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Introduction: Ultrasound imaging (US) is the method of choice to assess 
the canine prostate gland. Whilst recent studies have documented the role 
of castration in the development of prostatic neoplasia, little is known about 
parenchymal and perfusion features of the normal and abnormal prostate in 
neutered dogs. No data are available concerning prostatic changes after the 
first 90 days following castration. The present study aimed to acquire data on 
the long-term ultrasonographic changes occurring to the canine prostate after 
castration.

Materials and methods: Ten adult neutered dogs underwent B-mode US and 
contrast-enhanced ultrasound (CEUS) of the prostate on two occasions: day 
of the first examination (T0) and six years later (T1). The prostate was evaluated 
via B-mode US and the volume was calculated using Atalan’s formula. For CEUS 
examination, an intravenous contrast agent (SonoVue) was administered to 
assess prostatic perfusion. Videoclips were recorded, and time-intensity curves 
were obtained to determine contrast parameters: peak enhancement (PPI) 
and time to peak (TTP). Volumetric and perfusion results were then compared 
between timepoints.

Results: At both examinations, the prostate appeared similar on B-mode US in 
terms of morphology and echotexture, minimally decreasing in volume over 
time. Prostate perfusion was significantly reduced in all dogs between T0 and 
T1, with a PPI decrease from 54.9 to 29.6% and an increase in TTP from 26.3 to 
47 s.

Discussion: These preliminary data provide baseline information on the B-mode 
appearance and CEUS measurements of the prostate gland of neutered dogs 
and suggest that prostatic involution after castration is not a short-term process 
but continues over several months.
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1 Introduction

Contraception by surgical sterilization including castration is an irreversible procedure 
that results in permanent cessation of reproductive function. As castration is irreversible, such 
surgical programs are widely accepted for population control (1). Bilateral castration has a 
prophylactic and therapeutic effect on androgen-dependent diseases, such as benign prostatic 
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hyperplasia (BPH), chronic and acute prostatitis and perineal hernias 
(1–3). In dogs, BPH may be diagnosed on 80% of intact male dogs 
over 5 years of age (4) and more than 95% of intact male dogs over 
9 years old (3).

The prostate gland is an androgen-dependent organ and castration 
results in regression of prostatic tissue in both normal dogs and dogs with 
BPH (5, 6). After removal of the testes, androgen concentrations decline, 
leading to a rapid involution of the size of the gland, with an expected 
reduction of 80% within 90 days, thus affecting prostate features and 
function (6, 7). Interestingly, whilst castration is an accepted and well-
recognized method for the prevention and treatment of BPH (3), recent 
studies reported a higher risk of prostatic neoplasia in neutered dogs, thus 
increasing concern for choosing castration for the treatment of canine 
BPH. Nevertheless, it appears that castration does not initiate tumor 
development but may increase the incidence or hasten the progression of 
prostatic neoplasia (8–11). However, a definitive reason has not been 
identified yet, thus being imperative improving the knowledge of prostate 
physiology after gonadal hormone withdrawal and the changes that occur 
in the prostatic parenchyma.

Unfortunately, data about the ultrasonographic changes that occur 
throughout the period of prostate gland involution after castration are 
scant (5–7, 12). B-mode US is particularly useful for the assessment 
of size, shape, margins, echogenicity, echotexture and position of the 
prostate gland, as well as for evaluating the draining reproductive 
lymph nodes (2, 13–15). Despite the excellent application of US for 
imaging the prostate gland, the detection of prostate neoplasia can 
be challenging due to the lack of specific B-mode ultrasonographic 
features both in intact and neutered dogs (11, 13, 16, 17). 
Prostatomegaly, inhomogeneous parenchyma and the presence of 
mineralization are common but nonspecific findings of prostatic 
neoplasia, since such signs may be  found also in non-malignant 
conditions, highlighting the importance of establishing reference 
characteristics in neutered male dogs (17). Moreover, few studies have 
been conducted on the ultrasonographic appearance and features of 
the normal prostate gland in dogs following castration (18–20).

