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Abstract: Ultrasonography is a relevant diagnostic tool extensively used andrology of human and
domestic animals, including dogs. The present review aimed to describe all the technologies
based on ultrasound, starting with the basic B-Mode ultrasonography to the recent contrast-en-
hanced ultrasonography (CEUS) and the ultrasound elastography, available to assess the testicle
of the dog. The principles of the different technologies and the relevant findings in normal and
abnormal testicular conditions were described and discussed. B-mode ultrasonography aims at
the examination of the testis detecting focal lesions but lacks objectivization. Other technologies,
such as Doppler ultrasonography, B-Flow, and CEUS allow the definition of vascular patterns,
that could be measured with specific applications, such as spectral Doppler or quantitative
CEUS. Finally, ultrasound elastography allows the estimation of parenchyma stiffness, in both
qualitatively and quantitatively manner. Ultrasound-based technologies assist the andrology in
the evaluation of the testicular function and integrity, offering valuable information to define
pathological conditions that could have an impact on the health and life quality of the male dog.
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1. Introduction

Ultrasonographic evaluation of the reproductive tract is an important component of
the andrological examination of dogs.

Ultrasonography is considered the gold standard for acute and non-acute scrotal dis-
orders [1] because it is safe and minimally-invasive, easy- and ready-to-use, rapid to per-
form and interpret, and less expensive compared with other technologies (i.e. magnetic
resonance, computerized tomography) [2].

Alongside conventional techniques, such as B-mode ultrasonography and Doppler-
based ultrasonography, in recent years new technologies, such as contrast-enhanced ul-
trasonography (CEUS) and ultrasound elastography (UEl) were implemented in andro-
logical evaluation, increasing the chances of an effective and fast diagnosis [3].

The present review aimed to describe both conventional and new ultrasound-based
techniques applicable to the testis evaluation of the dog, reporting information regarding
the technology, the procedure and the findings in normal testis and testicular disease.

2. Testes component evaluation by ultrasonography
2.1. Anatomy, physiology and vascularization of the testis

The two testes are the primary reproductive organs of the male [4]. They are located
in the inguinal region, within the scrotum, and are oriented obliquely, with the long axis
moving dorsal-caudally. The extra-abdominal position of the testes makes these organs
easily accessible for ultrasonography evaluation, as well as the epididymis and the distal
part of the spermatic cord [5].
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The epididymis is adherent to the testis, with its head located at the testicular cranial
pole, the body runs dorsal-lateral and the tail is anchored at the dorsal-caudal extremity
of the testis by the short and thick proper ligament. The tail of the epididymis is in conti-
nuity with the ductus deferens, which forms the spermatic cord with the vascular com-
partment, moving within the inguinal canal and entering into the abdomen via the vaginal
ring [5].

The testis is composed of stroma, the connective tissue framework, and the paren-
chyma composed of the seminiferous tubules. The stroma is made by the external tunica
albuginea, from which branch septa compartmentalizing the parenchyma in lobuli [5].
The septa merge centrally in mediastinum testis a cord of connective tissue running length-
wise through the middle of the testis [5].

The large majority of the blood supply to the testis is provided by the testicular ar-
tery, while the artery of the ductus deferens serves epididymis and the deferent duct [5].
The testicular vein forms an extensive pampiniform plexus in the spermatic cord,
surrounding the testicular artery, lymphatics, and nerves [5]. The testicular vessels are
unusually long and tortuos, and this feature is functional to create a low temperature [6],
via thermic dispersion and exchange, and low oxygen-tension environment [7], due to the
low intratesticular capillary pressure, both beneficial for spermatogenesis [8].

3. Gray-scale ultrasonography
3.1 Technology and applications

Gray-scale ultrasonography was the first technique applied in the evaluation of the
testis, in the early 1990s. Several authors confirmed that it is a useful tool which helps the
clinician to acquire information about the health of the reproductive tract, becoming an
integral component of the breeding soundness evaluation (BSE) of the dog [9-13] by
providing fine anatomical details of the testicle and surrounding structures [14]. This re-
veals lesions too small or inaccessible for detection via palpation [15], albeit the ultraso-
nographic changes are not specific enough to identify the different types of testicular le-
sions [16]. Moreover, serial ultrasonographic evaluations can be very helpful in evaluating
the progression of disease and response to therapy [17].

