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PART ONE - REVIEW OF THE LITERATURE

1. Introduction

The skin is the largest organ in the body. Through hemostasis, inflammation, proliferation, and
remodelling, it has the ability to heal itself. Traditionally, diagnosing skin diseases takes the
route of history taking, clinical examination, laboratory teststing and histopathological
evaluation of biopsy samples.

Ultrasonography is a diagnostic imaging modality that employs high frequency sound
waves. It is non-invasive, non-ionising, allows the evaluation of deeper structures and, with the
development of very high frequency transducers, the evaluation of more superficial structures
and organs, like the skin. Cutaneous ultrasonography allows identification of the skin layers.
With the correct choice of frequencies to be employed, cutaneous ultrasonography allows, to a
certain limit, the resolution of the skin structures based on depth. Ultrasonographic equipment
can be portable, allowing quick examination of the skin during consultation to obtain
information regarding its layered appearance, thickness, and integrity. However, it cannot
identify neoplastic or inflammatory cells or their distribution patterns and thus it is limited to
more general changes in echogenicity and echotexture.

In human dermatology, cutaneous ultrasonography has been used for the evaluation of
normal skin appearance, thickness and hydration status, and also for the evaluation of
pathologic conditions, such as presence of foreign bodies, inflammatory lesions, scleroderma,
neoplasms, cysts, oedema, and wounds (Alexander and Miller 1979; Miyauchi and Miki 1983;
Fornage and Deshayes 1986; Fornage et al. 1993; Fornage 1993; Gniadecka 1996; Gniadecka
and Quistorff 1996; Milner et al. 1997; Warszawski et al. 1997, Cammarota et al. 1998; Foster
et al 2000; Eisenbeiss et al. 2001; Mirpuri et al. 2001; Dyson et al. 2003; Scope and Halpern
2003; Kong et al. 2008).

In veterinary medicine there are only very a few studies on the ultrasonography of the
skin focusing on the appearance of the normal skin, the measurement of skin thickness and the

evaluation of wound healing (Diana et al. 2004; Mantis et al. 2005; Mantis et al. 2007, Diana
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et al. 2008; Zanna et al 2012; Mantis et al. 2014, Balomenos et al 2023, Balomenos et al 2023).

There are no studies that evaluate pathologic conditions as in humans.

2. The technology
Cutaneous ultrasonography uses frequencies of more than 7 MHz and usually more than

15MHz. These frequencies can be classified as intermediate (7-15 MHz) or high (more than

20MHz) (Scope and Halpern 2003). Although lower frequencies may provide a borderline
adequate resolution for the evaluation of the skin, frequencies higher than 15 MHz allow
identification of skin layers, and frequencies of SOMHz and above allow discrimination

between epidermis and dermis (Wortsman 2012; Mantis et al. 2014).

3. Anatomy of normal canine skin

The skin thickness (thickness of epidermis and dermis) varies from 0.5mm to Smm depending

on the body area. The skin is normally thicker dorsally on the trunk and proximally on the legs.

Furthermore, the normal skin thickness varies in different breeds and in dogs of different ages

(Noli 2008; Miller et al. 2013). Hair follicles and hair shaft are also present in the haired skin

with the hair shaft traversing obliquely the epidermis and dermis (Noli 2008).

3a Intermediate frequency ultrasonography

Using a 13MHz linear array transducer the canine skin appears ultrasonographically as three

layers:

a. Epidermal entry echo: interface between the coupling gel and the skin, visible as a
hyperechoic line. The echogenicity depends on the amount of air trapped between the
scales of the stratum corneum (Poziniak et al. 1989)

b. Epidermis and dermis: they appear as a single layer immediately bellow and hypoechoic
to the epidermal entry echo. No differentiation between the epidermis and dermis is
possible. The echogenicity of this middle layer depends on the components of the dermis
(Fornage and Deshayes 1986; Fornage et al. 1993; Szymanska et al. 2000)

C. Subcutaneous fat: bellow epidermis and dermis, having an inhomogeneous hypoechoic
pattern with thick linear hyperechoic bands (Diana et al. 2004).

Hair follicles, hair shafts and sebaceous glands require a frequency higher than 20 MHz and

they are not visible with a 13 MHz transducer (Diana et al. 2004).
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3b High frequency ultrasonography
It uses frequencies above 20 MHz. Commercially available scanners provide
frequencies up to 25SMHz with a limited resolution of approximately 80um axial and 200um
lateral (Schmid-Wendtner and Dill-Miiller 2008). With frequencies up to 25MHz, skin
structures up to 8mm deep can be investigated (Hoffmann et al. 1992). Higher frequency
machines have been developed for experimental use, and they allow structures of up to 2mm
depth to be evaluated (El Gammal et al. 1999; Kumagai et al. 2012). For equipment with
frequencies from SOMHz and above, the term ultrasound biomicroscopy is used (UB) because
it permits visualization of tissue in microscopic resolution.
Using a SOMHz transducer the following layers can be seen:
a. Epidermis: thin, non-uniform hyperechoic linear layer
b. Dermis: visible bellow the epidermis as linear hyperechogenicities, roughly parallel or
at a slight angle to the skin surface, hypoechoic to the epidermis and muscle fascia and
hyperechoic to subcutaneous fat. Superficial and deep dermis may be distinguished in
some cases. The hair follicles are visible as oblique, tubular hypoechoic structures with
faint echogenic linear areas at their margins
C. Subcutaneous fat: bellow the dermis, as hypoechoic to anechoic tissue.
4 The diseased canine skin
Very few studies on non-healthy canine skin are available. Anatomic area of the skin
and hydration status were correlated with the ultrasonographic findings and ultrasonographic
measurement of skin thickness using a 13 MHz linear array transducer (Diana et al 2008) and
ultrasound was found to be useful to assess skin thickness (Zanna et al 2012). High-frequency
ultrasonography has been employed to evaluate wound size and would healing, along with the
assessment of the effect of an aliamide-containing topical gel (Mantis et al 2005; Mantis et al
2007), to evaluate the incisional wound healing in dogs after closure with staples or tissue glue
(Balomenos et al 2023) and to compare absorbable and nonabsorbable sutures for intradermal
skin closure in dogs (Balomenos 2023).
High-frequency ultrasonographic appearance of human lesional and non-lesional atopic
dermatitis (AD) skin, and healthy skin have been compared, the impact of treatment on the
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ultrasonographic appearance of AD skin has been reported, and the width of the subepidermal
low echogenic band (SLEB) has been shown to be positively correlated with clinical severity
of AD (Kyllonen et al 2004;Holm et al 2006; Holm et al 2007; Polanska et al 2013; Sorokina
et al 2020; Czajkowska et al 2021). In human AD, the echogenicity of the dermis depends on
the severity of the cellular infiltration (Polanska et al 2013) and it was found to be lower in the
lesional AD skin, followed by non-lesional AD skin, compared to normal healthy skin in some
(Polanska et al 2013; Polanska et al 2013), but not in other studies (Sorokina et al 2020). No
studies on the high frequency ultrasonographic appearance of canine AD skin are available.
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REVIEW ARTICLE

Ultrasonographic examination of the canine skin: a review
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B Ultrasonographic examination of the canine skin: a review

Mantis P.'%, Saridomichelakis M.N.?
!Department of Clinical Science and Services, Royal Veterinary College, Hawkshead Lane, North Mymms, Hatfield,
Hertfordshire, ALY 774, UK

‘Faculty of Veterinary Science, University of Thessaly, Trikalon Street 224, GR-43100, Karditsa, Greece
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'Department of Clinical Science and Services, Royal Veterinary College, Hawkshead Lane, North Mymms, Hatfield,
Hertfordshire, AL9 774, UK

Tunua Krpviatpuae, Havemotiuo Gecoaiiag, Tpixdiwv 224, GR-43100, Kapoitoa,

ABSTRACT. Real time B-mode ultrasonography is a non-invasive diagnostic imaging modality that does not use radiation
and allows examination of various soft tissue structures. For many years it is used in human dermatology and in the last decade
it has entered the canine dermatology arena. Based on the frequency employed. cutancous ultrasonography may be classified as
intermediate- (7-15 MHz) or high-frequency (20 MHz or higher). Using intermediate frequency. the ultrasonographic features
of normal canine skin are consistent and three distinct visible layers can be seen. Using a 50 MHz transducer, the epidermis
and hair follicles are also identified and accurate measurements of skin thickness can be obtained. The aim of this article is to
review the available published knowledge regarding ultrasonographic examination of the canine skin.

Keywords: Ultrasound, dog, skin, ultrasound biomicroscopy

INTRODUCTION
¢ skin is the largest organ of the body. This organ
has the capability to heal itself after wounding
through sequential phases that include hemostasis, inflam-
mation, proliferation and remodeling. Traditionally, the
diagnosis of skin discases is based on history taking,
physical examination and various laboratory tests includ-
ing histopathology of skin biopsies. Recent advances into
ultrasonography have broadened the application of this
diagnostic imaging modality to a large number of soft

tissue structures, including the skin. Ultrasonography is
non-invasive and non-ionizing in nature and it allows
visualization of these structures. For these abilities it lends
itself as a useful tool for the evaluation of the skin that can
be used to monitor the healing process and as an ancillary
aid for diagnosis of skin diseases.

In comparison to other diagnostic modalities, ultra-
sonography has some advantages in the evaluation of
the skin. Compared to histopathology, it allows good
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discrimination of skin layers without the need for biopsy;
however it does not allow visualization of inflammatory
or neoplastic cells or a detailed characterization of their
distribution pattern. Cutaneous ultrasonography is totally
non-invasive as it does not require even the injection
of contrast media into the skin. Clipping of the skin is
necessary except when glabrous or alopecic areas of the
skin are to be examined. The possibility to use various
frequencies during the examination, allows the choice
of optimal penetration and resolution depending on the
depth of the tissue in question. In addition, ultrasonogra-
phy uses portable equipment with the ability to perform
the examination in the consultation room and quickly
obtain valuable information regarding skin appearance,
thickness and layer integrity. In contrast, magnetic reso-
nance imaging and computed tomography have limited
resolution for the discrimination between epidermis and
dermis and low discrimination for cutaneous lesions that
measure less than 3 mm (Wortsman and Wortman 2010;
Wortsman and Jemec 2010). Dermoscopy is rarely used
in veterinary medicine. It enables the clinician to perform
direct microscopic examination of diagnostic features of
the skin not seen by naked eve. In humans it is mainly
used in pigmented lesions especially for the early detec-
tion of melanoma and has been proved more accurate
than naked eye in suspicious skin lesions (Vestergaard et
al. 2008). The aim of this article 1s to review the available
published knowledge regarding ultrasonographic exami-
nation of the canine skin.

THE HISTORY

Cutaneous ultrasonography has been extensive-
ly used in human dermatology to study normal skin
echogenicity, thickness and hydration status, as well as
various pathologic conditions, including cutaneous or
subcutaneous neoplasms, cysts, inflammatory lesions,
post-radiation reactions, scleroderma, edema, wounds,
and presence of foreign bodies (Alexander and Miller
1979; Miyauchi and Miki 1983; Fornage and Deshayes
1986; Fornage et al. 1993; Fornage 1993: Gniadecka
1996; Gniadecka and Quistorft 1996; Warszawski ¢t al.
1997; Milner et al. 1997; Cammarota et al. 1998; Foster
et al 2000; Eisenbeiss et al. 2001; Mirpuri et al. 2001;
Dyson et al. 2003; Scope and Halpern 2003; Kong et al.
2008). Contrary to the situation in human medicine, in
veterinary medicine only few studies on cutaneous ultra-
sonography of the canine skin are available (Diana et al.
2004; Mantis et al. 20035; Mantis et al. 2007; Diana et al.
2008; Zanna et al 2012; Mantis et al. 2014). The studies
in veterinary medicine aimed at evaluating the applica-
tion of high frequency ultrasound for the evaluation and

accurate measurement of the normal skin thickness in
the dog (Diana et al. 2004, Zanna et al. 2012), the evalu-
ation of wound healing in the dog (Mantis et al. 2005),
the effect of an aliamide-containing topical gel on the
reduction of wound volume (Mantis et al. 2007), and at
evaluating the normal ultrasonographic appearance of the
skin using ultrasound biomicroscopy (Mantis et al. 2014).
These studies do not evaluate pathologic conditions, as it
is the case with human studies.

TECHNICAL CONSIDERATIONS

Based on the frequency employed, cutaneous ultra-
sonography may be classified as intermediate- (7-15
MHz) or high-frequency (20 MHz or higher). (Scope and
Halpern 2003) Although there are reports using lower
frequency transducers, frequencies in excess of 15 MHz
are generally recommended to get a better resolution and
to identify the skin layers with higher clarity (Wortsman
2012). Ideally, frequencies of at least 50 MHz should be
employed if the discrimination between epidermis and
dermis is required (Mantis et al. 2014). Sedation is not
normally required but it may be needed occasionally
for an uncooperative dog. The skin should be shaved
to improve contact between the transducer and the skin
surface, thus providing a better image with reduced arti-
facts. Minimal pressure should be applied and transducer
is placed perpendicularly to the skin.

NORMAL ANATOMY

The average thickness of the normal canine skin has
been reported to range from 0.5 to 5 mm depending on
body site, being higher dorsally than ventrally on the trunk
and proximally than distally on the legs (Milleretal. 2013;
Noli 2008). The skin of the forehead, dorsal neck, dorsal
thorax, rump and tail base area is the thickest, whereas,
skin of the ear pinnae, axillary, inguinal and perianal area
is the thinnest (Miller et al. 2013). Thickness of the skin,
excluding subcutis, is the sum of epidermal and dermal
thickness. The former, if homy layer is not taken into
account, ranges from 0.1 to 0.5 mm in haired skin but is
substantially higher in footpads and nasal planum (up to
1.5 mm) (Noli 2008; Miller et al. 2013). Dermis, on the
other hand, is the main determinant of normal canine
haired skin thickness, which greatly depends on it’s fiber,
ground substance and water content (Miller et al. 2013).
Finally, it is reported that the thickness of the normal skin
varies according to the breed and the age of the dog (Noli
2008 Miller et al. 2013). Besides epidermis and dermis,
hair follicles and hair shafts are present in normal canine
haired skin. Hair shafts reside within their follicles and
transverse, usually obliquely, the epidermis and the dermis
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(Noli 2008). Their diameter may range from 0.01 up to
0.14 mm depending on the type of hair (primary, interme-
diate or secondary) (Noli 2008). Epitricheal sweat glands
and sebaceous glands are associated with the hair follicles
and their ducts open into their lumen.

INTERMEDIATE FREQUENCY
ULTRASONOGRAPHY

Using a 13 MHz linear array transducer, the ultrasono-
graphic features of canine skin have a consistent appear-
ance with 3 distinct layers visible (Figure 1). Initially, the
interface between the coupling gel and the skin is visible
as a hyperechoic line termed “epidermal entry echo™. The
echogenicity of the epidermal entry echo depends on the
amount of air trapped between the keratotic scales of the
stratum cormeum (Poziniak et al. 1989).

