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Foreword

This is the third edition of the BSAVA Manual of Canine and Feline Nephrology and Urology, 
and it has been a full decade since the publication of the previous edition. Readers will, 
therefore, soon discover that whilst the arrangement and layout of the manual are similar, this 
is a radically different book to the previous edition, reflecting the enormous advances in this 
field over the last 10 years.

Chapters on imaging and diagnostic techniques are interspersed between chapters 
describing clinical presentations and others covering clinical syndromes. The manual has 
been designed as a practical and usable guide for busy practitioners and one that, I am sure, 
will find everyday use in small animal practice.

The editors, Jonathan Elliott, Gregory Grauer and Jodi Westropp, have put together a world 
class team of authors, and the quality of the BSAVA Manual of Canine and Feline Nephrology 
and Urology is provided by the breadth and depth of knowledge of both the authors and 
editors, and their ability to effectively communicate this knowledge to the reader. I would like 
to congratulate the editors and authors on producing this new edition that, I am sure, will 
prove to be as useful and enduring as its predecessors. On behalf of practitioners, thank you!

John Chitty 
BVetMed CertZooMed MRCVS

BSAVA President 2017–2018
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viii

Preface

It is 10 years since the publication of the second edition of the BSAVA Manual of Canine and Feline 
Nephrology and Urology. For this third edition, a new scientific editor has joined the editorial team, bringing 
deeper insight into lower urinary tract disorders in particular. New technologies are clearly influencing our 
ability to understand, diagnose and treat urinary tract disorders in dogs and cats, and are reflected in the 
additions made to this new edition.

The third edition follows the successful format of the first two manuals with sections on presenting problems, 
diagnostic and therapeutic techniques, and management of specific problems. A series of new chapters has 
been added explaining how other systemic diseases (or drug treatments) affect the kidney, influencing 
diagnostic tests or contributing to kidney damage. We hope these will aid practitioners in considering the 
kidney when tackling cardiovascular and endocrine disorders and when treating osteoarthritis. 

A fresh look has been taken at many of the tried and tested chapters by inviting new authors to provide their 
perspectives on these familiar topics. The number of clinical experts from Europe and the United States who 
are actively publishing original clinical research papers in nephrology and urology has grown in recent years, 
so we have had no difficulty in identifying new truly international experts as authors.

There are some exciting new developments in urinary diseases included in this new edition. For example, rapid 
advances in molecular genetics mean that the genomic basis of many more inherited diseases of the urinary 
tract are now known with genetic tests available. The International Renal Interest Society’s (IRIS) grading 
system for acute kidney injury (AKI) is a novel framework for veterinary medicine that should enable 
practitioners to pick up cases of AKI early and so manage these more successfully, particularly if the field of 
urinary biomarkers advances over the next 10 years, as it has the potential to do. Early diagnostics for chronic 
kidney disease (CKD) are also under development, including symmetric dimethylarginine (SDMA) which was 
launched commercially in 2015. Experience of using this marker alongside creatinine is in its infancy – time will 
tell what SDMA beings, but the initial data look promising. The discovery of the role of FGF-23 in mineral and 
bone disorders associated with CKD and its prognostic value in the CKD patient is an exciting advance in 
knowledge, the application of which will become apparent in the next decade.

The work of the WSAVA Renal Pathology Group has made significant advances in our knowledge of canine 
glomerular disease pathology and this stimulated a series of consensus papers written by groups of experts 
coordinated by IRIS reviewing the evidence-base treatment of glomerular disease in dogs. These 
recommendations are summarized in the manual. In future years we expect further research to provide the 
evidence on which to use biopsy results to further define the most appropriate approach to treatment.  

Diagnosing and managing various lower urinary tract disorders in companion animals has evolved immensely 
over the past 10 years, particularly with the advances in minimally invasive procedures. For example, the use 
of laser ablation for the correction of ectopic ureters in dogs has meant far fewer surgical procedures for this 
anomaly. Minimally invasive stone removal was one of the highlights discussed in the ACVIM Consensus 
Statement for Recommendations on the Treatment and Prevention on Uroliths in Dogs and Cats in 2016, and 
many of these recommendations are discussed in the manual, including voiding urohydropropulsion, 
holmium:YAG laser lithotripsy and percutaneous cystolithotomy. With the advent of ureteral stents and 
subcutaneous ureteral bypass procedures, we now have alternative and often better ways to manage 
obstructive kidney disease in cats and dogs, and details are provided in this new edition. The most recent 
medical management strategies for urolithiasis prevention are also provided in a dedicated chapter. Finally, 
this edition provides a comprehensive overview as well as various updates on other aspects of lower urinary 
tract disorders, which make these sections a valuable resource for students and practitioners, as well as 
various veterinary specialists.