The gray-scale ultrasonography is a subjective procedure allowing qualitative evalu-
ation of the testicular parenchyma. To overcome this limit, some authors proposed the
objective estimation of the echotexture based on the pixel-intensity analysis [18]. The im-
age display is composed of an array of picture elements (pixels), with each pixel repre-
senting a determined tissue density that is displayed in a range of shades of gray (ranging
from white to black) [18]. Using the quantification of the pixel intensity in sonograms,
several studies investigated the relationship between ultrasonographic appearance and
semen quality in mammals [18-23] such as in human [24-27], revealing that changes in
ultrasound parameters could be correlated to the percentage of morphologically normal
live spermatozoa.

Likewise, although ultrasound imaging cannot establish a cytologic or histologic di-
agnosis, ultrasound-guided sampling of tissue could be performed quickly, accurately
and safely [28] by testicular biopsy or testicular fine needle aspiration [29].

3.2 Examination technique

As a result of the short distance between the probe and testis, high-frequency and
linear transducers should be used whenever possible, typically 7.5- to 10-MHz. The low-
frequency transducers may not provide sufficient resolution to detect small lesions or sub-
tle parenchymal changes [17].

The testicular examination is a straightforward procedure. The images can be ob-
tained in the non-sedated dog in lateral recumbency or standing position. Clipping of the
scrotal hair should be avoided: good images could be obtained by the use of copious
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amounts of ultrasound gel [28]. The testes should be scanned in transverse, longitudinal,
and dorsal planes. A standoff pad often enhances the examination, allowing better near-
field structural visualization. Alternatively, one testis may be used as a standoff to image
the opposite one [17]. Both testes can often be imaged in one transverse or dorsal section,
and it is helpful for direct comparison [17].

3.3 Normal findings

The canine testis is echogenic with a homogeneous, medium echo texture. The pari-
etal and visceral tunics form a thin hyperechoic peripheral echo. The mediastinum testis
is seen as an echogenic central linear structure on the midsagittal plane and as a central
focal echo on a mid-transverse scan plane (Figure 1) [17].

Figure 1. Example of B-Mode ultrasonography of normal testis in the dog, in longitudinal
(A) and transversal (B) scan. The hyperechoic mediastinum is visible as a band (A) or a
circular area (B) within the homogeneous parenchyma
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In prepubertal dogs, the echogenicity of the testes is more hypoechoic compared with
adult dogs, and the mediastinum testis can be easily identified [30]. Usually, no differ-
ences in echogenicity between the right and left testis are observed [23,30].

The tail of the epididymis is generally isoechoic compared to the testicular paren-
chyma (Figure 2). The tail also has a coarser echo texture than the testis. The head and
body of the epididymis are nearly isoechoic with the testis. The head is cranially located,
and from it, the body can be followed caudally in both sagittal and transverse planes to
the tail, which is reported to be the most consistently imaged portion of the canine epidi-
dymis [17].

Figure 2. Example of B-Mode ultrasonography of normal epididymis in the dog. Normal
tail of the epididymis, isoechoic, could be detected on the right of the image, closely ad-
herent to the testis (on the left)

The testicular volume is positively correlated with total sperm count, sperm motility,
sperm morphology and daily sperm production in the dog [31,32]. The estimation of tes-
ticular volume could be useful to demonstrate asymmetry or reduction since some au-
thors reported that the testicular volume is age-related, with the maximal size reached at
6 years, followed by a progressive decrease [33]. Ultrasonography is generally considered
the most accurate method for quantitative testicular volume determination [17]. Few stud-
ies have evaluated ultrasound mensuration of dog testicles, establishing its reliability in
comparison with the results taken by caliper (orchidometer). Among the most common
formulae used for calculating testicular volume, the formula of Lambert (volume = length
x width x height x 0.71) estimates the testicular volume more accurately [31,32].

3.4 Abnormal findings
3.4.1 Intratesticular diseases

Testicular neoplasms are the most common tumours of the genital tract of male dogs
[28,34-39] with a prevalence of up to 60% and an incidence that increases with age [16,40-
43] and cryptorchidism [37-40,44—46].