Innovative ultrasonographic techniques, such as contrast-
enhanced ultrasound (CEUS), have been successfully employed to 
improve the visualization and diagnosis of pathologic conditions of 
the prostate (13, 19–23). CEUS involves the intravenous injection of 
gas-filled microbubbles which enhance the backscatter signal of 
ultrasound waves, resulting in the amplification of the signals coming 
from blood flow (24, 25). Prostate neoplasia, even in its early stages, 
usually exhibits increased blood flow due to neoangiogenesis. These 
features may be detected by using CEUS, including asymmetric rapid 
inflow, increased focal enhancement, and asymmetry of intraprostatic 
vessels which are beyond the resolution of conventional Color or 
Power Doppler (13, 22, 26).

Prostatic perfusion features in healthy neutered dogs have been 
described, whereas information about vascularization of prostatic 
neoplasia in this group is still under investigation (19). Despite the 
promising results obtained by performing CEUS for the characterization 
of prostatic perfusion in dogs, it is still not considered widely as a 
diagnostic tool since there few studies have been conducted in this 
species. Furthermore, vascularization regression analysis and description 
after castrationhas been poorly investigated. Angrimani and colleagues 
reported that castration induces morphological and vascular involution, 
in terms of Doppler US parameters and histological findings (5). Yoon 
et al. (12) analyzed prostate perfusion changes using both CEUS and 

computerized tomography (CT) confirming the vascular regression 
occurring after castration. Nevertheless, the focus of all the studies was to 
monitor regression of the prostate in the first 90 days after castration, and 
to our knowledge no information is available about changes occurring 
after this period of time.

Since neutered dogs appear to be more prone to developing prostate 
neoplasia, we hypothesized that parenchymal changes may continue to 
occur beyond the first 90 days following castration. B-mode ultrasound 
and CEUS could provide valuable insights into prostate physiology in this 
group. Understanding these mechanisms is crucial to determine whether 
specific parenchymal changes occurring after castration contribute to or 
promote neoplastic transformation. This knowledge could enhance the 
diagnostic efficiency of detecting canine prostate pathologies following 
castration. The aim of the present study was to use B-mode and CEUS to 
monitor long-term prostate involution in a group of dogs at least three 
months following castration.

2 Materials and methods

2.1 Animal selection

Adult, mix breed, male neutered dogs were selected from a private 
kennel in Caivano (Naples, Italy). Inclusion criteria for the present study 
were as follows: the medical history of the dog should not have recorded 
any disease related to the urogenital system; no dogs with suspicion of 
neoplasia based on clinical signs, blood analysis and andrological 
examination should be included; the recruited dogs had to be older than 
15 months of age when selected and the prostatic gland should have 
appeared within normal limits in terms of size, shape, margins, 
echogenicity and echotexture, with no focal lesions, in both the 
ultrasonographic examinations. Prostate glands were considered normal 
when volume did not exceed 38 cm3 (27), and when characterized by an 
ellipsoid shape, with smooth margins, hypoechoic and homogeneous 
echotexture; the recruited dogs should have been neutered at least 
3 months prior the first examination (T0) performed within this study.

All dogs were housed in the kennel since the time of the castration, 
which was performed by public veterinary officers, as part of the 
public control of stray dogs. The reproductive history prior the 
castration was unknown.

2.2 Experimental design

The dogs were evaluated by using B-mode US and CEUS twice: 
the first evaluation was performed at the moment of the selection (T0) 
and the second one was performed approximately six years later (T1). 
At T0, sixty-four specimens were evaluated, and the results have been 
published in a recent study (19). Six years after T0, the remaining 
survived dogs were examined again (T1).