Immediately bellow this line, a hypoechoic, in com-
parison to the epidermal entry echo, layer is visible.
This layer is thicker and corresponds to the epidermis
and dermis. The axial resolution provided by a 13 MHz
transducer, does not allow differentiation between the
epidermis and dermis (Diana et al. 2004). This middle
layer has variable achogenicity that probably depends on
the various components of the dermis (e.g. collagenous
fibers, dermal ground substance, water, and hair follicle
adnexae like sebaceous glands) (Fornage and Deshayes
1986; Fornage et al. 1993; Szymanskaet al. 2000).

Athird deeper layer is also visible and has an inhomo-
geneous hypoechoic pattem with thick linear hyperechoic
bands. This layer corresponds to subcutaneous fat. (Diana
et al. 2004) Hair follicles, hair shaft and sebaceous glands
are not visible using a 13 MHz frequency and a frequency
above 20 MHz needs to be used in order to visualize these
structures (Diana et al. 2004). It has been shown that scan-
ning the canine skin with a 13 MHz transducer allows the
evaluation of the hydration status of the skin (Diana et

al. 2008). Also, various studies (Diana et al. 2004; Zanna
et al. 2012) have shown that there is high correlation
between measurements of skin thickness with a 13 MHz
transducer and histologic measurements, indicating that
this frequency is adequate for measuring thickness of the
canine skin.

HIGH FREQUENCY ULTRASONOGRAPHY

High frequency ultrasonography refers to the use of
frequencies higher than 20 MHz. Today, commercially
available scanners can provide frequencies up to 25
MHz; however they have a rather limited resolution of
approximately 80 pum for axial and of 200 pm for lateral
resolution (Schmid-Wendtner and Dill-Miiller 2008).
With such frequencies, skin structures up to 8 mm deep
can be investigated (Hoffmann et al. 1992). In order to
improve the resolution of the ultrasonographic images
of the skin, higher frequency ultrasound machines have
been developed for experimental use (E1 Gammal et al.
1999; Kumagai et al. 2012). They allow visualization
of structures to a depth of 2mm bellow the skin surface.

For equipment that employs ultrasound frequen-
cies between 50 and 100 MHz, the term ultrasound
biomicroscopy (UB) is used. UB allows visualization
of tissues at microscopic resolution. The technique is
similar to real-time B-mode ultrasound examination
but the main difference is that UB employs a moving
transducer without covering membrane and uses a water
bath technique.(El-Zawahry 2007).

Using a 50 MHz transducer, the epidermis is identi-
fied as a thin, slightly non-uniform, hyperechoic lin-
ear layer. Linear echogenicities, roughly parallel or at
a slight angle to the skin surface, are visible within the
dermis, while the hypoechoic to anechoic subcutaneous
fat is visible bellow the dermis (Figure 2). The margin
between epidermis and dermis is visible. Dermis appears

NoMdeaRs. . .. L,
L e .

‘wbc‘l. arebus et

musCe lasld

Figure 1: Ultrasonographic image of the skin of a normal dog
from the center of the flank using 13 MHz frequency. The epider-
mal entry echo (E), epidermis and dermis (D) and subcutaneous
fat (S) are visible.

U= ultrasound gel; MF= muscle fascia; M= muscle

Figure 2: Ultrasonographic images of the skin of a normal dog
corresponding to the dorsal thoracic area, over the upper palpable
portion of the seventh rib using 50 MHz frequency. The epider-
mis, dermis and subcutaneous fat are clearly visible. The asterisks
indicate hair follicles. The numbers indicate millimeters.
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hypoechoic to the epidermis and muscle fascia and hyper-
echoic to the subcutaneous layer. The superficial and
deep dermis can be distinguished in some instances. The
subcutaneous fat appears as an anechoic layer with sparse
echogenicities. The hair follicles are visible as oblique.
tubular hypoechogenicities with faint echogenic linear
areas at their margins. The ultrasonographic measure-
ments performed with a 50 MHz transducer were almost
identical to the histological measurements done in snap
frozen skin biopsies (Mantis et al. 2014).

In conclusion, ultrasonography is applicable for the
examination of the skin and it is safe and easy to use.
The use of UB for the evaluation of canine skin has the
potential to examine it at microscopic resolution and
creates expectations for future clinical applications in
canine dermatology. There are a limited number of stud-
ies describing ultrasonography of canine skin and more
work, especially in various pathologic conditions, is
needed before it can become a regular part of the daily
clinical work-up.
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Background - The ultrasonographic appearance of the normal canine haired skin examined using high-fre-
quency ultrasonography has not been described.

Hyposthesis/Objectives — To describe the echogenicity of normal canine haired skin using high-frequency
(50 MHz) ultrasonography and to compare ultrasonographic with histological measurements of skin thickness
using snap-frozen tissue biopsy samples.

Animals - Ten normal healthy beagle dogs.

Methods — Ultrasonographic examination was performed on eight cutaneous sites by use of a 50 MHz polyviny-
lidene difluoride transducer. The skin echogenicity was evaluated, and the mean of 10 skin thickness measure-
ments was calculated. Ultrasonography results were compared with histological findings of skin cryosections
stained with haematoxylin and eosin, as well as with histometric measurements of skin thickness. Differences in
the ultrasonographic and histological measurements among biopsy sites, age and sex of the animals were also
examined.

Results — The skin layers and hair follicles could be identified with high-frequency ultrasound biomicroscopy in all
eight examination sites of all 10 dogs. There was a highly significant, positive association between the ultrasono-
graphic and histological measurements (P < 0.001) of skin thickness. For both ultrasonographic and histological
skin thickness measurements, there were no statistically significant differences between sex, age or among the
different examination sites.

Conclusions and clinical importance — Cutaneous ultrasound biomicroscopy using a 50 MHz transducer is a
useful tool for the following applications: (i} to identify the skin layers (including the epidermis, dermis and subcu-
taneous fat); (i) to demonstrate the hair follicles in various areas of the haired skin; and (iii) to measure the thick-
ness of normal canine skin accurately.

Introduction

Cutaneous ultrasonography has been extensively used
in human dermatology to study normal skin echogenici-
ty, thickness and hydration status, as well as the ech-
ogenicity patterns of various pathological conditions,
including cutaneous or subcutaneous neoplasms, cysts,
inflammatory lesions, postradiation reactions, sclero-
derma, oedema, wounds and the presence of foreign
bodies.” '® Depending on the tissue-penetration proper-
ties of the ultrasound beam, cutaneous ultrasonogra-
phy has been classified into intermediate (7.5-10 MHz)
and high-frequency ultrasonography (20 MHz or
higher).'®

Only a few studies on the ultrasonographic examina-
tion of canine skin have been published.”” ?" In three
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studies, the thickness and hydration of normal canine
skin were examined:’” ' in two other studies, high-fre-
quency ultrasonography was employed to study wound
healing.?>?" The echogenicity’'®'? and thickness'”'® of
normal canine skin were evaluated using a transducer
frequency of 13 MHz that resulted in an inability to
visualize hair follicles. Also, the ultrasonographic mea-
surements of normal canine skin thickness were found
to be correlated significantly with, but were substan-
tially higher than those obtained after histological exami-
nation; this difference was attributed to the inevitable
shrinkage of the biopsy specimens during formalin fixa-
tion.”'® In previous studies, ultrasonographic examina-
tion included only one'® or four different sites'”'? of
haired skin.

The aim of the present study was to describe the
echogenicity of normal canine haired skin using high-
frequency (50 MHz) ultrasonography and to compare
the ultrasonographic with the histological measure-
ments of skin thickness using snap-frozen tissue
biopsy samples.

© 2014 ESVD and ACVD, Veterinary Dermatology, 25, 176-e45.
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Materials and methods

Dogs

Ten clinically healthy, purpose-bred beagle dogs housed at the
Department of Surgery, Faculty of Veterinary Science of the Univer-
sity of Thessaly were used; the experimental protocol was approved
by the Greek National Animal Ethics Committee, and every effort
was made to avoid or keep pain or discomfort of the animals to a min-
imum. There were seven males (three entire and four neutered) and
three entire females, with an age ranging from 4 to 9 years (median,
5.75 years) and and body weight ranging from 12.5 to 20.5 kg {med-
jan, 16 kg). All dogs recelved regular treatment against ecto- and en-
doparasites. They were fed a commercial canine dry food at a
quantity adjusted to their age and body weight throughout the study
and were housed in runs with free access outdoors.

The inclusion criteria were as follows: {i) for female dogs, not
being pregnant or lactating; (i) ideal body condition (body condition
score, 3/5);7 (il) no clinical evidence of dehydration; (iv) no systemic
or cutaneous abnormalities identified during physical examination,
except possible post-traumatic scars in areas of the skin that were
not examined in this study; {v) no administration of any kind of medi-
cation during the previous 3 weeks; (vi) results of complete blood
count, serum biochemistry and urinalysis were within reference
range; and {vii} negative serology for canine leishmaniosis, monocytic
ehrliichiosis, Anaplasma phagocytophilum infection, Lyme disease
and heartworm disease.

Ultrasound biomicroscopy, skin biopsy and
histological examination

Ultrasound biomicroscopy and skin biopsy were performed between
09.00 and 14.00 h, with the dogs in lateral recumbency; in humans,
the time of the day and body posture can influence normal skin hydra-
tion and thickness.'? Following premedication with a mixture of intra-
muscular dexmedstomidine (300 pg/m2 body surace area i.m.;
Dexdomitor; Pfizer Hellas, Athens, Greece) and morphine (0.5 mg/kg
i.m.; Morphine; Demo SA, Athens, Greece), anaesthesia was
induced by intravenous administration of thiopental {Pentothal; Ab-
bott Hellas, Athens, Greece) in a bolus injection of 5 mg/kg body
weight and was maintained by inhalation of a mixture of isoflurane
{Aerrane; Baxter, Thetford, UK) in oxygen.

A total of eight cutaneous sites, located on either the right or the
left side of the body, were examined. These sites were as follows:
(i) the dorsal thoracic area, over the upper palpable portion of the sev-
enth rib; (i) the middle thoracic area, over the middle of the seventh
riby; {17} the lower thoracic area over the joint between the seventh rib
and the sternum; {iv) the upper lumbar area, over the fourth lumbar
vertebra and 3 cm lateral to the sping; (v) the centre of the flank;
{vi} the ventral abdominal area at the level of the umbilicus and 3 cm
|ateral to the mid-line; (vi)) the lateral forelimb over the middle of the
humerus; and (viii) the lateral thigh over the middie of the femur,
Selection of the right or the left side of the body was based on the
absence of scars in the respective examination sites. The hair over
the examination sites was clipped, and a 4 cm straight line, parallel
to the long axis of the body, was drawn with a marker pen over each
clipped examination site.

A portable ultrasound scanner (Episcan |-200; Longport Inc.,
Chadds Ford, PA, USA) with a 50 MHz transducer was used for all
ultrasonographic examinations. The scanner was fitted with a polyv-
inylidene difluoride transducer incorporated into a probe filled with
distilled water, and scanning was performed using a digital stepping
motor. The ultrasonic beam was propagated through an aperture cov-
ered with a disposable rubber membrane. Ultrasound images wers
obtained in sagittal orientation, with the aperture in absolute align-
ment with and just below the 4 cm line {the margin of the aperture
was held parallel and in contact with the line), and with the centre of
the aperture located 2 mm rostrally from the mid-point of the line,
because the ultrasound beam is propagated 2 mm caudally from the
centre of the aperture. The axial resolution in the conditions in which
the equipment was used was expected to be ~50 um. The focal zone
of the transducer was set at 2 mm depth, with beam width at —6 dB

© 2014 ESVD and ACVD, Veterinary Dermatology, 25, 176-e45.
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{~25 um), and each displayed pixel was 29 ym wide. The acquired
images were 14.9 mm wide and 7.68 mm deep. They were saved
and stored in the associated hard drive and were visualized using a
grey-scale mirror palette from the same software with which the
ultrasound machine operates (Episcan 1-200, version 4.0-UL; Long-
port Inc.). The grey-scale mirror palette imaging mode uses all signal
intensities, but it applies the same level of grey to all signals of the
same size regardless of whether they are positive or negative, so that
it rectifies the image.

Immediately after the ultrasound biomicroscopy, the scanned
areas were biopsied, using 8 mm disposable biopsy punches
{Kruuse, Langeskov, Denmark), without any additional preparation of
the skin. Biopsies were obtained slightly below the middle of the
4 cm ling, at exactly the same site that had previously been scanned,
and were immediately bisected, under magnification, in a sagittal
plane. One half of the biopsy sample was transferred into an embed-
ding mould (Peel-A-Way™ Molds; Polysciences Inc., Warrington, PA,
USA) that was filled with optimal cutting compound (Tissue-Tek OCT
compound; Miles Scientific, Fergus Falls, MN, USA), immersed in is-
opentane, cooled to its freezing point in liquid nitrogen and stored at
—80°C until used. Five-micometre-thick cryosections were stained
with haematoxylin and eosin.

The echogenicity and the thickness (epidermis and dermis) of the
skin were evaluated in the middle 8 mm portion of the 14.9-mm-
wide ultrasound images, and they were compared with the same
attributes of the 8-mm-wide histological sections. In particular, the
thickness of the skin was measured in both the ultrasound image
{ultrasound scanner software) and the histological section (NI-
KON DS Fi1-L2 digital camera; NIKON Eclipse E200 microscope,
Nikon corporation, Tokyo, Japan) of each examination site using 10
evenly distributed lines that were drawn perpendicular to the surface
of the skin until reaching the subcutaneous fat; the average thickness
was recorded and used for statistical analysis.

Statistical analysis

A linear mixed-effects model with dog identity as a random effect
was used to determine whether a significant association existed
between the ultrasonographic and histological measurements of skin
thickness. A likelihood ratio test compared the mixed-effects model
with a simple linear regression mode! to determine whether the
observations were correlated or not. A linear mixed-effects model
with dog identity as a random effect was also used to evaluate the
statistical significance of the difference in the thickness of the skin
between different examination sites, between male and female dogs
and between dogs of different ages (age was treated as an ordinal
variable). All analyses were performed using Stata version 10 (Stata-
Corp LP, College Station, TX, USA).

Results

The skin could be visualized with high-frequency ultra-
sound biomicroscopy in all eight examination sites of all 10
dogs. The epidermis appeared as a thin, relatively nonuni-
form, hyperechoic linear layer. Linear echogenicities,
roughly parallel or at a slight angle to the skin surface, were
identified in the dermis, while the hypoechoic to anechoic
subcutaneous fat was visible bellow the dermis {Figure 1).
The epidermis, dermis and subcutaneous fat corresponded
to the same skin layers identified in the histological sec-
tions (Figure 2). In addition, muscle fascia and muscle
were visible in some images (Figures 1 and 3).

