bony margin of the mandible
or the maxillary bone.

e Variable degrees of epidermal retraction or bulging, dis-
ruption, and/or irregularities.

e An erosion of the bony margin at the site of connection is
filled with hypoechoic granulation and inflammatory
tissue.

* A thin hypoechoic band is usually adjacent to the bony
margin and follows to the periodontal region.

* On color Doppler, there is increased vascularity in the
periphery of the fistulous tract.

Fig.9.38 Odontogenic fistula. (a) Clinical image. (b and ¢) Ultrasound
of the chin region. (b) Greyscale (longitudinal view) and (c) color
Doppler (transverse view) demonstrate 1.67-cm long x 0.42-cm thick,
hypoechoic band-like structure (between markers) suggestive of a fistu-
lous tract connecting the subepidermal region with the anterior and cen-

tral aspect of the mandible bony margin. Notice the erosion of the bony
margin at the site of connection with the bone. Increased hypodermal
echogenicity and slight hypervascularity were detected in the periphery
of the tract.
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Fig.9.38 (continued)
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9.11 Foreign Bodies

9.11.1 Definition

Exogenous materials that enter into the human body.
Usually, they are accidentally located in the cutaneous lay-
ers and may simulate other types of cutaneous conditions.
They can be divided according to their origin into organic
(derived from living structures, such as splinters of wood or
thorns of roses) and synthetic or inert (such as fragments of
metal or glass). Ultrasound can support the detection, iden-
tification, exact location, measurement, assessment of the
axis, and removal of the foreign bodies, guiding their
percutaneous extraction [1, 68—72].

9.11.2 Key Sonographic Signs

Common sonographic signs of foreign bodies are (Figs. 9.39,
9.40,9.41,9.42, and 9.43):

e Hyperechoic linear or bilaminar structure(s) usually sur-
rounded by hypoechoic inflammatory and/or granuloma-
tous tissue

* Occasionally, very small organic foreign bodies may
appear as tiny hyperechoic spots surrounded by
hypoechoic tissue.

e Inert or synthetic materials commonly show posterior
reverberance artifact

* Anechoic or hypoechoic fluid collections may be found in
the periphery of the foreign body owing to the generation
of hematoma or serohematoma.

e Sometimes, hyperechoic spots with posterior reverberance
artifact are detected in the periphery, owing to air bubbles
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Fig. 9.39 Sonographic appearance of
common types of foreign bodies.

splinter of wood

coral fragments

sea urchine spine
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Fig. 9.40 Splinter of wood. (a) Clinical image of the lesion. (b-d) long x 0.1 cm thick, dermal and hypodermal hyperechoic linear struc-
Ultrasound (b, greyscale; ¢, color Doppler; d, 3D reconstruction; longi-  ture (between markers in b) surrounded by hypoechoic tissue (arrow in
tudinal and posterior aspect of the left foot) demonstrates 1.0 cm  ¢). There is a slight increase of vascularity in the periphery of the lesion.
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lateral aspect left left foot 5 mtt transverse view

[1L 0.19 cm

Fig.9.41 Coral fragments. (a) Clinical photograph. (b, ¢) Ultrasound  and hypodermal fragments of coral surrounded by hypoechoic and het-
(b, greyscale; ¢, color Doppler; transverse views; lateral aspect of the — erogeneous tissue. Color Doppler (¢) shows increased vascularity sur-
left foot) demonstrates small linear and bilaminar hyperechoic dermal — rounding the fragments.
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Fig.9.41 (continued)

Fig.9.42 Fragment of glass. (a) Clinical image. (b) Greyscale, and (¢)  rior reverberance artifact. On color Doppler (¢), increased blood flow in
color Doppler ultrasound (transverse views; palmar aspect; transverse  the periphery of the structure is observed.
views) show a hyperechoic bilaminar hypodermal structure with poste-
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left thumb palmar aspect transverse view

Fig.9.42 (continued)
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right temporal region longitudinal view

Fig. 9.43 Fragmented plaque of metal. (a) Clinical photograph. (b)
Greyscale, and (c) color Doppler ultrasound (longitudinal view, right
temporal region) demonstrates three adjacent hyperechoic hypodermal
linear fragments (arrowheads and arrow) with posterior acoustic rever-
berance artifact and compatible with a metallic origin. One of the pieces

of metal (arrow) is separated and protruding into the dermal layer.
There is hypoechoic tissue (asterisk) surrounding the most superficial
fragment. Color Doppler (¢) shows increased vascularity in the periph-
ery of the metallic fragments, which is more prominent in the periphery
of the most superficial fragment of metal.
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right temporal region longitudinal view

Fig.9.43 (continued)
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left palmar region longitudinal view

Fig.10.1 Palmar wart. (a) Clinical photograph. (b) Color Doppler ultrasound (transverse view; left palmar region). This well-defined, hypoechoic
fusiform structure (wart) affects epidermis and dermis. Slightly increased vascularity of the upper dermis is seen in the periphery of the lesion.
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O]