No sedation was required for examination as all dogs were 
cooperative. A standardized examination was performed for all dogs 
consisting of a recent and historical anamnesis of the patient, a general 
clinical examination followed by an andrological clinical examination, 
comprehensive of inspection and palpation of the prepuce, penis and 
scrotal remnants if present, digital rectal palpation and B-mode US 
and CEUS of the prostate gland. The animal study was approved by 
Ethical Animal Care and Use committee, University of Naples 
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Federico II, Department of Veterinary Medicine and Animal 
Production (protocol 2016/0090751). The study was conducted in 
accordance with the local legislation and institutional requirements.

2.3 B-mode ultrasound

For the US examination, dogs were positioned in right lateral 
recumbency, to the right of the operator and with the head parallel to 
the US machine. Prepubic hairs were clipped, and alcohol and acoustic 
gel were applied to the skin. B mode and CEUS evaluations were 
performed with two different sets of equipment: a microconvex 
transducer (2–8 MHz) for B-mode US and a high frequency linear 
transducer (4–9 MHz—Esaote Mylab 30 gold, Genova, Italy) for 
CEUS at T0; a multifrequency microconvex transducer (3–11 MHz—
Mindray, mQuadro, Vetus 7, Mindray Medical, Milan, Italy) for both 
B-mode and CEUS at T1. The ultrasonographic procedure was 
performed by a single operator at both timepoints (MR).

Image quality adjustments (gain, depth, focal zone, dynamic 
range) were made as necessary to obtain optimal quality images. For 
B-mode US, the microconvex transducer was placed on the skin and 
the urinary bladder was visualized. Then, the probe was moved 
caudally until a detailed image of a longitudinal bilobed prostate gland 
was acquired.

For the size of the prostate gland the following linear 
measurements were acquired:

 - In the longitudinal view:
 • Length (L – Cranio-caudal length);
 • Depth (DL – Dorso-ventral length).

 - In transverse view:

 • Width (W – Latero-lateral length);
 • Transverse depth (DT – Dorso-ventral length).

In order to acquire a correct transverse view of the gland, the 
probe was rotated of 90°. For all the measurements the maximum 
length was always acquired being careful to respect orthogonal plane.

Prostate volume (PV) was then calculated by using the Atalan 
formula (28):

 
( )0.487

6.38
2

L W DL DT
PV

× × × +
= +

The prostate was evaluated in terms of size, shape, margins, 
echogenicity, and echotexture in both views. Colour Doppler was then 
activated, and sample region was placed on the prostate gland. PRF 
(pulse repetition frequency), WF (wall filter) and gain were adjusted 
to improve the quality of the examination.

2.4 CEUS examination

CEUS examination procedure was similar to the one described 
in the previous studies conducted on the examination of perfusion 
kinetics in canine prostate gland (13, 19–22). For CEUS 
examination, a 20G intravenous, three-way valved catheter 
(Smiths Medical Jelco, Lower Pemberton, Ashford, Kant, UK) was 

placed in the cephalic vein to allow rapid infusion of the bolus 
dose of a freshly prepared second-generation contrast agent 
SonoVue® (sulfurhexafluoride microbubbles; Bracco Imaging 
S.p.A., Milan, Italy). Both the transducer used for CEUS 
examination were characterized by coded harmonic capability and 
equipped with a dedicated software for CEUS analysis (Contrast 
Tuned Imaging (CnTI-TM), Contrast Tuned Imaging Technology, 
Esaote, Genova, Italy at T0; UWN+ (Ultra-Wideband Non-linear 
Contrast Imaging Feature) Contrast ImagingTM at T1). For each 
examination the mechanical index was set lower than 0.1 (range 
0.05–0.1), corresponding to an acoustic pressure of 45 kPa, to 
decrease the acoustic impact of the ultrasound waves on the 
microbubble contrast agent. The prostate gland was imaged, and 
a single focal zone was placed covering the whole prostate. Dual 
visualization at T1 allowed the creation of a reference B-mode 
image on the screen once the contrast software was activated. At 
T0, gain and time-gain compensation were adjusted to result in a 
reduced signal from the parenchyma. The contrast agent, prepared 
according to the manufacturer’s manual, was injected into the 
cephalic vein at a dose of 0.03 mL/kg of solution (5 mg/mL), 
directly followed by a rapid bolus of 5 mL of saline solution. The 
timer was activated at the moment of the beginning injection 
(t = 0), and the flow of the contrast agent into the prostate was 
observed in real time. Care was taken to keep the probe in the 
same position for at least 60 s. The entire examination was 
digitally recorded, to be  reviewed, so that the enhancement 
pattern could be systematically analyzed. The examinations were 
reviewed and evaluated subjectively by an experienced operator, 
which compared the examination between T0 and T1, blinded 
from the quantitative analysis of the video.

