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Transitional cell carcinoma (TCC) is prevalent and highly invasive tumor of the 
urinary tract in dogs [1]. To determine appropriate treatment options and prog-
nosis, it is important to assess TCC invasion into the bladder wall or neighboring 
organs [1–3]. According to the World Health Organization criteria, high T stage 
tumors that invade the bladder wall or neighboring organs at the time of diagnosis 
are considered negative prognostic factors [1]. Furthermore, in human medicine, 
muscular layer invasion of bladder TCC is assessed to determine treatment op-
tions and prognosis [3]. Another previous study of dogs has demonstrated that 
bladder TCC involving the urethra has a higher rate of distant metastasis at diag-
nosis and shorter survival time compared to bladder TCC without urethral in-
volvement [4]. 

Ultrasonography (US) is a widely used modality for TCC evaluation in the uri-
nary system, as it enables noninvasive real-time assessment without anesthesia [5]. 
However, TCC involving the caudal urethra may not be fully visualized due to the 
presence of the pubis or ischium [4]. Previous studies have demonstrated that 
computed tomography (CT) and magnetic resonance imaging (MRI) enable visu-
alization of intrapelvic structures that are difficult to observe with US [6,7]. Fur-
thermore, MRI and CT may be superior to US in terms of assessment of TCC in-
vasion into the muscular layer [8]. Based on our review of the literature, no studies 
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Case Report

Abstract

A 14-year-old, spayed female, poodle was presented with dysuria and hematuria. A 
mass that appeared hypoechoic on ultrasound and hypoattenuating on computed 
tomography (CT) extended from the bladder neck to the urethra. Magnetic reso-
nance imaging (MRI) showed the mass invading the muscular layer of the bladder, 
urethra, and prostate with distinct margins. Transitional cell carcinoma (TCC) was 
confirmed with the CADET-BRAF test. This study describes the CT and MRI fea-
tures of suspected TCC lesions involving the bladder, prostate, and urethra. MRI 
showed superior soft tissue contrast resolution, enabling evaluation of invasion of 
the muscular layer of the bladder and urethra. 
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have described the MRI features of TCC involving the urethra 
in dogs. The present study describes the features of suspected 
TCC lesions involving the bladder, prostate, and urethra in di-
agnostic imaging, including US, CT, and MRI. 

A 14-year-old, spayed female, poodle dog weighing 4.9 kg 
was presented with a 2-week history of dysuria., hematuria, and 
dyschezia. Physical examination, complete blood count, and se-
rum chemistry indicated no significant findings. Urinalysis re-
vealed the presence of blood and abnormal transitional cells. 
Abdominal radiographs showed an irregular soft tissue opacity 
in the region of the urinary bladder (Fig. 1A). US (Prosound 
F75; Hitachi, Japan) revealed a wide-based, irregular, heteroge-
neous mass protruding into the urinary bladder and extending 
to the proximal urethra. A hyperechoic linear structure with 
weak acoustic shadowing was observed in the prostatic urethra 
(Fig. 1B). The acoustic shadowing from the pubic bone, led to 
the poor visualization of the caudal border of the mass and cau-
dal intrapelvic urethra. 

To assess the precise extent, invasion to surrounding tissue, 
and metastasis of the mass, a CT examination was performed 
with a 32-multislice CT system (Alexion; Canon Medical Sys-
tems, Japan). The dog was premedicated with butorphanol 0.2 
mg/kg (Butophan Inj.; Myungmoon Pharm, Korea), and in-
duced with propofol 5.0 mg/kg (Anepol Inj.; Hana Pharm, Ko-
rea) intravenously. General anesthesia was maintained with 2% 
isoflurane in oxygen delivered at a rate of 1.5 L/min. The dog 

