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Abstract 

Diseases of the urinary system are regularly encountered in daily 

veterinary practice. The development of increasingly efficient 

diagnostic tools is crucial to meet the high-quality requirements 

of contemporary professional standards. 

This project had many purposes, aiming to describe pioneering 

methods, protocols and diagnosis related to imaging of ureters 

and urinary bladder, chosen as they represent daily diagnostic 

challenges in daily routine practice. 

This project consisted of three papers: the first paper is a 

prospective pilot project concerning quantitative CEUS exam 

applied to distinguish neoplastic and non-neoplastic lesions of 

the urinary bladder in small animals; the second paper is a 

multicentric retrospective observational project describing the 

CT appearance of a novel CVC congenital malformation; the 

third paper is a retrospective study conducted on canine healthy 

patients, aimed at assessing the visibility of the ureters on high 

field MR on T1 and T2 sequences avoiding the use of 

paramagnetic contrast agents. 

The results of this project allowed to obtain objectifiable 

parameters for the distinction of neoplastic and non-neoplastic 

lesions of urinary bladder using quantitative CEUS; we also 
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described the CT appearance of the transcaval ureter, a 

malfomaration of the CVC never described in veterinary 

medicine; finally, we described the feasibility of evaluation of 

normal ureters through high-field MR on T2-weighted 

sequences, in healthy canine patients. 

In conclusion, this project allowed to describe new diseases that 

could affect urinary tract function and contributes to the 

development of new methods and protocols with the potential to 

reduce the invasiveness of certain diagnostic procedures related 

to the urinary tract. 
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1. INTRODUCTION AND AIM OF THE STUDY 

In recent decades, the need to develop increasingly advanced 

diagnostic and therapeutic methods in veterinary medicine has 

grown enormously.  Updating and constant research are 

therefore essential to meet this demand.  

 

The urinary system plays an important role in excretion of the 

waste products and maintenance of electrolyte balance. 

Pathologies of the urinary system can be related to metabolic 

disturbances and derangements of fluid, electrolyte and acid-

base balance.1 

Diseases of the urinary system are part of the daily routine in 

veterinary medicine practice.  

 

When assessing a patient with lower urinary tract disease, 

signalment can be very helpful in formulating the list of possible 

aetiologies. For example, younger cats are more likely to have 
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idiopathic disease than older cats.2 Sex is also important in 

pointing towards a diagnosis, as females are predisposed to 

lower urinary tract infections. 3 Knowledge of the predisposition 

of breeds to specific lower urinary tract diseases will also help 

focus diagnostic efforts. For example, Bichons are predisposed 

to developing calcium oxalate stones, male Dalmatians are 

predisposed to developing urate stones and older Scottish 

Terriers have a predisposition to urothelial cell carcinoma 

(UCC).4;5 

 

A complete and detailed medical history from the owner is the 

first essential step. Specific questions should cover the patient's 

general attitude and activity level, water consumption, 

frequency and pattern of urination, abnormalities in the smell or 

color of urine. In addition, information on all previous 

treatments and response to therapy should be obtained.  

Disease of the lower urinary tract have characteristic clinical 
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signs that are usually, but not always, present. Most of the times 

multiple clinical signs are present and indicate the necessity of 

further evaluation oriented on the urinary system. These clinical 

signs include dysuria, stranguria, pollakiuria, periuria and 

urethral obstruction and hematuria (MacLeod et al, 2011). 

Once these symptoms have been identified, it is necessary to 

include a wide range of possible causes of the problem in the 

differential diagnoses, which include degenerative, congenital, 

metabolic, neoplastic, behavioral, inflammatory, infectious, 

idiopathic, ioatrogenic, traumatic and toxic ethiologies. 

hematuria (MacLeod et al, 2011). 

 

A thorough physical examination is the second key step to a 

correct diagnosis, including abdominal palpation, transrectal 

palpation with evaluation of urethra, urethral tone and possible 

prostathetic disease. A palpation of the abdomen can be used to 

assess the size and turgor of the bladder. Palpation of the 
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abdomen may also be useful to identify pain. Transrectal 

palpation of the urethra may be used to identify urethroliths, 

urethral tumours, urethral tone and prostatic disease, all of which 

may contribute to lower urinary tract signs.6 

Considering this information, it is intuitive that imaging is 

essential to reach a specific diagnosis of diseases of the urinary 

system in order to establish a correct treatment.  

The diagnostic methods for evaluating the urinary tract include 

radiography (intravenous excretory or retrograde cystography or 

urethrography), ultrasonography, computed tomography, 

magnetic resonance imaging, and renal scintigraphy for 

functional studies.  

Of these techniques, the most readily available are undoubtedly 

radiography and ultrasound, while the remaining methods are 

more expensive and less readily available in veterinary 

medicine.  

 

Carlotta Spediacci
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This project has multiple objectives, which aim to describe 

pioneering methods, protocols and diagnoses related to the 

imaging of the urinary system in dogs and cats. 

The first aim is to describe the sensitivity and specificity of 

quantitative CEUS in the diagnosis and distinction between 

neoplastic and non-neoplastic diseases of the urinary bladder in 

canine patients. 

The second aim describes in detail the tomographic aspects and 

clinical signs of a novel congenital pathology, the transcaval 

ureter. This anomaly is described as rare in humans and has 

never been previously described in veterinary medicine. 

Finally, we described the appearance, course and characteristics 

of the ureters from the renal pelvis to the ureterovesical junction 

using a high-field MRI in multiple sequences, without using a 

gadolinium contrast agent, assessing also whether and which 

factors may influence good image quality in order to optimize 

patient preparation and the diagnostic MRI protocol. This novel 
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diagnostic MR protocol would be particularly suitable in 

patients where renal excretory function is significantly reduced, 

and intravenous contrast medium is therefore contraindicated. 
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2. DIAGNOSTIC IMAGING OF URINARY SYSTEM: 

STATE OF ART 

2.1. Radiography 

2.1.1. Indication and procedure 

The radiographic technique is used to assess changes in the size, 

shape, symmetry, opacity and number of kidneys, 

retroperitoneal space, urinary bladder and urethra. The 

indication for a radiographic examination includes histories of 

trauma, suspicion of masses, urinary obstructions secondary to 

stones and/or masses.7  

For a complete evaluation of the abdomen, the three projections, 

left and right lateral and ventrodorsal, are obviously necessary; 

Moreover, the three-standard projection of the abdomen are an 

essential step before any contrastographic study. 8 

2.1.2. Radiographic appearance of urinary system 

Dog kidneys are oval-shaped and located in the retroperitoneal 

space and are surrounded by an adipose layer. The cranial pole 



 12 

of the right kidney is usually barely visible because it overlaps 

the caudate lobe of the liver. The right kidney is located at the 

level of the 13th rib while the left is slightly more caudal, 

between L1 and L3. In addition, the left kidney being more 

mobile may locate more ventrally than the right.9 

Cat kidneys also have an oval shape and are located between L1 

and L4, more or less at the same level or with the right one being 

slightly more cranial.  

The maximum size of the kidney has been described in relation 

to the second lumbar vertebra. In dogs, the kidneys normally 

measure 2.5 to 3.5 times the length of L2. In cats they usually 

measure between 2.4 and 3.0 times the length of L2. 10 

In cats a hormonal influence on kidney size has also been 

demonstrated, with both males and females having larger 

kidneys.11 

Normal kidneys have uniform tissue radiopacity, although fatty 

deposits may cause focal radiolucency centrally. In contrast, 
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mineralization is always abnormal but not necessarily 

responsible for clinical signs.  

 

The urinary bladder is located in the caudo-ventral abdomen and 

may be displaced abnormally in different directions. 12;13 

In the case of severe displacement of the urinary bladder, as in 

the case of a hernia, the urinary bladder may not even be 

discernible radiographically and cystography or ultrasound may 

be necessary for its identification. Retroflexion of the urinary 

bladder has been observed in 24% (10/41) of dogs with perineal 

hernia.14 A urinary bladder partially within the pelvic canal may 

be associated with congenital abnormalities of the urinary tract. 

A pelvic urinary bladder has been reported to be a normal 

variation.15 

Female incontinent dogs with a pelvic urinary bladder usually 

have a significantly shorter urethra than continent dogs.16;17 
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Since pelvic urinary bladder does not always suggest a clinical 

problem, pelvic urinary bladder must be correlated with clinical 

signs to determine its significance. 

With conventional radiology there are few visible changes to the 

urinary bladder.  What can be assessed is the state of repletion, 

size, and opacity for example to assess the presence of 

radiopaque stones. 

Insufficient radiographic visualization of the urinary bladder is 

likely to occur regardless of abdominal contrast. If the serosal 

contrast is good and the urinary bladder is not visible, the urinary 

bladder is empty or has been displaced caudally or ventrally. If 

the serosal contrast is bad and the area of the urinary bladder is 

not clearly visible, the cause may be free peritoneal fluid or 

inadequate peritoneal fat. 

A shape modification of the urinary bladder is uncommonly 

visible. Abdominal masses adjacent to the serous surface of the 

urinary bladder may distort its shape. Tumors that arise from the 
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wall of the urinary bladder occasionally bulge from the serosal 

surface and cause a discernible change in the shape of the urinary 

bladder, but it is uncommon.18  

Any radiographic change of the opacity within the urinary 

bladder is abnormal and usually easily detected. Gas in the 

urinary bladder may be introduced iatrogenically by 

catheterization or cystocentesis. Gas in the lumen of the urinary 

bladder, into the urinary bladder wall and occasionally into the 

ligaments of the urinary bladder is present in emphysematous 

cystitis. Emphysematous cystitis is produced by glucose-

fermenting organisms and may be seen in association with 

diabetes mellitus.19;20 Emphyshaematous cystitis without 

diabetes mellitus may also be found. 

The majority of increased opacities associated with the urinary 

bladder are calculi. It is also possible to confirm the presence of 

stones by a compressive view to move adjacent structures that 

overlap or surround the urinary bladder or by ultrasound. If 
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cystic stones are identified, it is necessary to examine the rest of 

the urinary tract from the kidneys to the end of the urethra for 

the presence of other stones. Since not all stones are radiopaque, 

the absence of radiopacity within the urinary bladder does not 

exclude the presence of cystic stones.  

2.1.3. Congrastographic radiography 

Excretory urography 

Nonionic organic iodides are given intravenously as a 

bolus and are excreted by the kidneys by glomerular filtration 

followed by tubular water reabsorption.  

Too often, probing radiographs provide insufficient information 

regarding disorders of the upper urinary tract. Because of these 

inherent limitations of plain radiographs, excretory urography 

has proven to be a valuable tool to further evaluate both the 

kidneys and ureters.  

The examination is a relatively simple means of verifying and 

localizing diseases of the upper urinary tract. Although 
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excretory urography is not a quantitative measure of kidney 

function, it can be used to assess the relative function of the 

kidneys. In addition, the information obtained can sometimes 

provide information that can be used to assess the 

pathophysiological mechanisms of renal failure. For example, 

acute tubular necrosis will be associated with different opacity 

changes than chronic glomerular disease. 

The excretory urogram consists of a nephrogram phase and a 

pyelogram phase. In the nephrogram phase, contrast medium 

entry into the glomerular vessels and filtration into the nephron 

leads to uniform opacification of the renal parenchyma. At first, 

the cortex may be opaquer than the medulla. The nephrogram 

starts after about 10 seconds and persists for up to 2 minutes, till 

the pyelogram phase begins and the nephrogram begins to fade. 

In the pyelogram phase, the opacity of the nephrogram should 

continue to decrease. The contrast medium is concentrated in the 

renal tubules as a result of water reabsorption and is excreted 
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into the renal pelvis with its diverticulae and into the ureters. If 

renal function is normal, the collector system is always opaquer 

than the renal parenchyma. The normal renal pelvis is 

curvilinear and less than 2 mm wide.21 

Three factors - glomerular filtration, renal concentration 

capacity and hydration status of the patient - influence the 

quality of the study. The contrast medium is passively filtered 

by the glomerular filtration, and any reduction in filtration 

decreases the amount of excreted radiopaque material and thus 

the density of the renal image. Renal concentrating capacity is 

critical because reabsorption of water in the tubules increases the 

density of contrast within the kidney and ureter. Since the renal 

tubules are unable to reabsorb the contrast medium, the amount 

of water that can be reabsorbed produces a higher concentration 

of the contrast medium. This higher density/concentration 

results in better visualization of the collector system. Finally, 

adequate hydration of the patient is essential to ensure proper 
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renal perfusion, and thus globular filtration and renal 

concentration capacity.23-25 

Impaired kidney function may result in increased excretion by 

alternate routes through the liver into bile and into small 

intestine. The use of excretory urography has decreased due to 

the wide availability of ultrasound and advanced imaging. 

Suspected trauma to the kidney or ureters, haematuria, ectopic 

ureter and suspected retroperitoneal mass are indications for this 

technique.  

 

Intravenous contrast medium iodine-induced adverse reactions, 

such as nausea, vomiting, urticaria, hypotension and contrast 

medium-induced renal failure, are infrequent but occur 

occasionally. Using non-ionic contrast media leads to fewer 

complications due to lower osmolarity. The risk factors for 

contrast medium-induced nephropathy include renal 

insufficiency and poor hydration status. Contraindications for 
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excretory urography, then, include anuric renal insufficiency, 

dehydration or hypotension and known hypersensitivity to 

iodinated contrast media.26;27 

Anterograde Ultrasound-Guided Pyelography 

The ultrasound-guided injection of contrast medium into 

the renal pelvis leads to outstanding opacification of the 

collector system because the contrast medium is not diluted and 

its occurrence in the collector system is not dependent on renal 

function. This procedure can be carried out in azotemic patients 

without loss of image quality. In addition, each kidney pelvis 

and ureter can be assessed individually.  

The renal pelvis distends with a mild attenuation of the pelvic 

diverticula, while the contrast medium is injected with gentle 

pressure. If the ureter is pervious, the contrast medium should 

appear almost instantly in the urinary bladder. A narrowing of 

the ureter due to peristalsis may be observed; repeat imaging will 

be necessary to distinguish between peristalsis and stenosis.28 
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Anterograde pyelography has been used in the diagnosis and 

localization of ureteral obstruction and ureteral rupture in dogs 

and cats.28-30 

Further advantages are the absence of systemic reactions to the 

contrast medium and the collection of urine straight from the 

renal pelvis for urinalysis and microbiological examinations. 

The main indication for this procedure is suspicion of ureteral 

obstruction. Contraindications include coagulopathies, because 

bleeding can occur.  

Potential adverse effects include hemorrhage, focal renal tissue 

damage and spreading infection in the presence of 

pyelonephritis or pyonephrosis with perirenal sepsis and 

abscess. Contrast medium may also leak into the retroperitoneal 

space. The loss of renal function secondary to the procedure is 

minimal but must be considered in patients with already severely 

impaired renal function.  
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Cystography 

Retrograde cystography with contrast is a quick, simple 

and inexpensive technique that can provide valuable diagnostic 

and prognostic information. Clinical indications for cystography 

include dysuria, pollakiuria and chronic intermittent or 

persistent haematuria.  

X-ray signs suggestive of the need for cystography include 

identification of an increased or decreased opacity in the urinary 

bladder, evaluation of caudal abdominal masses that may be 

associated with the urinary bladder, non-visualization of the 

urinary bladder after abdominal trauma, and an abnormal shape 

or position of the urinary bladder.31 

 

Cystography can be performed with positive contrast medium, 

soluble iodine contrast medium, or negative contrast medium, 

for which gas is used. The double-contrast technique, which is 

useful for the evaluation of the bladder wall, is also widely used. 
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Radiographic signs that can be observed during cystography 

include irregular mucosal margins, intramural thickening, filling 

defects and leakage. What can be complex is the distinction 

between what is pathological and what is artefactual.18 

 

Complications from catheterization rarely occur and are usually 

not life-threatening. Iatrogenic trauma, bacterial contamination 

or kinked and knotted urethral catheters may be caused by 

improper catheterisation. 

Mucosal ulceration, inflammation and granulomatous reactions 

may occur, but the changes are usually transient and do not 

produce serious clinical problems. The most serious 

complication of contrast-negative cystography is gas 

embolisation in the circulatory system, which can cause death 

but is very rare.32;33 
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2.2. Ultrasonography 

Sonography has become an essential imaging modality in the 

field of veterinary medicine and is increasing in popularity year 

by year. 