[1 L 1.38 cml left plantar region 3-4 mtt bones transverse view
2L 0.44 cm

left plantar region transverse view

Fig. 10.2 Plantar wart. (a) Clinical lesion. (b, ¢) Ultrasound (trans-  mal and dermal structure (between markers in (b)). On color Doppler,
verse view; left plantar region; (b) greyscale; (c) color Doppler) shows  there is increased blood flow in the dermal part of the wart. See Video
13.8-mm transverse x 4.4-mm thickness hypoechoic, fusiform epider-  10.1.
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right first toe oblique view

Fig. 10.3 Two plantar warts. (a) Clinical lesion. (b and ¢) Ultrasound  and measures 9.0 mm (transverse) x 4.0 mm (thickness). The smaller
(oblique views following the axes of both lesions; right first toe; wart 1~ wart measures 3.9 mm (transverse) x 3.0 mm thickness. Notice the
and wart 2; (b) greyscale; (c¢) color Doppler) demonstrates two neigh- ~ prominent vascularity in the dermal part of both warts. The markers in
boring well-defined, hypoechoic, fusiform epidermal and dermal struc-  the color Doppler image show the thicknesses of the vessels in the
tures compatible with warts. The larger wart is more laterally located lesion, which vary from 1.1 mm to 1.5 mm. See Video 10.2.
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10.2 Mycetomas
10.2.1 Definition

Chronic granulomatous infections of the dermis and/or
hypodermis. According to the cause, they can be divided into
eumycetomas (fungus) and actinomycetomas (filamentous
bacteria). These infections are more common in tropical
regions or rural areas and frequently affect the limbs, partic-
ularly the feet [4-6].

10.2.2 Key Sonographic Signs

* Dermal and/or hypodermal hypoechoic focal zones or fis-
tulous tracts

Multiple and connected dermal and/or hypodermal fistu-
lous tracts are most frequently detected in eumycetomas
(Fig. 10.4), but they also can be detected in actinomyceto-
mas (Fig. 10.5).

Mixed-echogenicity dermal and/or hypodermal structures
can be seen, which are composed of single or multiple
hypoechoic dots surrounded by anechoic fluid, within
round or oval pseudocystic structures that present
hypoechoic borders. This appearance has been named the
“dot-in-circle” sign [5, 6]. These dots also have been
reported on MRI. This appearance is more commonly
detected in actinomycetomas. however, it can be present
in eumycetomas (Fig. 10.6).

On color Doppler, degrees of blood flow in the periphery
of the abnormalities may range from hypovascularity to
hypervascularity.

Fig. 10.4 Eumycetoma. (a) Clinical image. (b) Ultrasound (greyscale, transverse view; plantar region of the left foot) demonstrates multiple and

connected hypodermal fistulous tracts (asterisks).
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dermis

hypodermis

Fig. 10.5 Actinomycetoma. (a) Clinical photograph. (b) Ultrasound  hypodermis. Slight blurring and increased echogenicity of the adjacent
(greyscale, longitudinal view; lateral aspect of the dorsum of the right  hypodermal tissues are also detected.
foot) shows a fistulous tract (asterisk) running through the dermis and
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Fig. 10.6 Actinomycetoma. (a)
Clinical image. (b) Ultrasound
(greyscale; right foot, base of the
first and second toes) demonstrates
two hypoechoic dots (arrows)
surrounded by anechoic fluid and
within oval-shaped, hypoechoic
hypodermal structures with
hypoechoic borders. This
appearance has been named the
“dot-in-circle” sign.

dorsum right foot transverse view
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10.3 Phaeohyphomycosis 10.3.2 Key Sonographic Signs

10.3.1 Definition * Hypoechoic hypodermal round or oval-shaped structures
that correlate with the presence of a prominent inflamma-

Chronic fungal infection that may affect any corporal tory and granulomatous reaction.

region but is usually found in the limbs, most commonly ¢ Hypoechoic hypodermal fluid collections or tracts
on the lower extremity of rural workers in tropical regions ¢ Posterior acoustic artifact may be detected because of the

and/or immunosuppressed patients [7-10]. Some cases presence of vascularity in the periphery of lesions that
have been described in kidney transplant recipients [8]. It contain fluid (blood) or are part of a fluid collection, or
can present cutaneous verrucous to nodular plaques or present a partially liquefied content (Fig. 10.7).
swellings and is caused by multiple species of fungi that ¢ On color Doppler, vascularity may vary according to the
produce melanin. degree of inflammation.