was positioned in ventral recumbency on the CT table, and the 
scanning parameters used were as follows: 120 kV, 150 mA, 1.0 
mm slice thickness, and 0.75 seconds rotation times. A contrast 
study was conducted after intravenous administration of 600 
mgI/kg iohexol (Bonorex 300 Inj.; Daehan Pharm, Korea) in-
jected 20 sec using an autoinjector (A-60; Nemoto Kyorindo 
Co., Japan). Post-contrast CT images of the arterial, portal-ve-
nous, and delayed phases were obtained at 20, 45, and 90 sec-
onds after injection, respectively. A hypoattenuating ill-defined 
mass with an irregular margin, involving the bladder neck, 
prostate gland, and prostatic urethra was detected. The mass 
exhibited heterogeneous and weak contrast enhancement at the 
bladder neck and proximal urethra (Fig. 2). The wall in which 
the mass attached had intense, heterogeneous enhancement 
than the remainder of normal bladder wall on the portal-ve-
nous phase. However, muscular layer involvement was ambigu-
ous and the mass from the surrounding tissue was not distin-
guished. Partial calcification of the mass at the prostatic urethra 
and enlarged right medial iliac lymph node with homogeneous 
contrast enhancement were also observed. There was no evi-
dence of pulmonary metastasis. 

Subsequently, an MRI examination was performed in a 1.5T 
MRI system (SIGNA Explorer; GE Healthcare, USA) using a 

Fig. 1. (A) Lateral radiography of caudal abdomen and (B) ultra-
sonographic image of longitudinal view at the urinary bladder. 
On lateral radiography, the bladder is not seen, and an ill-defined 
heterogeneous soft tissue structure is observed at the bladder 
location (arrows). Ultrasonography shows a wide based heteroge-
neous mass at the bladder neck, extending to the proximal urethra 
(arrowheads). On ultrasonography, a hyperechoic linear structure 
with weak acoustic shadowing is observed in the prostatic urethra 
(asterisk). The caudal border of the mass and prostatic urethra is 
poorly visualized due to acoustic shadowing caused by the pubic 
bone.
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Fig. 2. Non-contrast (A) and portal-venous phase post-contrast 
(B) transverse computed tomography (CT) images and non-con-
trast (C) and portal-venous phase post-contrast (D) sagittal CT 
images. Hypoattenuating, ill-defined mass exhibits heterogeneous 
contrast enhancement and involves urethral opening and pros-
tatic urethra (arrowheads). The bladder wall, to which the mass is 
attached, shows heterogeneous enhancement, but it is unable to 
differentiate the muscular layer from other layers of the bladder 
wall (arrows).

AA

CC

BB

DD



Canine TCC involving the bladder, urethra, and prostate

https://doi.org/10.14405/kjvr.20230041 3 / 5

combination of 16-channel flex coil (GE P/N 543000-3; GE 
Healthcare). The dog was positioned in dorsal recumbency on 
the MRI table under general anesthesia. MRI was performed, 
and sagittal T2-weighted (T2W) and T1-weighted (T1W) imag-
es of the caudal abdomen including the urinary bladder and 
urethra, were acquired. Post-contrast T1W images were ob-
tained immediately after the intravenous administration of 0.15 
mmol/kg gadoterate meglumine (Clariscan; GE Healthcare). 
The mass exhibited an irregular margin involving the bladder 
neck, prostate, and urethra and was heterogeneous with an iso-
intense on T1W images (Fig. 3A), showing heterogeneous con-
trast enhancement (Fig. 3C) and a hyperintense on T2W imag-
es (Fig 3B and 3D). The mass invading the hypointense muscu-
lar layer of the bladder was detected at the bladder, disrupting 
the continuity of the hypointense muscular layer at the bladder 
neck on the T2W (Fig. 3B and D). On post-contrast T1W im-
age, the hyperintense mucosal layer and hypointense muscular 
layer at the bladder neck was disrupted with the mass showing 
heterogeneous contrast enhancement (Fig. 3C). The normal 
urethral epithelium was hyperintense on the T2W, and iso-
intense on the T1W image showed strong contrast enhance-