The ultrasonographic features of testicular tumours are extremely variable [16]. Tes-
ticular tumours can range from circumscribed small nodules (focal tumours) to large com-
plex masses (diffuse tumours) with heterogeneous echo-pattern and disruption of normal
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anatomy. Sertoli cell tumours and seminomas are usually large with mixed echogenicity,
resulting sometimes in generalized testicular enlargement, while interstitial cell tumours
may appear as well-defined focal hypoechoic lesions [28], but shape, margin and echo-
genicity do not allow differentiation between tumour types [16].

Areas of haemorrhage and necrosis may occur in all tumour types and may be seen
ultrasonographically as disorganized hyperechoic and hypoechoic regions, as areas of cal-
cification within the testicular parenchyma could be seen, appearing as hyperechoic foci
producing acoustic shadowing [28].

Although testicular tumours showed a lesser ability to metastasize (< 15%), early de-
tection by ultrasonography allows the orchiectomy of the affected testis and improves the
chance to maintain the fertility of the patient, especially in breeding dogs [16].

There are few reports in which dogs had been diagnosed with neoplasms of testicular
origin in an extra-testicular location [47]. Few possibilities, including the presence of em-
bryological ectopic tissue or the presence of testicular tissue transplanted during castra-
tion, are considered causal [47]. The location of the extra-testicular testicular tumours in
dogs is varied and includes the spermatic cord, the inside of the scrotal skin or the site of
the pre-scrotal castration incision site [47]. Most of the neoplasms were small and about
1.5 cm in diameter [35]. Their appearance, apart from their location, is undistinguishable
from their intratesticular counterpart [35].

Orchitis, as the inflammation of the testis, could run acutely or chronically. Acute
orchitis may have variable ultrasonographic characteristics, ranging from irregular and
poorly defined anechoic areas to a diffuse patchy hypoechoic echo pattern, and focal ab-
scessation may be evident [15,17,30]. Usually, there is an enlargement of the testis and
epididymis, and fluid may accumulate between the visceral and parietal tunic within the
scrotum [15,17,30,48]. Chronic orchitis is less obvious regarding ultrasonography features
and may reveal hyperechoic or mixed echogenic parenchyma, with a reduction in testic-
ular size [17]. Abscess can also occur as a chronic progression of the orchitis, and its feature
is characterized by an irregular hyperechoic wall and anechoic to hypoechoic central con-
tents [17].

Torsion of the spermatic cord is uncommon in dogs [17]. Depending on the degree of
the torsion, due to the peculiar structure of testis vascularization, the consequence is the
necrosis of the testis. It could be seen mainly in retained (or cryptorchid) testes [35]. More-
over, torsion of the spermatic cord in the intra-abdominal testicle was frequently reported
in the presence of testicular tumours [15,17,44]. The ultrasonographic appearance of ex-
perimentally induced testicular torsion in the dog has been reported by Hricak et al: from
15 to 60 minutes after torsion there are anatomical changes visible by ultrasound as a tes-
ticular enlargement characterized by diffusely decreased parenchymal echogenicity, and
a concurrent enlargement of the epididymis and spermatic cord. The scrotal skin becomes
hypoechoic and increases in thickness [49].

Testicular hypoplasia is a developmental defect of the testis, which does not reach the
post-pubertal normal size. Most cases of hypoplasia are because of cryptorchidism, and
in several cases are linked to the inability of the epididymis to reach the normal size too
[35].

Differently from hypoplasia, testicular atrophy is used to define normally developed
testis that became smaller in size, as a result of ageing [35], cryptorchidism, testicular tu-
mour or chronic orchitis in the opposite testicle [17]. An atrophic testis typically has a
normal-sized epididymis, so proportions change with increased severity.


https://doi.org/10.20944/preprints202305.2145.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2023 doi:10.20944/preprints202305.2145.v1

6 of 26

In both testicular hypoplasia and atrophy, at the ultrasonographic examination al-
buginea appeared thick, and vessels are less obvious or missing. The echotexture could
be variable, hypoechoic to isoechoic, or also diffusely hyperechoic depending on the cause
and severity [17]. Hyperechoic foci producing acoustic shadowing could be present, re-
flecting parenchymal mineralization [35].

Ultrasonography is also very useful in cryptorchidism for locating and evaluating un-
descended testicle(s), which may be located in the abdominal cavity, inguinal canal, or in
an ectopic subcutaneous location between the superficial inguinal ring and the scrotum
[50]. Cryptorchid testis is usually small in size, thus testicular parenchyma could be
demonstrated by detecting the hyperechoic mediastinum.