Fig. 10.7 Phaeohyphomycosis. (a) Clinical photograph. (b) Ultrasound (greyscale, longitudinal view; right elbow) shows a well-defined, round,
hypoechoic hypodermal structure that produces posterior acoustic reinforcement, mostly owing to partial liquefaction of the content.
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Fig. 10.7 (Continued)
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10.4 Hyalohyphomycosis 10.4.2 Key Sonographic Signs

10.4.1 Definition * Hypoechoic hypodermal nodules that can form a con-
glomerate (Fig. 10.8)

Cutaneous infection with the fungus Paecilomyces lilacinus * On color Doppler, blood flow may vary from hypovascu-

that can affect immunocompromised hosts or may be larity to hypervascularity.

iatrogenically acquired [11, 12].

Fig. 10.8 Hyalohyphomycosis. Ultrasound (greyscale, transverse view; dorsum of the right wrist) shows conglomerate of hypoechoic hypoder-
mal nodules.
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10.5 Leishmaniasis 10.5.2 Key Sonographic Signs

10.5.1 Definition e Thickening and hypoechogenicity of the dermis and
hypodermis (Fig. 10.9).

Chronic protozoan disease that presents three major forms: ¢ Areas of epidermal disruption may be detected

cutaneous, mucocutaneous, and visceral. This parasitic dis- ¢ Increased vascularity in the affected tissues

ease is caused by an intracellular protozoan that belongs to

the genus Leishmania and is transmitted by a phlebotomine

sand fly [13-17].

Fig. 10.9 Leishmaniasis
(right side of the neck). (a)
Ultrasound (greyscale,
longitudinal view) shows
thickening and
hypoechogenicity of the
dermis and hypodermis. (b)
Color Doppler ultrasound
(transverse view)
demonstrates increased
vascularity in the affected
region.
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10.6 Leprosy

10.6.1 Definition

Chronic granulomatous infection caused by Mycobacterium
leprae, which affects the peripheral and cutaneous nerves. Of
these, the ulnar nerve is most commonly involved.

10.6.2 Synonym

Hansen’s disease.

Fig. 10.10 Leprosy.
Ultrasound of the right elbow
region ((a) Panoramic
longitudinal view; (b)
transverse view; (c¢) transverse
view comparative side-by-
side; (d) color Doppler) shows
diffuse thickening and
hypoechogenicity of the ulnar
nerve. On color Doppler (d),
there is increased vascularity
around this nerve. Notice the
increased echogenicity of the
hypodermis on top of the ulnar
nerve in (a).

10.6.3 Key Sonographic Signs

Common ultrasonographic signs of leprosy are (Fig. 10.10)
[18-23]:

e Decreased echogenicity of the dermis and increased echo-
genicity of the hypodermis

* Diffuse enlargement and hypoechogenicity of the under-
lying peripheral nerves. Commonly, this disease affects
the ulnar nerve, with more severe thickening of this nerve
above the medial epicondyle level.

e On color Doppler, vascularity may be variable and it can
show hypovascularity or hypervascularity. Increased
blood flow both intraneural and/or at the periphery of the
neural tracts have been reported.
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Fig. 10.10 (Continued)
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10.7 Cutaneous Tuberculosis 10.7.3 Key Sonographic Signs

10.7.1 Definition e Hypoechoic hypodermal structure with prominent echoes
and posterior acoustic reinforcement (Fig. 10.11)
Disease caused by Mycobacterium tuberculosis, which ¢ Hypoechoic dermal and hypodermal fistulous tracts that

affects the skin by contiguous spread from underlying lymph may or may not contain hyperechoic material due to the

nodes (scrofula), bones, or joints [24-26]. Clinically it can presence of caseum material

show cold abscesses, multiple ulcers, and draining sinus ¢ On color Doppler, increased dermal and/or hypodermal

tracts. blood flow may be detected in the periphery of the
abnormalities.

10.7.2 Synonym

Scrofuloderma.

Fig. 10.11 Tuberculosis. (a) Clinical photograph of the anterior and  transverse view) shows a hypoechoic hypodermal structure with promi-
distal part of the neck, close to the sternum notch region, showing an  nent echoes and posterior acoustic reinforcement. On color Doppler
erythematous lump (arrow) on the right side. Ultrasound ((b) greyscale,  (d), there is increased vascularity predominantly in the periphery, and
longitudinal view; (c¢) greyscale, transverse view; (d) color Doppler, some vessels within the structure.
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Fig. 10.11 (Continued)
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10.8 Myiasis
10.8.1 Definition

Infestation of the human skin by fly species such as the
American Dermatobia hominis or African Cordylobia
anthropophaga, which can use human beings as intermediate
hosts for the maturation of their larvae. These larvae deposits
may affect any part of the body, but the scalp, arm, and
forearm have been reported as the anatomical regions most
commonly affected by this parasitic infection.