Since the 1960s, sonography has been clinically indicated in 

animals for many of the same reasons as in humans. Sonography 

is fast, non-invasive and can greatly improve veterinarians' 

diagnostic and therapeutic capabilities. 

2.2.1. Indication and procedure 

Veterinary sonography is used in many different cases. In recent 

decades, the use of ultrasound for the evaluation of the upper and 

lower urinary tract has become widespread. The low cost and 

ease of use have made this imaging technique the first choice in 

approaching patients with symptoms referable to the urinary 

tract.  

The most common indications for performing an ultrasound 

examination of the urinary tract are: 
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- haematuria, 

- pyuria, 

- proteinuria, 

- suspected urolithiasis, 

- acute renal failure, 

- chronic renal failure, 

- polyuria and polydipsia, 

- reduced abdominal detail on radiography, 

- congenital renal dysplasia or familial nephropathies. 

Suspicion of urinary tract pathology is therefore sufficient 

reason to perform an ultrasound examination.33 

Ultrasound makes it possible to diagnose numerous disorders of 

the urinary system. Through the evaluation of profiles, 

dimensions, vascularization and organ echogenicity, congenital 

kidney and ureteral pathologies, acute and chronic 

infectious/inflammatory pathologies and neoplastic pathologies 

can be detected. Ultrasonography is also used for diagnosis of 
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ureteral obstruction, that can be challenging. However, accuracy 

of survey radiography or ultrasonography for detection of 

ureteral calculi, is only moderate with instances of false-

negative and false-positive results having been recorded for both 

modalities.7  

Ultrasound is also used to diagnose cystitis (bacterial, 

pseudomembranous, emphysematous, polypoid), inversion of 

the urinary wall, congenital malformations (septa, bladder 

duplication), neoplasia (Urothelial cell caricinoma most 

common). 

 

Before the ultrasound examination, the animal's hair must be cut, 

and an ultrasound gel applied to its skin to optimize images of 

the kidneys and other organs. Patients may be scanned in dorsal, 

left or right position.  

In order to perform ultrasound examination of the kidneys, the 

transducer with the highest frequency that allows adequate 
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penetration must be used. In small dogs and cats, 7.5 to 15 MHz 

transducers are appropriate; 5 MHz or lower frequency 

transducers should only be used in large dogs. Subcostal or 

intercostal windows with the patient in sternal or dorsal recline 

allow access to the kidneys, depending on patient size and 

thoracic conformation. Images should be acquired in dorsal, 

sagittal and transverse planes, always followed by fanning the 

transducer across the entire kidney. The renal pelvis is best seen 

in the dorsal and transverse planes. The ureters may be followed 

caudally by the renal pelvis if dilated. To verify the patency and 

normal position of the ureterovesical junction, the bladder must 

be assessed for the presence of two jets of urine from the 

dorsolateral bladder wall.  

In some animals it is necessary to administer a diuretic to 

increase the frequency and visibility of ureteral jets in the 

bladder.34 

The urinary bladder must be assessed in a transverse plane and 
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orthogonally in a sagittal or dorsal plane. An accurate 

assessment of the thickness of the urinary bladder wall requires 

a perpendicular alignment of the ultrasound beam to the urinary 

bladder wall.34 

2.2.2. Ultrasonographic appearance of urinary system 

The kidneys may be oval, particularly in cats, or bean-shaped, 

more commonly in dogs.35;36 

Kidneys have to be measured in all planes and volumes can be 

estimated.7 Renal size and degree of pelvic dilation are variable 

in cats with normal renal function, and normal values overlap 

with values observed in cats with renal disease or urinary 

obstruction.37;38 Renal length in normal cats usually varies 

between 3.0 and 4.5 cm and is influenced by breed. The kidneys 

are also typically larger in intact cats and often become smaller 

with advancing age. The right kidney may also be longer than 

the left.39 
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Renal length can also be compared with the diameter of the aorta 

or the length of L5 or L6 in dogs.35;36  

The renal medulla is hypoechogenic with respect to the cortex, 

which is usually hypo- or isoechogenic with respect to the liver 

and typically hypoechogenic with respect to the spleen. 

In cats, the accumulation of fatty vacuoles in the renal cortex 

appears to contribute to its hypereogenicity.40 

The medulla appears separated into several lobulated segments 

by the presence of linear echogenicities representing the 

boundaries of interlobar vessels and diverticulae. 

The medulla, parallel to the cortex below the arcuate arteries, 

may also be isoechoic to the cortex, giving the impression of 

cortical thickening, or even hyperechoic to it, forming a 

hyperechoic band superficial to the arcuate arteries. 

The renal crest is the extension of the renal medulla and is in 

contact with the pelvis. 

The walls of the arcuate arteries can be observed as short, paired 
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hyperechoic lines at the corticomedullary junction. These 

vessels, as well as the larger renal and intralobar vessels, can 

also be assessed with colour Doppler or power Doppler. Pelvic 

height in dogs and cats usually measures less than 2 mm when 

using a transverse plane, although it can sometimes exceed 3 

mm.41 One study found that a renal pelvic diameter > 13 mm 

was consistently associated with ureteral obstruction, but the 

majority of obstructed kidneys have less marked pelvic 

dilatation, so may appear similar to kidneys affected by chronic 

renal failure or pyelonephritis, which also frequently exhibit 

pelvic dilatation.38 

In contrast, ureters are not normally visible in dogs and cats. The 

pelvis is surrounded by the sinus, which contains fat and appears 

hyperechoic and is particularly prominent in obese cats. 
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Ultrasound examination of the urinary bladder is rapid, does not 

expose the patient or operator to ionising radiation, does not 

require urinary catheterisation and rarely requires a sedation.42 

Ultrasound allows direct visualisation of mucosal and serosal 

margins, and bladder wall thickness can be measured directly 

from static images. 

Ultrasound allows the identification of structural pathologies of 

the bladder wall.43 

The urinary bladder is located in the caudoventral abdomen and 

the urethra extends into the pelvic canal. The descending colon, 

aorta and caudal vena cava are dorsally located to the urinary 

bladder. 

Air within the colon, combined with the curved interface of the 

bladder wall, can cause artefact of the urinary bladder.  

The four histological layers of the bladder wall are the mucosa 

(hypoechoic), the submucosa (hyperechoic), the musculature 

(hypoechoic) and the serosa (hyperechoic). However, these 
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layers are difficult to define by ultrasound. The thickness of the 

bladder wall decreases as the volume of the urinary bladder 

increases. Normal bladder wall thickness in cats has been 

reported to be up to 1.7 mm.44 

Furthermore, normal bladder wall thickness increases up to 1 

mm with increasing body weight in dogs.45 

The trigone of the bladder is not clearly delineated from the rest 

of the bladder wall. The entrances of the ureter into the urinary 

bladder are not usually visible, except if there is dilatation. 

Ureteral papillae may be seen extending from the mucosal 

surface of the dorsal wall and should not be confused with other 

causes of focal thickening of the wall. 

Urine jets may be observed emerging from the dorsal bladder 

wall at the trigone. These ureteral jets appear as an eruption of 

hyperechoic speckles on B-mode ultrasound or as a positive 

signal pulse on color flow Doppler. Imaging of ureteral jets is 

variable because it requires a difference in specific gravity 
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between urine in the bladder and urine exiting the ureter. To 

improve visualization of ureteral jets within the urinary bladder, 

intravenous furosemide (1 mg/kg) can be used.46 

Normal urine inside the urinary bladder is almost always 

anechoic.34 

A common pathological finding is an outgrowth in the bladder 

secondary to a transitional cell carcinoma. These masses tend to 

be located in the trigone of the urinary bladder and can often be 

clinically related to a dog/cat's effort to urinate. 

The urethra elongates caudally from the bladder into the pelvic 

canal.34 

In male dogs, the prostate surrounds the proximal urethra. The 

shadow of the pubis obscures the 

caudal intrapelvic portion of the urethra. The proximal penile 

urethra is placed within the spongiosus body between the corpus 

cavernosum dorsally and the bulbospongiosus and retractor 

muscles of the penis ventrally. The distal penile urethra is 
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situated within the urethral groove of the os penis dorsally and 

the bulbus glandis ventrally. The urethral lumen is not normally 

visible unless there is distention of the urinary bladder, in which 

case urethral obstruction must be considered. The urethral wall 

is formed by the histologic layers of the urinary bladder. These 

layers are not easily visible when they are normal.34 

2.2.3. Contrast-enhanced Ultrasound 

Contrast-enhanced ultrasound (CEUS) consist of gaseous 

microbubbles wrapped in an adipose envelope.  

2.2.3.1. Technique and procedure 

The most popular contrast media are Definity (Lantheus 

Medical Imaging, North Billerica, MA), Sonovue (Bracco 

Imaging, Monroe Township, NJ) and Sonozoid (Daiichi-

Sankyo, Tokyo, Japan). Each of them has specific indications 

for preparation, administration, and storage.  

As mentioned above, these contrast media consist of 'bubbles' 
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with two components: an inert fluorocarbon gas wrapped in a 

lipoprotein layer.47 

Sedation is not usually necessary but reducing the patient's 

movement can be helpful. The patient must be prepared for a 

standard ultrasound, so a trichotomy is necessary. 

Once the patient and contrast medium have been prepared, the 

organ or lesion of interest is identified with greyscale ultrasound. 

The ultrasound system settings are then modified for CEUS 

imaging. Prior to contrast medium injection, the image is 

essentially signal-free, as the greyscale image is subtracted. 

Most systems allow a dual screen where the greyscale image is 

presented simultaneously for anatomical reference. 

The contrast medium is bolus injected, followed by a saline 

flush. If available on the ultrasound system, a counter can be 

initiated at the time of injection for future reference on contrast 

medium inflow times and peak enhancement.  
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The dosages are quite small, depending on the medium used, and 

range from 0.1 to 1.0 mL. Therefore, all contrast administrations 

must be immediately followed by sterile saline to push the 

contrast into the port or catheter towards the patient.  

Microbubbles are easily distortable and destructible.48 

Distortability allows the compression and rarefaction of incident 

waves to reduce or increase the diameter of the bubbles.  

With very low incident sound energy, the bubbles change size 

linearly, increasing and decreasing in a sinusoidal pattern 

directly proportional to the ambient pressure. However, at higher 

incident sound energy, the bubbles act non-linearly, spending 

more time expanding than compressing. A frequency analysis of 

the signal transmitted by the bubbles at this energy level reveals 

the frequency of the incident sound and additional sound signals. 

With an incident sound of even higher energy, the bubbles are 

destroyed ('burst'), thus liberating a large amount of incident and 

harmonic frequency sound energies.47 
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Ultrasound contrast agents, unlike iodine and gadolinium, are 

strictly vascular agents, without any interstitial component. The 

contrast effects are the appearance of these bubbles on a black 

screen, which typically indicate large and small vessels. 

2.2.3.2. Clinical application on urinary system 

Although CEUS has found wide application in the 

evaluation of organs such as the spleen, liver and pancreas, it is 

still very limited in the urological system. 

The normal renal vasculature consists of a single large afferent 

artery that branches into interlobar arteries radiating from the 

renal hilum through the medulla to the level of the 

corticomedullary junction. The arcuate arteries radiate 

perpendicular to the interlobar arteries, parallel to and at the 

level of the corticomedullary junction. These ramify into  

interlobular arteries, parallel to the interlobar arteries, which 

extend to the glomeruli within the cortex. The efferent vessels 

from the glomeruli supply the proximal and distal convoluted 



 38 

tubules and loops of Henle. The perfusion pattern in a normal 

kidney is therefore biphasic and symmetrical, with the cortex 

perfusing before the medulla.49 

Various renal lesions, such as nephritis, neoplasia or infarction 

can cause regional hypoperfusion. This non-specificity 

precludes accurate characterization but may provide a useful 

mechanism to better define lesion margins.49 

 

2.3.  Computed Tomography 

Computed tomography (CT) is frequently used for the 

evaluation of urinary tract. Computed tomography has the 

advantage of being able to characterize the entire urinary tract 

without overlapping other structures. 

The kidneys, ureters, bladder and urethra can be easily evaluated 

in CT and their shape, size, location and density and position can 

be evaluated.  
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2.3.1. Indication and procedure 

Computed tomography (CT) is frequently used for the 

evaluation of the urinary tract. The indications are essentially the 

same as for the excretory urogram, but CT has the advantage of 

being able to visualize the entire urinary tract without 

overlapping other structures. CT angiography is used for the 

evaluation of the renal vasculature. It allows evaluation of 

normal anatomy, anatomical variations and abnormalities. 

Multiplanar and three-dimensional (3D) reconstructions add 

valuable information.50 

Imaging protocols always include a precontrast phase to 

visualize any mineralization in the renal parenchyma or collector 

system. In most patients, intravenous contrast medium (400 to 

800 mg I/kg body weight) must be administered to delineate 

renal parenchymal lesions and filling defects in the collector 

system.51 
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With contrast enhanced CT, the renal parenchyma is enhanced 

immediately after contrast medium administration.  

It was shown that the best opacification of the ureters was 

achieved with a contrast medium dosage of 400-800 mgl/kg 

three minutes after injection. With lower dosages on the other 

hand (100-200 mal/kg), opacification of the ureters was not 

sufficient. For the evaluation of the ureters and ureterovescical 

junction repeated scans should be performed on that section of 

interest.51  

A prospective study described also the bolus tracking technique 

as appliable to assess the uretero-vescical junction in healthy 

patients by placing the region of interest at the level of the distal 

ureter. This technique reduces also patient exposure to ionising 

radiation.52 

Contrast enhanced computed tomography also makes it possible 

to calculate the glomerular filtration rate and thus renal 

function.53  
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The measurement of renal function is crucial in the diagnosis 

and management of kidney disease. The usefulness of any 

kidney function test is based on sensitivity, specificity and 

convenience.54;55 Screening tests, such as blood urea nitrogen 

(BUN) and plasma creatinine concentrations, are readily 

available, but these measurements are relatively insensitive.56 

Abnormal BUN and creatinine values are not reached until 67-

75% of the nephrons are non-functional.57;58 Determination of 

the glomerular filtration rate (GFR) is the most important 

component in the assessment of renal function in humans and 

animals with suspected kidney disease. GFR cannot be 

measured directly. Therefore, it must be estimated by measuring 

the clearance of a filtration marker. 

For many years, scintigraphy was considered the cornerstone of 

functional imaging. 

Since the 1980s, CT has been used to estimate organ function. 

The first dynamic or functional CT studies concerned the 
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measurement of cerebral perfusion, later renal, hepatic and 

cardiac function. The first use of dynamic CT in people to assess 

kidney function dates back to 1991.  

It was not until 1993 that a technique involving Patlak analysis 

was proposed, using a single position scanning protocol at 5 s 

intervals for 2 minutes.59 The use of this method provided a new 

estimate of GFR, the blood clearance per unit volume 

(ml/min/ml).59-61  

A linear relationship exists between changes in attenuation from 

baseline and iodine concentration, so it is possible to create a 

relative curve of plasma concentration versus time.60 From these 

curves, the contrast clearance per unit volume of an organ, such 

as kidney, liver or brain, can be calculated using Patlak's 

graphical analysis.59;62  

The advantages of functional CT, apart from the determination 

of GFR for each individual kidney, are that it does not require 

blood or urine samples, it is quick and easy to perform and the 
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morphological features of the kidneys can be determined at the 

same time. 

A new technique has also been described that could provide new 

opportunities for diagnosing symptoms related to the urinary 

system and for assessing post-surgical adaptation. Using low-

dose radiation, the sharply defined image obtained with 4D-CT 

urodynamic examination can be used as a physiological 

diagnostic tool to evaluate a series of urinary movements from 

any angle between prostate, urethra and bladder in a unified 

manner with the addition of the temporal axis.63 

Finally, CT angiography is used to assess the anatomy of the 

renal vasculature, with advantages for surgical planning.64 

Normally, each kidney is supplied by one artery and one vein. 