A relatively thick, mildly nonuniform, hyperechoic linear
layer, which probably reflects the epidermis, was clearly
visible in all images. The thickness of this layer varied and
probably depended on the angle of the ultrasound beam,
the pressure applied and the examination site. The margin
between epidermis and dermis was also visible
(Figures 1-3).
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Ultrasound .;;n.—* Hair follicles|
4\

Figure 1. Close-up view of an ultrasonographic image of the centre
of the flank skin of dog no. 9. The layers of the skin (epidermis, der-
mis and subcutaneous fat}, hair follicles, muscle fascia and muscle
are clearly visible. The superficial and deep dermis can be distin-
guished marginally by the length and thickness of the linear echoes
they contain.

The dermis was clearly visible in all samples, having a
granular echotexture that, in some samples, appeared 1o
become more linear in the deeper parts (Figure 1). The
dermis was hypoechoic to the epidermis and muscle fas-
cia and hyperechoic to the subcutaneous layer. The
superficial dermis had a granular appearance more loosely
arranged, with thin and irregularly distributed small ech-
oes that probably arose from the collagen fibres. The
deep dermis contained thicker linear echoes orientated
more in parallel to the skin surface; however, the distinc-
tion between superficial and deep dermis was not always
clearly visible.

Below the dermis, the subcutaneous fat was visualized
as an anechoic layer with sparse echogenicities (Fig-
ures 1-3). The muscle fascia, when visualized, appeared
as linear, relatively thick echogenic lines orientated
roughly parallel to the skin surface. The muscle below,
when visible, appeared hypoechoic to the dermis and epi-
dermis, had equal to slightly higher echogenicity to the
subcutaneous fat, and was interrupted in some areas by
thin hyperechoic interfaces that probably represented the
intermuscular fascia.

The hair follicles, especially their isthmus and inferior
segment, were regularly identified (Figures 1 and 2).
Their appearance varied depending on the orientation of
their axis in relationship to the orientation of the ultra-
sound beam. When the hair follicles were viewed along
their long axis, they appeared as oblique, roughly tubular
hypoechogenicities with faint echogenic linear areas at
the margins, while when viewed in an oblique fashion
they appeared as oblong hypoechogenicities, mildly irreg-
ular in outline (Figure 2). The fat around the root of the
anagen hair follicles appeared as a ‘cloudy’ hypoechoge-
nicity with indistinct margination (Figure 2).

The thickness of the skin (epidermis and dermis) at
each examination site is shown in Table 1. When control-
ling for the effect of individual dogs, there was a highly
significant, positive association between the ultrasono-
graphic and histological measurements (P < 0.001;
Table 2); a one-unit increase In the latter resulted in a
one-unit increase in the former. The likelihcod ratio test
comparing the linear mixed-effects model with a simple
linear regression model showed that the model that
accounted for clustering differed significantly from the
model that assumed observations were independent
(P=0.001), confirming that the data were correlated;
thus, the measurements of the eight samples taken from
the same dog were more similar to each other than to
samples taken from any of the other dogs. For both ultr-
asonographic and histological skin thickness measure-
ments, there were no statistically significant differences
between sexes, ages or among the different examination
sites (Table 3).

Discussion

Ultrasound biomicroscopy is a safe, quick and easy-to-
use tool that provides important diagnostic information
for various skin diseases in humans and may find similar
applications in veterinary medicine in the future.”® The
ultrasonographic appearance and thickness of normal
canine skin have been reported previously.'”'® In the
present study, we have used a 50 MHz polyvinylidene
difluoride transducer incorporated into a probe filled with

Figure 2. Haematoxylin- and eosin-stained histological and ultrasonographic images from the same examination site, i.e. the middle thoracic area
(second examination site) of dog no. 1. The original ultrasonographic image has been cropped to include only the middle 8 mm portion of the origi-
nal 14.9-mm-wide image and to have the same depth as the histological image. Numbers in the figure are as follows: 1, hair follicles; and 2, subcu-
taneous fat.
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Ultrasound of normal canine skin

Figure 3. Ultrasonographic images of the skin of dog no. 1 corresponding to the dorsal thoracic area, over the upper palpable portion of the sew-
enth rib {a), the middle thoracic area, over the middle of the seventh rib {b), the lower thoracic area over the joint between the seventh rib and the
sternum {c), the upper lumbar area, over the fourth lumbar vertebra and 3 cm lateral to the spine (d), the centre of the flank (g}, the ventral abdom}-
nal area at the level of the umbilicus and 3 cm lateral to the mid-line {f), the lateral forelimb over the middle of the humerus {g) and the lateral thigh
over the middle of the femur (h). The epidermis, dermis and subcutaneous fat are clearly visible.

distilled water, and scanning was done using a digital
stepping motor that allows image tissue resolution down
to 40 um. This is a much higher transducer frequency
than the 13 MHz of the linear array transducers that have
been employed previously,’”'® thus allowing a more
detailed imaging of the skin.

A mildly nonuniform hyperechoic layer, probably corre-
sponding to the epidermis, was visible in all images.
Although this layer was clearly visible, its lower margin at
the epidermo-dermal interface was not distinct enough to
allow accurate measurement of the epidermal thickness.
This is probably related to the axial resolution of the
50 MHz transducer, and a higher frequency transducer

© 2014 ESVD and ACVD, Veterinary Dermatology, 25, 176-e45.

would be expected to allow accurate measurement of
the thickness of canine epidermis. This layer was
followed by a second one, which was thicker and hypo-
echoic compared with the epidermal layer, had a granular
appearance and was compatible with the dermis. The
dermis was clearly visible and hyperechoic to the sur-
rounding tissue and, in some samples, a distinction
between the superficial and deep parts of the dermis was
possible. The echogenicity of the dermis probably reflects
its constituents, namely dermal ground substance,
collagen and elastic fibres;'® the different appearance of
the linear echogenicities between the superficial and the
deep dermis probably reflect differences in collagen
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Table 1. Mean and SD of skin (epidermis and dermis) thickness measured using high-frequency ultrasound biomicroscopy images and snap-
frozen skin biopsy histological sections for eight sites of the skin from 10 clinically heaithy laboratory beagle dogs

Examination site® 1 2 3 4 5 6 7 8
Ultrasonographic measurement
Mean (mm) 1.351 1.238 1.329 1.365 1.309 1.267 1.274 1.412
sD 0.172 0.158 0.198 0.193 0.153 0.107 0.146 0.159
Histological measurement
Mean (mm) 1.354 1.251 1.343 1.365 1.319 1.276 1.279 1.433
SD 0.176 0.160 0.193 0.143 0.163 0.130 0.144 0.142

*Sites are as follows: site 1, dorsal thoracic area; site 2, middle thoracic area; site 3, lower thoracic area; site 4, upper lumbar area; site 5, centre
of the flank; site 6, ventral abdominal area; site 7, lateral forelimb; and site 8, lateral thigh.

Table 2. Linear mixed-effects model with dog identity as a random
effect to determine the association between ultrasonographic and
histological measurements of the skin thickness (epidermis and
dermis) for eight sites of the skin from 10 clinically healthy laboratory
beagle dogs

Coefficient Pwvalue 95% Confidence interval
Ultrasound 1.001 <0.00 0.947-1.054
Constant 0.007 0.844 0.080-0.085

fibres, which are normally thicker and less numerous in
the deep dermis.?* A third layer below the dermis was
hypoechoic to the epidermis and dermis and represects
subcutaneous fat. Also, in some samples, the muscle fas-
cia and the superficial areas of the muscles were visible
underneath the subcutaneous fat layer. The hair follicles
could be identified in various orientations, and their loca-
tion corresponded to that seen in the histological sam-
ples. To the authors’ knowledge, this is the first time that
the ultrasonographic appearance of the skin layers and
hair follicles has been described for normal canine skin.
There was a highly significant association between ultr-
asonographic and histological measurements of skin
thickness, with almost identical results from both modali-
ties. This is different compared with previous studies,

Table 3. Comparison of the mean ultrasonographic and histological
measurements of skin thickness {epidermis and dermis) of 10 clini-
cally healthy laboratory beagle dogs, between different sexes and
ages and among eight examination sites

Variable Histology Pvalue  Ultrasound P-value
Sex
Male (n = 7) 135+ 017 0.241 1.36 £ 017  0.201

Femalein=3) 128+ 0.14 1.28 + 0.14

Age

dyearsin=2) 133+ 014 03864 1.34 +£ 0.14 0.472

Eyearsin=4) 1.30+ 017 1.29 £ 017
Byears(n=1 1.26+ 0.09 1.25 + 0.08
9vyears(n=3) 138+ 0.18 1.41 +£ 017

Examination site®

1{h=10) 135+ 0.18 0.084 1.36 + 0.17 0.058
2(h=10) 125+ 0.16 1.256 + 0.16
3iln=10) 1.34 + 0.19 1.34 £ 0.21
4(n=10 136 + 0.14 1.38 + 0.15
5(n=10) 1.32 £ 0.16 1.33 £ 0.16
6(n="10) 1.28 + 0.13 1.29 + 0.10
7ih=10) 1.28 + 0.14 1.29 + 0.16
8{n=10 1.43 + 0.14 1.42 + 0.17

*Sites are as follows: site 1, dorsal thoracic area; site 2, middie
thoracic area; site 3, lower thoracic area; site 4, upper lumbar area;
site 5, centre of the flank; site 6, ventral abdominal area; site 7,
lateral forelimb; and site 8, lateral thigh.
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where the ultrasonographic measurements of skin
thickness were higher than the histological ones. This is
probably due to the use of snap-frozen rather than forma-
lin-fixed skin biopsies, thus avoiding the shrinkage of the
histology sample that always occurs during formalin fixa-
tion. In addition, 10 measurements were averaged in this
study to calculate the skin thickness, which is markedly
greater than the average of three measurements per-
formed previously.'” '® This was done to account for the
variability that may result from different levels of skin
compressibility during ultrasonography and also to mini-
mize possible errors due to the subjective evaluation of
the border between the dermis and subcutaneous fat and
the expected variability between examiners regarding the
exact location of placement of the callipers during thick-
ness measurements for both modalities.

Canine skin thickness has been reported to decrease
dorsally to ventrally in the trunk and proximally to distally
in the limbs, with the thickest skin located on the head,
dorsum of the neck, back and sacrum.?#?® The findings
of this study did not indicate a significant difference in
skin thickness between the eight examination sites. A
mild, nonsignificant decrease of the average thickness
from dorsally to ventrally was found in the abdomen but
not in the thoracic area, where the skin appeared to be
thinner in the middle (examination site 2) by both
ultrasonographic and histological measurements. This
may be due to the measurement taking place over a rib
and the stretching of the skin that may be greater in the
middle.

A weak correlation was detected in beagle dogs
between ultrasonographically measured skin thickness
and sex and between skin thickness in dorsal neck or
frontal regions and age in a previous study.'’ However, in
the same study, no similar correlations were found in
shar-pei dogs.'” The present study was conducted in one
breed, and the failure to find significant differences in skin
thickness between male and female dogs and between
different ages might have occurred because of the small
number of individuals that were used. Also, with regard
to age, the results should be evaluated cautiously
because neither very young nor very old dogs were
included in the study population. Further studies with a
larger population of animals and standardization of the
sex and neutering status in homogeneously aged groups
are required to confirm these findings. Although only
purpose-bred beagle dogs were studied, the authors
consider that high-frequency cutaneous ultrasonography
could be applied to privately owned dogs of various
breeds with the aim of imaging normal skin and acquiring

© 2014 ESVD and ACVD, Veterinary Dermatology, 25, 176-e45.
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baseline values of skin thickness in various areas of the
body in an accurate and noninvasive way.

In conclusion, this study showed that cutaneous high-
frequency ultrasound biomicroscopy using a 50 MHz
transducer was a useful tool to identify the skin layers
{including the epidermis, dermis and subcutaneous fat),
to demonstrate the hair follicles and to measure accu-
rately the thickness of normal canine haired skin.
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Contexte - L'apparence échographigue de peau velue normale de chien n'a jamais été décrite.
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Hypotheses/Objectifs — Décrire |'échogénicité de peau velue normale de chien a I'aide d'ultrasons a haute
fréquence (50 MHz) et de comparer les valeurs échographiques et histologiques de I'épaisseur de la peau
sur des échantillons de biopsies congelées.

Sujets - Dix chiens beagles sains.

Meéthodes - L'examen échographigue a été réalisé sur huit sites cutanés a l'aide d'un transducteur en di-
fluorure de polyvinylidéne. L'échogénicité de la peau a été évaluée et la moyenne des mesures de 10
épaisseurs cutanée a été calculée. Les résultats échographigues ont été comparés avec les données his-
tologiques de cryosections de peau colorées a I'hémalun-éosine ainsi que les mesures histométriques
d'épaisseur cutanée. Les différences de mesures échographiques et histologiques parmi les sites de biop-
sies, |'age et le genre des animaux ont également été observées.

Résultats — Les couches cutanées et les follicules pileux ont pu étre identifiés par biomicroscopie ultraso-
nore a haute fréquence pour les huit sites examinés des 10 chiens. |l y avait une association positive haute-
ment significative entre les données échographiques et histologiques (P < 0.001) de I'épaisseur de la peau.
Pour les données d'épaisseur cutanée échographique et histologique, il n'y avait aucune différence statis-
tigue significative entre les genres ou I'age ou parmi les différents sites d'examen.

Conclusions et importance clinique - La biomicroscopie cutanée par ultrason a l'aide d'un transducteur
de b0 MHz est un outil utile pour les applications suivantes: (i) identifier les couches de la peau (y compris
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edd

I'épiderme, le derme et la graisse sous-cutanéel); (i) mettre en évidence les follicules pileux dans les
différentes zones de la peau velue; et (iii) mesurer |'épaisseur de peau normale de chien avec précision.

Resumen

Introduccion - la morfologia ultrasonografica de la piel canina normal mediante ultrasonografia de alta frec-
uencia no ha sido descrita.

Hipotesis/Objetivos — describir la ecogenicidad de la piel canina normal utilizando ultrasonografia de alta
frecuencia (50 MHz) y comparar las medidas con ultrasonografia con las medidas histolégicas de grosor de
la piel utilizando biopsias rapidamente congeladas.

Animales - diez perros Beagle normales.

Meétodos - el examen ultrasonogréafico se desarrollé en ocho zonas de la piel mediante un sensor de polivi-
nilideno difluocrado. Se evalud la ecogenicidad de la piel y se calculé la media de 10 mediciones de grosor.
Los resultados de la ultrasonografia se compararon con los hallazgos histoldgicos de secciones de la piel
congelada tenidas con hematoxilina y eosina, asi como con medidas histométricas del grosor de la piel. Se
examinaron las diferencias en las medidas ultrasonogréficas e histolégicas entre los distintos lugares de bi-
opsia, edad y sexo de los animales.