Fig.10.12 Myiasis.
Ultrasound ((a) greyscale;
(b) color Doppler) shows an
oblique, hyperechoic
hypodermal band-like
structure with a slight
posterior acoustic shadow
that protrudes into the skin
surface. Hypoechogenicity is
detected in the immediate
surroundings of this
structure, and
hyperechogenicity with
prominent fatty lobules and
some anechoic fluid between
the lobules is found on the
periphery. Color Doppler (b)
shows intense and localized
noise or motion artifact
within the hyperechoic linear
image, owing to spontaneous
movements of the larva.

10.8.2 Key Sonographic Signs

Common ultrasonographic findings are

(Figs. 10.12 and 10.13) [27-31]:

in  myiasis

e Oval-shaped dermal and/or hypodermal structure with a
hypoechoic rim and hyperechoic center

e These structures show spontaneous movement during the
examination.

e On color Doppler, there is increased vascularity in the
periphery, and a motion artifact can be detected within the
structure with the movement of the larva.
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Fig. 10.13 Myiasis. Ultrasound (greyscale with a color filter, panoramic
longitudinal view; right arm) shows two larval structures (arrows) with
hyperechoic center and hypoechoic border. Notice the hyperechogenicity of
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Index

A
Abdominoplasty, 204, 205, 207
Abscess, 281-282, 319, 356
Accessory muscles of limbs, 12
Achilles tendon, 11
Acne
calcinosis, 316
definition, 316
scarring, 316
SOS-Acne, 316
Acne inversa, see Hidradenitis suppurativa (HS)
Acne vulgaris, see Acne
Acral melanoma, see Subungual melanoma
Actinomycetoma, 347-349
Active deep morphea, 306
Active morphea, 305
Active nail psoriasis, 314
Activity signs (inflammatory signs), 304
Adventitial bursitis, 14
Amelanotic melanoma, 132
Anagen, 7
Angiokeratoma, 111
Angiolipoma, 62
Angiosarcoma, 101, 102
Apocrine hidradenoma, 49
Arteriovenous flow, 103
Artery
angular artery and variants, 151, 155, 175
facial artery, 151, 155, 169, 173
labial arteries, 151, 155, 175
Autoimmune inflammatory disease, 296, 311
Autologous fat grafting, 195, 196
Autologous fat transfer, 195

B
Basal cell carcinoma (BCC), 115
definition, 115
high-risk-of-recurrence subtypes, 116, 118, 123, 125, 127
hourglass/butterfly shape, 116
hyperechoic spots within the lesion, 116
infiltrative, 116
low risk of recurrence subtypes, 116, 118, 120, 122
micronodular, 116, 118
morpheiform, 116, 125
nodular, 116, 118, 120, 122
superficial, 116
Benign fibrous histiocytoma, 67
Blepharoplasty
in early postoperative stage, 208
in late stage, 208
nonsurgical, 208
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rhinoplasty, 210
surgical, 208
Bone psoriasis, 311
Bony implant, 211
Botulinum toxin, 153
Botulinum toxin type A, 147
Bowen’s disease, see Squamous cell carcinoma (SCC)
Breslow index, 132
Bursae locations, 14

C
Calcifying epithelioma of Malherbe, 64
Calcinosis, 302, 316
Calcium hydroxylapatite, 187
Caliber-persistent artery, 18
Capillary malformations, 103
Cartilage implant, 198, 201
Catagen, 7
Chalazion, 54
Chronic autoimmune disease, 226
Chronic inflammation, 210
Clark’s classification, 132
Clear-cell hidradenoma, 49
Common inflammatory dermatologic diseases
abscess, 281
acne, 316
cutaneous lupus, 296
dermatomyositis, 300, 302
edema, 283
foreign bodies, 333-337, 339
hematoma, 279-281
hidradenitis suppurativa, 319-327, 329
lymphedema, 283
morphea
activity signs (inflammatory signs), 304
asynchronicity of activity, 303, 307
in atrophic stages, 304
definition, 303
fascia, 304
greyscale and color Doppler, 310
muscles, 304
with progressive facial hemiatrophy, 309
prominent hypodermal involvement, 304
types and subtypes of, 303
odontogenic fistula, 331
panniculitis
common conditions, 286
definition, 286
mixed, 288
mostly lobular, 288
mostly septal, 288, 293, 294
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Common inflammatory dermatologic diseases (cont.)
psoriasis
bone, 311
definition, 311
joint, 311
nail, 311
skin, 311
tendon, 311
seroma, 279-281
Common non-vascular benign cutaneous lesions, 35, 72
cystic lesions (see Cystic lesions)
solid lesions
dermatofibroma, 66, 67, 70
keloid, 80
lipoma, 62, 64
neurofibromas, 74, 76, 80
nodular fasciitis, 72
pilomatrixoma, 64—66
Composite hemangioendothelioma, 101
Congenital diseases
cystic fibrosis, 225
malalignments, 224
Congenital hemangioma (CH)
definition, 86
NICH, 94
PICH, 94
RICH, 94
Congenital malalignment, 224
CoolSculpting, 192
Cordylobia anthropophaga, 358
Corrugator muscle, 156
Cosmetic fillers
anechoic types, 181
calcium hydroxylapatite, 187
definition, 181
degradable/absorbable, 181
hyaluronic acid, 181, 182
hyperechoic types, 181
non-degradable/non-absorbable, 181
PAAG, 186
PCL, 187
PMMA, 185
silicone oil, 184
ultrasound catalog of, 189
Cosmetic or plastic surgery procedures
anatomical layers of face
anatomical variants, 151
deep fat pads, 149
eyelids and periorbital regions, 155
facial artery and its angular, 151
frequent facial wrinkles and lines, 153
labial branches, 151
lower eyelid, 152
muscles, 149, 153-154
orbital fat pads and related structures, 151
orbit, vessels of, 152
skin, 148
superficial fat pads, 148
upper eyelid, 152
vessels, 150, 155
cosmetic fillers, 181
facial structure, ultrasound evaluation of
buccal fat pad, 169
corrugator muscle, 156
depressor anguli oris muscle, 164
depressor labii inferioris muscle, 166