ment. The caudal border of the mass was distinguishable due to 
a different contrast enhancement pattern from the urethral epi-
thelium on the T2W and post-contrast T1W images (Fig 3B–
D). The prostate parenchyma was heterogenous with hyperin-
tense on the T2W image exhibiting heterogeneous contrast en-
hancement. The normal radial striations of the prostate were 
not identified, and the prostatic capsule was irregularly distort-
ed. The right medial iliac lymph node enlargement was ob-
served, but the lymph node was a homogeneously hypointense 
relative to surrounding fat on T1W image, isointense to sur-
rounding fat on T2W image, exhibiting homogeneous contrast 
enhancement on the post-contrast T1W images, which was 
normal. 

Based on the diagnostic findings including US, CT, and MRI, 
TCC involving the bladder, prostate, and urethra was at the top 
of the list of differential diagnoses. The CADET-BRAF test, 
which examines the mutation of urothelial cells in the urine 
sample, was conducted. BRAF V595E mutation was confirmed 
in 6% of the urothelial cell. Although the origin of the tumor 
was not identified, based on the diagnostic imaging and CA-
DET-BRAF, the dog was presumptively diagnosed as TCC in-
volving the bladder, prostate, and urethra. The dog was treated 
with two cycles of mitoxantrone at a dose of 5 mg/m2 and 
piroxicam 0.3 mg/kg SID. Because of myelosuppression, the 
chemotherapy protocol was altered to vinblastine at a dose of 
1.5 mg/m2 and piroxicam 0.3 mg/kg SID. No evident improve-
ment was observed, and at 11 weeks after diagnosis, the dog 
was euthanized due to urinary tract obstruction and pelvic 
bone metastasis. An autopsy was not performed due to the 
owner’s refusal. 

This case report described US, CT, and MRI features of sus-
pected TCC lesion involving the bladder, prostate, and urethra 
in a dog. MRI was found to be superior to other imaging mo-
dalities in evaluating TCC invasion of the bladder muscular lay-
er. Furthermore, it was able to distinguish the normal urethral 
mucosal layer from the invading mass in the urethra and identi-
fy presumptive prostatic invasion with abnormal prostatic pa-
renchymal change. These MRI findings are expected to facilitate 
the prognostic assessment of patients with bladder TCC. 

Muscular layer invasion is a crucial staging criterion in uri-
nary tract tumors and provides information for determining the 
prognosis and treatment options in human medicine [3]. Fur-
thermore, invasion of the muscular layer was reported as a neg-
ative prognostic factor in dogs [1]. Invasion of the muscular 
layer was reported to be assessable by US [5]. However, in an-
other study, the mass could be difficult to evaluate for muscular 
layer involvement in US due to the characteristics of the TCC, 

Fig. 3. T1-weighted (T1W) (A), T2-weighted (T2W) (B, D), and 
post-contrast T1W (C) sagittal magnetic resonance images. The 
mass involving the bladder neck and urethra is isointense on 
T1W (A, yellow arrows) and hyperintense on T2W (B, D; yellow 
arrows) and exhibits heterogeneous enhancement (C, yellow ar-
rows). Disruption of the hypointense muscular layer continuity 
at the bladder neck by the mass is visible on T2W (D, yellow ar-
rowheads). Prostatic parenchyma is abnormal on T2W (D, asterisk) 
and post-contrast T1W images. In addition, the prostatic capsule 
appears distorted (D, white arrow). The hyperintense area cranial to 
the bladder neck, seen on post-contrast T1W imaging, is thought 
to be caused by the retention of the contrast medium (C, asterisk).
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which is located dorsally and calcified [8]. In the present study, 
muscular layer involvement was difficult to assess by US, due to 
the dorsal displacement of the urinary bladder and artifact of a 
calcified lesion within the mass. In the previous study about 
bladder TCC in dogs, muscular layer invasion could be assessed 
by CT, which shows irregular contrast enhancement of the 
bladder wall at an arterial phase in dual phase CT [8]. On the 
other hand, a human medicine study reported that CT is unable 
to accurately differentiate superficial invasion from deep muscle 
invasion and is only able to assess when the mass protrudes into 
the perivesical tissue [9]. In the present study, the bladder wall 
where the mass was located exhibited intense, heterogeneous 
enhancement compared with the normal bladder wall at a por-
tal phase in triple phase CT. However, because the muscular 
layer of the bladder was not differentiated from other layers of 
the bladder wall, accurate diagnosis of muscular layer invasion 
was not obtained. 