Resultados - los estratos de la piel y los pelos pudieron identificarse con un biomicroscopio de ultrasonido
de alta frecuencia en las ocho zonas de examen en los diez perros. Hubo una asociacion positiva significati-
va entre las medidas por ultrasonografia e histologia (P < 0,001) del grosor de la piel. Tanto para el grosor
determinado por ultrasonografia como mediante histologia no se observaron diferencias significativas en
funcién del sexo, edad o zonas examinadas.

Conclusiones e importancia clinica — la biomicroscopia cutdnea de ultrasonidos con un sensor de 50
MHz es una herramienta Gtil para las siguientes aplicaciones: (i) identificar los estratos de la piel {incluidos
la epidermis, dermis y tejido adiposo subcutaneo); (i) demostrar los foliculos pilosos en varias zonas de la
piel; y (i) medir el grosor de la piel normal con precision.

Zusammenfassung

Hintergrund - Bisher wurde das ultrasonografische Erscheinungshild von normaler behaarter Hundehaut
mittels hochfrequenter Ultrasonografie noch nicht beschrieben.

Hypothese/Ziele — Eine Beschreibung der Echogenitat von normaler behaarter Hundehaut mittels hoch-
frequenter (50MHz) Ultrasonografie und ein Vergleich der ultrasonografischen mit histologischen Messun-
gen der Hautdicke in Gewebsproben, die mit flissigem Stickstoff schockgefroren waren.

Tiere — Zehn gesunde Beagle.

Methoden - Eine ultrasonografische Untersuchung wurde an acht Hautstellen mittels 50 MHz Polyvinylid-
endifluorid Schallkopf durchgeflihrt. Die Echogenitat der Haut wurde evaluiert, und der Durchschnitt von
10 Hautdickenmessungen kalkuliert. Die ultrasonografischen Ergebnisse wurden mit den histologischen
Befunden der Kryoschnitte der Haut, die mit Hamatoxylin und Eosin gefarbt worden waren, sowie mit his-
tometrischen Messungen der Hautdicke verglichen. Unterschiede zwischen den ultrasonografischen und
histologischen Messungen der Biospiestellen, des Alters und Geschlechts der Tiere wurde ebenfalls unter-
sucht.

Ergebnisse — Die Hautschichten und die Haarfollikel konnten mittels hochfrequentem Ultraschall Biomikro-
skop an allen acht untersuchten Hautstellen aller 10 Hunde identifiziert werden. Es bestand ein hochsignifi-
kanter, positiver Zusammenhang zwischen den ultrasonografischen und histologischen Messungen
(P=<0,001) der Hautdicke. Fur sowohl die ultrasonografischen als auch die histologischen Messungen der
Hautdicke bestand kein statistisch signifikanter Unterschied bezliglich Geschlecht, Alter und unterschiedli-
chen Hautstellen.

Schlussfolgerungen und klinische Bedeutung — Die Ultraschall Biomikroskopie der Haut mittels 50 MHz
Schallkopf ist ein wichtiges Utensil flr die folgenden Anwendungen: (i) Identifizierung der Hautschichten
{inklusive Epidermis, Dermis und Subkutis); (ii) Darstellung der Haarfollikel an verschiedenen behaarten
Hautstellen; und (iii) genaue Messung der Dicke der normalen Hundehaut.
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3. Research Study #2: High-frequency ultrasound biomicroscopy findings of the skin of
dogs with atopic dermatitis
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INTRODUCTION

Abstract

Background: The high-frequency ultrasonographic appearance of skin of
dogs with atopic dermatitis (cAD) has not been described.

Objectives: To compare high-frequency ultrasonographic findings among
lesional, macroscopically nonlesional skin of dogs with cAD, and the mac-
roscopically nonlesional skin of healthy dogs. Additionally, to determine
whether there is any correlation between the ultrasonographic findings in
lesional skin and local Canine Atopic Dermatitis Extent and Severity Index,
4th iteration (CADESI-04) or its domains (erythema, lichenification, excoria-
tions/alopecia). As a secondary aim, six cAD dogs were re-evaluated after
management intervention.

Animals: Twenty dogs with cAD (six were re-examined after treatment) and
six healthy dogs.

Materials and Methods: In all dogs, ultrasonographic examination was
performed on the same 10 skin sites, using a 50 MHz transducer. Wrinkling
of skin surface, presence/width of subepidermal low echogenic band, hy-
poechogenicity of dermis and thickness of the skin were evaluated and
scored/measured blindly.

Results: Dermal hypoechogenicity was more common and severe in lesional
compared to macroscopically nonlesional skin of dogs with cAD. In lesional
skin, presence/severity of wrinkling of skin surface and of dermal hypoecho-
genicity were positively correlated with presence/severity of lichenification,
while severity of dermal hypoechogenicity was positively correlated with
local CADESI-04. A positive correlation between the change in skin thick-
ness and the change in the severity of erythema during treatment was noted.
Conclusions and Clinical Relevance: High-frequency ultrasound biomi-
croscopy may be useful for the evaluation of skin of dogs with cAD and for
evaluating the progression of skin lesions during treatment.

KEYWORDS
4th iteration (CADESI-04), atopy, biomicroscopy, canine atopic dermatitis extent and severity
index, cutaneous

the extent and severity of these lesions using the
Canine Atopic Dermatitis Extent and Severity Index,

Canine atopic dermatitis (cAD) is one of the common-
est skin diseases of dogs.™ The cardinal clinical sign
is pruritus,® typically involving the face, pinnae, distal
limbs, paws and ventral trunk.® Lesions associated
with cAD include alopecia, erythema, excoriations and
lichenification.® It is currently recommended’ to assess

4th iteration (CADESI-04)® and/or the Canine Atopic
Dermatitis Lesional Index (CADLI).? Despite being vali-
dated, CADESI-4 and CADLI are subjective scales and
there is a continuing effort to develop more objective
methods, such as dermatoscopy to measure specific
features such as ery‘thema.10
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Few studies on the ultrasonographic appearance of
canine skin are available."'"® Skin thickness and hy-
dration have been evaluated,'''>'® and high-frequency
ultrasonography has been employed to study wound
healing,”*'* and to measure the thickness of normal
skin.'® No studies on the high-frequency ultrasono-
graphic appearance of the skin in cAD are available. By
contrast, the high-frequency ultrasonographic appear-
ance of human lesional AD skin (AD-L), nonlesional AD
skin (AD-NL) and healthy skin have been compared,
the impact of treatment on ultrasonographic appear-
ance of AD skin has been reported, and the width of
the subepidermal low echogenic band (SLEB) has been
shown to be positively correlated with the clinical se-
verity of AD."7-2

The primary aims of this study were to {i) com-
pare the high-frequency ultrasonographic appearance
among cAD-L, cAD-NL skin and the macroscopically
nonlesional skin of healthy dogs (H-NL} and (i) inves-
tigate the correlation between findings in cAD-L skin
and local CADESI-04 or its domains (erythema, licheni-
fication, excoriations and alopecia). A secondary aim
was to determine whether the high-frequency ultraso-
nographic appearance of cAD-L skin changes in parallel
with local CADESI-4 or its domains during diagnostic
and/or therapeutic interventions, not including adminis-
tration of anti-inflammatory drugs.

MATERIALS AND METHODS

The study protocol was approved by the Ethical
Committee for Animal Use in Scientific Research of
the Institution of the last author (50/23-1-18). Owners
of all dogs signed an informed consent for participation
in the study.

Initial examination of dogs

Twenty dogs with cAD and six healthy dogs were in-
cluded in this prospective blinded study.

Privately-owned dogs diagnosed with cAD sensu
lato®® and fulfilling at least six of eight of the first set of
diagnostic criteria proposed by Favrot and coworkers
(2010)%526 comprised the AD group. Dogs with cAD in
remission [i.e. CADESI-04 < 10°% and/or pruritus Visual
Analog Scale (PVAS)<1.9/101,%” treated with topical
and/or oral glucocorticoids during the previous month
or with injectable long-acting glucocorticoids during the
previous two months or with clinical signs of hypercor-
tisolism were excluded. The severity of pruritus was as-
sessed by the owner using PVAS. Overall skin lesions,
as well as lesions at skin sites where high-frequency
ultrasonographic examination was performed, were
scored by a board certified veterinary dermatologist,
a supervised dermatology PhD student or supervised
dermatology residents, using CADESI-04 and local
CADESI-04 (to assess a specific area), respectively.
Any skin site with local CADESI-04>1 was considered
cAD-L, while if local CADESI-04 =0 it was considered
cAD-NL.

Privately-owned dogs, with an age>6months, no
evidence of dehydration and no cutaneous or systemic
diseases, comprised the healthy group.

High-frequency ultrasonographic
examination

A portable ultrasound scanner (Episcan-1-200, v4.0-UL;
Longport International Ltd) with a 50MHz transducer
was used for the ultrasonographic examinations, as
described previously.'® The scanner was fitted with a
polyvinylidene difluoride transducer incorporated into a
probe filled with distilled water, and scanning was per-
formed using a digital stepping motor. The ultrasonic
beam was propagated through an aperture covered
with a disposable rubber membrane. Ultrasound im-
ages were obtained in sagittal orientation. The trans-
ducer had a spherical focus of 8mm and the axial
resolution in the conditions in which the equipment
was used was expected to be ~50um. The focal zone
of the transducer was set at 2mm below the normal
plane of the transducer membrane, with beam width
at 6dB (~25um), and each displayed pixel was 29um
wide. The scan rate was one frame per s. The acoustic
centre frequency was 50.5 MHz (£10%) with pulse du-
ration 18 ns. The maximum power from the transducer
was 1 uW. The spatial-peak temporal average intensity
was 8.9Wem™ (+23%) with a spatial-peak pulse-
average intensity of 360W/cm? (£22%). The dynamic
range was 66 dB. The acquired images were 14.9mm
wide and 7.68mm deep. The images were saved and
stored in the associated hard drive and visualised using
a greyscale mirror palette, which rectifies the signal,
from the same software with which the ultrasound
machine operates (EPISCAN-1-200, software v4.0-UL;
Longport Inc.). After clipping, 10 areas of the skin were
examined from the dogs of both groups: (i) concave as-
pects of left and right ear pinnae (positions 1 and 2, re-
spectively), which present lesions in more than half of
dogs with AD?®?8: (i) symmetrical areas on the convex
aspects of ear pinnae (positions 3 and 4, respectively),
which are typically nonlesional in dogs with AD; {iii) left
and right axillae (positions 5 and 6, respectively), which
present skin lesions in approximately half of dogs with
AD?28.2%. (i) area of nonlesional skin closest to the
left and right axillae and located on an imaginary line
connecting the centre of each axilla to the middle of the
seventh rib for dogs with AD or an area on the middle
of the above imaginary line for healthy dogs (positions
7 and 8, respectively); and (v) left and right flanks (posi-
tions 9 and 10, respectively), which present skin lesions
in approximately one quarter of dogs with AD.?®

All scans were performed by two investigators
trained by a veterinary radiologist. In order to blind the
latter as to which group the dog was a member of and
the area of the skin under investigation, an online ran-
dom number generator (http://stattrek.com/statistics/
random-number-generator.aspx) was used to assign a
code number to each dog and to each of the 10 scanned
areas of each dog, and these random numbers were
used to code the saved images.
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All images were examined by the veterinary radiol-
ogist. The following qualitative, semiquantitative and
quantitative attributes of each image were recorded,
scored or measured in the middle 10mm portion of the
14.9mm wide images: (i) wrinkling of skin surface,’
subjectively scored as 0 (absent), 1 (mild), 2 (moderate)
or 3 (severe); (i) presence of SLEB"1%29; (ji)) width of
SLEB (if present), measured using 10 evenly distrib-
uted lines drawn perpendicular to the surface of the
skin from the upper to the lower border of SLEB and
calculating their mean value; (iv) hypoechogenicity of
dermis,?° subjectively scored as 0 (absent), 1 {mild), 2
(moderate) or 3 (severe); and (v) thickness of the skin,
evaluated using 10 evenly distributed lines drawn per-
pendicular to the surface of the skin until reaching the
subcutaneous fat (or ear pinnae cartilage) and calculat-
ing their average.

Treatment and re-examinations of dogs
with cAD

All dogs with cAD which were not receiving anti-
inflammatory drugs that were re-examined during
the study period underwent a repeat scan as above.
All remaining diagnostic and therapeutic interventions
currently recommended for cAD®**' were allowed and
were prescribed by a veterinary surgeon, either as sin-
gle interventions or in various combinations.

Statistical analyses

Comparisons were made between (i) cAD-L and
cAD-NL, (i} cAD-L and H-NL and (iii) cAD-NL and
H-NL skin. The prevalence of wrinkling of the skin
surface, SLEB and dermal hypoechogenicity were
compared by Pearson's chi-square {;.:2) r Fischer's
exact test. The distribution of continuous or ordinal
data {i.e. severity of wrinkling of skin surface, SLEB
width, severity of dermal hypoechogenicity) was
examined by Lilliefors modification of Kolmogorov-
Smirnov test and subsequent comparisons were
done by independent sample Student's t-test (nor-
mal distributions) or Wilcoxon—-Mann-Whitney U-test
{non-normal distributions).

The prevalence of ultrasonographic findings in
cAD-L skin was compared between body sites with
or without each domain of CADESI-04 by Pearson's
)(2 or Fischer's exact test. Correlations between
continuous or ordinal ultrasonographic findings and
local CADESI-04 or its domains were examined by
Spearman's rank correlation coefficient. The same
test was used to examine for possible correlations be-
tween differences in continuous or ordinal ultrasono-
graphic findings (delta of the severity of wrinkling of
skin surface, of SLEB width, of the severity of dermal
hypoechogenicity and of skin thickness) and differ-
ences in local CADESI-04 and its domains before and
after treatment.

Significance was set at p<0.05 and all analyses
were performed using IBM Spss StaTisTics 23.

Veterinary Dermatologyj;3
RESULTS

The mean age + standard deviation (SD) of the 20 dogs
with cAD was 6.2+2.8years and their body weights
ranged from 3.5 to 45kg (median 12.2kg). There were
four males (two neutered) and 16 females (eight spayed).
The six healthy dogs had an age of 3.7 +3.2years. There
were two males (one neutered) and four females (two
spayed). Their weight was 18.3 +10kg. Table 1 shows
the breed, PVAS and CADESI-04 scores for the 26 dogs.

Six dogs with cAD (nos 12, 13, 15, 17, 18 and 20)
were re-examined after a median period of 48days,
during which they received isoxazolines (6 of 6), itracon-
azole (6 of 6), systemic antibiotics (3 of 6), a commercial
hydrolysed diet (2 of 6) and topical treatment with a
chlorhexidine/miconazole-containing shampoo (1 of 6),
resulting in significant improvement of PVAS (p=0.016)
and not of CADESI-04 (p=0.327).