facial artery, 173

facial nerve paralysis, 155

frontalis muscle, 155

levator labii superioris muscles, 161

levator labii superioris alaeque nasi muscles, 161
masseter muscle, 168

mentalis muscle, 167

nasal and nasolabial regions, 170

nasalis muscle, 172

orbicularis muscle lower and upper part, 158
procerus muscle, 159

risorius muscle, 162

superficial temporal vessels, 177

superior labial and angular arteries, 175

Upper and lower parts of the orbicularis oris muscle, 163

zygomaticus major muscle, 160
nonsurgical aesthetic Procedures
autologous fat grafting, 195
cryolipolysis, 192
implants, 198
mesotherapy, 190
radiofrequency, 194
tensor threads, 197
photoaging, 179, 180

surgical aesthetic procedures and noninvasive remodeling

abdominoplasty, 204
blepharoplasty, 208
liposuction, 202
rhinoplasty, 210
Cryolipolysis, 192, 193
Cutaneous lupus
chronic forms of, 296
definition, 296
in active phase, 296
lupus erythematous profundus, 296, 298
Cutaneous tuberculosis, 356
Cystadenoma, 52
Cystic fibrosis, 225
Cystic lesions
chalazion, 54
dermoid Cyst, 56, 57
epidermal cyst
definition, 35
inflamed epidermal cyst, 36, 37
onion-layer pattern of, 36, 41
partial rupture of, 36-38
phase of cyst, 36
pseudotestes pattern of, 36, 42
total rupture of, 36, 37, 40
hidradenoma, 49, 51
hidrocystoma, 52
pilonidal Cyst, 59, 60
trichilemmal cyst, 43, 45, 47
Cystic subungual conditions, mucous cyst, 262
Cystic tumors, 270

D
Dabska tumor, 101
Depressor anguli oris muscle, 164
Depressor labii inferioris muscle, 166
Dermatobia hominis, 358
Dermatofibroma, 66, 67, 70
Dermatofibrosarcoma protuberans (DFSP), 137-140
Dermatologic ultrasound examinations
advantages, 24
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alternatives to sedation, 24 seroma, 279-281

ear pinna examination, 30, 32 Foreign bodies, 333-337, 339
limitations, 24 Frontal subgaleal lipomas, 62
nail ultrasound examination, 30, 31, 33 Frontalis muscle, 155

palm in newborn/infants, examination of, 30, 32
protocol, 25

blood flow, Color Doppler quantitative analysis of, 27 G

grey scale sweep, 25 Glomus tumor, 238, 239, 241, 242
in inflammatory dermatologic diseases, 25, 26 Granuloma, 210, 254-256, 258
nail ultrasound examination, 27 Guidelines, 24-27

scalp ultrasound examination, 27
skin ultrasound examination, 27

vascularity patterns, Color Doppler qualitative analysis of, 27 H

recommended setting of ultrasound machine, 24 Hair, ultrasound anatomy of

reporting of, 28 anagen, 7

requirements, 23 catagen, 7

scalp ultrasound examination, 30, 33 hair cycle, 7, 8

sedation, 23, 24 hair follicles, 7

skin ultrasound examination, 30 scalp hair tracts/shafts, 7, 9

technical problem, 28, 29 telogen, 7

technical problems, 28 terminal hair tract, 7
Dermatomyositis, 300, 302 Hansen’s disease, see Leprosy
Dermis, 1 Hemangioma
Dermoid cyst, 56, 57 congenital hemangiomas (CH)
DESP, see Dermatofibrosarcoma protuberans (DFSP) definition, 86