However, anatomical variations of additional arteries and veins 

often occur in the pets.65 Software applications of CT can be 

used to quantify renal volume with good accuracy.65 
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Computed tomography (CT) is useful to diagnose abnormalities 

of the urinary bladder wall and the ureterovesical junction.51 

Computed tomography-excretive urography can be utilized to 

diagnose ureteral ectopia by tracing the course of the ureters as 

they enter or continue beyond the ureterovesical junction. The 

differentiation of extramural and intramural ureteral ectopia has 

been documented using CT-excretive urography.51 

Advanced imaging of urinary bladder neoplasia in dogs and cats 

is not widely practiced due to cost and less availability than 

ultrasound.  Both modalities are excellent for the evaluation of 

the primary lesion, ureters, adjacent lymph nodes and other 

organs.6 Neoplasia and lesion of the urinary bladder can be 

evaluated with CT to determine the extent of the tumor for pre-

treatment staging and to evaluate the tumor’s response to 

treatment by volumetric comparison measures.  
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2.3.2. CT appearance of the urinary system 

The distribution and progression of contrast medium is 

considered crucial in the evaluation of CT studies performed for 

urinary system disorders. 

In normal conditions, the kidneys show tissue density with a thin 

peripheral halo of adipose density, with homogeneous contrast. 

The normal ratio of renal length to vertebral body L2 in CT 

imaging was determined to be 2.7 (95% CI, 2.5 to 2.9) and the 

ratio of renal length to aorta 7.4 (95% CI, 7.07 to 7.74).66 

Renal contrast enhancement is multiphasic, as the contrast 

medium is filtered by the urinary system. The cortex contrast 

increases to a greater degree than the medullary in the early 

corticomedullary phase. The nephrogram phase displays 

uniform renal enhancement before urine collection in the renal 

pelvis. The renal pelvis and medullary are enhanced during the 

excretory phase. The ureters fill segmentally with contrast 

medium as a consequence of peristaltic contractions during the 
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excretory phase. The ureters insert into the dorsal wall of the 

bladder near the trigone. The distal ureters are closely connected 

to the descending colon. A colon full of faeces can make 

identification of the ureters more difficult. The ureterovesical 

junction can be seen in normal dogs as small convex structures 

on the dorsal side of the urinary bladder.67 Detection of a ureteral 

jet in the urinary bladder confirms the presence of a normal 

ureterovesical junction. 

The urethra is less commonly assessed with transverse imaging 

but is easily included in the scan through the pelvis and CT 

urethrography can be performed to better delineate the urethral 

lumen.51 

Images of the parenchymal phase are useful to visualize the 

mucosa of the ureters, urinary bladder and urethra, which is 

enriched with contrast. 

Images of the excretory phase shall be performed with the pelvis 

elevated, so that the gravity-dependent contrast-enriched urine 
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collects in the cranioventral bladder, away from the trigone area 

and the clinically relevant vesicourethral junction. 

The female urethra can be delineated with a retrograde 

vaginogram study; however, urethral filling is not consistently 

obtained with this technique.6 

2.3.3. Adverse reaction 

Contrast-induced nephropathy (CIN) has been reported in 

humans, which causes acute renal damage with a creatinine 

increase of more than 0.5 mg/dl or 25% over baseline within 48 

hours after contrast administration.68 This phenomenon has not 

been completely characterized in dogs and cats. The use of iso- 

and low-osmolar contrast media reduces the risk of CIN, as does 

pre- and post-contrast hydration with intravenous saline.68 

A reduced dose of contrast medium (400 mg I/kg body weight) 

allows adequate image quality, which could be advantageous in 

patients with impaired renal function.50;51  
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As with excretory urography, limitations include the need for 

anaesthesia or sedation and the need to administer contrast 

medium intravenously.50  

 

2.4. Magnetic Resonance 

2.4.1. Indication and procedure 

To date, abdominal MRI has had limited use in veterinary 

medicine.69 This is due to the relatively high cost and less 

availability of MRI, the need for prolonged anaesthesia, 

advances and increased use of ultrasound and abdominal CT, 

and technical obstacles such as the effect of respiratory and 

visceral motion on image quality.  

Thanks to the introduction of respiratory gating and the optimal 

soft tissue contrast resolution the employment of MRI has 

increased, and it has been used to characterize kidney and 

collecting system disorders.70 
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However, for the moment CT continue to be the imaging 

modality of choice for abdominal imaging over MRI for most 

clinical conditions. 

In human medicine, digital subtraction angiography, contrast-

enhanced computed tomography angiography and magnetic 

resonance angiography (MRA) allow for excellent renal 

vascular imaging.70 In some institutions, MRA has replaced 

ultrasound, digital subtraction angiography and contrast-

enhanced computed tomography angiography in the evaluation 

of various renal vascular pathologies, and in the pre- and post-

operative evaluation of renal vessels.70-72 Although ultrasound is 

still often used as a screening tool for renal artery stenosis, MRA 

is more accurate, three-dimensional, less operator-dependent, 

has a larger field of view (FOV) and higher contrast resolution. 

 

Magnetic resonance imaging consists of a machine that 

generates a stable magnetic field within which the patient is 



 50 

placed. Hydrogen atoms within the anatomical area of interest 

being analyzed are aligned to this stable magnetic field.  

The application of a series of radio frequency (RF) wave pulses 

with predefined frequencies causes the proton alignment to be 

temporarily interrupted.  

When the protons realign, they generate characteristic RF 

signals that are detected by the coil and generate the image.  

The intensity and character of the returning RF signals depend 

on strictly tissue-specific characteristics. The RF signals are 

mapped to produce a transverse tomographic image with 

excellent resolution of soft tissue contrast.  

The most commonly used pulse sequences produce T1-weighted 

or T2-weighted images, as readers are familiar with, which have 

special characteristics.69 Unlike CT, the signal intensity of a 

given tissue can change depending on the specific pulse 

sequence used to generate the image, and relative intensity 

differences between tissues can change or even reverse with the 
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use of different sequences.  

The most commonly used MR contrast agents are small 

gadolinium molecular agents that increase the signal intensity of 

contrast-enhancing structures on T1-weighted images.69  

2.4.2. Diagnostic protocols 

T1-, T2- and T1-weighted postcontrast sequences in axial and 

dorsal planes are recommended to best define normal anatomy 

and characterize any pathology. Images in the paramedian plane 

may also prove useful, although in this plane anatomical 

symmetry is lost within each image. The excellent anatomical 

detail and characteristic signal intensities of fluid, blood and 

vascular and avascular tissue on different MR pulse sequences 

can be used to characterize many urinary tract pathologies, 

although biopsy is still very often required for definitive 

diagnosis.69 

Using T1W and T2W sequences, the shape, size and structure of 

the renal parenchyma and the collecting system can be easily 
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assessed. Consequently, an abnormality of these features can be 

detected, leading to a diagnosis.  

 

In T2W images, urine provides a natural contrast that overcomes 

the hypointense bladder wall mucosa. This can be used to 

identify bladder wall thickenings, irregularities or masses. 

Cystoliths can be detected as hypointense intraluminal structures 

of variable shape and size in the dependent portion of the urinary 

bladder and outlined by hyperintense urine.73 

Dynamic ureterographic magnetic resonance imaging using a 

series of 3D fast gradient echo sequences (such as fast SPGR or 

turbo FLASH) has also been described: these sequences, if 

acquired immediately after contrast medium injection, allow the 

assessment of both arterial and renal vascular phase and the 

distribution of the contrast medium in the various vessels (aorta, 

renal arteries and veins, caudal vena cava). 
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The excretory phase is acquired immediately after the injection 

of contrast medium and allows the morphology and structure of 

the kidneys and ureters to be anatomically assessed.  

In order to evaluate kidneys that have been injected with contrast 

medium and are therefore appear hyperintense, it is necessary to 

use sequences with suppression of the periureteral adipose 

signal, which would otherwise also be hyperintense, obliterating 

the visibility of the ureters.74 

Evaluations of vascular and excretory phases are useful in 

combination to identify complex vasculo-ureteral abnormalities, 

such as retrocaval ureters or abnormal positions of large 

vessels.74  

 

Static urography is a sequence T2W pulses (fast or turbo spin 

echo) and is a good addition for evaluating conditions that cause 

dilation of the renal pelvis and/or ureters or urinomas, as the 

fluid in these structures will appear hyperintense. Fat saturation 



 54 

is useful as it increases the visibility of fluid-filled ureters 

compared to the suppressed signal of retroperitoneal fat.74 One 

author reported that 3D Contrast enhanced magnetic resonance 

angiography (CE-MRA) using multiphase FSGR sequence and 

elliptical centric k-space ordering is a fast and efficient method 

to non-invasively image the renal vessels with enough temporal 

resolution to obtain separate arterial and venous enhancement. 

These results suggest that CE-MRA could potentially replace 

contrast-enhanced computed tomography angiography for 

screening the vascularization of kidneys in donors transplant 

programs, as previously reported in humans.73  

These techniques can be particularly useful when renal function 

is poor, resulting in decreased renal excretion of gadolinium. 

Various non-contrast techniques have been specifically 

developed and applied to renal imaging.75;76 Contras enhanced-

MRA uses gadolinium, a paramagnetic contrast agent that 

increases blood signal and consequently the blood signal is 
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directly related to concentration of gadolinium and relatively 

independent of flow dynamics.70;77  

 

In human medicine, using gadolinium-based contrast media that 

are eliminated through glomerular filtration without 

reabsorption or tubular secretion, researchers have also used 

dynamic MRI nephrography to measure renal function and 

provide a morphological assessment of renal structure.78 

 

2.5. Renal Scintigraphy 

Kidney disease is common in domestic animals, particularly in 

feline patients. For the diagnosis and monitoring of kidney 

disease in animals, veterinarians generally rely on clinical signs 

and blood tests, which are often very non-specific. Moreover, 

clinical signs and haematobiochemical changes only manifest 

themselves at a late stage, when renal damage is already 

advanced. Animals often first present renal disease with a 
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history of polyuria or polydipsia or both.6 As in humans, 

evidence of haematochemical abnormalities, such as creatinine 

elevations, is not detected until 65-75% of the nephrons have 

been damaged.79 

As seen so far, imaging is a fundamental part of the diagnostic 

procedure for renal disease in veterinary patients. 

Renal scintigraphy is performed in dogs and cats and has also 

been successfully performed in a variety of other species. The 

availability of renal scintigraphy is extremely limited in 

veterinary medicine. This is largely due to the cost of nuclear 

medicine equipment, the requirement for a license to use 

radioactive materials and the lack of sufficient technical 

expertise.79 

2.5.1. Indications 

The indications for renal scintigraphy in animals are similar to 

those in humans. However, the use of renal scintigraphy in 

combination with advanced treatment procedures, such as renal 
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transplantation, is much less common due to the low uptake of 

the latter.  

The primary objective of most studies is to determine the overall 

and fractional renal glomerular filtration rate (GFR). 

Renal scintigraphy is most commonly performed in dogs 

undergoing nephrectomy or nephrotomy and in patients with 

urolithiasis. Surgery may be necessary to remove a mass 

involving the kidney, a nidus of infection that cannot be 

controlled by antibiotics, a chronically hydronephrotic kidney or 

for nephrolithias. Renal scintigraphy may also be useful for 

assessing overall renal function in cases of subclinical renal 

disease. This is particularly important in cases where treatment 

may lead to a further reduction in renal function, such as when 

nephrotoxic drugs are administered.80 

Renal scintigraphy is also commonly performed in cats being 

evaluated for treatment of hyperthyroidism, with iodine-131, or 

undergoing nephrectomy.65 
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2.5.2. Technique and Procedure 

In clinical veterinary medicine, renal scintigraphy is performed 

almost exclusively with technetium (99mTc)-diethylenetri- 

amine penta-acetic acid (DTPA). Renal scintigraphy is often 

combined with the administration of a diuretic to assess the 

patency of ureters from obstructive ureterolithiasis or stenosis.81 

99mTc-DTPA is used as a glomerular filtration agent. The 

suitability of 99mTc-DTPA for measuring GFR varies between 

animal species due to protein binding in vivo. If part of the 

injected dose of 99mTc-DTPA binds to plasma proteins, it 

would not be available for glomerular filtration and would 

falsely decrease the measured GFR or affect the ability to 

visualize renal morphology. In dogs and cats, the protein binding 

of 99mTc-DTPA is minimal (6%-7%) and does not significantly 

affect renal absorption.82 Although 99mTc-DTPA would 

probably be suitable for most mammalian domestic species, the 
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amount of protein binding must be ascertained to be species-

specific before use in a previously untested species. 

 

For the measurement of renal function and morphology imaging 

is performed with a delay of 2-3 hours after injection and is 

necessary to allow adequate time for renal concentration of the 

radiopharmaceutical uptake. At 4 hours after injection, 51.7% 

and 2.5% of the radiopharmaceutical binds to the kidney in 

healthy dogs. The 99mTc-dimercapto-succinic acid (DMSA)  

can also be used to detect masses that displace renal tubular 

cells. These lesions appear as photopaque defects.  

The 99mTc-DMSA can also be used to quantify relative (left vs. 

right) functioning renal tubular mass.83 In a study conducted in 

dogs subjected to renal tubular damage by toxic doses of 

gentamicin, the 99mTc-DMSA was able to detect disease earlier 

than either 99mTc-DTPA. 
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Renal scintigraphy is also performed in large animals, such as 

the horse. To improve the quality of the study, motion correction 

software can be used to compensate for the typical wave-like 

movement of the horse during the 60-90 second time interval 

required to acquire the images. Images can be repeated if 

necessary. 

Differential estimation of functioning renal tubular mass can be 

achieved by establishing the percentage of 99mTc-DMSA dose 

uptake by the left and right kidneys.84 It is important to note that 

this provides an estimate of functioning renal tubular mass and 

not renal function, as poor DMSA uptake has been observed in 

patients with renal tubulointerstitial disease in the presence of 

normal DTPA uptake. 

Renal scintigraphy has also been used in various non-traditional 

companion animals. For example, for the assessment of serum 

or plasma concentrations of urea nitrogen and creatinine in 

reptiles, which are not useful indicators of renal failure because 
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they are not elevated until there is extensive renal damage and 

are also non-specific because they are also influenced by diet, 

reproductive status and hydration.85;86 In avian species, uric acid 

concentrations are used for the assessment of renal disease, but 

significant renal dysfunction is required before an increase in 

uric acid concentration can be observed. Another factor is that 

uric acid secretion occurs mainly from the proximal tubules and 

does not reflect the GFR.87 For this reason, renal scintigraphy 

has been investigated as a method to better assess renal disease 

in these species. The 99mTc-DTPA is the method of choice for 

the assessment of renal function in birds, but the 99mTc-DMSA 

has been found to be better for the assessment of renal 

morphology. In snakes, 99mTc-mercaptoacetyltriglycine 

appears to be better than 99mTc-DTPA or 99mTc-DMSA for 

the assessment of renal structure and function. In iguanas, 

99mTc-DMSA proved useful for the assessment of renal 

structure and function. 
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Abstract 

Contrast-enhanced ultrasound (CEUS) can provide quantitative 

information on enhancement patterns and perfusion of lesions, 

based on time-intensity curves (TICs). No published studies 

have compared CEUS parameters in neoplastic and non-

neoplastic urinary bladder lesions in dogs.  A prospective, pilot 

study was conducted to quantitatively characterize the CEUS 

pattern of neoplastic and non-neoplastic urinary bladder lesions 

in dogs, assessing the influence of contrast arrival time (CAT) 

on the final appearance of the curves. Fourteen dogs with cyto-

histopathological diagnoses were prospectively included (seven 

malignant and seven inflammatory lesions). B-mode ultrasound 

was performed followed by CEUS examination after an 

intravenous bolus injection of 0.04 mL/kg of contrast medium, 

and TICs were elaborated by dedicated software. Receiver 

operating characteristic curves (ROC) for each TIC parameter 

were obtained. Neoplastic lesions presented subjectively shorter 
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rise time (RT), time to peak (TTP) and fall time (FT) than the 

inflammatory disease. Based on ROC curve analyses, fall time 

≥ 10.49 s was the most reliable parameter in diagnosing non-

neoplastic disease in this group of dogs (area under the curve 

[AUC] 0.75, sensitivity 83.33%, specificity 66.67%). No 

difference was found between ROCs calculated for each 

parameter of TICs by adding or removing CAT. The results 

suggest that neoplastic and non-neoplastic diseases are 

characterized by different TICs and can be used as background 

for the future. However, larger scale studies are needed 

evaluating use of CEUS FT threshold of 10.49 s as a possible 

discriminator for urinary bladder lesions in dogs.  Thus, biopsy 

is still recommended for a final diagnosis.  