3.4.2 Extratesticular diseases

Epididymitis can occur separately or concurrently with orchitis (Figure 3), and the
damage may extend to include the ductus deferens [15,17,30]. Usually, epididymitis in-
volves the tail and sometimes the body of the epididymis; the head of the epididymis is
seldom involved [51].

Figure 3. A case of epididymitis, contextual with orchitis, in canine testis involving
the tail of the epididymis. Note the relative hypertrophy of the tail of epididymis (on the
right) compared with the correspondent testis (on the left). Both organs appeared hetero-
geneous, and small anechoic areas could be detected (white arrows)

This may be bilateral or unilateral, and the severity varies and reflects the degree of
damage, including necrosis and vascular changes. In severe acute disease, there is swell-
ing and edema of the tail of the epididymis, with a relevant increase in size [35] with or
without fluid accumulation into the vaginal cavity. Ultrasonography, by the direct visu-
alization of the altered organs, improves the differential diagnosis of the disease causing
the scrotal increase in volume [13,17,30,51].
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Ultrasonography could be particularly valuable in the presence of extra-testicular
(around the testicle but within the vaginal tunic) fluid accumulation. In this case, the fluid
causes a scrotal enlargement, preventing the clinical discrimination between the struc-
tures involved. Types of extratesticular fluid accumulation are serum (hydrocele), blood
(hematocele), pus (pyocele), or possibly urine [11,13].

Rarely epidydimal cysts, fluid accumulation as the result of epididymal canal’s occlu-
sion, were reported in dogs [11].

Varicoceles in humans are caused by alterations in the veins of the pampiniform
plexus where they become enlarged, elongated, and tortuous. On sonograms, varicoceles
appear as an anechoic, tubular and serpiginous fluid collection in the region of the epidi-
dymis. Varicoceles are encountered rarely in dogs, and their ultrasonographic appearance
has not been described [11].

4. Color doppler and power doppler
4.1 Technology and applications

Doppler ultrasonography has become the method of choice to evaluate the blood
supply of various organs. It is one of the simplest and most precise techniques for estimat-
ing blood flow, as it combines data concerning the anatomy and dynamic flow parameters
[52].

Based on how blood flow information is displayed, Doppler ultrasonography can be
classified as color (color Doppler and power color Doppler) or spectral (pulsed wave — PW,
continuous wave — CW), or their combination.

Color and power color Doppler are termed color Doppler due to the use of color map
overlays of blood flow on real-time two-dimensional gray-scale images (Figure 4), to dis-
play information [17]. Signals from moving red blood cells are displayed in color as a
function of their motion toward or away from the transducer. The amount of color satu-
ration also indicates the relative velocity of cells.
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Figure 4. Representative sonogram in color Doppler of canine testis. Note the marginal
portion (black arrow) and the intratesticular branches (white arrows) of the testicular ar-
tery

Power color Doppler ultrasonography is more sensitive for detecting low velocities
and small parenchymal vessels [17,53]. Due to the qualitative interpretation of the sono-
grams, color Doppler is rarely applied in experimental studies.

Quantitative blood flow analysis includes the evaluation of peak systolic velocity =
PSV, end-diastolic velocity = EDV, resistance index = RI and pulsatility index = PL

Pulsed wave and continuous wave Doppler are termed spectral Doppler, and they
display quantitative information as a time-velocity waveform along y and x axes, respec-
tively. With pulsed wave Doppler ultrasonography, sound is transmitted in pulses using
the pulse-echo principle as in real-time imaging [17]. Pulsed wave is the most commonly
used type of spectral Doppler because it is readily available on nearly all modern trans-
ducers and possesses depth discrimination [17]. To obtain Doppler velocity information
is with continuous wave technology [54]; this Doppler ultrasonography can measure
much higher flow velocities than pulsed Doppler [17].

Duplex Doppler ultrasonography refers to the simultaneous display of pulsed or con-
tinuous wave spectral Doppler tracings and B-mode images [17].

Similarly, triplex Doppler ultrasonography, involves the simultaneous use of two-di-
mensional ultrasound, color Doppler and pulsed Doppler, which allows the gathering of
anatomical data of the vessels and functional data regarding blood flow, including its
presence or absence, direction and speed [17,55].