NICH, 94
PICH, 1, 94

E RICH, 94
Ear pinna examination, 30, 32 infantile hemangiomas (IH)
Eccrine hidradenoma, 49 associated syndromes, 86
Edema, 283 classification, 86
Epidermal cyst definition, 85

definition, 35 in older children, 86

inflamed epidermal cyst, 36, 37 partial Regression Phase, 86

onion-layer pattern of, 36, 41 phases of, 86, 87

partial rupture of, 36-38 proliferative Phase, 86

phase of cyst, 36 total regression phase, 86

Pseudotestes pattern of, 36, 42 in younger children, 86

total rupture of, 36, 37, 40 proliferative phase
Epidermis, 1-3 partial regression phase
Epidermoid cyst, 35 total regression phase
Epithelioid hemangioendothelioma (EHE), 101 Hematoma, 279-281
Erythema nodosum, 293 Hidradenitis suppurativa (HS), 59
Eumycetoma, 347 clinical and sonographic correlation, 320, 327, 329
Extensor digitorum brevis muscle, 12 definition, 319
Extra-capsular rupture, 198 fibrosis and edema of fistulous tracts, 319
Eyelid anatomy, 151, 152, 155 fistulous tracts, 320, 325

fistulous tracts classification, 319
fluid collections, 320, 324

F grading vascularity of, 326
Fabry disease, 111 hair follicles, 320, 321
Facial anatomy, 147-177 Hurley’s classification, 319
Facial artery, 173 pseudocysts in, 323
Facial expression muscles, 153 retained fragments of hairs, 322
Facial threads, 197 sonographic signs of HS, 320-330
Fat freezing, 192 sonographic scoring of HS, 319
Fat necrosis, 288, 289, 291 SOS-HS staging, 319
Fibrolipoma, 62 types of fistulous tracts in, 319
Fibrous tumors, 244, 246 ultrasound staging of HS, 319
Fillers, 147, 181-189, 208, 210 Hidradenoma, 49, 51
Fluid collections, 235 Hidrocystoma, 52
abscess, 281 Histiocytoma cutis, 67
definition, 233 HS, see Hidradenitis suppurativa (HS)
hematoma, 279-281 Hyalohyphomycosis, 352
HS, 320, 324 Hyaluronic acid, 181, 182

serohematoma, 279 Hyperkeratotic capillary malformations, 103
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Hypertrophic hypodermal lipodystrophy, 86
Hypodermis, 1
Hypoechoic band, 180

I
Implant
intra-capsular rupture, 198
extracapsular rupture, 198, 199
Inactive atrophic morphea, 308
Inclusion cyst, 35
Infantile hemangioma (IH)
definition, 85
layers of involvement, 86
LUMBAR syndrome, 86
in older children, 86
partial regression phase, 86
pattern of distribution, 86
PHACE syndrome, 86
phases of, 86, 87
proliferative phase, 86
total regression phase, 86
in younger children, 86
Inflamed epidermal cyst, 36, 37
Infundibular cyst, 35
Ingrowing nail, 215
Intact silicone implants, 198
Intra-capsular rupture, 198
Ischemia, 296
Isthmus-catagen cyst, see Trichilemmal cyst

J

Joint psoriasis, 311

K

Kaposiform hemangioendothelioma (KHE), 101
Kasabach-Merritt phenomenon, 101

Keloid, 80

Keratinous cyst, 35

Keratoacanthoma, 252

L
Leishmaniasis, 353
Leprosy, 354
Levator labii superioris muscles, 161
Levator labii superioris alaeque nasi muscles, 161
Lipectomy, 202
Lipofilling, 195
Lipo freezing, 192
Lipoma
angiolipoma, 62
fibrolipoma, 62
subgaleal lipoma, 62—64
Lipoplasty, 202
Liposculpting, 195
Liposculpture suction, 202
Liposuction, 203
definition, 202
in early postoperative stage, 202
in late stage, 202
Lipotransfer, 195
Lobular capillary hemangioma, 100
LUMBAR syndrome, 86

Lupus, 232
Lupus erythematous profundus, 296, 298
Lupus nail, 232
Lymph nodes
benign, 142
malignant, 142—144
skin ultrasound, 10
Lymphatic vascular malformation (LVM), 103
Lymphedema, 283, 285
Lymphocele, see Seroma