 

Introduction 

Urinary bladder neoplasms account for approximately 1–2% of 

all malignant tumors in dogs.1 Epithelial tumors are the most 
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common, representing approximately 97% of all malignant 

neoplasms, including urothelial cell carcinoma (UCC), followed 

by squamous cell carcinoma and adenocarcinoma.2 Other less 

common neoplasms of non-epithelial origins are leiomyoma, 

leiomyosarcoma, fibroma, hemangioma, hemangiosarcoma, and 

lymphoma.3-5 The urinary bladder is also frequently affected by 

non-neoplastic pathologies, such as urolithiases and cystitis.6;7 

Common clinical signs include hematuria, stranguria, and other 

forms of dysuria. Additionally, in dogs affected by neoplastic 

conditions, lameness, weight loss, and lethargy are rarely 

reported.5 Diagnostic ultrasonography (US) is a standard 

diagnostic imaging test for dogs with suspected urinary bladder 

neoplasia. This is due to its ease of use, low cost, and excellent 

real-time contrast resolution.8 Demhiwall et al. described 

thickening of the bladder wall as the most common US finding 

in inflammatory diseases of the urinary tract. Similar findings 

were also observed by other authors.9;10 Polypoid cystitis in 
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particular, with mass-like mucosal proliferation and severe 

diffuse bladder wall thickening, may present overlapping 

characteristics with urinary neoplasia. On US, UCC is 

characterized by an intramural infiltration with high 

vascularization, and most frequently affect the bladder 

trigone.9;11-14 Urinary bladder polyps may show similar 

characteristics, with pedunculated mural masses often 

multifocal in distribution.15;16 Moreover, US shows low 

specificity in differentiating between benign and malignant 

bladder lesions.17  

 

Definitive diagnosis for urinary neoplasms in dogs requires 

invasive tests such as transcutaneous fine-needle aspiration, 

cystotomy, cystoscopy-guided biopsies, or traumatic 

catheterization. Furthermore, transcutaneous procedures are 

discouraged due to the risk of tumor seeding.5;18 
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A quantitative, ultrasonographic method for discriminating 

neoplastic versus non-neoplastic urinary bladder masses would 

therefore be helpful for improving prognosis and treatment 

planning in affected patients. Previous studies in dogs have 

described the use of CEUS for the detection of splenic and 

hepatic malignancies in pets. However, both quantitative and 

qualitative analyses of CEUS of the lower urinary tract are 

poorly described in veterinary medicine, with a recent study 

focusing on UCC in a limited cohort of canine patients.30 The 

authors described a vivid enhancement of the neoplasms, with 

rapid wash-in and a slower wash-out phase, with loss of wall 

layering. In human medicine, the extent of angiogenesis in 

malignant neoplasms of the urinary bladder has been reported to 

be associated with tumor growth and metastasis formation and 

CEUS is considered useful for the diagnosis of urinary bladder 

neoplasia. 19-23 The differentiation of neoplastic and non-

neoplastic lesions of urinary bladder might be performed 
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quantifying the CEUS pattern derived from time-intensity 

curves (TICs). 27 A thorough evaluation of both the urinary 

bladder layers and tumoral angiogenesis is essential to establish 

the degree of aggressiveness of the urinary bladder neoplasms 

and thus to define an accurate prognosis. 39 The close analogy 

between canine and human urothelial cell carcinoma has been 

demonstrated in numerous studies, making the dog an animal 

model for studying this disease. 40 

 

The use of CEUS may represent an important ancillary 

technique in daily practice, particularly in the case of 

challenging bioptic procedures. These contrast agents consist of 

gas microbubbles encapsulated by a shell of different 

compositions.23 The gas core makes the microbubbles highly 

echogenic such that each bubble can be ultrasonographically 

detectable.24 Most US contrast agents do not diffuse across the 

endothelium and therefore remain strictly within the vasculature 
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and microvasculature, allowing accurate assessment of vascular 

perfusion.1-28 Following this, the gas content of the contrast 

agent is eliminated through the lungs, which represents a safe 

route of clearance, with short-time adverse events occurring in 

only 0.2% of dogs and cats.25-26 The CEUS TIC is a quantitative 

analysis made using perfusion software, which analyzes the 

temporal sequence of images by measuring the change in pixel 

intensity in the region of interest (ROI). The signal intensity of 

each pixel over time is evaluated within the ROI. The final result 

of this process is a Gaussian curve that quantitatively describes 

the wash-in and wash-out phases of enhancement.2-4;19;29;31 The 

most important quantitative parameters to be considered are the 

time to peak (TTP), which measures the time from contrast 

injection to maximum signal intensity (SI); rise time (RT), from 

the increase of contrast enhancement to SI; Fall Time (FT), 

indicating the time that the signal takes to return from the peak 

enhancement to the baseline level; and mean transit time (mTT), 
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which is defined as the total flow time of the contrast agent in 

the selected tissue (VueBox Quantification Toolbox, Instruction 

for use, Copyright 2019 Bracco Suisse SA).29; 31-21 Another 

important parameter is the contrast arrival time (CAT), which 

indicates the time before the appearance of the first microbubble 

in the selected ROI. The CAT, which represents the first part of 

the curve, might be automatically removed by the software.29 

 

Based on our review of the literature, there were no published 

studies comparing quantitative CEUS perfusion parameters 

between neoplastic and non-neoplastic lesions of the urinary 

bladder in dogs.  This study therefore aimed to quantitatively 

characterize neoplastic and non-neoplastic lesions of the urinary 

bladder in dogs on CEUS, assessing the influence of CAT on the 

final appearance of the curves. We firstly hypothesized that 

CEUS TIC measures previously used for humans with urinary 

bladder neoplasia would be feasible for use in dogs and that a 
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cut-off value for some of these measures could be identified for 

predicting neoplasia versus non-neoplasia in dogs. The second 

hypothesis was that CAT would represent a highly variable 

parameter between canine patients of different body 

conformation, and that this might influence the TIC when not 

excluded from analyses. 

 

Material and Methods 

Experimental design and subject selection criteria:  

This was a prospective pilot study.   Procedures were approved 

by the Veterinary Ethics and Welfare Committee of the Royal 

School of Veterinary Studies of the University of Edinburgh 

(VERC approval 131.17).   Informed owner consent was also 

obtained before enrollment of the dogs in the study. Dogs 

presenting to the Hospital for Small Animals at the University 

of Edinburgh between March 2018 and September 2019 for 

further investigation of lower urinary tract signs with urinary 
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bladder changes visible on US were considered. Cases with 

ultrasonographic diagnosis of urinary bladder mural lesion in 

which a definitive diagnosis was reached based on 

histopathology, cytopathology, or microbiology were included. 

Dogs were excluded from the study if there was evidence of 

underlying heart disease or if excessive stress was induced by 

the procedure. All decisions regarding participant inclusion or 

exclusion criteria were made by an ECVDI board-certified 

radiologist (TL). The following clinical data were recorded for 

each dog by a third-year resident (ML): breed, sex, age, weight, 

and clinical signs. Dogs were divided into three categories 

according to weight: small (1–10 kg), medium (11–30 kg), and 

large (>30 kg).  

Image acquisition techniques: 

All CT examinations were performed by an ECVDI third-year 

resident (ML) supervised by an ECVDI board-certified 

veterinary radiologist (TL), who were aware of signalment and 
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clinical signs of the patients. All dogs also underwent a 

standardized B-mode US examination of the lower urinary tract 

(Esaote MyLab Twice, Genova, Italy) using multi-frequency 

(10–19 MHz) linear (LA435) and micro convex (SC3123) 

electronic array probes. All dogs were sedated and placed in 

right lateral recumbency. A small area in the caudal abdomen 

was clipped to avoid artifacts originating from the hair-coat. The 

probe was placed in the long axis just cranial to the pelvic inlet 

and perpendicular to the skin within the ventral midline in 

females and on the side of the prepuce in males. A layer of gel 

was applied between the probe and the skin of the patient to 

obtain good contact with the transducer. The focal point was 

placed on the urinary bladder wall. For each examination, the 

presence or absence of lesions, distribution, echotexture, bladder 

wall thickening, presence of urolithiasis, or urinary sediment 

were recorded. 
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Following the B-mode study, a contrast-enhanced ultrasound 

(CEUS) examination was performed using a contrast-tuned 

imaging module (CnTITM, Contrast Tuned Imaging 

Technology). CEUS was performed using an electronic array 

probe with a contrast agent capability (SC3123). The lowest gain 

was set in order to highlight the contrast within the ROI. 

A low mechanical index was used and selective placement of the 

focal zones to maximize the harmonic signal while minimizing 

the destruction of the contrast media were performed. The 

mechanical index was 0.3, and only one focal zone was 

analyzed, which was placed on the urinary bladder wall. The 

position of the patient and operators were not modified.  

The contrast agent (sulfur-hexafluoride echo-signal enhancer, 

SonoVue®, Bracco Imaging, Milan, Italy) was administered 

manually in a rapid single bolus at a dosage of 0.04 mL/kg via 

injection into a direct access port connected to the IV catheter 
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(20–22 G) placed in the cephalic vein. Each bolus was followed 

by a flush consisting of 2 mL of saline solution (0.9%).  

The occurrence of adverse events was evaluated and recorded by 

a single observer (NI). Potential systemic side effects were 

monitored during sedation; cardiovascular and pulmonary 

parameters were monitored and reported in the anaesthesia 

report; any unpredictable changes were reported. 

Image analyses 

After administration of CEUS, for each dog a qualitative 

evaluation was performed by assessing the type of enhancement, 

that was defined as mild, moderate or marked and homogeneous 

or heterogeneous (Fig. 6), in agreement among the three 

observers who were blinded to final diagnosis (ML, TL, NI). 

During each examination, a 2-min digital video clip was 

recorded from the time of contrast injection. All raw data were 

stored in a local picture archiving and communication system 

and subsequently analyzed by three blinded observers (ML, 
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TL, NI). Results with the highest Quality of Fit of the curves 

for each patient were recorded. Post-processing quantitative 

analysis of the video clips was performed using image-analysis 

software (Vue Box®, Bracco Imaging, Milan, Italy). For each 

dog, a ROI was drawn at the center of the lesion of interest. 

The ROI was drawn individually for each patient, selecting the 

smaller size and the most representative shape to avoid the 

inclusion of non-representative peripheral tissues (Fig. 7).  

Furthermore, for each ROI, a TIC perfusion model was 

elaborated by extrapolating the following data: SI, TTP, RT 

mTT, and FT. Each parameter was plotted in an Excel file 

sheet; afterward, each value was added to the CAT and also 

reported in the Excel file (Microsoft Excel 365, 2020 16.43 

[20110804]).  

Statistical Analyses 

All statistical analyses were performed by a clinical statistician 

(GS) using dedicated software (SPSS 26.0, Mac IBM, Armonk, 
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USA). Because of the small sample, data were analyzed by using 

descriptive rather than inferential statistics. Descriptive statistics 

were produced, and continuous variables were expressed as 

mean ± standard deviation (SD), while categorical variables 

were expressed as frequencies and percentages with 95% 

confidence intervals.  

Power analysis was performed with the G-power software using 

an alpha-error of 0.05 and a sample effect of 0.5. 

Receiver operating characteristic (ROC) curve was performed 

for each CEUS parameter (SI, TTP, RT mTT, and FT with and 

without CAT). The ROC was built to establish the optimal cut-

off value associated with neoplastic or non-neoplastic lesions. 

The optimal cut-off point was chosen using the Youden index, 

where sensitivity and specificity were maximized, and equal 

weight was given to false-positive and false-negative results. 

The calculated cut-off values were used to calculate sensitivity 

and specificity. Additionally, the area under the curve (AUC) 
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and 95% confidence intervals (CI) were calculated and used as 

indicators of the accuracy of the parameters. 33 Interpretation of 

AUC was based on the following scoring system: 1.0 perfect 

test, 0.99–0.90 excellent test, 0.89–0.80 good test, 0.79–0.70 fair 

test, 0.69–0.51 poor test, and 0.50 or lower fail. 33 

 

Results 

Fourteen canine patients of different sexes, weights, and breeds 

met the inclusion criteria. Ten were female and four were male; 

the mean weight was 15.3 ± 9.4 kg, and the mean age was 8.5 ± 

3.5 years. Two dogs were classified as large, three as small, and 

nine as medium size. Represented breeds were one of the 

following: cattle dogs, Chinese crested, Labrador Retriever, 

Lakeland Terrier, mixed breed, Norfolk Terrier, Podenco 

Canario, Schnauzer, Scottish Terrier, West Highland White 

Terrier, Weimaraner, Border Collie, and two Cocker Spaniels. 

The recorded clinical signs were hematuria, pollakiuria, and 
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stranguria, and nocturia, and urinary incontinence in one case. 

In the neoplastic group, the definitive diagnosis was always 

obtained on the basis of a positive cytological examination 

performed by traumatic catheterization. In the non-neoplastic 

group, diagnosis was performed by cystoscopy guided biopsy in 

one case (polypoid cystitis), traumatic catheterization in one 

case (dysplasia of epithelial cell), and in five cases the final 

diagnosis was made on the basis of cystocentesis and 

microbiological cultural examination. 

Inflammatory lesions not cytologically-histologically confirmed 

were clinically monitored with a complete resolution of the 

clinical signs and a normal one month follow up ultrasound. 

Histological and cytological analysis revealed seven neoplastic 

lesions (UCC) and seven inflammatory diseases (one dysplasia 

of epithelial cell, one polypoid cystitis, four bacterial cystitis, 

and one cystolithiasis). In both the neoplastic and non-neoplastic 

groups, five dogs were female and two were male. B-mode US 
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findings of neoplastic lesions were irregular thickening of the 

bladder wall with loss of normal layering and pedunculated 

round-shaped masses, sometimes mineralized, located at the 

level of the urinary bladder trigone. US B-mode of dogs with 

non-neoplastic conditions showed generalized thickening of the 

bladder wall, polypoid masses, and in one case, hydroureter, 

hydronephrosis, and cystolithiasis were also detected. In all 

cases, the normal portion of the urinary bladder wall was 

identified as two parallel hyperechoic thin layers and a 

hypoechoic interposed layer that corresponded to the muscular 

layer.  

Qualitative analysis of CEUS in neoplastic lesions showed 

moderate (4 of 7) to marked (3 of 7) and heterogeneous 

enhancement (7 of 7), with the presence of multiple non-

enhancing central areas likely compatible with necrosis. In two 

dogs of the neoplastic group only irregular thickening of the wall 

bladder was visible (Fig. 1). In these cases, assessing the CEUS 
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pattern was challenging, given the ill-defined margins of the 

lesion.  In non-neoplastic lesions, a mild (4 of 7) to moderate (1 

of 7) and homogeneous (5 of 7) CEUS pattern was visible, with 

two cases showing mild thickening of the urinary bladder wall 

and absent enhancement (Fig. 2). 

Contrast arrival time was highly variable between individuals, 

ranging between 2–29.5 s. The mean value of CAT in small dogs 

was 8 s, in medium-sized dogs was 10.16 s, and in large dogs 

was 17.3 s (Table 3). 

Statistical comparison between the groups was not performed 

due to small sample sizes, but descriptive analyses of the 

quantitative parameters displayed neoplastic lesions with 

subjectively shorter RT, TTP, FT and longer mTT compared to 

inflammatory lesions (Fig. 3) (Table 1). From the analysis of the 

ROC curves (Table 2), FT ≥ 10.49 s proved to be the most 

accurate parameter in diagnosing non-neoplastic disease (AUC 

0.75, sensitivity 83.33%, specificity 66.67%). Moreover, RT ≥ 
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6.75 s and TTP ≥ 9.94 s were both indicative of a non-neoplastic 

etiology (AUC 0.595, sensitivity 66.67%, specificity 71.43%). 