In human medicine pulsed wave Doppler, color and power Doppler are routinely
applied to asses andrology status [51,56—66] and to define aethiology of dyspermia [24,67],
demonstrating that sperm quality and quantity are dependent on tissue perfusion
[24,27,68-70] and proposing that the evaluation of testicular blood flow is able to predict
the testicular function and, in turn, spermatogenesis [24,68-70].

In veterinary medicine the study of testicular vascularization was performed in the
stallion [7,71-74], jackass [75], tom [76,77], bull [18,78,79], ram [21,80,81], buck [52,82], dog
[48,55,83-93]. The results of these studies essentially confirm a relationship between testi-
cle arterial blood flow and seminal quality both in normal and pathological conditions.
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4.2 Normal findings

The peculiar vascularization of the testis allows a division of vessels into three seg-
ments: (a) supra-testicular arteries within the pampiniform plexus: the testicular artery,
cremasteric artery, and deferential artery; (b) arteries within the testicular membranes: the
marginal artery; and (c) intratesticular vessels: the centripetal branches and recurrent rami
[89].

Characteristics of blood flow within the testicular artery assessed by pulsed wave
Doppler ultrasound change depending upon the segment [87,89]. In the supra-testicular
region, a biphasic waveform with a diastolic notch followed by a diastolic peak, or a mo-
nophasic waveform characterized by a slow systolic increase followed by a decreased di-
astolic flow, could be observed due to the vessel’s tortuous characteristics in this area. The
other two regions show a low resistance flow with monophasic waveforms (Figure 5) [30].
Higher blood flow velocities are recorded within the supra-testicular region, decreasing
through marginal and intra-testicular regions [30,84,87,89].

1Vmax 17.4cm/s
Vmin 7.9 cm/s
vd 7.9 cm/s
TAMAX 11.9 cm/s
Pl 0.80
RI 0.55

-

Figure 5. Pulse wave Doppler parameters measured on the supratesticular (A) and
marginal (B) portion of the testicular artery
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4.3 Relationship between spectral doppler measurement and dog’s semen quality

As previously mentioned, a relationship between pulsed wave Doppler measure-
ments and semen quality has been observed in many studies, primarily in human medi-
cine, reporting higher correlations between the values of the resistive index (RI) and peak
systolic velocity (PSV) with sperm production rate scores, and considering these values
as reliable indicators for spermatogenesis. These parameters are proposed in the routine
clinical protocol for distinguishing various causes of dyspermia and identifying subfertile
men [94].

Even in veterinary medicine, the mensuration of these indexes could be an effective
tool in andrology as potential markers of seminal quality in dogs.

In the study of Zelli et al., the indexes were studied in correlation with testicular vol-
ume and semen parameters, showing that peak systolic velocity was positively correlated
with testicular volume and negatively with live sperm, whilst a negative correlation ex-
isted between the resistive index and pulsatility index with total and progressive motility.
Resistive index and pulsatility index were also negatively correlated with the percentage
of membrane intact sperms with curled tails, while the latter was positively correlated
with end diastolic velocity [93].

Moreover, in the study of Gloria et al., the blood flow parameters measured by PWD
were evaluated in correlation not only with sperm attributes but also with testicular his-
tological characteristics, confirming negative correlations between RI and PI and abnor-
mal spermatogenesis and histological abnormalities [88].

At last, also Velasco and Ruiz proposed the ultrasonographic measurement as objec-
tive parameters to evaluate testicular function. But, because of the variability found in all
the analyzed data (depending on the location of the measurement, season, species, breed
and laterality), they concluded that further research is needed to determine PWD physio-
logical parameters [95].

4.4 Abnormal findings

In testicular neoplasia power color Doppler ultrasonography is a very useful tool in
assessing tumour vasculature, due to the typically high interstitial pressure in tumours
and resultant low-velocity states in tumour vessels, although only a few descriptions of
testicular blood flow in abnormal testes are available [96]. The Vascularity index (VI)
seems that increases in solid tumours compared to those of non-neoplastic masses, as the
blood flow within and around most tumours [48]. Blood flow PSV increases with the in-
crease in size of neoplastic nodules and the spectral waveform around the lesion had a
low resistance pattern with lower-middle values of PI and RI then normal [48]. None of
these appearances, however, are specific for each tumour type [16,28,48].