Lesional and macroscopically nonlesional
skin of dogs with cAD and
macroscopically nonlesional skin of
healthy dogs

Suboptimal images (poor technique from excessive
pressure or insufficient transducer contact, or artefacts
created by gas bubbles in the distilled water or on the
skin surface), and images from healthy dog skin areas
with local CADESI-04=1, were discarded. Thus, 83
cAD-L, 66 cAD-NL and 37 H-NL skin images were ex-
amined (see Table S1).

The comparisons of the ultrasonographic findings
between cAD-L, cAD-NL and H-NL skin are presented
in Table 2, the scores/measurements of the ultraso-
nographic abnormalities for each area of the skin are
presented in Tables S2-S4, the comparisons of these
scores/measurements between cAD-L, cAD-NL and
H-NL skin are presented in Table 3, and the com-
parisons/correlations with local CADESI-04 and its
domains for cAD-L skin are presented in Table 4.
Wrinkling of the skin surface in cAD-L skin was sig-
nificantly more common in areas with lichenification
(p=0.02), and there was a significant (p=0.015) weak
(r=0.265) positive correlation between the severity of
wrinkling and the severity of lichenification. The width
of SLEB (Figure 1) was significantly larger in cAD-NL
compared to cAD-L skin (p=0.043). Prevalence and se-
verity of dermal hypoechogenicity (Figure 2) were sig-
nificantly higher (p=0.048 and p=0.041, respectively)
in ¢cAD-L compared to cAD-NL skin; also, in cAD-L
skin, dermal hypoechogenicity was significantly more
common in areas with lichenification (p=0.003) and its
severity was positively and weakly correlated with local
CADESI-04 scores (p=0.002; r=0.329) and with the
severity of lichenification (p=0.003; r=0.325).

Changes over time in dogs with cAD

After discarding suboptimal images, 38 pairs of im-
ages obtained before and after intervention in six dogs
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TABLE 1 Breed, pruritus Visual Analog Scale (PVAS) score and Canine Atopic Dermatitis Extent and Severity Index, 4th iteration
{CADESI-04) score for each dog of the atopic dermatitis (cAD) and the healthy group.

Group Dog no Breed PVAS CADESI-04
cAD 1 WHWT 2.2 26

2 WHWT 39 15

3 WHWT 5.4 19

4 WHWT 10 42

5 CB 2.2 10

6 CB 2.5 25

T CB 8.6 17

8 French bulldog 25 12

9 French bulldog 7.8 25

10 Maltese terrier 5.6 13

1 Maltese terrier 8.7 22

12 Pitbull terrier 3.8 15

13 Pitbull terrier 8.9 35

14 Boxer 45 15

15 Bull terrier 5.7 17

16 Cane corso 59 33

17 Cavalier King Charles spaniel 3] 99

18 Dogo Argentino 3.6 42

19 English bulldog 7.9 22

20 Poodle 26 21

All dogs with cAD 54£25 21.5(10-99)
Healthy 1 CB 1 5

2 CB 1 6

3 CB 1.8 5

4 Cocker spaniel 1.8 8

5 Dalmatian 1.3 7

6 Doberman 0.3 2

All healthy dogs 12205 55+2.1

Abbreviations: CB, cross-breed; WHWT, West Highland white terrier.

TABLE 2 Prevalence of wrinkling of skin surface, subepidermal low echogenic band (SLEB) and hypoechogenicity of dermis in the
lesional (cAD-L) and macroscopically nonlesional (cAD-NL) skin of 20 dogs with atopic dermatitis (cAD), and in the macroscopically
nonlesional skin of six healthy dogs (H-NL).

cAD Healthy p-values
cAD-L cAD-L cAD-NL
No of dogs cAD-L cAD-NL H-LN versus versus versus
(%) (n=83) (n=686) No of dogs (%)  (n=37) cAD-NL H-NL H-NL
Wrinkling 10 (50%) 11 {13.3%]} 7(106%) 21(33.3%) 41(10.8%) 0.622 1 1
SLEB 9 (45%} 6 (7.2%) 4(6.1%) 1(16.7%) 1(2.7%) 1 0.435 0.652
Hypoechogenicity 16 (80%) 27 (32.5%) 12 (18.2%) 4 (66.7%) 8 (21.6%) 0.048 0.225 0.672

Note: Significance of the comparisons between cAD-L and cAD-NL, cAD-L and H-NL and cAD-NL and H-NL are given by p-values,

DISCUSSION

with cAD were examined. The only significant corre-
lation between changes in ultrasonographic findings

(delta severity of wrinkling of skin surface, delta SLEB
width, delta severity of dermal hypochogenicity and
delta skin thickness) and changes in local CADESI-04
(delta CADESI-04) and its domains (delta erythema,
delta lichenification and delta alopecia/excoriations),
was a moderate (r=0.446) positive correlation be-
tween delta skin thickness and delta local erythema
(p=0.005).

To the best of our knowledge, this is the first study de-
scribing high-frequency ultrasonographic findings in the
skin of dogs with cAD and comparing cAD-L, cAD-NL
and H-NL skin. Furthermore, this is the first study on
cAD in any species, including humans, that has been
designed in a such a way that the single evaluator of ul-
trasound images was blinded to the health status (cAD
or healthy), the area of the skin that corresponded to
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each image (positions 1-10) and the macroscopic ap-
pearance of the skin (L or NL). We consider that blind-
ing of the evaluator is of major importance to avoid
observer bias, because most of the attributes of the
images (presence and severity of epidermal wrinkling,
presence of SLEB, presence and severity of hypoecho-
genicity of dermis) are subjective and, thus, their inter-
pretation is prone to errors.

It has been shown that when normal canine haired
skin is examined with a 50MHz transducer, it presents
as a thin, relatively nonuniform area that corresponds
to the epidermis, followed by a hypoechoic dermis.'®
In addition to H-NL, this general ultrasonographic ap-
pearance of canine skin also was evident in cAD-L and
cAD-NL skin in the present study.

Wrinkling of the skin surface (also called “uneven-
ness of epidermal upper and lower contour”), has
been found in 68% of children with AD when multiple
areas of AD-L skin were scanned, and in 59% of the
same children when multiple areas of AD-NL skin were
scanned.?’ Our results in dogs with cAD are some-
what similar because half of them presented wrinkling
in cAD-L and/or cAD-NL skin (Table 2). However, the
same ultrasonographic finding was present in 33% of
healthy dogs and there was no difference in the prev-
alence or in the severity of wrinkling among cAD-L,
cAD-NL and H-NL skin (Tables 2 and 3). By contrast,
in humans it is considered that wrinkling is more se-
vere in AD-L compared to AD-NL and H-NL skin." This

TABLE 3 Comparisons (p-values) of the severity of wrinkling

of skin surface, of the width of subepidermal low echogenic band
(SLEB) and of the severity of hypoechogenicity of dermis among
the lesional (cAD-L) and macroscopically nonlesional (cAD-NL) skin
of 20 dogs with atopic dermatitis (cAD) and the macroscopically
nonlesional skin of six healthy dogs (H-NL}.
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discrepancy may reflect the lack of bias in the present
study, owing to the blinding of the evaluator as to the
group of the dog and to the macroscopic appearance of
the skin corresponding to each image. Therefore, wrin-
kling may be considered a nonspecific ultrasonographic
finding, without obvious clinical significance, that
may be present in cAD-L, cAD-NL and in H-NL skin.
However, in the cAD-L skin, wrinkling was significantly
more common in skin areas with lichenification, and
there was a weak — and significant — positive correlation
between the severity of wrinkling and the severity of
lichenification. This finding seems logical because the
rough surface of lichenified skin is expected to be seen
on ultrasound images as wrinkling. Further studies,
combining clinical, ultrasonographic and histopathologi-
cal examination, are needed to clarify if wrinkling is the
ultrasonographic counterpart of lichenification and of
the underlying epidermal hyperplasia in cAD-L skin.

In human dermatology, SLEB is a non-AD-specific
finding of high-frequency ultrasound biomicroscopy
that also can be seen in other inflammatory (e.g. psoria-
sis), environmental (e.g. solar dermatitis) and neoplastic
(e.g. mycosis fungoides) skin diseases, secondarily to
superficial dermal infiltration by inflammatory or neo-
plastic cells, oedema, accumulation of glycosamino-
glycans, altered structure of collagen and elastic fibres
and/or elongation of rete ridges.'”'%*? Specifically in
AD-L skin, the width of SLEB is positively correlated,
not only with the severity of the inflammatory infiltrate,
but also with the accompanying epidermal changes
(hyperkeratosis, parakeratosis, hyperplasia and spongi-
osis).*? In different patient populations, the prevalence
of SLEB in the AD-L and AD-NL skin varies from 94%

cAD-L cAD-NL
cAD-L versus  versus versus
cAD-NL H-NL H-NL
Wrinkling 0.607 0.695 0.974
SLEB 0.043 0.251 0.427 Fl G URE 1 Subepiderlmal low echogenic be_anFi {asterisks_}l with
o a thickness of 0.838 mm in the ultrasonographic image obtained
Hypoechogenicity 0.041 0.8 0.704 from the right flank (position 10) of Dog 7 with atopic dermatitis.

TABLE 4 Comparison and correlations (p- and r-values) between (a) the presence/severity of wrinkling of skin surface, the presence/
width of subepidermal low echogenic band (SLEB) and the presence/severity of hypoechogenicity of the dermis and (b) local Canine
Atopic Dermatitis Extent and Severity Index, 4th iteration (CADESI-04) and the presence/severity of its domains (erythema, lichenification,
excoriations/alopecia) in the lesional skin of 20 dogs with atopic dermatitis (cAD).

Local CADESI-04 Erythema Lichenification Excoriations/alopecia
r p r r P r P
Wrinkling
Presence — - — 0.44 - 0.02 — 0.352
Severity 0.105 0.345 0.01 0.931 0.265 0.015 -0.16 0.148
SLEB
Presence — . — 0.264 - 0.148 s 0.586
Width -0.372 0.468 -0.338 0.512 -0.123 0.816 — —
Hypoechogenicity
Presence — — — 1 — 0.003 - 0.191
Severity 0.329 0.002 0.129 0.243 0.325 0.003 0.167 0.131
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FIGURE 2 Images showing absence or presence of dermal
hypoechogenicity of variable severity. (a) Absence of dermal
hypoechogenicity in the ultrasonographic image obtained from

the area of nonlesional skin closest to the left axillae (position 7)

of Dog 20 with atopic dermatitis (open parenthesis shows the
extent of the whole dermis). {b) Mild dermal hypoechogenicity in
the ultrasonographic image obtained from the convex aspect of the
right ear pinna (position 4) of Dog 16 with atopic dermatitis (arrows
indicate the hypoechoic patches in the dermis). (c}) Moderate
dermal hypoechogenicity in the ultrasonographic image obtained
from the concave aspects of the right ear pinna (position 2} of Dog
18 with atopic dermatitis (arrows indicate the upper and lower
limits of the extensive hypoecholc area in the dermis).

to 100% and from 13% to 77%, respectiwely.1 BElAss

In the present study, the prevalence of SLEB was much
lower compared to humans, because it was found in
only 45% of dogs with cAD after scanning 10 areas of
the skin of each dog (Table 2). A possible explanation
could be that we used a transducer of higher frequency
(50MHz) than those used in most human studies
(20MHz), and this resulted in higher image resolution
and an inability to clearly differentiate SLEB from an un-
derlying hypoechogenic dermis. However, in a study of
22 children with AD, when a 75 MHz transducer was
used, SLEB was present in 100% AD-L and in 77%
AD-NL skin.?! Therefore, the most reasonable explana-
tion for this difference between human AD and canine
cAD is the different structure of the skin between the
two species, and especially, the increased number of
larger and compound hair follicles in the haired canine
skin that do not leave sufficient space for the superficial

oedema and inflammatory infiltrate to create a hypoe-
chogenic area large enough to be clearly identified as
SLEB on high-frequency ultrasound biomicroscopy. In
human dermatology there is debate regarding the spec-
ificity of SLEB as an indicator of skin disease, because
in some studies it was absent in H-NL skin,'®%%%? yet
in other studies it was present.'”'®2" Our results are in
line with the latter studies, because the blinded exam-
iner identified SLEB in a single image from a healthy
dog (Table 2). Surprisingly, the width of SLEB was sig-
nificantly higher in the four cAD-NL areas of the skin
where SLEB was present compared to the six areas of
cAD-L skin; a possible explanation may be that in these
four areas of cAD-NL skin there was acute inflamma-
tion, accompanied by superficial oedema that resulted
in both a wider SLEB and in a collapse of the capillaries
that resulted in the absence of macroscopic erythema.

In human AD, the echogenicity of the dermis de-
pends on the severity of inflammatory cell infiltration.*?
When measured with image analysis software, it was
found to be lower in AD-L compared to AD-NL and
H-NL skin, and in AD-NL compared to H-NL skin, in
some?®*? and not in all studies.?' Furthermore, to the
best of our knowledge, possible correlations between
the severity of hypoechogenicity of AD-L skin and the
severity of local lesions have not been investigated.
In our study, where the presence and severity of hy-
poechogenicity of dermis were evaluated blindly and
subjectively, it was found to be more common and
more severe in cAD-L compared to cAD-NL skin, to
be more common in cAD-L skin with lichenification,
and to be weakly and significantly correlated with local
CADESI-04 and local lichenification. These results can
be explained by the more severe infiltration of inflam-
matory cells in the cAD-L compared to cAD-NL skin, in
the cAD-L skin with more severe macroscopic lesions
and in the chronically inflamed lichenified skin.**%°
The lack of difference between cAD-L (and perhaps
also cAD-NL) and H-NL skin may be a consequence
of the small number of healthy dogs and/or the subjec-
tive evaluation of hypoechogenicity of dermis. Future
studies including more healthy dogs and using image
analysis software are needed to further clarify this.

In order to study the changes of high-frequency
ultrasonographic findings during diagnostic and thera-
peutic interventions for cAD, we intentionally excluded
dogs treated with anti-inflammatory drugs. Although
these drugs are expected to reduce epidermal hyper-
plasia/lichenification, oedema and inflammatory cell
infiltration and thus to reduce wrinkling of skin sur-
face, width of SLEB, hypoechogenicity of dermis and
thickness of the skin, they may have additional indirect
effects on skin thickness, a parameter that can be mea-
sured accurately with high-frequency i:::ior‘nicroscopy.16
Glucocorticoids can decrease skin thickness due to
the inhibition of collagen synthesis and extracellular
matrix production by fibroblasts, calcineurin inhibitors
can increase skin thickness due to transforming growth
factor beta (TGF-b)-mediated stimulation of collagen
and ground substance synthesis, and, although it is
unknown if oclacitinib can have similar effects, this
is possible because TGF-b signalling is mediated by
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Janus kinase-coupled receptors.?*®77%% Despite the
low number of dogs, a significant, moderately posi-
tive correlation was found between reduction of skin
thickness and of surface erythema, which is the prin-
cipal marker of acute inflammation. Further studies are
needed to examine the changes of high-frequency ul-
trasonographic findings during treatment of cAD with
anti-inflammatory drugs and to investigate if these
changes can be used as an objective measure of treat-
ment efficacy.