The AUC tested for the remaining parameters failed to 

differentiate between neoplastic and non-neoplastic lesions 

(Table 2). No difference was found between the ROC analysis 

for each parameter by adding or removing CAT. Only the values 

without CAT were considered as relevant and reported in table 

1 and 2. No immediate or delayed adverse reaction was detected 

during the examination. 

 

Discussion 

The quantitative CEUS parameters of neoplastic and non-

neoplastic lesions of the urinary bladder in canine patients were 

investigated. Among the analyzed parameters, only FT was 

found to be potentially useful for distinguishing neoplastic and 

non-neoplastic lesions of the urinary bladder. No other 

parameters were distinctive for neoplastic and non-neoplastic 
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lesions of the urinary bladder. The second hypothesis related to 

the influence of CAT in the evaluation of TICs was not 

supported.  

The ROC analyses demonstrated that FT was the most sensitive 

and specific parameter of the TIC in distinguishing neoplastic 

and non-neoplastic conditions, with 10.49 s as a cut-off to 

discriminate between the two groups. As shown in Table 1, the 

FT averages of neoplastic and non-neoplastic groups differed 

(10.6 s and 22.24 s, respectively).  

In the box plot the distribution of both groups is wide, 

particularly in the non-neoplastic group (Fig. 4). Moreover, 

results are not normally distributed, with one outlier in the 

neoplastic group, which can be expected in a pilot study with a 

small sample size. Additionally, the ROI selection was 

challenging in cases without evidence of a well-defined 

protruding mass, potentially altering the results, such as in 

patients with non-polypoid cystitis (Fig. 2). A sensitivity and 
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specificity of 75% has a limited usefulness in a clinical setting. 

However, median values of the two groups were different, 

suggesting that this value may potentially be of interest in a 

study with a larger population. 

The CAT parameter was highly variable between individuals of 

different sizes. However, analysis of the ROC curves did not 

reveal a decrease in the sensitivity and specificity of any of the 

TIC parameters, including or removing the CAT value. This 

may be related to the over-representation of medium-sized dogs 

in our sample (9/14). The advantage of the software that does 

not take CAT into account when processing TICs may not have 

been detected in this study; however, it might be more evident 

in a population with a larger representation of toy/small and 

large/giant breeds, with a significantly longer or shorter CAT 

due to the related anatomical differences influencing contrast 

medium kinematics.  
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In veterinary medicine, few studies have evaluated the use of 

quantitative CEUS TICs for urinary bladder lesions. Pollard et 

al. reported that CEUS is a feasible technique for the evaluation 

of the lower urinary tract in dogs: in the cited study, a different 

contrast agent was used. However, no correlation between 

CEUS findings, vascular endothelial growth factor 

concentration, and criteria for assessing response to 

chemotherapy was found.32 Another recently published study, 

which aimed to describe the use of both qualitative and 

quantitative CEUS of UCC, reported that qualitative perfusion 

pattern analysis is more reliable than quantitative parameters to 

reach a definitive diagnosis as the US enhancement 

measurement might be influenced by many variables, such as 

cardiac output, blood pressure, and respiratory rate.30 

In our study qualitative analysis of CEUS pattern showed a 

moderate to marked heterogeneous enhancement of the 

neoplastic lesion, in accordance with previous reports. 30 A 
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heterogeneous CEUS pattern is therefore more indicative of 

neoplastic infiltration while contrast intensity is overlapping 

between neoplastic and inflammatory lesions. In this group of 

dogs, the TIC shape of neoplastic and non-neoplastic lesions was 

different.  The development of easily accessible techniques that 

allow objective quantification of vascular patterns, such as 

quantitative CEUS, might be beneficial for the early 

differentiation of neoplastic and inflammatory lesions of the 

urinary bladder. The small sample size of this study limited our 

ability to evaluate predisposition of breed, sex, and age or to 

compare findings with the previous literature. However, in 

accordance with previous studies, UCC appeared to be the most 

common in our sample, as it represented all tumors included in 

the study.29-31 Additionally, dogs with neoplastic diseases 

included predisposed breeds, such as West Highland White 

Terrier, Scottish Terrier, and Cocker Spaniel.17;22;34;35-36 

Transurethral cystoscopy biopsy could be considered the 

Carlotta Spediacci




 97 

preferred diagnostic method in females; however, in male dogs, 

this method has been reported to be accurate in only 65% of 

cases.37 Urine cytology can lead to numerous false-positive and 

false-negative results, while percutaneous biopsies have been 

shown to increase the risk of needle-track implantation; 

therefore, many authors recommend traumatic urethral 

catheterization to obtain a cytologic diagnosis of UCC.5;15;17;38 

The first limitation of this study is the small sample size, which 

did not allow us to reliably define cut-offs for each TIC 

parameter. Indeed, the power analysis with our sample was 14%, 

which is limited for a comparison between groups. The choice 

of selecting ROIs based on bladder lesions appearance meant 

that different depths were used, and this may have affected the 

SI, altering the results. Additionally, in cases of thin urinary 

bladder mural lesions the ROI selection proved to be particularly 

challenging.  Furthermore, the sample was not heterogeneous in 

terms of patient size; therefore, it was not possible to adequately 
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investigate the influence of CAT on the accuracy of the curves. 

Another limitation is the failure to consider heart rate and blood 

pressure, which could have provided interesting information 

about TIC variability. Additionally, the group of malignant 

neoplasia included only UCC; therefore, TICs might vary with 

other types of tumors. 

In conclusion, the results of this pilot study suggest that 

neoplastic and non-neoplastic diseases may present different 

TICs.  A FT higher than 10.49 s may be the only reliable cut-off 

to help characterizing neoplastic and non-neoplastic lesions of 

the urinary bladder in dogs, although this result must be 

interpreted with caution.  A combination of laboratory findings, 

standard B-mode ultrasound and qualitative and quantitative 

CEUS analysis is still needed for further evaluation along with 

cytopathological confirmation. However, the results of this 

study need to be tested and statistically analyzed on a larger 
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sample since the proposed cut-off provides only limited 

information on the nature of UB lesions on CEUS. 
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Table 1: Statistical descriptive analysis of each contrast enhanced 
ultrasonographic parameter for neoplastic and non-neoplastic urinary bladder 
conditions in 14 dogs. 
 

Neoplastic Lesion (n = 7) 
 SI (a.u) RT-s mTT-s TTP-s FT-s 
Mean 431.4 7.2 86.7 9.6 10.7 
SD 781.7 6.4 114.4 7.3 4.3 
Media
n 144.5 4.9 34.1 7.3 10.1 
P25 21.4 3.6 25.4 4.8 8.9 
P75 332.0 9.8 88.5 15.7 11.9 

Non-neoplastic Lesion (n = 7) 
 SI (a.u.) RT-s mTT-s TTP-s FT-s 
Mean 118.826

7 
9.02333
3 

65.4833
3 

12.4166
7 22.245 

SD 126.192
4 

5.90822
7 

55.4898
3 

7.44942
9 

18.4798
7 

Media
n 79.9 8.225 44.925 12.5 16.635 
P25 19.09 4.9 24.49 7.08 10.49 
P75 174.39 14.1 89.64 20.18 31.62 
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Table 2: Summary results of receiver operating curve analyses for each 
contrast enhanced ultrasonographic parameter in 14 dogs with neoplastic 
and non-neoplastic urinary bladder disease.  
 
 
 
 

 
 
Table 3: Statistical descriptive analysis of CAT for each dog size group 
 
 
 
 
 
 
 

 Best  cut-off Sens i t i v i t y Specif ic i ty Class i f ied A U C 
S I - a . u . ≥  5 3 . 8 5  s 1 6 . 6 7 % 8 5 . 7 1 % 5 3 . 8 5 % 0.333 
R T - s ≥  6 . 7 5 6 6 . 6 7 % 7 1 . 4 3 % 6 2 . 2 3 % 0.595 
m T T - s ≥  4 0 . 8 3 6 6 . 6 7 % 5 7 . 1 4 % 6 1 . 5 4 % 0.523 
T T P - s ≥  9 . 9 4 6 6 . 6 7 % 7 1 . 4 3 % 6 9 . 2 3 % 0.595 
F T - s ≥  1 0 . 4 9 8 3 . 3 3 % 6 6 . 6 7 % 7 5 . 0 0 % 0.750 
 B e s t  c u t - o f f Sensi t iv i ty Specif ici ty Class i f ied A U C 
P E - r ≥ 53.85 s 1 6 . 6 7 % 8 5 . 7 1 % 5 3 . 8 5 % 0 . 3 3 3 
R T - s ≥  6 . 7 5 6 6 . 6 7 % 7 1 . 4 3 % 6 2 . 2 3 % 0 . 5 9 5 
m T T - s ≥  4 0 .8 3 6 6 . 6 7 % 5 7 . 1 4 % 6 1 . 5 4 % 0 . 5 2 3 
T T P - s ≥  9 . 9 4 6 6 . 6 7 % 7 1 . 4 3 % 6 9 . 2 3 % 0 . 5 9 5 
F T - s ≥  1 0 .4 9 8 3 . 3 3 % 6 6 . 6 7 % 7 5 . 0 0 % 0 . 7 5 0 
R T - s + C A T ≥  1 8 . 9 6 6 . 6 7 % 7 1 . 4 3 % 6 9 . 2 3 % 0 . 6 4 2 
m T T - s + C A T ≥  4 5 .6 3 6 6 . 6 7 % 5 7 . 1 4 % 6 1 . 5 4 % 0 . 5 4 7 
T T P - s + C A T  ≥  2 5 . 2 6 6 . 6 7 % 7 1 . 4 3 % 6 9 . 2 3 % 0 . 6 1 9 
F T - s + C A T ≥  2 9 . 5 6 6 . 6 7 % 8 3 . 3 3 % 7 5 % 0 . 7 2 2 

Size Mean 
CAT 

SD Median  P25 P75 

Large (n=2) 17.3 13.8 17.3 7.5 27.1 
Medium 
(n=9) 

10.2 8.5 8.05 5.05 11.8 

Small (n=3) 8 6.4 4.8 3.8 15.4 
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Fig. 1: Contrast-enhanced ultrasound images obtained with a multi-frequency (10-19 MHz) microconvex electronic 
array probe with a mechanical index of 0.3 from a dog with a neoplastic urinary bladder lesion. A: Long axis standard 
B-mode sonogram of the urinary bladder showing a large inhomogeneous and poorly marginated mass occupying 
most of the lumen with multifocal hypoechoic areas (*). B: Long axis contrast-enhanced ultrasound (CEUS) sonogram 
of the urinary bladder of the same lesion showing marked and heterogeneous enhancement. 
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Fig. 2 Contrast enhanced ultrasound images obtained with a multi-frequency (10-19 MHz) microconvex electronic array 
probe with a mechanical index of 0.3 from a dog with a non-neoplastic urinary bladder lesion. A: Long-axis standard B-
mode sonogram of urinary bladder showing two pedunculated lesions (arrows) extending into the bladder lumen, 
confirmed to be polypoid cystitis. B: Long-axis contrast-enhanced ultrasound (CEUS) sonogram of the urinary bladder 
of the same lesion showing moderate and homogenous enhancement.  
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Fig. 3: Quantitative CEUS analyses performed with VueBox. TIC is created from the ROI positioned in the lesions of 
two representative dogs, with a neoplastic-lesion (A) and a non-neoplastic lesion (B). Neoplastic lesion (A) shows a 
subjectively shorter TTP and RT, higher SI, and a more rapid FT compared with non-neoplastic disease (B). 

 

Fig. 4: Box plot showing the distribution of Fall Time values in patients belonging to the 
neoplastic (n=7) and non-neoplastic (n=7) group 
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Fig. 5: Contrast-enhanced US images obtained with a multi-frequency (10-19 MHz) micro convex electronic 
array probes with a mechanical index of 0.3 after the injection of Sonovue. Images display three different urinary 
bladder lesion at the peak of contrast enhancement showing mild homogeneous enhancement (A), moderate 
heterogeneous enhancement (B), marked heterogeneous enhancement (C). Final diagnosis revealed 
inflammatory cystitis (A), urothelial cell carcinoma (B, C). 
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Fig. 6: Placement of the region of interest (ROI) within the parenchyma of an urothelial cell carcinoma for quantitative 
analysis of the mass enhancement using Vue Box commercial software. The ROI is placed within the mass, maintaining 
distance from areas of necrosis and lesion margins to avoid including peripheral tissues within the ROI. A time intensity 
curve is generated from the ROI. 
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Abstract 

Transcaval ureter is a rarely reported human congenital 

malformation of the pre-renal segment of the inferior vena cava 

(IVC) not yet reported in veterinary medicine. The objective of 

this multicenter retrospective case series study was to describe 

the computed tomography (CT) features of transcaval ureters in 

dogs and cats.  

Patients referred for pre- and post-contrast CT exam of the 

abdomen and presenting this abnormality were retrospectively 

included. 

Multiple qualitative features were described for each ureteral 

abnormality detected. Three cats and two dogs with caudal vena 

cava (CVC) malformation were identified consisting in a 

segmental duplication of the CVC at the pre-renal level creating 

a vascular ring through which the ureter extended, identified as 

a double-barrel gun sign. The malformation was divided in two 

types according to the symmetry of the caval branches and 
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location in relation with the aorta: type I symmetrical branches 

and right-lateral to aorta, type II asymmetrically branches and 

right-dorsal to aorta. 

In one case the malformation was associated with hydroureter 

and mild pyelectasia. In three cases, the anomaly was incidental 

and in the remaining two cases the clinical significance was 

uncertain.   

This is the first study describing the presence of transcaval ureter 

in dogs and cats. Computed tomography was a suitable method 

for the diagnosis of transcaval and a focal double-barrel gun 

sign of the CVC is proposed as the hallmark feature of this 

anomaly. The clinical relevance of this congenital vascular 

malformation is unclear and needs to be further investigated.  

 

Introduction 

Variation in the anatomy of caudal vena cava (CVC) may have 

important clinical implication. In-depth knowledge of its 
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anatomy is fundamental to prevent any potential medical and 

surgical complication related to anatomical variation of the 

CVC.1-4 

Normal embryogenesis of the CVC leads to the origin of a single 

vessel positioned to the right of the aorta artery.4,5 It is created 

by persistence, regression, and anastomosis of three bilateral 

symmetrical embryonic veins: the postcardinal, the subcardinal 

and supracardinal.  An anomaly in the development of these 

vessels results in congenital vascular anomalies of the CVC. 4-7 

In veterinary medicine, several well recognized congenital 

anomalies of the CVC have been reported, including double 

CVC and retrocaval ureter.  

Contrast enhanced multidetector computed tomography 

(MDCT) for detecting and characterize CVC anomaly is 

recommended due to the excellent visualization of the CVC and 

its relationship with the ureters. 5  
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Transcaval ureter is a rare embryological abnormality of the 

inferior vena cava (IVC) rarely described in human medicine, in 

which a segmental duplication of this vessel creates a venous 

ring that encircles the right ureter. 14-17 There are few reports on 

transcaval ureter in human medicine and different theories about 

its embryological development were formulated.2;14-17 

According to the supracardinal model, transcaval ureter arises 

when the right posterior cardinal and right supracardinal veins 

fail to regress in post-renal segment, resulting in a partial 

duplication of IVC that creates a venous ring thorough which the 

right ureter extends.  The reported prevalence of transcaval 

ureter in human is about 0.9 in 1000 with a male-to-female ratio 

of 2.8:1. 18 This abnormality in human patients is described as 

often asymptomatic, but can sometimes result in flank pain, 

hydro-ureteronephrosis, recurrent urinary infections, increased 

frequency of urination and haematuria. 19-21  
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To the authors' knowledge, this anomaly and the computed 

tomography (CT) features of the transcaval ureter have never 

been reported in veterinary medicine. The aim of the authors was 

to describe the computed tomographic characteristics of 

transcaval ureters in case series dogs and cats. 

 

Material and Method 

This was a retrospective, descriptive, multi-center, case series 

design study.  

Clinical cases from different Institutions (I Portoni Rossi, 

University Veterinary Hospital d’Alfort, Istituto Veterinario di 

Novara, C.T.O. Veterinario and Alphavet Clinic) were searched 

for dogs and cats with a diagnosis including the keywords 

“atypical CVC malformation”. Permission to use clinical and 

diagnostic imaging data for research was provided through 

informed consent from the owners at the time of admission. 