For the advanced quantitative evaluation of the CEUS data, two 
commercial software programmes, Qontrast® (EC mark nr.0051, class 
IIA, Bracco, Milan, Italy) and Mindray machine software 
(UWN + Contrast ImagingTM Quantification Analysis Software) 
were used, respectively, at T0 and T1, to design time–intensity curves. 
In each frame, the entire prostate was used as a single region of interest 
(ROI), manually defined by drawing a line around the shape of the 
prostate. The software calculated time–intensity curves on a pixel-by-
pixel basis, fitted them to parametric curves, and calculated the 
following parameters, starting from the moment of injection: 
perfusion peak intensity (PPI) expressed as a percentage, and Time to 
Peak (TTP, starting from t = 0) expressed in seconds. Median values 
and percentile quartiles of the perfusion parameters were 
then calculated.

The recruited dogs were monitored and observed for at least two 
hours after the procedure by the clinician in charge of the kennels, and 
during the following 24 h by the kennel staff to detect any immediate 
or delayed reaction to the contrast agent injection (29).

2.5 Statistical analysis

Data were recorded on a spreadsheet (Microsoft® Excel® 2021, 
Redmond, WA, United States) and then imported into Statistical 
Package for Social Sciences (SPSS IBM® Statistics version 27.0, IBM 
Corporation, Armonk, NY, United States) for statistical analysis. 
Non-parametric tests were used for evaluation. Post hoc analysis 
with Wilcoxon’s signed-rank test was conducted to compare 
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individual changes in terms of prostate volume, PPI and TTP 
between the two timepoints. Percentage of decrease or increase of 
the vascular parameters detected with CEUS was then calculated. 
The PPI and TTP percentage values, and regression rate of these 
parameters were then correlated to weight, age, age at castration and 
time elapsed since castration using Spearmen test, in order to detect 
any influence of individual parameters such as age, weight, age at 
castration and time elapsed since castration on the vascular changes 
occurring to the prostatic parenchyma such as PPI (T0), PPI (T1), 
TTP (T0), TTP (T1), PPI percentage change and TTP percentage 
change. Differences were considered statistically significant when 
p < 0.05.

3 Results

3.1 B-mode ultrasound

Of the 64 dogs evaluated at T0, just eleven were still alive at 
T1. However, ten healthy, neutered male, mix breed, kennelled 

dogs out of the eleven met the inclusion criteria and descriptive 
features of the sample population selected for this study are 
reported in Table 1. One dog had to be excluded from the present 
study for prostatic abnormalities detected at T1 correlated to a 
splenic mass with multiple metastasis including prostate gland. 
No physical or ultrasonographic abnormalities and no side-effects 
or anaphylactic reactions related to the CEUS examination were 
found in any of the ten patients. All prostate glands appeared as 
an ellipsoid shaped gland, with smooth margins and a hypoechoic 
homogenous parenchyma. The urethra was visible as a linear or 
circular hypoechoic structure on longitudinal or transverse view, 
respectively, in all dogs (Figure  1). No visible changes in the 
prostatic parenchyma were found in terms of echogenicity and 
echotexture between T0 and T1. A minimal decrease in prostate 
volume was detected (p = 0.005), with a median prostate volume 
at T1 of 7.39 cm3 (Table 2) and an average reduction in volume of 
0.23 cm3 (Figure  2). Colour doppler US did not allow the 
detection of prostatic vascular flow in any of the patients at T0 
and T1, even by using a low PRF (pulse repetition frequency) and 
higher Gain, it was not possible to visualize any vessel.