M
Malalignments, 224
Malignant cutaneous melanoma, see Melanoma
Malignant lymph nodes, 142-144
Mammary glands
bone, 21
calcium, 21
Montgomery glands, 21
supernumerary nipple, 21
tail of, 21
Masseter muscle, 168
Median canaliform nail dystrophy, 237
Melanoma
amelanotic, 132
Breslow index, 132
Clark’s classification, 132
definition, 132
in-transit metastases, 133
locoregional staging, 132
malignant lymph nodes, 142—-144
metastasis, 132, 133
nodal metastasis, 133
plantar melanoma, 133, 135
satellite metastases, 132, 133
scalp at advanced stage, 133
Melatonin, 23
Mentalis muscle, 167
Merkel cell carcinoma, 141
Mesotherapy, 190
Metastasis, 102, 128, 132, 133, 137
Modified Aldrete score, 23
Moll’s cyst, 52
Montgomery glands, 21
Morphea
activity signs (inflammatory signs), 304
asynchronicity of activity, 303, 307
in atrophic stages, 304
definition, 303
fascia, 304
greyscale and color Doppler, 310
muscles, 304
prominent hypodermal involvement, 304
types and subtypes of, 303
with progressive facial hemiatrophy, 309
Mucous cyst, 262
Muscles, 12
action, 153-154
anatomy, 149, 152-154
facial muscles anatomy, 149, 152-154
facial muscle ultrasound, 155-177
insertion, 153-154
origin, 153-154
wrinkles and lines, 153—-154
Muscles of face, 149, 152154
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Mycetomas
actinomycetoma, 347-349
definition, 347
eumycetoma, 347
Mycobacterium leprae, 354
Mycobacterium tuberculosis, 356
Myiasis, 358, 359
Myzxoid cysts, see Synovial cyst

N
Nail psoriasis, 226-230, 311
Nail ultrasound, 30, 31, 33, 264
anatomy of
distal interphalangeal joint, 6
dorsal plate, 4
echogenicity, 4
extensor tendon, 6
nail bed, 6
nail plate, 4
vascularity, 6
ventral plate, 4
congenital diseases (see Congenital diseases)
growth and location alterations
ingrowing nail/onychocryptosis, 215
onychomadesis, 219
retronychia, 221
inflammatory conditions
fluid collections, 233
lupus, 232
median canaliform dystrophy, 237
psoriasis, 226, 231
periungual origin
cystic tumors, 270-272
pseudotumors, 264-272
solid tumors, 264-269
protocol, 27
squamous cell carcinoma, 273
subungual melanoma, 275
ungual origin (see Ungual origin)
Nasalis muscle, 172
Neurofibromas, 74, 76, 80
Neurofibromatosis, 74, 76, 79, 80
Nodular fasciitis, 72
Nodular hidradenoma, 49
Non-involuting congenital hemangioma (NICH), 94
Non-melanoma skin cancers
basal cell carcinoma (BCC)
definition, 115
high-risk-of-recurrence subtype, 116, 118, 123, 125, 127
hourglass/butterfly shape, 116
hyperechoic spots within the lesion, 116
low risk of recurrence subtype, 116, 118, 120, 122
superficial and nodular subtypes of, 116
squamous cell carcinoma (SCC)
definition, 128
locoregional metastasis of, 128
of nasal region, 128, 131
perineural involvement, 128
with satellite lesions, 128
of scalp, 128, 130

(0}
Odontogenic fistula, 331
Olecranon bursitis, 14

Onychocryptosis, 215-217

Onychomadesis, 219, 220

Onychomatricoma, 247, 249, 250

Orbicularis muscle of the eyelid, lower part, 158
Orbicularis muscle of the eyelid, upper part, 157
Orbicularis oris muscle, 163

P
Paecilomyces lilacinus, 352
Palm in newborn/infants, examination of, 30, 32
Palmar wart, 344
Panniculitis

common conditions, 286

definition, 286

mixed, 288, 296

mostly lobular, 288

mostly septal, 288, 293, 294

signs, 72
Papillary intralymphatic angioendothelioma, 101
Paronychia, 215
Partially involuting congenital hemangiomas (PICH), 94
Periungual origin

cystic tumors, 270

pseudotumors, 264, 269, 270

solid tumors, 264, 269
Persistent median artery, 13
PHACE syndrome, 86
Phaeohyphomycosis, 350
Phleboliths, 104
Photoaging, 179, 180
Pilar cyst, 43
Pilomatrixoma, 64-66
Pilonidal cyst, 59, 60
Plantar bursitis, 14
Plantar melanoma, 133, 135
Plantar wart, 343, 345, 346
Polyacrylamide gel (PAAG), 186
Polycaprolactone (PCL), 187
Polyethylene implant, 198, 200
Polymethylmethacrylate (PMMA), 185
Poroid hidradenoma, 49
Procerus muscle, 159
Prospero homeobox protein 1 (Prox 1), 101
Pseudocyst, 59
Pseudotestes pattern, 36, 42
Pseudotumors, 264-272
Psoriasis, 226, 231, 315

bone, 311

definition, 311

joint, 311

nail, 311

skin, 311

tendon, 311
Pulse repetition frequency (PRF), 24
Pyogenic granuloma, 100

R

Radiofrequency, 194

Rapidly involuting congenital hemangioma (RICH), 94
Raynaud’s phenomenon, 296

Reactive vascular tumors, 94, 100

Remnant cyst, 56

Retiform hemangioendothelioma, 101

Retronychia, 219, 221, 223
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Retro-orbicularis oculi fat (ROOF), 149 fibrous tumors, 244
Rhinoplasty, 210-212 glomus tumor, 238
Risorius muscle, 162 keratoacanthoma, 252
Russian threads, 197 onychomatricoma, 247