Criteria for inclusion in the study were a final diagnosis of 
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unclassified vascular malformation consisted in a venous ring 

encircling the ureter and originating from the CVC and an 

available CT study of diagnostic quality of the abdomen before 

and after intravenous contrast medium injection. Patients were 

included regardless of sex, breed, age, clinical signs and 

acquisition parameters or scanner types (16 and 64 slices). 

Decision for study inclusion were based on a common consensus 

between all authors.   

Medical records were reviewed regarding species, age, breed, 

sex, body weight, clinical signs and final diagnosis. Pre- and 

post-contrast images were stored on a dedicated PACS and 

evaluated by four ECVDI (PP, IP, ML, SR) and one ACVR (SS) 

-board certified veterinary specialists. All assessments were 

performed using a dedicated DICOM viewer software (OsiriX 

Imaging Software, v 3.9.2., Pixmeo, Geneva, Switzerland). A 

soft tissue window width of 350 Hounsfield Unit (HU) and a 

window level of 50 HU were used. In all cases the images were 
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reconstructed in multiple reformatted planes and on 3D, if 

needed. The segmental bifurcation of the CVC in cross-section 

assumed the appearance of two adjacent round structures that 

have been defined as ‘double-barrel gun sign’. The following 

parameters of the CT scan were recorded: position of the venous 

ring in relation to aorta and lumbar spine, diameter of the ureter 

proximal and distal to the venous ring expressed in millimeters, 

presence of pyelectasis, thrombosis, concomitant congenital 

malformation. Ureteral dilation if present was diagnosed when 

the maximal diameter of the cross-section of the ureter was 

measuring more than 2.5 mm in dogs and cats. 22-23 Pyelectasis 

was diagnosed when the maximal diameter of the renal pelvis 

was measuring more than 3 mm in both dogs and 3 mm cats. 

Renal pelvis > 6 mm was defined as suggestive of suspected 

mechanical obstruction while > 13 mm was defined as 

unequivocally obstructed. 24-26  
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All assessments were based on visual inspection. Computed 

tomographic images were assessed blindly, without knowledge 

of the signalment and clinical findings from the patients. If there 

were different opinions about CT findings, a final diagnosis was 

made based on consensus of all the observers. Additional 

unrelated CT findings were recorded, when observed.  

 

Results  

Case 1  

An eleven-year-old intact female domestic shorthaired cat was 

presented to Instituto Veterinario Novara for a whole-body pre 

and post-contrast CT exam for staging of mammary nodules.  

No clinical signs referable to anomalies of the urinary tract were 

reported. Blood biochemistry and urinalysis were normal. Urine 

culture was not available. Computed tomography revealed a 

unilateral transcaval ureter, in which the right ureter emerged 

through a venous ring formed by a segmental duplication of the 



 120 

CVC at the level of L4-L5. The two branches of the CVC were 

symmetrical in diameter with a double-barrel gun appearance 

and normally located right-ventral to the aorta. The diameter of 

the ureter both proximal and distal to the venous ring measured 

normal 0.6 mm. 23 Other CT findings were mammary nodules 

associated with inguinal lymphadenopathy and bilateral renal 

infarcts. There was no evidence of thrombosis, pyelectasis, 

ureteral dilation or other concomitant congenital malformation. 

Case 2  

A four-year-old Maltese neutered male dog was referred to 

Alphavet Diagnostic Imaging center for an abdominal pre and 

post-contrast CT exam and a 4-month history of recurrent 

vomiting. The patient did not show improvement after medical 

treatment consisting of metoclopramide and ranitidine 

performed at the referring veterinarian. Blood biochemistry 

showed renal enzymes within normal ranges, while biliary acids 

were slightly increased at 4.9 micro mol/L (normal range 0.2 to 
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4.3 micro mol/L). Urine culture was not available. The referring 

veterinarian suspected chronic hepatitis. Computed tomography 

revealed a unilateral transcaval ureter, in which the right ureter 

emerged through a venous ring at the level of L3-L4. The two 

branches of the CVC were symmetrical in diameter with a 

double-barrel gun appearance and normally located right-

ventral to the aorta. The ureter proximal to the venous ring was 

homogeneously distended (diameter 9.6 mm) with associated 

mild pyelectasis (3.4 mm).24-26 Distal to the venous ring the 

ureter measured normal (1.4 mm).13 There was no evidence of 

thrombosis, or other concomitant congenital malformation. 

Case 3  

A six-year-old medium-size mixbreed neutered female dog was 

presented to the C.T.O. Veterinario for abdominal pre and post-

contrast CT exam to investigate causes of hematuria. Blood 

biochemistry and urine culture were normal. On urinalysis the 

specific gravity (USG) was 1.100, pH 6, blood 1+. Urine 
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sediment revealed mild presence of red blood cells. On CT 

examination a right transcaval ureter was found. Computed 

tomography revealed a unilateral transcaval ureter, in which the 

right ureter emerged through a venous ring at the level of L3-L4. 

The two branches of the CVC were symmetrical in diameter 

with a horizontal double-barrel gun appearance and normally 

located right ventral to the aorta. Proximal and distal to the 

venous ring the right ureter measured normal (1.7 mm).22 There 

was no evidence of thrombosis, pyelectasis, ureteral dilation or 

other concomitant congenital malformation. 

Case 4  

A two-year-old domestic shorthaired neutered female cat was 

presented to the Centre Hospitalier Universitaire Vétérinaire 

d’Alfort for a whole-body pre and post-contrast CT exam. The 

patient had a history of a car accident 24-hour before 

presentation. Patient presented with pelvic fractures and absence 

of deep pain on the hindlimbs. No clinical signs referable to 
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anomalies of the urinary tract were reported. Blood 

biochemestry and urinalysis were normal. Urine culture was not 

performed.   Computed tomography revealed a unilateral 

transcaval ureter, in which the right ureter emerged through a 

venous ring at the level of L4-L5. The two branches of the CVC 

were symmetrical in diameter with a double-barrel gun 

appearance and located lateral the aorta. The diameter of the 

right ureter proximal and distal to the venous ring was slightly 

increased (0.4 mm).23 Other CT findings consisted in 

comminuted and displaced non-articular closed traumatic 

fractures of the pubis and right ileus with concomitant left 

sacroiliac luxation. There was no evidence of thrombosis, 

pyelectasis, or other concomitant congenital malformation. 

Case 5  

A pre and post-contrast CT exam of the thorax, abdomen and 

spine of a 5-year-old domestic shorthaired neutered female cat 

was submitted as a teleradiology consult to Antech Imaging 
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Services. The referred clinical signs of the patient consistent in 

acute onset of pelvic limb ataxia. Blood biochemestry and 

urinalysis were normal. Urine culture was not performed. 

Computed tomography findings consisted with the presence of 

a pulmonary mass, while the spine appeared unremarkable. In 

the abdomen, a unilateral transcaval ureter, in which the right 

ureter emerged through a venous ring extending from L3 to L6 

was detected. The two branches of the duplicated CVC were 

asymmetrical with a double-barrel gun appearance, in which the 

dorsal branch had a smaller diameter, and it was positioned right 

dorsal to the aorta. Diameter of the right ureter both proximal 

and distal to the venous ring was normal (0.3 mm).23 There was 

no evidence of thrombosis, left hydronephrosis, ureteral dilation 

or other concomitant congenital malformation. 

In this patient, duplication of the spleen was also detected. Other 

findings consisted in left psoas muscles changes and jejunal 

lymphadenopathy. No evidence of thrombosis and pyelectasis. 
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Discussion 

To the authors knowledge this is the first case series describing 

the presence and the CT appearance of transcaval ureter in dogs 

and cats. In all cases described in this study the transcaval ureter 

was unilateral to the right and appeared as a vascular ring of the 

CVC through which the right ureter passed identified as double 

barrel-gun sign. In only one case hydronephrosis and mild 

pyelectasis were associated. 

The CVC is composed of four major segments: prerenal, renal, 

prehepatic and posthepatic. The prerenal segment forms from 

the confluence of the common iliac veins to the right of the aortic 

trifurcation, along with the confluence of the right gonadal vein. 

The renal segment forms ventrally and to the right of the 

abdominal aorta, from the union of the right and left renal veins 

with the left gonadal vein. Finally, the prehepatic, hepatic and 

posthepatic course to the right dorsal portion of the liver. 7-9 

Various hypotheses have been formulated to explain the origins 
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of the prerenal segment of the CVC. The most accepted theory 

is the 'supracardinal model'. This theory assumes that the 

retroperitoneal venous system is developed from three paired 

fetal veins: the posterior cardinal, the supracardinal and the 

subcardinal veins. During embryological development of the 

CVC, the left supracardinal vein and the lumbar portion of the 

right posterior cardinal vein normally regress. The subcardinal 

vein becomes the internal spermatic vein and the right 

supracardinal vein develops into the definitive right CVC. 9-11    

 

In accordance with the human literature, all dogs and cats 

included in this study reported a right-sided distribution of the 

transcaval ureter. 14-17 Only patient number 3 had limited clinical 

signs related to the urinary system, consistent with hematuria 

which is also reported in human medicine.14-15 All the patients 

included in this case series displayed normal kidney values. This 

is also similar to what reported in people, as kidney function is 

Carlotta Spediacci


Carlotta Spediacci


Carlotta Spediacci




 127 

unchanged despite possible gross changes of the ureter.2 For 

example, in cases of ureteral ectopia, the normal renal function 

is possibly related to the congenital origin of the anomaly and 

the adaptive process of the urinary tract during the 

development.33 

Patient number 2 had intermittent vomiting despite absent 

gastrointestinal changes on CT. Flank pain might be considered 

in the differentials as a possible reason for the clinical signs, 

triggered by colic irradiation due to ureteral stretch, as reported 

in humans.15 However, a significant limitation regarding this 

hypothesis is that no additional procedures, such as 

gastrointestinal endoscopy and biopsy, were performed to 

further investigate the cause of vomiting. 

A moderate right hydroureter and mild ipsilateral pyelectasis 

was also detected in patient number two. This has some similar 

characteristics to retrocaval ureter type I (‘fishhook deformity’). 

Nevertheless, in this type of retrocaval ureter there is an extreme 
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medial deviation of the middle ureteral segment where it passes 

behind the IVC/CVC, usually at the L3 vertebral level. 3 In our 

case, the deviated portion of the ureter splits the CVC and 

therefore courses gently medially rather than in a typical type I 

retrocaval ureter. In addition, the level of mechanical obstruction 

due to the vascular ring was located more caudally compared to 

a typical retrocaval ureter. Although the pelvic dilation was 

mild, guidelines of American College of Veterinary Internal 

Medicine (ACVIM) indicate that hydronephrosis and 

hydroureter proximal to an obstructive lesion are sufficient to 

diagnose mechanical obstruction. 23 Therefore, in this patient 

ureteral obstruction is likely caused by the vascular 

malformation. However, due to the absence of clinical signs and 

normal renal parameters, further treatment and investigations 

were discarded. Hydroureter and pyelectasis may predispose to 

recurrent urinary tract infection. In human medicine surgical 

management is recommended in case of complications, 
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including recurrent urinary infections, urolithiasis or impaired 

renal function. 27  

In patient one renal infarcts were found on the CT examination. 

In humans, anomalies of the IVC have been reported to be a risk 

factor for development of deep vein thrombosis. However, this 

has not been described in veterinary medicine, therefore a 

correlation between renal infarcts and transcaval ureter should 

be considered cautiously.35,36 

 

In human and veterinary medicine, congenital anomalies of the 

IVC/CVC are increasingly recognized in asymptomatic patients 

due to the increased use of cross-sectional imaging technique 

such as CT, offering simultaneous evaluation of the vascular 

system and urinary tract with the aid of uroangiographic ICM.28 

Although the anomalies of the vessels and ureters are often 

clinically silent, it is important recognize them in order to avoid 

potential complication during surgery and interventional 

Carlotta Spediacci


Carlotta Spediacci


Carlotta Spediacci


Carlotta Spediacci


Carlotta Spediacci


Carlotta Spediacci




 130 

radiology procedures.29 In humans, CT angiography provides 

precise preoperative information about abdominal vascular 

anatomy, with reported accuracy of >97% for arteries and 96-

100% for veins. 29 

Transcaval ureter may show similarities with retrocaval ureter, 

in which the ureter run medially to the CVC, and therefore 

should be considered in the differential diagnosis and diagnostic 

process. 16 

Retrocaval ureter occurs as a result of abnormal persistence of 

the right cardinal vein, which is crossed dorsally and medially 

by the ipsilateral ureter. A prevalence of 22.4% was reported 

with the right kidney involved 13.3% times more frequently than 

the left. 5;12 Two types of retrocaval ureter are described in 

human medicine and the same classification has been used in 

veterinary medicine: type I, or low loop, and type II, or high 

loop.30-32  The Type 1 is described as a possible cause of ureteral 

obstruction while Type 2 is associated with mild or no 
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hydronephrosis and occurs in only 10% of patients.30 Transcaval 

ureter is not susceptible to this specific classification despite 

showing characteristics in between these two types.1 A focal 

double-barrel gun sign of the CVC is proposed as the hallmark 

sign of the anomaly, which should be recognized and 

differentiated from a common retrocaval ureter. A clear and 

direct identification of the defect can only be achieved by a late 

venous post contrast CT exam, allowing simultaneous 

visualization of the CVC and ureter. Nevertheless, detection of 

the defect can be challenging and may require multiplanar or 3D 

multiplanar reconstructions.  

 

In human medicine surgical management involves resection of 

the ureter and an ureteroureteric anastomosis anterior to the IVC. 

15 To the authors knowledge, there is no surgical procedure 

described in veterinary medicine for treatment of a transcaval 

ureter since this congenital malformation has never been 
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described and its clinical impact is still uncertain. However, 

division of the dilated renal pelvis with transposition and 

anastomosis, ureterotomy or resection of the stenotic segment of 

ureter compressed by the anomalous vessel with anastomosis of 

a double-J stent, and ligation or transection of the CVC with or 

without anastomosis are also procedures indicated in case of 

renal obstruction. 30,34 

 

The association of congenital anomalies of the CVC/IVC with 

other malformations is reported in both human and veterinary 

medicine, but the incidence is still unclear because these 

anomalies might be often underdiagnosed. In small-breed dogs 

is reported that 7% of patients with malformation of CVC might 

present with a concomitant extrahepatic portosystemic shunt, 

while a left-sided circumcaval ureter was reported in association 

to transposition of the CVC.5,28,35 
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In the present case series, the only concomitant congenital 

anomaly found was duplication of the spleen in one patient, 

however for the authors knowledge this anomaly has never 

previously been associated with IVC/CVC malformations.37 

Furthermore, in this case series two vascular patterns of the 

transcaval ureter have been described. The first type consisted 

of a double-barrel gun appearance with symmetrical vascular 

branches, normally located right ventral to the aorta. The second 

type consisted of a double-barrel gun sign with asymmetrical 

vascular branches located right dorsal to aorta.  Previous studies 

have reported that asymmetry of venous diameters in cases of 

caudal vena cava duplication is secondary to a regression 

disorder of the supracardinal vein, which may be located dorso-

laterally to the aorta in the caudal portion of the prerenal 

segment.28,35 Despite this theory was formulated for duplication 

of IVC/CVC, the authors speculate that similar embryogenetic 
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processes may also be involved in generating this particular 

pattern of congenital malformation.  

 

Multidetector angiographic CT exam in all cases demonstrated 

to be a valid technique in the diagnosis of transcaval ureter 

allowing simultaneous assessment of ureters and CVC. In 

addition, techniques such as multiplanar and three-dimensional 

reconstruction, including volume rendering, can be used to 

further investigate the morphology of the defect. In particular, 

multiplanar reconstruction can assist in understanding the 

anatomy and the relationship between the ureter and the vascular 

ring.  

 

Limitations of this study are related to the retrospective and 

multicentric design. Indeed, CT exam parameters and scanners 

were not standardized and the quality of the urographic 

excretory phase was not standardized either. Furthermore, there 
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was inconsistence of data collection and complete urianalysis 

and additional examinations such as cystoscopy, pyelocentesis 

or biopsy were not available in these series of patients. A further 

limitation is due to the retrospective data collection which might 

have affected the inclusion of additional cases. 