In orchitis, testicular blood flow estimated by color Doppler, may demonstrate ampli-
fied testicular parenchymal perfusion with RI and PI increase within the testicular paren-
chyma [30]. However limited modifications in vascular flow could be detected in necrosis
and fibrosis [48]. In this latter report, RI was significantly decreased in the inflammatory
lesion, probably due to the reactive hyperemia, while it was increased in fibrotic lesions
related to degenerative changes.

In dogs with torsion of the spermatic cord, the absence of perfusion to and within the
twisted testis could be evidenced with color Doppler ultrasound [30,49], helping in differ-
ential diagnosis with acute orchitis [11]. In cases of incomplete torsion it may be possible
to observe decreased rather than absent perfusion [30].

5. B-Flow
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B-Flow is a type of digitally encoded ultrasound technology specifically developed
by GE Healthcare (Chicago, IL, USA) for blood flow visualization [97]. Its technical foun-
dation is based on a combination of coded excitation and tissue equalization [97], to di-
rectly show moving blood echoes using a grayscale presentation demonstrating real-time
blood movement similar to a conventional angiogram (Figure 6), along with simultaneous
visualization of the surrounding anatomy [98].

Figure 6. Representative image of the B-Flow evaluation of canine testis.

In human medicine, B-Flow was first applied for use in carotid artery ultrasound in
vascular medicine, and more recently has been reported as valuable in the assessment of
the abdomen such as hepatic vasculature and evaluation of renal perfusion [98-101]. Fur-
thermore, several clinical studies investigated B-Flow imaging for potential applications
within obstetrics and gynaecology, focusing on utilizing the technology in perinatology
and fetal echocardiography [97].

Applications of B-Flow have been rarely performed in animals. Its use is reported in
two studies that evaluated chemically-induced mammary tumours by matching this tech-
nology with other ultrasonography techniques, reporting that B-Flow is more sensitive
than power color Doppler in detecting tumour vessels [102,103].

In veterinary clinical reproduction, this technology was only focused on the evalua-
tion of testicular neoplastic vascular patterns, concluding that patterns did not vary
among the different tumour types [16].

6 Contrast enhanced ultrasonography (CEUS)
6.1 Technology and applications

Contrast enhanced ultrasonography (CEUS) was recently introduced in veterinary
medicine because of its ability to quantify microvascular blood volume and blood flow of
vital organs, as described in human medicine [104,105]. It is based on the intravascular
injection of specific ultrasound contrast agents (USCAs) which consist of microspheres
containing specific gases stabilized by an outer shell [106,107]; gases are eliminating
through lungs, whereas the stabilizing components are filtered by the kidneys and elimi-
nated by the liver [76,108,109]. Due to the reflection of echoes on gases, the intensity of the
signal in gray-scale and Doppler modes is increased by 10 to 1,000 times, and it is shown
meanly for 5 minutes, depending on the contrast agent used. The total duration of a CEUS
evaluation is about 20 minutes, and general anaesthesia is not required [109].
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Progressive inclusion of CEUS among the diagnostic tools is due to the safe, painless,
fast, portable and non-irradiating nature of this technology, without nephrotoxicity. Side
effects of USCAs are rare: only pain at the site of injection, nausea or vomiting were de-
scribed in dogs [110]. Although high costs of the contrast material and the need for spe-
cialized ultrasonographic equipment [30], CEUS is relatively cheap when compared to
computed tomography scan and magnetic resonance imaging [107,111].

Contrast enhanced ultrasonography allows the detection of several attributes of a le-
sion including the presence/absence of the contrast, wash-in (incoming phases), wash-out
(output) and peak enhancement of CEUS in tissue, temporal behaviour, perfusion fea-
tures, vascular anatomy, comparison with the surrounding tissues, and flow direction
[76,107,112]. Some of them could be estimated, quantitatively in a specific region of inter-
est (ROI) using the software integrated with the ultrasound machines [16] able to calculate
peak intensity (PI), time to peak (TTP), and area under the curve (AUC). The washout
(WO), as the time interval from TTP until signal intensity declined by 40% of PI, could be
also calculated [16].

Over the past decades, both ultrasound contrast agents and techniques evolved rap-
idly, and to date this technique is used to quantify the perfusion of various deep organs,
including skeletal muscle, heart, adipose tissue, kidneys, liver, and brain [104]. Some re-
cent reports applied CEUS in human testis evaluation, investigating the different features
in various pathological conditions [2,113-116].