Sonographic scoring (SOS), 28
Sonographic scoring of hidradenitis suppurativa (SOS-HS), 28, 319

S Sonographic scoring-Acne (SOS-Acne), 316
Salivary glands, 19 Spiradenoma, 49
Scalp ultrasound examination, 27, 30, 33 Squamous cell carcinoma (SCC), 273
Scrofuloderma, see Cutaneous tuberculosis definition, 128, 273
Sebaceous cyst, 35 locoregional metastasis of, 128
Sedation, 23, 24 of nasal region, 128, 131
Serohematoma, 279 perineural involvement, 128
Seroma, 279-281 with satellite lesions, 128
Silicone implant, 198, 199 of scalp, 128, 130
Silicone oil, 184 Subcutaneous tissue, 1, 148
Skin cancer ultrasound, 115 Subcutis, 1
DFSP, 137, 139 Subepidermal low echogenic band (SLEB), 1, 3, 180, 303
malignant lymph nodes, 142-144 Subgaleal lipoma, 63
melanoma Suborbicularis oculi fat (SOOF), 149, 152
amelanotic, 132 Subungual exostosis, 264, 266, 268, 269
Breslow index, 132 Subungual melanoma, 275
Clark’s classification, 132 Subungual tumor, 238
definition, 132 Subungual wart, 260
in-transit metastases, 133 Sudoriferous cyst, 52
plantar melanoma, 133, 135 Superficial and nodular subtypes of, 116
satellite metastases, 132, 133 Superficial muscular-aponeurotic system (SMAS), 148
scalp at advanced stage, 133 Superficial temporal vessels, 177
merkel cell carcinoma, 141 Superior labial and angular arteries, 175
non-melanoma skin cancers (see Non-melanoma skin cancers) Synovial cyst, 270, 272
Skin necrosis and blindness, 147 Synthetic polyethylene implant, 212

Skin psoriasis, 311
Skin, ultrasound anatomy of, 30

adjacent structures T
bursae, 14 Telangiectatic granuloma, 94, 100, 254-256, 258
bursitis, 14 Telogen, 7
cartilage, 15 Tensor threads, 197
joint, 16 Three-dimensional (3D) reconstructions, 24
lymph nodes, 10 Trichilemmal cyst, 43, 45, 47
muscles, 12 Tuberculosis, 356
nerves, 13 Tufted angioma (TA), 101
salivary glands, 19 Tummy tuck, 204
tendons, 11
vessels, 17, 18
dermis, 1 U
epidermis, 1-3 Ultrasound guidelines, 24-27
hypodermis, 1 Ultrasound protocols, 27
protocol, 27 Unclassified vascular anomalies
vascularity, 4 angiokeratoma, 111
Solid lesions verrucous hemangioma, 111, 112
dermatofibroma, 66, 67, 70 Ungual origin
keloid, 80 cystic subungual conditions, mucous cyst, 262
lipoma, 62, 64 solid pseudotumors
neurofibromas, 74, 76, 80 granuloma/telangiectatic granuloma, 254-256, 258
nodular fasciitis, 72 subungual wart, 260
pilomatrixoma, 64—66 solid tumors
Solid pseudotumors fibrous tumors, 244, 246
periungual origin, subungual exostosis, 264, 269 glomus tumor, 238, 239, 241, 242
ungual origin keratoacanthoma, 252
granuloma/telangiectatic granuloma, 254-256, 258 onychomatricoma, 247

subungual wart, 260
Solid tumors

fibrous tumors, 244, 246 A%
glomus tumor, 238, 239, 241, 242 Vascular malformations (VMs)
periungual origin, subungual exostosis, 264, 269 definition, 103

ungual origin high-flow, 103



arterial, 104, 105
arteriovenus, 104, 106
low-flow, 103
capillary, 104, 109
lymphatic, 104, 110
venous, 104, 107, 108
syndromes associated with
arteriovenous flow, 103
capillary malformations, 103
LVM, 103
venous malformations, 103
Vascular tumors
angiosarcoma, 101, 102
benign, 85
characterization, 85
epithelioid hemangioendothelioma, 101
kaposiform hemangioendothelioma, 101

reactive vascular tumors, 94, 100
tufted angioma, 101
Venous malformations, 103

Verneuil’s disease, see Hidradenitis suppurativa (HS)

Verrucous hemangioma (VH), 111, 112
von Recklinghausen’s disease, 74

W
Warts, 343-346
plantar warts, 343, 345, 346
Wire threads, 197
Wrinkles and lines, 153

/
Zygomaticus major muscle, 160
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