 

In conclusion, transcaval ureter is a novel congenital 

malformation of the CVC in dogs and cats. The tomographic 

sign of transcaval ureter in both dogs and cats consists in a 

segmental duplication of the CVC at the pre-renal level, creating 

a vascular ring through which the ureter extends, identified as a 

double-barrel gun sign. Further studies are needed in order to 

determine the clinical significance of this novel congenital 

malformation.  
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Fig. 1: Postcontrast computed tomographic of mid abdomen in transverse (A), sagittal (B), 
volume rendering image in a right-dorsal view (C) and schematic representation of the 
malformation (D) showing the CVC venous ring (yellow arrow) described as double barrel-
gun sign with the right ureter (red arrow) passing through it. The venous malformation is 
normally located right ventral to aorta (green arrow). Soft tissue reconstruction (window 
level: 40 HU, window width 400 HU) and a slice thickness of 1.25 mm were used. In the 
image D the aorta is blue, the CVC is red, and the ureter is yellow. R: right. 
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Fig. 2: Postcontrast computed tomographic of mid abdomen in transverse (A), sagittal (B), volume rendering 
image in a right-dorsal view (C) and schematic representation of the malformation (D) showing the CVC 
venous ring (yellow arrow) described as double barrel-gun sign with the right ureter (red arrow) passing 
through it. The two branches of the venous ring appear asymmetric with the dorsal branch located dorsally 
to aorta (green arrow). Soft tissue reconstruction (window level: 50 HU, window width 350 HU) and a slice 
thickness of 2.5 mm were used. In the image D the aorta is blue, the CVC is red, and the ureter is yellow. R: 
right. 
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Fig. 3: Postcontrast computed tomographic images of mid abdomen in transverse views at the level of the 
right kidney (A) and just proximally to the venous ring (B) in a dog showing dilation of the renal pelvis 
(orange arrow) and dilation of the right ureter proximally to the venous ring malformation (red arrow). Soft 
tissue reconstruction (window level: 40 HU, window width 400 HU) and a slice thickness of 1.25 mm were 
used. R: right. 
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Abstract  

In veterinary medicine CT and US are commonly used for the 

evaluation of the diseases in the urinary tract, particularly at the 

level of the ureters. In the last decade, few studies have been 

performed to investigate the diagnostic capabilities of MR for 

the assessment of urinary tract disease, mainly focusing on the 

renal vascularization and function.  

The aim of this retrospective design study was to describe the 

appearance, course and characteristics of the ureters in high-

field 1,5T MR using T1, T2 and T2 fat-sat weighted sequences 

without the use of gadolinium contrast agent. The second aim 

was to assess whether and which factors may influence good 

image quality in order to optimize patient preparation and the 

diagnostic MR protocol.  

Ninety-one MRI scans of the lumbosacral region of dogs 

without urinary tract disease were retrospectively evaluated by 

a single operator. Dogs were divided into three groups according 
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to the patient size and the ureteral path was divided into three 

segments: proximal, distal, ureterovesical junction. Sixty-four 

cases met the inclusion criteria. 

Ureters appeared on both T1W and T2W sequences as 

homogeneously hypointense structures visible between the renal 

pelvis to the urinary bladder. On T2 fat-sat the ureters were 

never identified. Statistical analysis showed that T2W sequences 

highlight the ureters with higher quality compared to T1W 

sequences, and type I chemical shift artefact may be helpful in 

defining the ureteral contours, especially in the proximal tract. 

The state of repletion of the colon and urinary bladder also 

influences the visibility of the ureters mainly along the distal 

tract and at the level of the ureterovesical junction. 

In conclusion, high field MR T2-weighted is feasible to evaluate 

the ureteral pathway in normal dogs, without the use of contrast 

medium. However, further studies are needed to assess the 
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usefulness of T2W sequences for the recognition of pathological 

conditions of the ureters, such as ureteral ectopia. 

 

Introduction  

In veterinary medicine, computed tomography (CT) and 

ultrasound (US) are the most commonly used imaging 

modalities for the evaluation of the ureteral tract.  

Magnetic resonance (MR) has several limitations for 

investigating the abdomen and in particular the urinary system. 

High costs, prolonged anesthesia time and technical issues 

arising from motion artefacts secondary to cardio-respiratory 

activity imply that contrast-enhanced CT remains the imaging 

technique of choice for the evaluation of the upper urinary tract. 

However, in the last years, with the introduction of respiratory 

gating and faster protocols, MR has proven to be a valid 

technique for characterizing upper urinary tract and collecting 

system disorders in human medicine.  
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Few studies evaluating MR have been conducted in dogs, and 

most have focused on vascular perfusion for renal 

transplantation.1 In particular, Fonseca-Matheus and colleagues 

conducted a prospective study describing a MR nephrography 

protocol which provides adequate time-intensity curve 

parameters and excellent anatomical detail of the urinary system 

in dogs, representing an alternative to radionuclide 

nephrography to assess the renal function.2 Furthermore, a single 

case report described a MR protocol for diagnosis of a left 

retrocaval ureter and transposition of the caudal vena cava in a 

dog. Authors reported that gadolinium-enhanced MR urography 

is a superb imaging technique to diagnose retrocaval ureter 

providing both functional and morphological information.3 

 

In human medicine MR is currently considered as a problem-

solving imaging technique if CT is non-diagnostic or if CT 
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cannot be performed, such as in pregnant patients or in cases 

where contrast medium is contraindicated. 

Gadolinium-enhanced MR urography provides both functional 

information and detailed morphological information on the 

ureters and periureteral tissue, allowing evaluation of the full 

spectrum of obstructive and non-obstructive ureteral diseases.4-

5  

Magnetic resonance urography can be performed both with 

gadolinium-enhanced sequences and with non-enhanced MRI, 

based on strongly T2-weighted pulse.4 Static fluid-enhanced MR 

urography can be employed as an alternative to conventional 

excretory urography to obtain diagnostic images of the dilated 

upper urinary tract and adjacent structures. Static fluid-enhanced 

MR urography does not require the excretion of contrast 

medium, therefore proved to be useful for evaluating the dilated 

collector system in a poorly functional kidney, in which the 

Carlotta Spediacci


Carlotta Spediacci


Carlotta Spediacci


Carlotta Spediacci




 149 

administration of gadolinium contrast media was 

contraindicated.4 

 

The MRI capability of tracing the anatomy and course of the 

ureters using T1- and T2-weighted sequences without the use of 

gadolinium contrast agent has never been investigated in 

veterinary medicine to the Authors knowledge. This technique 

could be advantageous in cases where renal excretory function 

is significantly decreased, and intravenous contrast medium is 

contraindicated. 

 

The aim of this retrospective design study was to describe the 

appearance, course and characteristics of the ureters in high-

field MR using T1, T2 and T2 weighted fat-saturated sequences. 

The second aim was to assess whether and which factors may 

influence good image quality in order to optimize patient 

preparation and the diagnostic MR protocol. 
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Material and Method 

Experimental design and subject selection criteria 

This was a retrospective diagnostic method comparative and 

descriptive design study. 

The medical records of canine patients referred to a single 

institution (Alphavet Clinic Kifissia, Athens) between 

December 2021 and August 2022 for MR examination of the 

lumbosacral spine due to reasons unrelated to disorders of the 

urinary system were retrospectively reviewed. 

Permission to use the clinical and imaging data for research was 

provided through the informed consent of the owners at the time 

of admission. 

Medical records were reviewed by a third-year PhD student with 

three years' experience in diagnostic imaging. The following 

data were recorded: breed, weight, blood analysis. Clinical signs 

and final diagnosis were not recorded as considered not useful 

for the purpose of the study. 
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Dogs were included if the MR examination of the lumbosacral 

spine with at least T1 and T2 weighted transverse sequences 

were available, bloodwork including renal parameters (UREA, 

CREA), urinalysis were unremarkable. Patients were also 

included if no clinical signs related to the urinary tract were 

reported. Dogs were excluded if presenting clinical signs related 

to the urinary tract, if in the MR studies an abdominal 

suppression band was applied or if the field of view (FOV) was 

too small to include the entire urinary tract, or if abnormalities 

were detected on MR examination.  

The final decision to include or exclude cases was made on a 

joint consensus between two ECVDI board-certified radiologists 

(ML and IP) and a third-year PhD student (CS). 

Dogs were divided into three categories according to weight: 

small (1-10 kg), medium (11-30 kg) and large (>30 kg)- size.  
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Image acquisition 

All dogs were fasted for at least eight hours before the exam. 

Dogs were sedated with alpha2 agonists (dexmedetomidine), 

benzodiazepines (midazolam) and opioids (butorphanol, 

tramadol) at variable combinations and dosages depending on 

the patient clinical status and weight. Induction was performed 

with propofol at dosages ranging between 2-3 mg/kg. 

Maintenance was performed with isofluorane and 100% oxygen 

with controlled breathing.  

A 20- or 22-gauge intravenous catheter was placed in the 

cephalic vein of all patients, depending on their size. Intravenous 

fluids were administered throughout the whole MR examination 

at a maintenance dosage ranging between 5-10 ml/kg/h (Ringer's 

lactate or NaCl 0.9%). 

A 1.5-Tesla whole body MR scanner (General Electric 

Company GE, United States) was used to perform all the 

examinations. A large body coil was used for large and medium 
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breed dogs and a C-spine coil was used for small-size dogs. All 

dogs were positioned in dorsal recumbency and the standard 

protocol for evaluation of the spine included: transverse 

T1WFSE (3D pre- and post-contrast), T2WSE, T2W fat-sat 

(single shot), T2W STIR, MERGE sequences in transverse or 

sagittal plane. The post contrast sequence was obtained 10 

seconds after intravenous manual injection of 0.1 mmol/kg 

meglumine gadoterate (Dotarem, Guerbet, France) at a dosage 

of 0.1 mmol/kg.   

 

Image analyses 
 

The qualitative analysis of the MRI images was performed on a 

dedicated PACS System (Pureview Image Analyses) by a single 

operator (CS) under the supervision of an ECVDI board-

certified radiologist (ML). The observer was blind to the patient 

signalment.  

The analysis of the images was performed by evaluating 
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individually each ureter on transverse T1, T2 and T2 fat-sat 

sequences.  

Each ureter was divided into 3 segments: proximal (from the 

renal pelvis to the aortic bifurcation), distal (from the aortic 

bifurcation to the vesical trigone) and uretero-vesical junction.  

The intensity of the ureters was compared to the surrounding fat. 

The quality and clarity of the ureteral contours was classified 

according to a 4-point score: 0 not visible, 1 poorly visualized, 

2 suboptimal visualization, 3 optimal visualization (Fig.1).  

The presence of artefacts was recorded.  

The repletion of the urinary bladder was recorded and 

subjectively classified as poor, normal, overdistended (Fig. 2). 

The colon was also described as distended or empty depending 

on the presence of faecal material and/or gas.  

Statistical analysis 

Data storage and analysis were performed with IBM SPSS 

Statistics v. 27.0 (IBM Corp. Armonk. NY). Descriptive 
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statistics were performed, and categorical variables were 

expressed as frequencies and percentages.  

To evaluate which score allowed to better visualization of the 

ureters from the renal pelvis to the ureterovesical junction in 

high-field MR, Chi-square test was performed. Furthermore, the 

Chi-square test was used to evaluate the influence of dog size, 

degree of bladder repletion and presence or absence of feces in 

the colon for the visualization of the ureters. Statistical 

significance was considered for p value < 0.05. 

 

Results 

A total of 91 MRIs of the lumbosacral region were 

retrospectively evaluated. Twenty-seven cases were excluded 

because inclusion criteria were not respected. The final sample 

included a total of 64 MRIs. 
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Twenty-three dogs were included in the small-size group (36%), 

27 in the medium-size group (42%) and 14 in the large-size 

group (22%).  

In twenty-seven dogs the colon was defined empty (42%) while 

in 37 dogs it contained gas or was distended by fecal content 

(58%).  

The degree of urinary bladder was defined as poor in 12 cases 

(19%), normal in 39 cases (61%) and overdistended in 13 cases 

(20%). 

The T2W fat-sat sequence was only available in 22/64 studies, 

and a visibility score of 0 was assigned in all 22 studies in each 

tract of the right and left ureter, therefore statistical analysis was 

not performed. 

In both T2W and T1W sequences, along the proximal and distal 

tracts, the ureters appeared homogeneously hypointense in 

relation to the surrounding hyperintense peritoneal fat. The 

ureterovesical junction, appeared as a focal thickening of the 
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urinary bladder wall, at the level of the bladder trigone, 

iso/hyperintense to the urinary bladder wall on T1 and T2 

sequences. 

At the level of both proximal ureter on T2 sequences, a type I 

chemical shift artifact was observed around the ureteral lumen 

as an hypointense band in 54 cases (84%). At the distal ureter, 

the same artifact was observed in 35 cases on the left (55%) and 

in 38 (60%) cases on the right.  

At the level of proximal ureters on T1 sequences, a type I 

chemical shift artifact was observed around the ureteral lumen 

in 7 cases on the left (11%) and 9 cases on the right (14%). At 

the distal ureter, the same artefact was observed in 4 cases on the 

left (6%) and 10 cases on the right (16%).  

Ureteral jet was observed bilaterally in two cases (3%).  

 

On T1 sequences the visibility score of the proximal left ureter 

was assessed as grade 3 in 56/64 cases (86%); the proximal right 
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ureter was assessed as grade 3 in 57/64 cases (87%). On T2 

sequences the visibility score of the proximal left ureter was 

assessed grade 3 in 55/64 cases (94%); the proximal right ureter 

was assessed as grade 3 in 60/64 cases (94%). 

On T1 sequences the visibility score of the left distal ureter was 

assessed as grade 3 in 22/64 cases (34%); the right distal ureter 

was assessed as grade 3 in 30/64 cases (47%). 

On T2 sequences the visibility score of the left distal ureter was 

assessed as grade 3 in 45/64 cases (70%); the right distal ureter 

was assessed as grade 3 in 51/64 cases (80%). 

On T1 sequences the visibility score of the left ureterovesical 

junction was assessed as grade 3 in 24/66 cases (37%); the right 

ureterovesical junction was assessed as grade 3 in 24/66 cases 

(38%). On T2 sequences the visibility score of the left 

ureterovesical junction was assessed as grade 3 in 35/64 cases 

(55%); the right ureterovesical junction was assessed as grade 3 
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in 42/64 cases (66%). The distribution of visibility scores is 

reported in Table 1. 

 

The statistical analysis performed for each size-category 

demonstrated that the visibility score of left and right proximal 

and distal ureter on T2 sequences was significantly higher 

compared to T1W sequences (proximal right and left p-value 

<0,001; distal right p-value =0.032; distal left p-value =0.023); 

The visibility score of both the right and left ureterovesical 

junction were also significantly higher on the T2 sequences 

compared to T1 (right and left p-value=0.016). 

In the medium-sized dog the visibility score of the left and right 

proximal ureter on T2 sequences was significantly higher 

compared to T1 (p-value <0,001). At the level of the right and 

left distal ureter was not demonstrated a statistically significant 

difference between T1 and T2 sequences. The right ureteral 
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junction showed a higher visibility score on T2 sequences 

compared to T1W (p-value =0.012). 

In large-size dog the visibility score of the left and right proximal 

ureter was assessed as grade 3 in all patients on both T1 and T2 

sequences; The visibility score of the left and right distal ureter 

on T2 sequences was significantly higher compared to T1 (right 

p-value =0,01; left p-value <0,001); No statistically significant 

difference between T1 and T2 sequences visibility score 

distribution was found on the right and left ureterovesical 

junction.  

Distribution of visibility score in each size category is reported 

in Table 2.  

 

Statistical analysis on urinary bladder appearance showed that 

both overdistension and poor distension of the urinary bladder 

are associated with a minor visibility score of the left distal 

ureter on both T1 and T2 sequences (T1 p-value =0.016; p-
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value= 0.011), and of the right and left ureterovesical junctions 

on T1 and T2 sequences (p-value <0.001). 