TABLE 1 Descriptive features of the sample population.

Dog number Weight (kg) Age (months) Age at castration 
(months)

Time elapsed since 
castration (months)

T0 T1 T0 T1 T0 T1

1 15 17 24 96 11 13 85

2 10 10 36 108 13 23 95

3 24 22 60 132 44 16 88

4 23 25 36 108 11 25 97

5 24 24 36 108 14 22 94

6 24 23 48 120 26 22 94

7 38 42 48 120 25 23 95

8 32 29 63 135 60 3 75

9 9 9 72 144 51 21 93

10 9 9 36 108 12 24 96

Median (IQR) 23.5 (9.75–26.0) 22.5 (9.75–26) 42 (36–60.75) 114 (108–132.75) 19.5 (11.75–45.75) 22 (15.25–23.25) 94 (87.25–95.25)

FIGURE 1

B-mode US of the prostate gland in transverse (A) and longitudinal view (B). The prostate gland appears as a hypoechoic spheroidal (A) or ellipsoid 
(B) structure, with smooth margins and homogeneous parenchyma.
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3.2 CEUS examination

CEUS of the prostate did, however, reveal gland vascularization 
in all dogs. No differences were subjectively observed in the way 
the contrast agent enhanced the gland between the two different 
timepoints. The contrast agent firstly enhanced the signal of 
prostatic artery branches, which advance into the prostatic capsule 
and branched homogeneously into many small parenchymal 
arteries directed medially towards the urethra. In the wash-out 
phase, the parenchyma lost the enhancement pattern 

homogeneously. At T1 the prostate appeared subjectively less 
enhanced and brilliant when compared to T0 and contrast agent 
perfusion resulted to be slower and less homogeneous (Figure 3). 
Quantitative analysis confirmed and unveiled a significant 
reduction in PPI by an average of 46.26% (p = 0.005), alongside a 
notable increase in TTP by an average of 107.95% (p = 0.005) from 
T0 to T1  in all dogs. Contrast parameters comparisons are 
represented in the graphs (Figure 4). Correlation testing revealed 
a significant moderate positive correlation (Rho = 0.7) between 
weight and the percentage decrease in PPI (p = 0.028). No further 

TABLE 2 Median and interquartile ranges of prostate volume, PPI and TTP in T0 and T1.

T0 T1

Prostate volume cm3 7.55 (7.35–8.2) 7.39 (7.19–7.95)a

PPI (%) 54.05 (45.8–64.07) 28.4 (18.85–35.66)a

TTP (s) 27.05 (21.7–32.05) 46.83 (38.41–53.69)a

Both prostate volume and PPI decreased, whereas TTP increased significantly from T0 to T1 (a = p < 0.01).

FIGURE 2

Prostate volume comparison for 10 individual dogs imaged after at least 3 months elapsed since castration (T0) and six years later (T1).

FIGURE 3

CEUS of the prostate gland (white arrows) at the peak enhancement performed at T0 (A) and T1 (B). At T1 the prostate gland resulted to be less 
homogeneous and characterized by a reduced contrast intensity when compared to T0 by using CEUS.
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correlations were identified between the percentage increase of 
TTP and individual parameters.