The application of CEUS in veterinary medicine are mainly focused on the dogs
about the liver and its vascularization [106,117-122], lymph nodes [119,123,124], kidneys
[125,126], pancreas [127,128], eyes [129-131], spleen [107,132-135] and prostate [136-140]
by studying normal and pathological aspects in order to differentiate between inflamma-
tory, degenerative and neoplastic lesions, providing a discrimination between benign or
malignant ones [96,109,141]. Some studies were also performed in cats [76,142,143].
Works about the application of CEUS in canine andrology are few and focused on chronic
testicular alterations [110].

6.2 Normal findings

After injection of the contrast agent, the testicular artery branches and parenchymal
perfusion had been readily observed, with a progressive opacification of the convoluted
supra-testicular, marginal, and then intratesticular arteries, with flow directed towards
the mediastinum testis. A progressive increase of the echogenicity of the testicular paren-
chyma during the vascular bed phase was observed, followed by gradual clearance of the
contrast from the parenchyma during the wash-out phase. Testicular veins were also high-
lighted, with lower echogenicity compared to the arteries because the persistence within
the vascular bed resulted in a longer wash-out than wash-in period [110]. A range of val-
ues of CEUS in normal dogs was proposed, however reference values should be used with
caution due to the lack of reproductive information of healthy group and the sedation of
the patients during the procedure, which could modify the physiological vascular flow.

6.3 Abnormal findings

Due to the detection of fine vascularization, CEUS is able to detect some testicular
lesions not previously revealed by conventional ultrasonography, resulting particularly
powerful in the assessment of testicular neoplasia [16,110].

Neoplastic lesions have been described to be better defined in the wash-in phase and
tend to maintain the pattern during peak and wash-out. Thus, any specific phase is not
associated with different patterns of lesional contrast enhancement over time [110].

Although some authors hypothesized to associate specific CEUS patterns to different
tumour types, with controversial results [16]. Volta et al. reported the association between
hypo- or iso-enhanced testicular lesions with intralesional vessels with seminomas [110],
while Orlandji et al. found similar CEUS parameters in different tumour types, suggesting
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the inability to differentiate between testicular tumors based on contrast-enhanced pattern
[16].

The CEUS pattern in non-neoplastic testicular lesions was reported in one study in the
dog, in which degenerated testes, atrophic testes, testes with chronic necrotic orchitis and
testes with interstitial cell hyperplasia were considered [110]. The reduced number of
cases and the lack of specific lesions in different conditions reduced the application po-
tential on this approach.

7. Ultrasound elastography
7.1 Technology and applications

Ultrasound elastography (UEI) is an ultrasonography-based technology introduced
in the 1990s, which can assess the elasticity or the stiffness of the tissues [144]. This tech-
nique is based on the assumption that softer parts of tissues deform easier than the harder
ones under compression, allowing an estimation of tissue elasticity [145]. Changes in the
elasticity of tissue could be related to pathological modifications induced by degeneration
(ageing), inflammation, and uncontrolled cell growth [144].

Elastography uses ultrasonic imaging to observe tissue shear deformation under con-
ditions of one or both of the types of shear, currently in a real-time two-dimensional image
sequence, after applying a force that is either dynamic (e. g. by thumping or vibrating) or
varying so slowly that it is considered “quasi-static” (e. g. by probe palpation). The defor-
mation may be represented in an elastogram, or as a local measurement, in one of three
ways: i) tissue displacement may be detected and displayed directly, as in the method
known as acoustic radiation force impulse (ARFI) imaging; ii) Tissue strain may be calcu-
lated and displayed, producing what is termed strain elastography (SE); iii) In the dy-
namic case only, the data may be used to record the propagation of shear-waves, which
are used to calculate either a) regional values of their speed (without making images) us-
ing methods referred to herein as transient elastography (TE) and point shear-wave elas-
tography (pSWE), or images of their speed using methods referred to herein as shear-
wave elastography (SWE) which includes 2-D SWE and 3-D SWE [146,147].