A limitation of our study is that skin biopsies were
not obtained and, thus, the correlations between ul-
trasonographic and histological findings could not be
examined. However, obtaining such a large number
of biopsies (10 per dog) from dogs with ¢cAD and
healthy dogs would have raised ethical concerns, it
would probably have met with owner's reluctance to
participate, and it would have been meaningless if sig-
nificant differences of the ultrasonographic findings
between cAD-L, cAD-NL and H-NL skin had not been
found. However, based on our results, future studies
examining the correlations between ultrasonographic
and histological findings in cAD-L and cAD-NL skin
are warranted. Another limitation is that the ultraso-
nographic examination of the cAD skin necessitates
specialised equipment and a highly experienced
examiner.

In conclusion, blinded evaluation of high-frequency
ultrasound biomicroscopy images from cAD-L, cAD-NL
and H-NL skin showed that dermal hypoechogenic-
ity was more common/severe in cAD-L compared to
cAD-NL skin. Also, in cAD-L skin the presence/severity
of wrinkling of skin surface and of dermal hypoecho-
genicity were positively correlated with the presence/
severity of lichenification, while severity of dermal
hypoechogenicity was positively correlated with local
CADESI-04. Finally, a moderate positive correlation
between the skin thickness and the severity of local
erythema was seen in the dogs in which repeat ultra-
sounds were performed during diagnostic and thera-
peutic interventions for cAD.
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Résumé

Contexte: Laspect échographique avec une sonde a haute fréquence de la peau des chiens atteints de dermatite
atopique (cAD) n'a pas été décrit.

Objectifs: Comparer les observations échographiques réalisées avec une sonde a haute fréquence de la peau
lesionnelle macroscopiquement non lésionnelle de chiens atteints de cAD et la peau macroscopiquement non
Iésionnelle de chiens sains. De plus, déterminer s'il existe une corrélation entre I'aspect échographiques de la peau
Iésionnelle et le score local d'étendue et de gravité de la dermatite atopique canine, 4e édition (CADESI-04) ou ses
paramétres (érythéme, lichénification, excoriations/alopécie). Comme objectif secondaire, six chiens cAD ont été
réévalués aprés l'intervention de la direction.

Animaux: Vingt chiens atteints de DAC (six ont été réexaminés aprés traitement) et six chiens sains.

Matériels et méthodes: Chez tous les chiens, un examen échographique a été effectué sur les dix mémes sites
cutanés, a l'aide d'une sonde de 50 MHz. Le plissement de la surface de la peau, la présence/largeur d'une bande
sous-épidermique faiblement échogéne, I'hnypoéchogénicité du derme et I'épaisseur de la peau ont €té évalués et
notés/mesurés a l'aveugle.

Résultats: L'hypoéchogénicité cutanée était plus fréquemment observée et plus prononcée pour la peau lésion-
nelle que pour la peau macroscopiquement non Iésionnelle des chiens atteints de DAC. Dans la peau lésionnelle,
la présence/sévérité des rides de la surface de la peau et de I'hypoéchogénicité dermique étaient positivement
corrélées avec la présence/sévérité de la lichénification, tandis que la sévérité de I'hypoéchogénicité dermique était
positivement corrélée avec le CADESI-04 local. Une corrélation positive entre la variation d'épaisseur de la peau et
I"'évolution de la sévérité de I'érythéme pendant le traitement a été notée.

Conclusions et pertinence clinique: La biomicroscopie échographique a haute fréquence peut étre utile pour
évaluer la peau des chiens atteints de DAC et I'évolution des lésions cutanées durant le traitement.

Zusammenfassung

Hintergrund: Das Hochfrequenz Ultraschallerscheinungsbild der Haut von Hunden mit atopischer Dermatitis
(cAD) wurde noch nicht beschrieben.

Ziele: Das Ziel dieser Studie war der Vergleich von Hochfrequenz Ultraschallerscheinungsbildern lasionaler, mak-
roskopisch nicht-lasionaler Haut von Hunden mit cAD und makroskopisch nicht-lasionaler Haut gesunder Hunde.
Zusatzlich sollte festgestellt werden, ob eine Korrelation zwischen den Ultraschallbefunden in l&sionaler Haut und
beim lokalen Canine Atopic Dermatitis Extent and Severity Index 4te Auflage (CADESI-04) oder seiner Domains
(Erythem, Lichenifizierung, Exkoriationen/Alopezie) besteht. Als zweites Ziel wurden sechs cAD-Hunde nach einer
Management Veranderung nochmals evaluiert.

Tiere: Zwanzig Hunde mit cAD (sechs wurden nach der Behandlung neuerlich evaluiert) und sechs gesunde Hunde.
Materialien und Methoden: Bei allen Hunden wurde eine Ultraschalluntersuchung mittels 50 MHz Schallkopf an
den 10 gleichen Hautstellen durchgefihrt. Es wurden eine Faltenbildung der Haut, das Auftreten/Weite des sub-
epidermalen niedrig echogenen Bandes, Hypoechogenitdt der Dermis und die Dicke der Haut evaluiert und blind
bewertet/gemessen.

Ergebnisse: Die dermale Hypoechogenitat war haufiger und deutlicher bei lasionaler Haut im Vergleich zu mak-
roskopisch nicht lasionaler Haut von Hunden mit cAD. In lasionaler Haut war das Auftreten/Schweregrad der
Faltenbildung auf der Hautoberflache und die dermale Hypoechogenitdt positiv korreliert mit dem Auftreten/
Schweregrad der Lichenifizierung, wéhrend das Ausmal der dermalen Hypoechogenitét positiv korreliert war mit
einem lokalen CADESI-04. Eine positive Korrelation zwischen der Veranderung der Hautdicke und der Veranderung
vom Ausmald des Erythems wahrend der Behandlung wurde festgehalten.

Schlussfolgerungen und klinische Bedeutung: Hochfrequenz Ultraschall Biomikroskopie kann fir die
Evaluierung der Haut der Hunde mit cAD und fir die Evaluierung des Fortschritts der Hautveranderungen wahrend
der Behandlung ntitzlich sein.
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iLVeterinary Dermatology
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Resumo

Contexto: A aparéncia da pele de caes com dermatite atopica (DAC) por ultrassonografia de alta-frequéncia ainda
nao foi descrita.

Objetivos: Comparar 0s achados de ultrassonografia de alta frequéncia na pele lesional € macroscopicamente
alesional em caes com DAC, e na pele macroscopicamente alesional em caes saudaveis. Além disto, determinar se
ha alguma correlacao entre os achados ultrassonograficos na pele lesional e o Canine Atopic Dermatitis Extent and
Severity Index, 4" fteration (CADESI-04) local ou os seus dominios (eritema, liquenificacao, excoriacdes/alopecia).
Como objetivo secundario, seis caes com DAC foram reavaliados apés tratamento.

Animais: Vinte cdes com DAC (seis foram re-examinados apés o tratamento) e seis cdes saudaveis.

Materiais e métodos: Em todos os caes, exame ultrassonogréfico foi realizado nas mesmas 10 regides cutaneas,
utilizando um transdutor de 50 MHz. Enrugamento da superficie cutdnea, presenca/profundidade de bandas sub-
epidérmicas de baixa ecogenicidade, hipoecogenicidade dérmica e espessura da pele foram avaliadas e classifica-
das cegamente.

Resultados: Hipoecogenicidade dérmica foi mais comum e mais grave na pele lesional comparada a pele mac-
roscopicamente alesional de cdes com DAC. Na pele lesional, presenca/gravidade do enrugamento da super-
ficie cuténea e da hipoecogenicidade dérmica foram positivamente correlacionadas com o CADESI-04 do local.
Observou-se uma correlagdo positive entre as alteragdes na espessura cutdnea e na alteracao da gravidade do
eritema durante o tratamento.

Conclusdes e Relevancia Clinica: Biomicroscopia ultrassonografica de alta frequéncia pode ser Util para a aval-
iacao da pele de caes com DAC e para avaliagao da progressao das lesdes cutaneas durante o tratamento.

Resumen

Introduccion: No se ha descrito la apariencia ultrasonografica de alta frecuencia de la piel de perros con dermatitis
atépica (cAD).

Objetivos: Comparar los hallazgos ultrasonogréaficos de alta frecuencia entre la piel lesionada y macroscopica-
mente no lesionada de perros con cAD vy la piel macroscépicamente no lesionada de perros sanos. Ademas, deter-
minar si existe alguna correlacién entre los hallazgos ultrasonograficos en la piel lesionada y el indice de extensién
v gravedad de la dermatitis atoépica canina local, 4.7 revision {(CADESI-04) o sus dominios (eritema, liquenificacion,
excoriaciones/alopecia). Como objetivo secundario, seis perros con cAD fueron reevaluados después del manejo
de la enfermedad.

Animales: Veinte perros con ¢AD (seis fueron reexaminados después del tratamiento) y seis perros sanos.
Materiales y Métodos: En todos los perros, se realizd un examen ultrasonografico en los mismos 10 sitios de la
piel, utilizando un transductor de 50 MHz. Se evaluaron y midieron a ciegas las arrugas de la superficie de la piel,
la presencia/anchura de la banda subepidérmica de baja ecogenicidad, la hipoecogenicidad de la dermis y el grosor
de la piel.

Resultados: La hipoecogenicidad dérmica fue mas frecuente y grave en la piel lesionada en comparacién con
la piel macroscépicamente no lesionada de los perros con cAD. En la piel lesionada, la presencia/gravedad de
las arrugas de la superficie de la piel y de la hipoecogenicidad dérmica se correlacionaron positivamente con la
presencia/gravedad de la liquenificacion, mientras que la gravedad de la hipoecogenicidad dérmica se correlaciond
positivamente con el CADESI-04 local. Se observd una correlacion positiva entre el cambio en el grosor de la piel
y el cambio en la gravedad del eritema durante el tratamiento.

Conclusiones y relevancia clinica: La biomicroscopia ultrasénica de alta frecuencia puede ser Util para la eval-
uacion de la piel de perros con cAD vy para evaluar la progresion de las lesiones cutaneas durante el tratamiento.

Institutional Repository - Library & Information Centre - University of Thessaly
02/06/2024 14:02:44 EEST - 3.133.146.100

281221 sunmo.y daneary) ajqeatdde s £q pawsaacd o sapauie Yo lasn Jo saqna aog Arenqr surue) £o7TA UO (SUDTIPUOD-PUR-SUU A0 Aapm Kregipsuruo,sdu) suonipuon) pue suus ] o 295 [gzog/cny 1£] wo Ammiqry sutug Saprg 159 1 A 69T 2PA/ T 110 1/10pmod Aswm g jauruo; sdi worg papeofimog] 0+ 18596 ]



Supporting information

Table S1. Number of images that were discarded and number of images that were examined
for each of the 10 scanned areas of the skin of 20 dogs with atopic dermatitis (AD) and of six

healthy dogs

Local CADESI-4 Erythema Lichenification Excoriations/alopecia

Presence of wrinkling - 0.44 0.02 0.352
Severity of wrinkling 0.345 0.931 0.015 0.148
Presence of SLEB - 0.264 0.148 0.586
Width of SLEB 0.468 0.512 0.816 -

Presence of Hypoechogenicity - 1 0.003 0.191
Severity of Hypoechogenicity 0.002 0.243 0.003 0.131
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Table S2. Presence and score of wrinkling of skin surface for each of the 10 scanned areas of

the skin of 20 dogs with atopic dermatitis (AD) and of six healthy dogs

Position Dogs with AD Healthy dogs
Presence Mild Moderate Severe Presence Mild Moderate Severe
1 3/15 2 1 1/3 1
2 1/16 1 0/2
3 1/12 1 0/5
4 1/14 1 1/6 1
5 0/15 0/3
6 3/15 3 0/3
7 3/16 3 1/5 1
8 2/15 2 1/5 1
9 2/16 2 0/3 0
10 2/15 2 0/2
Total 18/149 17/18 1/18 0/18 4/37 4/4 0/4 0/4
33
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Table S3. Presence and width of subepidermal low echogenic band for each of the 10 scanned

areas of the skin of 20 dogs with atopic dermatitis (AD) and of six healthy dogs

Position Dogs with AD Healthy dogs
Presence Thickness (mm) Presence Thickness (mm)

1 2/15 0.403/0.422 0/3

2 0/16 0/2

3 1/12 0.778 0/5

4 0/14 0/6

5 0/15 0/3

6 0/15 0/3

7 3/16 0.372/0.511/0.62 1/5 0.534
8 1/15 0.529 0/5

9 1/16 0.464 0/3

10 2/15 0.504/0.838 0/2

Total 10/149 0.544 £ 0.157 1/37 0.534
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Table S4. Presence and score of hypoechogenicity of dermis for each of the 10 scanned areas

of the skin of 20 dogs with atopic dermatitis (AD) and of six healthy dogs

Position Dogs with AD Healthy dogs
Presence Mild Moderate Severe Presence Mild Moderate Severe
1 6/15 3 3 0/3
2 3/16 3 0/2
3 1/12 1 0/5
4 3/14 3 2/6 1 1
5 4/15 2 2 1/3 1
6 4/15 3 1 0/3
7 7/16 5 2 2/5 1 1
8 4/15 2 2 3/5 3
9 4/16 1 3 0/3
10 3/15 3 0/2
Total 39/149  23/39 16/39 0/39 8/37 8/8 2/8 0/8
35
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CONCLUSIONS
This is the first study to describe the appearance of normal canine haired skin on ultrasound
biomicroscopy and the differences in its appearance among various anatomic locations. It is
also the first study to record the ultrasound biomicroscopy findings in an inflammatory skin
disease of dogs, namely canine atopic dermatitis, and their changes during treatment.

In conclusion:

1. Cutaneous ultrasound biomicroscopy is applicable for the examination of normal and
diseased canine skin. It is safe and easy to perform and allows the examination of canine
skin at microscopic resolution.

2. Cutaneous ultrasound biomicroscopy using a S0 MHz transducer allows identification
of the skin layers including epidermis, dermis, and subcutaneous fat.

3. Cutaneous ultrasound biomicroscopy allows accurate measurement of the thickness of
normal canine skin.

4. Cutaneous ultrasound biomicroscopy can demonstrate the hair follicles in various areas
of haired skin.

5. High frequency ultrasound biomicroscopy showed that dermal hypoechogenicity is
more common and more severe in the lesional skin of dogs with atopic dermatitis
compared to their non-lesional skin, and that the presence and the severity of wrinkling
of the skin surface and of dermal hypoechogenicity are positively correlated with local
lesional score.