MRI was reported as an accurate modality for differentiating 
muscle- and non-muscle-invasive bladder cancer, in human 
studies [9,10]. In one study, MRI demonstrated sensitivity and 
specificity of 0.92 and 0.88, respectively, for differentiating mus-
cular layer invasion [11]. In veterinary medicine, MRI, includ-
ing T2W and post-contrast T1W images was reported to be 
able to detect invasion into the muscular layer in bladder TCC 
[7]. In the present study, considering previous studies and the 
dog’s prolonged anesthesia time, sagittal T2W, T1W, and 
post-contrast T1W images were obtained. In this study, MRI 
was able to differentiate the mucosal and muscular layers of the 
bladder wall, which were not differentiated on CT. The mass in-
vading the muscular layer, supported by the tumor disrupting 
the continuity of the hypointense muscular layer, was observed 
on the T2W and post-contrast T1W images. Multiparametric 
MRI, including T2W and dynamic contrast-enhanced MRI, is 
used in bladder tumors to differentiate muscular layer invasion 
with high diagnostic accuracy in human medicine [12]. Al-
though it was not adopted in this study, an MRI protocol using 
multiparametric MRI may be applied in bladder tumors in dogs 
in further studies for a precise evaluation of muscular layer in-
vasion. 

Urethral and prostatic involvement is common in TCC [1]. 
Accurate diagnosis of urethral and prostatic involvement is cru-
cial because it was reported to have a short survival time and a 
high metastasis rate at the time of diagnosis [1,4]. In the present 
study, the prostate exhibited hyperintense, heterogeneous pa-
renchymal signal uniformity on the T2W image, with distortion 
of the prostatic capsule and radiating striations. This MRI find-
ing is consistent with that of a previous study regarding prostat-

ic tumors in dogs [10]. Although histopathological examination 
was not conducted in this study, it was possible to presumptive-
ly estimate the prostatic involvement of the mass on MRI. Shad-
owing from the pubic bone in US and low soft tissue contrast in 
CT can limit the evaluation of urethral involvement of TCC 
[7,10]. MRI provides superb soft tissue contrast, which enables 
the differentiation of urethral wall layering [13]. In the previous 
study, the urethra was observed with the inner mucosal and 
outer muscular layers on the T2W and post-contrast T1W im-
ages. The outer mucosal layer exhibited hypointense on T2W 
image, whereas the inner urethral mucosal layer showed hyper-
intensity on the T2W image and strong enhancement on the 
post-contrast T1W image [6]. In the present study, urethral lay-
ers were identified, which is consistent with the finding of the 
previous study. Due to superior soft tissue contrast on MRI, the 
exact margin of the mass was identified with a different signal 
intensity, which was distinguished from the hyperintense nor-
mal urethral mucosal layer. These findings suggest that MRI is 
superior to CT and US in assessing invasion of a urethral mass 
with high soft tissue resolution. 

In conclusion, this study described the image findings of US, 
CT, and MRI in a dog with suspected TCC lesions involving the 
bladder, prostate, and urethra. MRI images, including T2W and 
post-contrast T1W sequences, enabled the evaluation of blad-
der muscular layer invasion. Furthermore, MRI detected in-
volvement of urethra and prostate, which was not precisely 
identified by on CT. This study confirms that MRI is superior to 
CT in evaluating TCC lesions involving the bladder, prostate, 
and urethra. 
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