4 Discussion

The findings from the present study provide a baseline of 
information on the B-mode appearance and CEUS measurements 
of the prostate gland in dogs following castration. The mean time 
elapsed since castration at T0 was approximately 2 years, with a 
subsequent examination conducted 6 years later. Notably, the 
measured features varied between these two time points, indicating 
that prostatic involution is not a short-term process. These 
preliminary results suggest ongoing changes in the prostate for an 
extended period after castration. In particular, we  observed 
regression of prostate vascularization and a trend for prostate 
volume to reduce between the two time points after castration. 
Although the duration of involution could not be precisely estimated 

due to the long interval between imaging sessions, it clearly 
persisted well beyond 3 months after castrationwhich in the period 
examined in other studies (5, 6, 12). To our knowledge this is the 
first study to analyze long-term prostatic involution using US 
in dogs.

Prostatic involution, characterized by a reduction in prostate 
gland size, involves progressive shrinkage of prostatic acini with a 
relative increase in fibromuscular tissue, resulting in fewer tubules 
with a single epithelial lining (30). These findings are in accordance 
with the observed higher collagen fiber density of periurethral and 
peripheral region of the prostate gland in neutered dogs (31).

Castration is considered to be the fastest treatment for benign 
prostate conditions in dogs with the greatest rate of involution 
expected within one week after surgery (3, 6). Although a 
significant reduction in prostate volume was detected in the 
present study, the average percentage of volume regression was 
only 2.8%, which represents a minimal amount in terms of gland 
size. Interestingly, one dog exhibited nearly no size reduction 

FIGURE 4

Perfusion Peak Intensity (PPI) (A) and Time to Peak (TTP) (B) of the 10 dogs measured at T0 and T1.
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since the previous examination. The present results are coherent 
with the findings by Yoon et al. (12) and Cazzuli et al. (6), on the 
timing of regression of the prostate gland, where a remarkable 
regression in the first 7–15 days after castration was described, 
followed then by a decrease in the involution rate, with minimum 
percent volume loss recorded between 60 and 90 days.

We hypothesize that prostate size involution slows remarkably 
after the initial 3-month period following castration, until minimal 
percentage of volume reduction is reached. However, since our study 
involved examinations at only two time points with a six-year interval 
between T0 and T1, we cannot further delineate the regression during 
specific time intervals. In this study, we  opted to focus solely on 
prostate volume rather than individual linear measurements of the 
gland, even though many variables are considered within the 
calculation (18, 28), due to the fact that prostatic enlargement has 
been observed to be non-uniform in dogs (32). The prostate volume 
results of 7.39 cm3 for neutered dogs are in line with findings from 
other studies (12, 19). Besides recent studies have reported that 
prostatomegaly may not be the sole indicator for diagnosing prostatic 
malignancies (17), establishing a baseline for mean dimensions in 
neutered dogs remains crucial for early detection of prostate changes.

Since parenchymal changes are often not sensitive enough for the 
detection of prostatic neoplasia, the assessment of vascular blood 
supply abnormalities of the gland has the potential to be helpful for an 
early diagnosis (13, 22). Prostate gland vascularization is significantly 
influenced by neuter status and hormonal activity. Several studies have 
investigated vascular parenchymal changes during benign and 
malignant conditions in intact dogs (5, 22, 23, 33, 34) and after 
castration (5, 12, 19).

CEUS has been successfully applied to the prostate gland in 
neutered dogs to describe prostate enhancement and perfusion, 
reporting differences between intact and neutered individuals. The 
present study documented similar perfusion characteristics detected 
in the previous studies conducted on prostate gland in neutered dogs 
(12, 19, 20). Notably, CEUS was able to detect vascularization in the 
present groups unlike Color Doppler. However, it remains uncertain 
whether this technique could serve as a standalone method or 
be combined with biopsy for early detection of prostate malignancies, 
as investigated in studies within human medicine (35–37).