6. High frequency ultrasound biomicroscopy identified a positive correlation between the
change in skin thickness and the severity of local erythema during diagnostic and
therapeutic interventions for canine atopic dermatitis that did not include the

administration of anti-inflammatory drugs.
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PROPOSALS FOR FUTURE STUDIES

The results of this research are highly suggestive that cutaneous ultrasound biomicroscopy may
have numerous clinical applications in canine dermatology. Future studies are required to
expand the scope of this technique, to enter the daily clinical practice when evaluating dogs
with skin diseases.

Areas of future development may include:

1. Evaluation of ultrasound biomicroscopy findings in diseases like cutaneous and
subcutaneous neoplasia, cysts, post-radiation reactions, and various inflammatory skin
diseases.

2. Use of ultrasound biomicroscopy to monitor the response to therapy of the above
diseases

3. Doppler ultrasonographic examination of normal and diseased canine skin.

4. Ultrasonographic examination of normal and lesional canine skin with frequencies

higher than SOMHz.
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SUMMARY

ULTRASOUND BIOMICROSCOPY OF CANINE SKIN

Traditionally, the diagnosis of skin diseases is based on history, clinical examination, laboratory
test results and cutaneous histopathology. The continuous advancement in ultrasound has
enabled this diagnostic imaging modality to be introduced in the evaluation of normal and
diseased skin. The fact that ultrasonography is non-ionising and non-invasive makes it a useful
tool aiding the diagnosis and monitoring of skin diseases.

Based on the frequency employed, cutaneous ultrasonography can be classified as
intermediate (7-15 MHz) or high-frequency (20 MHz or higher). Generally, frequencies more
than 15 MHz are recommended to get a better resolution and to identify skin layers with higher
clarity. Sedation is not normally required but it may be needed, occasionally, for an
uncooperative dog. The skin should be shaved to improve contact between the transducer and
the skin surface providing a better image and avoiding the creation of artifacts. The transducer
is placed perpendicularly to the skin and minimal pressure should be applied. In some instances,
skin saving may be avoided, and diagnostic images may be acquired with the use of copious
amounts of ultrasound gel and steady pressure with the transducer.

Cutaneous ultrasonography has been used in human dermatology to study normal skin
echogenicity, thickness, and hydration status, as well as various pathologic conditions,
including cutaneous or subcutaneous neoplasms, cysts, inflammatory lesions, post-radiation
reactions, scleroderma, oedema, wounds, and presence of foreign bodies. Contrary to human
medicine, there are only a few studies on the ultrasonography of canine skin, focusing on the
evaluation of high frequency ultrasonography for the accurate measurement of skin thickness
and for the evaluation of wound healing. The ultrasonographic and histologic measurements of
normal canine skin thickness have been found to be significantly correlated, but the former
were found to be substantially higher than the latter. This finding may be explained by the
inevitable shrinkage of skin biopsy specimens during formalin fixation. Furthermore, in the
previous studies, ultrasonographic examination included only one or four different sites of

haired skin.
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The aim of our first study was to describe the echogenicity of normal canine haired skin
using high-frequency (50 MHz) ultrasonography and to compare the ultrasonographic and the
histologic measurement of skin thickness using snap-frozen biopsy samples. The study was
performed on eight cutaneous sites of 10 clinically healthy, purpose-bred, Beagle dogs. The
skin echogenicity was evaluated, and the mean of 10 measurements of skin thickness per site
was calculated. Ultrasonography results were compared with histological appearance of skin
cryosections stained with haematoxylin and eosin, as well as with the histometric measurement
of skin thickness. Differences in the ultrasonographic and histologic measurements among
biopsy sites, age and sex of the animals were examined.

For the ultrasound examination, a portable ultrasound scanner (Episcan [-200; Longport
Inc., Chadds Ford, PA, USA) with a 50 MHz transducer was used. The scanner was fitted with
a polyvinylidene difluoride transducer incorporated into a probe filled with distilled water, and
scanning was performed using a digital stepping motor. The axial resolution was expected to
be ~50 um. The focal zone of the transducer was set at 2 mm depth and the acquired images
were 149 mm wide and 7.68 mm deep. Immediately after ultrasound biomicroscopy, the
scanned areas were biopsied, using 8 mm disposable biopsy punches, without any additional
preparation of the skin. One half of the biopsy sample was transferred into an embedding mould
(Peel-A-WayR Molds; Polysciences Inc., Warrington, PA, USA) that was filled with optimal
cutting compound (Tissue-Tek OCT compound; Miles Scientific, Fergus Falls, MN, USA),
immersed in isopentane, cooled to its freezing point in liquid nitrogen and stored at -80°C until
used. Five-micrometre-thick cryosections were stained with haematoxylin and eosin.

The epidermis was identified as a thin, relatively nonuniform, hyperechoic linear layer.
The dermis was hypoechoic to the epidermis and muscle fascia, and hyperechoic to the
subcutaneous layer. The superficial dermis had a granular appearance more loosely arranged,
with thin and irregularly distributed small echoes that probably arose from the collagen fibres.
The deep dermis contained thicker linear echoes orientated more in parallel to the skin surface.
The subcutaneous fat was visualized as an anechoic layer with sparse echogenicities. The
muscle fascia, when visualized, appeared as linear, relatively thick echogenic lines orientated
roughly parallel to the skin surface. The muscle below, when visible, appeared hypoechoic to
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the dermis and epidermis, and had equal to slightly higher echogenicity to the subcutaneous fat.
The epidermis, dermis and subcutaneous fat corresponded to the same skin layers identified in
the histologic sections. The hair follicles were regularly identified, and their appearance varied
depending on the orientation of their axis in relationship to the ultrasound beam. When viewed
along their long axis, they appeared as oblique, roughly tubular hypoechogenicities with faint
echogenic linear areas at their margins, while when viewed in an oblique orientation they
appeared as oblong hypoechogenicities, mildly irregular in outline. The fat around the root of
the anagen hair follicles appeared as a ‘cloudy’ hypoechogenicity with indistinct margination.
Furthermore, there was a highly significant, positive association between ultrasonographic and
histologic measurements of skin thickness. There were no significant differences between sex,
age or among the different examination sites, for both ultrasonographic and histological skin
thickness measurements.

In conclusion, this study showed that cutaneous high-frequency ultrasound
biomicroscopy using a 50 MHz transducer was a useful tool to identify the skin layers
(epidermis, dermis, and subcutaneous fat), to demonstrate the hair follicles and to measure the
thickness of normal canine haired skin.

In the second study, we attempted, for the first time, to apply ultrasound biomicroscopy
for the examination of the skin of dogs with atopic dermatitis. The aims were a) to compare
high-frequency ultrasonographic findings among lesional skin of dogs with atopic dermatitis,
their macroscopically non-lesional skin, and the macroscopically non-lesional skin of healthy
dogs; b) to examine for possible correlations between ultrasonographic findings in lesional skin
and local Canine Atopic Dermatitis Extent and Severity Index-4 (CADESI-4) or its domains
(erythema, lichenification, and excoriations/alopecia), and ¢) to examine if ultrasonographic
findings change in parallel with local CADESI-4 or its domains during treatment of atopic
dermatitis. Twenty privately-owned dogs with atopic dermatitis sensu lato and fulfilling at least
6 out of 8 of the first set of diagnostic criteria proposed by Favrot and co-workers (2010)
comprised the atopic dermatitis group (six of them before and after treatment). Six healthy,
privately-owned dogs, with an age of more than 6 months, no evidence of dehydration, and no
cutaneous or systemic diseases were included in the healthy group. The same portable
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ultrasound machine and probe, as in the previous study, was used to scan 10 skin sites in all
dogs. All scans were evaluated by the PhD student who was blinded to the group the animal
and to the part of the body the scanned image was from. Wrinkling of skin surface, presence
and width of subepidermal low echogenic band, hypoechogenicity of dermis, and thickness of
the skin were evaluated and scored or measured blindly.

This study confirmed the findings from the previous study that a thin, relatively non-
uniform area that corresponds to the epidermis, followed by relatively hypoechoic dermis can
be identified using a SOMHz transducer. In addition to the normal non-lesional skin, this general
ultrasonographic appearance was also evident in the lesional and the non-lesional skin of dogs
with atopic dermatitis.

Based on the results of this study we concluded that: (i) dermal hypoechogenicity was
more common and more severe in the lesional compared to non-lesional skin of dogs with
atopic dermatitis; (ii) in the lesional skin of dogs with atopic dermatitis the presence and the
severity of wrinkling of skin surface and of dermal hypoechogenicity were positively correlated
with the presence and with the severity of lichenification, whereas the severity of dermal
hypoechogenicity was positively correlated with local CADESI-4; and (iii) there is a positive
correlation between the changes in skin thickness, as measured by ultrasound biomicroscopy,
and the changes in the severity of local erythema during diagnostic and therapeutic
interventions for atopic dermatitis that did not include the administration of anti-inflammatory
drugs. These results showed that high-frequency ultrasound biomicroscopy has the potential to
be useful for the evaluation of the skin of dogs with atopic dermatitis and of its changes during

treatment.
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IHEPIAHYH

YIHHEPHXOTOMOI'PA®IKH BIOMIKPOXKOIIIA TOY AEPMATOX
TOY XKYAOY

[Mopadociokd, mn Odyvwon TV Ogpuatonabeidv ompileTal 610 16TOPIKO, oTO
EVPNUATA TN KAVIKNG EEETAON G KL TMV EPYOCTNPIOK®V EETAGEMV Kat, dTav ypetdleTal, oTnyv
1oTomaf0A0YIKY| EEETaon TV Proyidy and 1o 6épua. Ot cuveyeic teyvoroyikég eerilelc oto
YHOPO TNG VIEPNYOTOUOYPAPING EYOVV EMTPEYEL T YPNON AVTNG TNG OMEIKOVIGTIKNG HEBOOOL
Yo TNV €EETAGT TOV PLGIOAOYIKOV SEPUATOC AAAG Kat S1dpopmv depuatonadeidy. To yeyovdg
OTL M VIEEpMOTOUOYPaPia Ogv ypnoonotet 1ovifovca axtivoPoiia Kot dev etvan emepfotikg,
TNV KAVEL LV TIKG ¥PNGIUO EPYUAELD Y1 TN O1dyVmoT| Kal TV Topakorlobnon ¢ Oepameiog
S1pop®V OEPUATOTUOEIDV.

Me PBaon v k@Be @OpA  YPNOWOTOIOVUEVT] GLYVOTNTA TOL VIEPNYOL, 1
VIEPNXOTOUOYPAPia TOL OEpUaTOg dlaKkpivetal oty evdtdpeong (7-15 MHz) kot v vymAng
(>20 MHz) ovyvotmrtog. ['evikd, mpotiudtor 1) xprion cuyvomtov pueyoaiivtepmy amd 15 MHz,
TPOKEIUEVOL VO VTOPYEL TKAVOTMOMTIKY] EVKPIVEID TNG €KOVOG KOl Vo glval €QIKTN 1
dwpoporoinon petaéd TV otolddmv Tov Sépuatog. Xvvnbwg Ot ypeldleTor MUK
ocvykpaton (extdg amod T, oYETIKA ondvia, tepintwon (Owv Tov de cuvepyalovtat), oAl
KOAO E1VOLL VO KOVPEVETAL TO OEPUOL TNG TEPLOYNG OV TPOKEITAL VO EEETACTEL, TPOKELUEVOL VUL
VIAPYEL KOAVTEPN emaPn] UETOED TOL TMyYoPoArta Kol TNG emMOSPUIdNG KOl KOTA GUVERELN
KOAOTEPY OMEKOVION KOl OTOPLYN TEXVOLPYNUAT®V. EVOAAOKTIKE, TO amOTEAECUATO TNG
eétaong umopel va etvorl S1oyvooTiK@ ympic va, mponynbet kobpepo, He T ¥pNoN UEYOANS
TOGOTNTAG VIEPTYOTOLOYPAPIKNC YEANC Ko TN St prion otabepng Tieonc Tov dEPUOTOC omd
Tov NyoPoréa kaB’ OAN TNV gxétacn. Xe kabe mepintmon, o Televtaiog Tomobeteiton KAbeTA
OTNV EMPAVELD, TOL SEPLOTOC GTIV OTTOL0. KL GOKEL EAGYIOTN Tieo).

H vrepnyotopoypapikn e€Etaoct £xel ypnoIUomomOel 6ToV GvOpPOTO Y1a, T UEAETT TG
AmEKOVIGNC TOV PUGIOAOYIKOV OEPUATOG, TOL TTAYOLE KOl TOV BaBUol eVOUTOOTC TOV, KABMC

Kol O1AQOpmV SEPUATOTAOELDVY, OTMG, Y10, TAPAOEIY UM, TOV VEOTAASUATOV TOL OEPUATOS KOl
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TOV VTOOOPIOL 1GTOV, TOV KUGTEWMV, S1AQOp®V depUUTITIONV, TG OEPUATOTAOEING HETA Ol
aKTIVODEPUTEIN, TOV GKANPOOEPUATOS, TOV OONUATOG TOL JEPLOTOC, TOV TPUVUATOV KAl TNG
napovciag EEvev coudtov. Avtifeta, oty Kmviatpikn 6ev vdpyovv mapd AdyloTeg
OYETIKEC UEAETEG, OOV M LIEPTXOTOLOYPUPIN VYNANG SLYVOTNTAC YPNCLOTOMONKE Yol TN
LETPNGT) TOL TEYOLE TOL OEPUOTOC KL TNV EKTIUN G TNE EMOVANMGT|C TOV TPUVUATOV. AV Kot Ot
VIEPNYOTOUOYPUPIKEG KOl 1GTOAOYIKEC UETPNGEI TOL TAYOLE TOL dépuoToC oyetiloviav
OTUOVTIKA UETAED TOVG, Ol TPMOTEG NTAYV GUGTNUOTIKG UEYUAVTEPEC Omd TIG OeVTEPES, TOUVE,
MY® TG SLPPIKVEOON G TOV PLOWIOY TOL OEPUATOC KATH TN LOVILOTOINGT TOLE GT (POPLOAT.
Enuthéov, oT1g TPONyoOUEVEG UEAETEG 1) VTTEPNYOTOUOYPUPIKY e&€Tacn TpayUaTOTOmONKE
UOVO Gg U0, M| G TEGGEPELS OIUPOPETIKEG AVATOMIKEG TEPLOYEC TOV OEPUATOC.