Statistical analysis on colon repletion grade showed that the 

presence of faeces and/or gas in the descending colon is 

associated with a minor visibility score of the ureters in the left 

distal ureter on both T1 and T2 sequences (T1 p-value =0.009; 

T2 p-value =0.031) and at left ureterovesical junction on both 

T1 and T2 sequences (T1 p-value =0.020; T2 p-value =0.015). 

 

Discussion and Conclusion 

 

The results of this study showed that high field MR T1 and T2 

sequences allow visualization of the ureters, which appear 

homogeneously hypointense on both sequences. The T2 

sequences tend to highlight the ureters with higher quality 

compared to T1. The state of repletion of the colon and bladder 

impacts the visibility of the ureters, mainly along the distal tract 

and at the ureterovesical junction. 
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The use of MR for the evaluation of the urinary system was 

scarcely investigated in veterinary medicine. The main 

disadvantages of magnetic resonance urography are the elevated 

cost, limited availability of the system and the low sensitivity in 

detecting mineralization in case of possible obstructive 

uropathy. However, the cost of the exam might be justified by 

the fact that MR provides both excellent anatomical and 

functional information of the urinary tract. 3 

Recently, a gadolinium-enhanced MR imaging protocol for the 

evaluation of the urinary tract was described in dogs, in which 

3D fat-suppressed echo-gradient sequences were performed 

before and after contrast-medium administration.3 Immediately 

after gadolinium administration an angiographic phase could be 

obtained, followed by excretory phase after 5 minutes.3 

The administration of contrast medium may however be 

contraindicated in patients with renal insufficiency and suspect 

reduced excretory function of the kidneys, in which gadolinium 
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contrast medium has been related to nephrogenic systemic 

fibrosis.6 Moreover the use of the contrast medium might have 

an impact in the cost of the exam and might be associated with 

anaphylaxis.  

 

In human medicine, it is also described that MR urography can 

provide accurate information about glomerular filtration, 

similarly to renal scintigraphy. 7-9 

In veterinary medicine, a recent study has shown that MR 

nephrography is a feasible alternative to scintigraphy 

nephrography and provides excellent anatomical detail without 

the application of ionizing radiation. However, the results of this 

study needed to be validated in animals with normal individual 

kidney GFR values measured by validated techniques, such as 

renal scintigraphy. 2 

Magnetic resonance imaging is therefore of potentially great 

interest for the evaluation of diseases of the urinary system, and 
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further research is of paramount interest to validate the method 

and exploit its potential. 

 

The results of the study show that the ureters of healthy dogs are 

visible on both T1 and T2 sequences as a homogeneously 

hypointense structure on MR, easily traced between the renal 

pelvis to the urinary bladder. On T2 sequences, the hyperintense 

urine fluid signal was never visible within the ureteral lumen. 

This may be probably due to a lack of administration of diuretic 

medication before the MR examination, which would have 

probably increase urine flow rate and output.  

Type I chemical shift artefacts are secondary to marked 

differences in the resonance frequency between water and lipid 

protons and are created along the edges of abdominal organs.10-

11 

Since the chemical shift effect is directly proportional to the 

magnetic field strength, they are usually more pronounced at 
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3.0-T rather than at 1.5- T, and this is reported as a cause of poor 

images quality in human studies. 12-13 

In our study, type I chemical shift artefact was present in the 

images obtained on both T1 and T2 sequences, at the proximal 

and distal ureteral tract. However, it did not affect the 

assessment of the ureters but instead significantly improved the 

identification of the ureters. In fact, the artifact resulted in 

improved definition of the contours of the ureteral lumen and in 

all sections where chemical shift artefact was observed, a 

visibility score of 2 or 3 was assigned. 

In all patients, motion artefacts never prevented the correct 

visualization of the ureters. It is likely that controlled breathing 

and a deep state of anesthesia with a lower respiratory rate 

played a role in the producing exams of adequate quality. 

 

The results obtained in this study showed that the qualitative 

assessment of ureters is dependent on the ureteral tract 
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evaluated, the sequences used, the size of the dog and the state 

of bladder and colic distension. 

The proximal tract of the ureters was clearly visible in small, 

medium and large dogs, best on T2 sequences. The authors 

assume that this may be related to the contrast effect of the 

abundant peritoneal fat in this region and the lack of additional 

anatomical structures adjacent to the ureters, which may impair 

their visibility. 

At the distal tract level, the ureter was more difficult to follow 

especially in small-size dogs. Furthermore, the association 

between a low visibility score and a distended colon and/or an 

overdistended or poorly distended urinary bladder suggests that 

an empty colon and a moderately distended urinary bladder may 

facilitates optimal visualization of the distal ureter, especially on 

the left ureter. As is logical to assume, in medium and large dogs 

it was easier to follow the path of the distal tract of the ureters, 
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although even in these cases the repletion of the colon adversely 

affected the quality of visibility of the ureters.  

The descending colon is commonly distributed in the left caudal 

abdomen and this might explain while the quality of the exams 

is particularly affected on the left ureter in case of colonic 

distention. 

The ureterovesical junction was better visualized on T2 

sequences in small and medium-sized dogs while in large dogs 

it was clearly visible on both T1 and T2 sequences. However, in 

small and medium-sized dogs the visibility score was 

significantly lower than in large dogs. As above, it is reasonable 

to assume that the distended colon and/or a poorly distended or 

overdistended urinary bladder may greatly interfere with proper 

visualization of the ureterovesical junction in smaller patients.  

The ureteral jet was identified in only two dogs out of 64. 

Indeed, intravenous fluid therapy at a maintenance dosage was 

administered in all patients. The administration of diuretic drugs 
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would undoubtedly have increased the likelihood of visualizing 

the ureteral jet, which is essential to distinguish in case of 

specific ureteral diseases, such as for intra- or extra-mural 

ectopic ureters, as previously reported.14-19 

This study has several limitations, mainly related to the 

retrospective nature of the work, which led to a lack of a 

standardized and specific MR protocol for the upper urinary 

tract. Furthermore, the protocol was not dedicated to 

visualization of the ureters, but to the evaluation of the 

lumbosacral tract. However, ureters were visualized in all 

studies despite the lack of a specific protocol for them. 

A higher dosage of fluid therapy or the administration of 

diuretics could have increased the visibility of the ureteral jet, 

which was only rarely identified in this study. The length of the 

exam was also not standardized as the sequences were part of an 

exam focused in the lumbar area which included the entirety of 

the urinary tract.  
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The assessment of the visibility score was performed by only 

one operator, so it was not possible to calculate the interobserver 

agreement. 

 

In conclusion, the results of this study demonstrated that high 

field T2 sequences can be used to evaluate the ureteral pathway 

in healthy dogs. The proximal tract of the ureters is well visible 

in both small, medium and large size dogs, whereas for an 

adequate qualitative evaluation of the distal tract and 

ureterovesical junction, especially in small-size dogs, it is 

indicated to perform enema and catheterization of the urinary 

bladder before the examination, in order to maintain a normal 

bladder distension and to avoid the colon interfering the 

visualization of the ureters ate the ureterovesical junctions, 

particularly on the left side. Further studies are needed to explore 

the utility of T2 sequences on uro-MR for the evaluation of the 
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ureters in pathological conditions, such as in case of ureteral 

ectopia. 
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PROXIMAL URETER DISTAL URETER URETEROVESCICAL JUNCTION 

 
T1 T2 T1 T2 T1 T2 

 
L R L R L R L R L R L R 

1 2 (3%) 1 (2%) 1 (1%) 0 

- 

15 

(23%) 

9 

(14%) 

7 

(11%) 

3 

(5%) 

19 

(28%) 

17 

(26%) 

10 

(15%) 

8 

(12%) 

2 7 

(11%) 

8 

(11%) 

3 (5%) 4 (6%) 27 

(42%) 

25 

(39%) 

12 

(19%) 

10 

(15%) 

23 

(35%) 

23 

(36%) 

19 

(30%) 

14 

(22%) 

3 55 

(86%) 

56 

(87%) 

55 

(94%) 

60 

(94%) 

22 

(34%) 

30 

(47%) 

45 

(70%) 

51 

(80%) 

24 

(37%) 

24 

(38%) 

35 

(55%) 

42 

(66%) 

Table 1: Distribution of visibility scores with percentage values of each ureter tract in T1W and T2W 
sequences calculated on the total sample 



 172 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
PROXIMAL URETER DISTAL URETER UV JUNCTION 

  
T1 T2 T1 T2 T1 T2 

  
L R L R L R L R L R L R 

SMALL-

SIZE 

1 0 

- 

0 

- 

0 

- 

0 

- 

6 

(26%) 

4 

(17%) 

5 

(22%) 

2 

(9%) 

10 

(44%) 

8 

(34%) 

5 

(22%) 

7 

(31%) 

2 2 

(9%) 

2 

 (9%) 

0 

- 

0 

- 

10 

(43%) 

6 

(26%) 

8 

(34%) 

6 

(26%) 

11 

(47%) 

10 

(44%) 

7 

(31%) 

5 

(22%) 

3 21  

(91%) 

21 

(91%) 

23 

(100%) 

23 

(100%) 

7 

(31%) 

13 

(57%) 

10 

(44%) 

15 

(65%) 

2 

(9%) 

5 

(22%) 

11 

(47%) 

9 

(47%) 

MEDIUM-

SIZE 

1 2 

(8%) 

1 

(4%) 

0 

- 

0 

- 

6 

(23%) 

3 

(11%) 

1 

(4%) 

1 

(4%) 

10 

(38%) 

8 

(31%) 

5 

(19%) 

2 

(8%) 

2 5 

(19%) 

6 

(23%) 

0 

- 

0 

- 

11 

(42%) 

13 

(56%) 

2 

(8%) 

1 

(4%) 

14 

(54%) 

10 

(38%) 

7 

(27%) 

8 

(31%) 

3 19 

(73%) 

19 

(73%) 

26 

(100%) 

26 

(100%) 

9 

(35%) 

10 

(38%) 

23 

(88%) 

24 

(92%) 

2 

(8%) 

8 

(31%) 

14 

(54%) 

16 

(61%) 

LARGE-

SIZE 

1 0 

- 

0 

- 

0 

- 

0 

- 

3 

(21%) 

2 

(14%) 

0 

- 

0 

- 

0 

- 

0 

- 

1 

(7%) 

0 

- 

2 0 

- 

0 

- 

0 

- 

0 

- 

5 

(36%) 

5 

(36%) 

3 

(21%) 

3 

(21%) 

7 

(50%) 

6 

(43%) 

1 

(7%) 

1 

(7%) 

3 14 

(100%) 

14 

(100%) 

14 

(100%) 

14 

(100%) 

6 

(43%) 

7 

(50%) 

11 

(79%) 

11 

(79%) 

7 

(50%) 

8 

(57%) 

12 

(86%) 

13 

(93%) 

Table 2: Distribution of visibility scores with percentage values of each ureter tract in T1W and T2W 
sequences calculated for each sample size category 
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1a 1b 1c

2a 2b

3b

2c

3c3a

R

Fig. 1: Cross-sectional images of T2-weighted sequences acquired by high field MR 1.5 T. 
The images illustrate abdominal tomographic sections at the level of the proximal ureter 
(1a, 2a), distal ureter (1b, 2b,3b) and ureterovesical junction (1c, 2c, 3c). The red arrows 
indicate left and right ureters classified as grade 3 of  visibility score, the yellow arrows 
indicate left and right ureters classified as grade 2 of visibility score, green arrows indicate 
left and right classified as grade 1 of visibility score. 
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Fig. 2: Cross-sectional images of T1-weighted sequences acquired by high field MR 1.5 T. The 
images show abdominal tomographic sections at the caudal abdomen. The asterisk indicates 
the lumen of the urinary bladder defined as poorly distended (A), normally distended (B), or 
overdistended (C). 
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4. DISCUSSION AND CONCLUSION 

The urinary tract, including the kidneys, ureters, urinary bladder 

and urethra, is frequently involved in congenital and acquired 

diseases. The architecture of these anatomical structures makes 

them poorly explorable during clinical examination but makes 

them particularly suitable for investigation by various imaging 

modalities (Gary Johnston et al). 

The development of new methods that allow for a specific 

investigation of pathology being minimally invasive for the 

patient is a key point in the diagnosis of urinary tract diseases. 

At the same time, keeping in mind that only what is known can 

be recognised, is therefore a must that literature provides a 

comprehensive collection of possible abnormalities and 

pathologies that can be found in our patients.  

The first work allowed to enrich the existing literature about the 

use of quantitative CEUS on the urinary tract. In particular we 

designed a prospective pilot study on a small cohort of canine 
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patients which allowed to establish useful cut-offs to distinguish 

neoplastic and non-neoplastic pathologies of the urinary bladder. 

We concluded that a Fall Time higher than 10.49 s may be the 

only reliable cut-off to help characterizing neoplastic and non-

neoplastic lesions of the urinary bladder in dogs, although this 

result must be interpreted with caution.  A combination of 

laboratory findings, standard B-mode ultrasound and qualitative 

and quantitative CEUS analysis is still needed for further 

evaluation along with cytopathological confirmation. 

The second work describes for the first time the presence of a 

novel CVC congenital malformation in dogs and cats: the 

transcaval ureter. We concluded that contrast enhanced CT is a 

suitable method for the diagnosis of transcaval ureter and a focal 

double-barrel gun sign of the CVC is proposed as the hallmark 

feature of this anomaly. It was not possible to investigate the 

clinical significance of this alteration due to the small sample 

size. However, it is certain that it is important to know the 
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existence of this anomaly in order to prevent any potential 

medical and surgical complication related to anatomical 

variation of the CVC, as previously reported both in veterinary 

and human literature.  

In the third and final paper, we described the appearance, course 

and characteristics of the ureters on T1 and T2 sequences on high 

field MR without the use of contrast medium. We also focused 

on factors that could influence image quality. We concluded that 

the T2 sequences without contrast medium are suitable for 

assessing the course of the ureters in healthy dogs and that to 

optimize visualization of the distal ureter and ureterovesical 

junction it is recommended to perform enema and 

catheterization of the urinary bladder especially in small and 

medium-sized dogs. 

In this project, we have chosen to focus on anatomical structures 

and pathologies that represent a daily challenge in clinical 

routine practice. As previously reported, the ureters are in fact 
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an anatomical structure that is difficult to investigate using first-

level imaging techniques and ureteral pathologies are often 

associated with subtle and non-specific symptoms. The use of 

quantitative CEUS to distinguish between neoplastic and non-

neoplastic pathologies would instead be an aid during the 

decision-making phase in which one must choose whether or not 

to perform biopsy procedures in the case of bladder masses, 

without incurring the risk of seeding. 

 

The present work not only defines interesting results but also 

lays the foundations and tips for future research in this field. It 

will indeed be interesting to assess the clinical significance and 

possible breed predispositions of transcaval ureter. It will also 

be interesting to evaluate the appearance of various ureteral 

pathologies using MR T2 sequences or, eventually, using 

scanners with different magnetic field powers. In addition, we 

can explore the applicability of MRI and CEUS for the 
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assessment of ureterovesical junctions in the course of bladder 

neoplastic disease, a key step in the formulation of prognosis and 

therapy. 

The main limitation of this project lies in the fact that the data 

collection is based on spontaneous pathologies and not on 

induced models, therefore the cohort of patients analyzed is not 

homogeneous. 

 

In conclusion, the main goal of this project was to produce 

promising results to reduce the invasiveness of some diagnostic 

process in case of urinary system diseases. We investigated 

diagnostic technique that might be more accurate for early 

diagnosis and, by validating the results, it could reduce the need 

for invasive procedures such as biopsy to obtain a definitive 

diagnosis in case of urinary bladder neoplasms. We reported the 

possibility to avoid the use of paramagnetic contrast medium on 

MR for evaluation of the ureters, and this is particularly useful 
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in patients with potential urinary tract disease, whose renal 

function may already be impaired. Also, we formulated 

indications for the preparation of the patient in order to optimize 

the quality of the images for the evaluation of ureters and this 

could be useful for the purpose of reducing the need to retake 

scans and reducing anesthesia time. A further goal was to 

discover a new congenital disease that may have an impact in 

treatment (ureteral stenting) or could potentially affect renal 

function itself (CKD). To report congenital anomalies 

 may play an important role in the futures studies on urinary tract 

disease on small animals.  
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