To the best of our knowledge, this is the first study to report long-
term regression of prostatic vascularization in dogs after castration, a 
phenomenon that extends beyond than expected. Lower PPI values 
are associated with a decreased vascular area and subsequently an 
overall reduction in blood perfusion. Conversely, an increase in TTP 
may be  related to reduced number and diameter of the vessels 
branching off the prostate gland, leading to a slowdown in blood flow 
and, consequently, a delay in the enhancement of the prostate gland 
by the contrast agent.

In the present study, marked PPI decrease and TTP increase was 
observed in all dogs. These results support the findings from Yoon 
et al. (12), who noted a significant decline in vascular blood flow as 
early as 60 days post-castration using CEUS, a duration extending 
beyond the process of size involution. However, the difference in 
terms of regression rate between volume and vascular blood supply 
has not yet been clarified. Interestingly, vascular regression rates 
varied among individual dogs, with an average PPI decrease of 46.6% 
and a more than twofold increase in TTP compared to previous 
values. These results suggest that vascular regression following 

castration varies on an individual basis, that remains still unknown. 
Furthermore, a correlation was observed between weight and PPI 
regression rate, indicating a more pronounced vascular involution in 
larger dogs. These findings align with those of our previous study 
(20). Using different ultrasonographic machines between T0 and T1 
may represent a potential limitation for the present study, especially 
when comparing results. However, even though numerical value may 
slightly change between the analysis of two different software, both 
CEUS examinations were firstly evaluated subjectively by an 
experienced operator. Quantitative analysis confirmed subjective 
observations concerning the reduced and slower enhancement 
observed in the examination in T1 compared to T0. Moreover, to 
ensure consistency in our results despite the use of different 
transducers, we adhered to a standardized protocol, utilized the same 
contrast agent, involved the same operator, and examined the same 
dogs. Additionally, parameters such as mechanical index, transducer 
frequency, and dynamic range were kept consistent across both 
evaluations. Castration results in an abrupt decrease in testosterone 
and dihydrotestosterone serum concentration, which are key 
regulators of prostate physiology and cell proliferation. Hence, 
decreased hormone concentration is followed rapidly by a significant 
prostate volume loss (10, 34). Notably, decreased androgen levels may 
also play a critical role in reducing blood perfusion, a major factor 
believed to influence cell proliferation post-castration (10). Recent 
studies reported that reduced dihydrotestosterone concentrations 
lead to lower Vascular Endothelial Growth Factor-A expression and 
thus definitely inhibiting neo-vascularization (5). Nevertheless, the 
difference in timing between morphological and vascularization 
involution may suggest that apoptotic processes occurring to vascular 
endothelial cells after castration may not be the main cause for cell 
proliferation arrest (12). Another reason could be that pre-acinar 
capillaries in the parenchymal zone may be  the first vessels to 
involute, determining a severe reduction in terms of prostate 
epithelial cells nutrition and consequent apoptosis. The small size of 
the pre-acinar capillaries [with diameters of 5–7 μm and the 
endothelial layer thickness of 0.2 μm (38)] may explain why androgen 
deprivation effects on parenchymal perfusion enhancement may not 
be seen quickly after castration and may need more time before they 
are detected. It remains open, to which extent the changes 
documented in this study are caused by castration and the loss of 
sexual steroids. Potentially, the regression of prostatic volume and 
vascularization may also be partly dependent on age related changes. 
The absence of a control group of intact dogs represents a potential 
limitation in addressing this issue. However, since 90% of intact dogs 
over nine years of age develop BPH, we believe that the prostatic 
parenchymal changes observed in this group are significantly 
different from those occurring in neutered individuals, where 
hormone-linked conditions are absent. Nevertheless, further studies 
should investigate if similar changes may also be  found in 
non-neutered male dogs.

5 Conclusion

The present preliminary study provides new insight into the 
B-mode appearance and CEUS measurements of the prostate gland 
after castration. The work provides a baseline of information for 
clinical practice that may be useful for differentiating clinical disease 
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but also offers some novel perspective on prostatic physiology 
after castration.
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