O o10y0¢ ™G TPOTNG amd TIC UEAETEG HOG NTAV VO TEPTYPUWOLE TNV TXOYEVELD TOV
(PUGIOAOYIKOU OEPIATOG TOL GKVAOD LLE T ¥PT|OTN VAEPTYOTOUOY PAPOL VYNANG cuyvotnTag (50
MHz) kot va 6uYKpivovpe TO TToy0g TOL SEPUATOC UETAED TV UETPNCEMY LE TNV TOPATAVED
eEtaomn Kol EKEVOV G 16TOTEUAYIN. TTOV KATaWOHYONKOY aUECMS HETA TN Proyia, ympic va
poviponom 0oty 6e eopudin. Xpnoiporomdnkay 10 kKAvikd vym telpapoatodlma, euAng beagle
Kol eEeTaotNKAY OKT(M OVOTOUIKEG TEPLOYEC TOL OEPUATOS OO KGOE GKVAO, GTIG OMOLEg
EKTIUNOMNKE 1 LVIEPTYOTOUOYPUPIKT] ATEKOVICT TOV OEPUATOC KOl TOV VITOSOPIOL 16TOV Kol
ueTpnonke 1o mhyog Tov dépuratog (d1épuecoc 10 peTpnoemv/avaTopIKY TEPLOYT TG OTOGTACN S
amo TNV emdepuida uEypt 10 6p1o yopiov-vmoddplov 16tov). Ta 1eToTENdK I PAPTNKAV UE
AUATOELAMVI -EMGTVT] KOl P GIULOTOM OMNKOY Y10 VO EPUNVEVOEL 1] VITEPN Y OTOUOYPUPIKT| EIKOV,
TOV OEPUOTOC KAUL VO GLYKPIBOLV Ol LETPNGELS TOL Tdyovg Tov. Ta amoteléouato eEAEYYOMKavY
Yo TUYXOV SLOPOPEC LETUED TOV AVATOMKDOV TEPIOYDY, UETAED TOV dVO PUAMV 1) HUETAPOADV
7oL oyeTilovTav e TV NAIKIo TOV GKOA®V.

XpnoiporomBnke opntog vepnyotopoypdeog (Episcan 1-200; Longport Inc., Chadds
Ford, PA, USA) pe nyoPoréa 50 MHz. O capmtg Ntay cUVOEOEUEVOG UE LETATPOTED OO
S1pBopidto Tov TOAVPIVLAOEVIOL TOV NTUV EVOOUUTOUEVOC GE LOPPOTPOTEN TTOL YEUILE UE
QTECTUYUEVO VEPO, EVD 1] GAPMGCT] TOVL OEPUATOC EYIVE UE YNELOKO KIVOUUEVO evioyuth. H
aEOVIKT] OKPITIKTY KOVOTNTA NTav TG TAENS Twv S0 um, 1 goTiokn (O TOL UETOTPOTED.
oplomnke o€ PdBog 2 mm Kol o1 EIKOVES TOL avokTNONKay elyav TAdTog 14,9 mm Kot Babog
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7,68 mm. AUECMC UETA TNV VLAEPXOTOUOYPAPIKY €EETAOT, YWPIC va, YIvEL YEPOVPYIKY|
TPOETOIAGIN TOL 6épuatog, AapuPdvovray Proyiec, amd Ta 1010 okpPPag onueio, pe dtrpn
ulag ypnong oapuétpov 8 mm. Ta 1otoTepudy10. KOPOVTAY KAOETO MG TPOC TV EMOEPUIO KoL
UETAPEPOVTAV GE E10IKOVG HETaAAKOVG vodoyeic (Peel-A-WayR Molds; Polysciences Inc.,
Warrington, PA, USA) mov apywxd yepiCovtav pe optimal cutting compound (Tissue-Tek OCT
compound; Miles Scientific, Fergus Falls, MN, USA) kol o1 GUVEYEIL WYOYOVIOV GE
IGOMEVTIAVIO, TTOV ElYE TAYMOEL 6TO onueio ™ENG Tov Votepa amd epPdmtion o€ VYPO ALWTO.
Ta mayopéva, ototepdyie dwanpodviav otovg -80°C péypt va, ypnoorombody yo tnv
TOPOCKELT] TOUDV, TTAYOVG 5 um, G KPLOTOWO OV GTN CLVEXELD PAPOVTIOV UE OUATOEVAIVT-
EQGCIV.

H emdepuido omewkoviotnke ¢ AERTY, OYETIKA OVOUOLOYEVNG, VLTEPTXOYEVIG
yYpoupoeldng otoldda. To xOp1o Tov 6EPUATOC ameEkoVILOTAV VITONYOYEVEG GE GUYKPIOT) UE TNV
EMOEPUION KU TIG TEPITOVIEG TOV HVADV KAl VIEPTYOYEVEG GE GUYKPION LE TOV VTOOOP10 16TO.
Ot meplocdTepo emipovelakég otolPdoeg Tov yopiov eppavifovioy KOKKMOELS ue AyoTepo
TUKVEG TOTIKEG €0TIEC WIKPOV NYOV, UE AETTEC KOl OVOUOAN KOTOVEUNUEVEG OKOVGTIKEG
AVOKAAGEL TTOL TOUVOTOTO AVOTAPIGTOVGAV TIC 1veg TOL KoAAUyOvoy. AvtiBeta, ota Pabivtepa
CTPAOUOTA TOV YOPIOL, LANPYOV TUYVTEPEC YPOUUMKES AVOKAAGELS Ue O1aTaén TEPIoCOTEPO
TOPOAANAN TPpog TV emedveld Tov O0épuatos. To vmodoplo Aimog ametkoviCoviav o¢
avnoyevng otolPada pe omopadikég eotieg vmepnyoyévelag. Ot pvikég meprrovieg, Otav
ameKoviCovTay, NTOV YPOUUIKES KOl CGXETIKA TOYEG NYOYEVEIS OOUEC He OATOEN GYETIKG
TOUPAAANAN G TPOG TNV emPdvela Tov 0épuatog. Ot vrokeipevol poeg, étav amekoviCoviay,
NTaV VIONYOYEVEIC 6 cUYKPLoN UE TO XOp1o Kol TNV emdepuidn kot e€icov N mepiocdTEPO
NYOYEVEIG 68 GUYKPIGN UE TOV LILOOOP1o 16T0. H emdepuida, 1o ¥Op1o Kot 0 vIodOP10¢ 16TC,
OMMC OMEKOVIGTNKAY UE TNV VAEPYOTOUOYPUPIKY] EEETACN, OVTISTOLYOVGAV OTIC 101
otoladec TOL OEPUATOC OMMG OVTEG Qaivoviav ota 1ototepdyla. EmumAiéov, pe tnv
VIEPNYOTOUOYPUPIKY| EEETAOT| OMEIKOVIGTNKAV Ol BOAIKES TMV TPYDV, 1| EIKOVO TV OTOIWV
SEQePE avAAOYO LUE TOV TPOSAVUTOMGUS TOL ENUNKN AEOVA TOVG 6€ GUYKPION UE EKEIVOV TOV
vrepnyov. ‘Otav ameikovilovray katd Tov emunkn dovd touvg, ot B0Aukeg eppavifovtay g
OYETIKA COANVOELIOELS, VITONYOYEVEIS KATUOKEVES LE OYVEG MXOYEVELS YPOULIKES TTEPLOYEG OTA.
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Op1é Tovg. Avtiferto, 6Tav 0 TPOGUVOTOMGHOG TOUG NTOV AOEOS, EUPOVICOVTAY MG EMUNKELS
vronyoyevels dopég pe oyetikd avoporo meptypappo. To vwoddpro Almo¢ yop® amd 1o
KATOTEPO TUNLUA TOV AVAYOVIKOV BUAGK®V amekovilovtay m¢ BOAEpT VITONYOYEVNG doUN UE
acagn Opa. Téhog, OMGTOONKE OTATICTIKG CNUAVTIKOS GUGYETIGUOC HeTalh g
VIEPNYOTOUOYPUPIKNG KUL TNG IGTOAOYIKNG UETPNGNG TOV YOS TOV OEPUATOC, TO OTOI0 O€
S1pePE AVAUESH, OTIG OKTM OVATOMKEG TEPLOYEG N METAED TOV QPCEVIKGOV Kol ONAVK®OV
oKOA®V ka1 dev oyeTI{OTOV Pe TV NMKia, TOLG,

Youmepacpatikd, 1 upeAET avtny €oeie 6Tt M vynAg ovyvoémrag (50 MHz)
VIEPNXOTOUOYPUPIKY| e&étaom, emitpémel TN OdKplon TV oTolddmv Tov OEPUATOC
(emdepuida, ¥O6p10, VILOOOP1OG 16TOG), OMEIKOVILEL TOVG BLAGKOVG TV TPLYDV KAl EXITPEREL TV
a&16mIoTN PETPN G TOL TLhXOVG TOL SEPUATOC.

X1n devtepn UEAETN ¥PNCULOTOU|CAUE, Y10, TPDT QOPA, TNV VIEPNXOTOUOYPUPIKY|
e€etaon Y10 vo LEAETHGOVUE TO SEPUA GKOAMY LIE ATOMIKY] 0epUaTiTION. O1 6TOYO1 TNG LEAETNG
NTAV: 0) 1] GUYKPIGT TGV EVPNUATOV APEVOS TOL OEPUATOG CKUAMY LE ATOTIKY] OEPUATITION TTOL
eUPEVILE LOKPOCKOTIKEG HAAOIDGELS, KO TOL OEPUATOC TOV 1010V GKOAMY GE TEPLOYES OTTOL OE
euPavilel HOKPOOKOTIKEG AAAOIDGELG KOl OPETEPOV TOV OEPLATOC TV VYLDV GKLAWV, ) 1
SlEpeuMON Y10 TLYXOV GLGYETICUOVEC UETOED TOV EVPNUATOV TNG VAEPNYOTOUOYPAPIKNG
e€étaong kot ¢ PapuTTOC TOV OEPUOTIKDY OAAOIDCEMY GTNV CVTIGTOUYN TEPLOYT] TOL
dépuoatog, Ommg avth Paduoroynbnke pe v kMupoka Canine Atopic Dermatitis Extent and
Severity Index-4 (CADESI-4) 7 ovoyetiopdv  petald  1tov  gupnudtov g
VIEPNYOTOUOYPUPIKNG EEETACNG KAl TAOV EMUEPOVG OEPUATIKDY QAAOIDGEDY (pVONUQ,
Aeymvomoinaomn, dpveadec/arwnekio) mov Teptroufdvovian oty kKhMpoka CADESI-4, ka1 y) 1
dlepgvvmon  TuYOV  CUGKETICU®V  PeTald TV UETafOA®dY TV  EUPNUATOV NG
VIEPNYOTOUOYPUPIKNG EEETAION G Kl T®V ueTaformv e kAipakag CADESI-4 1 tov expuépoug
SEPUOTIKOV OAAOIDGEMY OTN OUPKED, TNG OEPUMEVTIKNG OVIUETOTIONG TNG OTOMIKNG
depuotitidog. v opdada TV GKOAMY UE ATOTIKN OEPUATITION GLUTEPIANPONKaY 20 oKOAOL
1010KTNTMOV, TOL TANPOLGOY TOVAGYIoTOV 6 amd To 8 dlayvmoTikd kprtpla katd Favrot kot
ouvv. (2010), evd ot €€ amd Tovg 20 aVTOVG GKVAOLG EAEYXON KAV TPV Ko HETA T Bepomeia.
2TV OpAdA TOV VYDV CKOAWMY GUUTEPIANGON KAV EE1 KMVIKE VY1EIC GKVAOL I010KTNTAOV, NAKING
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v Tov 6 unvav. H vaepnyotopoypapikn eéétaon €ywve oe 10 avatopikéG TEPLOYEC TOL
SEPLOTOC LUE TOV 1010 VILEPTXOTOUOYPAPO, OTMG GTNV TPMTY LEAETY, KL O1 EIKOVEG £EETAGTNKAY
a0 TOV LIOYNPLO O10GKTOPA, O OTOI0G OV YVAPLLE TV GVATOWIKY TEPLOYT 1] TNV OUAdO, TOV
oKUAOL 6NV omoin avTIeTOL0VGE 1) KAbe eikova. Babuoroynbnkayv 1 puetpnonkay n pvtidmon
NG EMQPAVELNG TOL OEPUATOC, 1 TAPOVGIN KOl TO TAGTOC TNG VIOEMIOEPUKNG VIO XOYEVODC
Covng, n vyodouUr TOL YOPIoL KO TO YOG TOL SEPUOTOC.

21 perén avt emPefoidonKay To ELPNUOTA TNG TPOTYOVUEVIC EPELVUC OGOV APOPL.
TNV OTEIKOVIGT TOL SEPUATOC (EMPAUVEINKA 1 AETTY), GYETIK( OVOLOLOYEVNC EMOEPUIDA. KOl 0O
KAT® TO GYETIKA LITONYOYEVEG YOP10), Oyl LOVO GTO OEPUA. TV VYLDV SKOAMY 0AAL KOl GE EKEIVO
TOV GKOA®V LIE ATOTIKY O0EPUATITION, HE 1 YOPIC LOKPOOKOTIKEG GALOIDGELC.

Ta onuavtikdtepa, LPHUATA TNG LEAETNC elval @) TO ¥OPLO TOV OEPUATOS CKVAMV LE
QTOTIKY] OEPUATITION OV EUPAVILEL LOKPOGKOTIKEC OAAOIDGELS OMEIKOVILETAL UE UEIMUEVT
NYOYEVELL GUYVOTEPO, KO EVTOVOTEPX GE GUYKPLON UE TO SEPUO TMV 1010V (DOV 68 TEPLOYEC
YOPIC LOKPOOKOTIKEG OAAOIDGELS, ) OTO OEPUO. TV GKVAMV UE OTOMIKY OEPUATITION KOl
LOKPOCGKOTIKEC AAOIDGELC 1| TAPOLGIO, KUl 1 £VIACT TNG PLTIOMONS NG EMPAVELNS TOV
SEPLOTOC KO TNG VIO XOYEVELNG TOVL XOplov GyeTIloVIay SNUOVTIKA LE TV TOPOVGIN KAt TV
EVTOOT] TNG AEYNVOTOINGNC KOl EXUTAEQVY, 1) LEIDGT) TNG NYOYEVELNS TOV YOPIoL GYETILOTAV UE
10 CADESI-4 oty 1010 mepoyn tov dEpUaTog, Kot y) vanpye 0etikdc cuoyetionds uetali g
UETABOANC TOL TAYOLE TOL OEPUATOC KOl TNG UETAPOANG TNG EVTOOTC TOL EPLONUOTOC VOTEPU
amd TNV €QUPUOYN O1AQPOPOV OlAYVOOTIKOV Kol OEPUTEVTIKOV UETPOV Y1 TNV OTOMIKY|
depuotitido, mov dev TEPIAGUPavOY TN YOPNYNON QUPUAK®Y e avTIQAEYHOVMON dpdon. Ta
TOPOTAVE OTOTEAECUATE, OElYVOLV OTL 1 VIEPNYOTOUOYPUPIc, VYNANG cuyvotnTag &ivot
YPNOIUN OTN UEAETN TOV CAAOIDGEMY TOV OEPUATOS CKUAMV WUE ATOMIKY OEPUOTITION KOl TOV

uetaformdv Toug Katd T didpkela g Oepameiog.
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