Several technologies are able to evaluate qualitatively, semi-quantitatively, or quan-
titatively the stiffness of a tissue. In strain elastography, the deformation of the tissue is
caused by the manual compression of the probe on the tissue is converted to a gray-scale
image. The final result is an image, namely elastogram, in which the stiffness of the dif-
ferent components of the anatomical region is displayed, in real-time, on a color-coded
map [148]. Due to the subjective origin of the compression, this technique could be con-
sidered qualitative. A semi-quantitative measurement was proposed to increase the ob-
jectivity of the analysis, by the calculation of the strain ratio, a value obtained by the com-
parison of the stiffness of the tissue under examination, estimated in a region of interest
(ROI), referred to that of adjacent normal tissue in a similar-sized ROI [147].

In contrast to strain imaging, shear-wave elastography allows speed measurement of
shear waves generated by the probe, allowing the quantitative estimate of tissue elasticity
even in a specific range of interest (ROI) [147].

In human medicine, UEl was successfully applied in diagnostic imaging of the liver,
breast, prostate, thyroid and lymph nodes, or musculoskeletal pathological conditions
and it is largely used in oncology because of the ability to predict the malignancy of the
lesions, even with testicular neoplasm [145,148-152]. In human andrology, UEl was also
proposed in the examination of non-focal alterations of the testis, defining the aethiology
of infertility [27,153,154].

In veterinary medicine, studies have been performed to apply UEIl in canine and fe-
line normal and pathological conditions of different organs such as the spleen, liver, kid-
ney, and prostate [155-158], adrenal gland [159], skin [160], lymph nodes [123,161],
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pancreas [162], small intestine mucosa [163] and placenta [164], performing also a quali-
tative study even in fetal lungs and fetal liver during the final days of intrauterine devel-
opment, demonstrating the changes of tissue stiffness [165]. In veterinary oncology, some
authors proposed UEI as a complementary diagnostic tool to differentiate benign from
malignant lesions, mainly focusing on mammary neoplasm, although giving controversial
results. Preliminary studies reported that the cyto/histologic classified as benign mam-
mary lesions are observed as deformable, whilst the malignant tissues were rigid, as like
as appears in breast tumours of women [166,167]. Contrarywise, in a more recent work,
malignant mammary nodular lesions showed similar stiffness compared with hyperplas-
tic/benign neoplastic lesions [168], so further investigations on the tissue mechanical prop-
erties are necessary to optimally introduce the use of this technology in the evaluation of
mammary gland tumors in the dog.

Limited information is available about the use of UEIl in veterinary androl-
ogy[157,167,169,170] , especially when no-focal alterations were present.

7.2 Normal findings

In normal canine testis, qualitative (Figure 7) and quantitative ultrasound elas-
tography revealed hard, homogeneous and not pliable organs.

Figure 7. Representative elastogram acquired with the qualitative strain elas-
tography of canine testis (B) compared with B-Mode ultrasonography (A). The color scale
differentiates hard (blue) and soft (red) area of the testis. The green bar in the center of the
image represents the adequateness of the free-hand compression applied by the operator

In agreement with the findings in the tom [169], shear velocity values were similar in
animals grouped by age, suggesting a limited effect of this variable on the testicular stiff-
ness (Figure 8) [157].
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Figure 8. Representative elastogram acquired with the quantitative shear-wave elas-
tography of canine testis (B) compared with B-Mode ultrasonography (A). The technology
is able to quantify the stiffness in objective manner

The reference values reported in this manuscript, however, should be considered
with caution due to the variability of breed and weight of the males recruited, and the lack
of definition of their reproductive function.

7.3 Abnormal findings

Limited information is available to date regarding the application of UEl in testicular
disease of the dog. In a recent study, UEl was found able to distinguish non-neoplastic
from neoplastic testicular lesions, with the latter stiffer [171]. Although the findings were
not conclusive due to the limited number of animals, ultrasound elastography appeared
a promising technology for the evaluation of neoplastic lesions of canine testis.

In a preliminary study on UEI in canine testicular evaluation, abnormal testes were
found stiffer and inhomogeneous compared with normal testes, even though a great var-
iability of testicular diseases was reported, making ineffective the comparison between
the different conditions [170].

8. Conclusions

The present review explored the literature concerning the application of ultrasound-
based technologies in the canine testis assessment. Conventional technologies, such as B-
mode ultrasonography, could be effectively applied in andrological practice, but the lack
of objectivization reduced the relevance in differentiating testicular disease. On the other
hand, recent technologies, such as CEUS and ultrasound elastography, could expand the
armamentarium for the clinicians caring for canine andrological patients but require more
studies and solid results to verify their real contribution to the clinical practice.
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