Editing a manual of this size is a hugely enjoyable if time-consuming task as one learns so much in the 
process. This task has been made as easy as it could be by the efficient editorial team at BSAVA, who have 
supported us so effectively throughout the process. We hope the end result will be a useful addition to your 
practice library.

Jonathan Elliott, Gregory F. Grauer and Jodi L. Westropp
June 2017

Prelims Nephrology.indd   8 01/08/2017   08:10



Chapter 1

1BSAVA Manual of Canine and Feline Nephrology and Urology, third edition. Edited by Jonathan Elliott, Gregory F. Grauer and Jodi L. Westropp. ©BSAVA 2017

Stranguria and haematuria

Mary Thompson and A. David J. Watson

Stranguria and haematuria can occur concurrently in dogs 
and cats but may be seen separately as signs of disease.

• Stranguria  is defined as difficulty in micturition.
• Haematuria  denotes the presence of blood in the 

urine.

Stranguric animals usually adopt the typical urinating 
posture but show obvious effort or difficulty while attemp-
ting to pass urine and may appear distressed. If urine is 
passed, the flow may be weak, attenuated or intermittent. 
If little or no urine is passed, either because the bladder  
is nearly empty or the excretory pathway is obstructed, 
stranguria may continue for some time, with the animal 
shifting position repeatedly between attempts.

Whether occurring separately or together, these signs 
are often associated with two other abnormalities:

• Dysuria  suggests pain upon urination, which can be 
difficult to ascertain in some animals

• Pollakiuria  is defined as the abnormally frequent 
passage of small amounts of urine.

When pollakiuria is present, a small volume of urine is 
passed each time the animal urinates. This pattern must be 
distinguished from polyuria , which refers to an increase  
in daily urine volume. With polyuria, the animal will also  
urinate more frequently than usual, but a large volume is 
passed each time, and the urine is usually dilute (low  
specific gravity).

Stranguria generally results from disorders of the lower 
urinary tract (bladder or urethra), the genital tract (prostate 
or vagina) or both. Haematuria can be more difficult to 
localize because bleeding may occur anywhere in the 
urinary tract, from the kidneys to the urethral meatus, as 
well as from the prostate, penis or prepuce in the male, 
and from the uterus, vagina or vulva in the female. When 
haematuria and stranguria occur together, lower urinary 
tract disease or a genital lesion is most likely to be present.

�:�[�Y�H�U�N�\�Y�P�H���¶���K�L�Ä�U�P�U�N���[�O�L��
problem
If stranguria is suspected on the basis of the history pro -
vided by the owners, it is important to confirm  that this  
is indeed the problem with key questions to distinguish 
stranguria from other problems that may confuse owners 

such as polyuria/polydipsia (PU/PD), dyschezia (difficulty  
in defecating), urinary incontinence, and behavioural causes 
of inappropriate urination. It is also important to note the 
bladder size of the patient, because an animal that presents 
with stranguria and a large bladder may have a urethral 
obstruction, which may constitute a medical emergency.

• Animals with PU/PD should pass large volumes when 
urinating, and drinking is increased (see Chapter 2).

• An animal with urinary incontinence caused by urethral 
sphincter mechanism incompetence may void small 
amounts of urine frequently but would not typically 
appear to be in pain and, by definition, is not aware that 
urine is being passed.

• A pet urinating in inappropriate places or at unusual 
times might be described as ‘incontinent’ by the owner 
when the problem could be attributed to stranguria and 
pollakiuria.

• Behavioural urination typically occurs in locations 
outside of what is considered normal/acceptable.

Confirmation may require the veterinary surgeon (vet-
erinarian) or nurse/technician to observe the animal’s 
behaviour during the process of urination and this can be 
extremely useful. The importance of spending the time in 
taking a thorough history from the owner also cannot be 
overemphasized in terms of confirming the true nature of 
the problem or problems (some animals will present with 
more than one of the above clinical signs) (Figure 1.1).

Once the clinician is comfortable that stranguria is  
the problem, they can use the information gained on the  
frequency of urination, volume passed, and location of  
urin  ation to gain further insight into potential causes  
of stranguria and other signs that may be present.

• Is the volume of urine passed small or large?
• What is the frequency of urination?
• Is the animal urinating in inappropriate places?
• Is there excessive straining or apparent discomfort?
• Is the stream interrupted, attenuated or weak?
• Is the urine cloudy, discoloured or malodorous?
• Is the animal licking its penis or vulva?
• Does the animal appear aware that urine is being passed?
• What is the drinking behaviour of the animal?
• How long have the signs been apparent?
• Have there been any previous episodes?
• Has there been any previous treatment? If so, how did the animal 

respond?

Important history questions to ask about a patient with 
�•�—�•�’�‡�…�–�‡�†���‘�”���…�‘�•�¤�”�•�‡�†���•�–�”�ƒ�•�‰�—�”�‹�ƒ�ä1.1
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Two distinct processes have the potential to cause 
stranguria:

• Non-obstructive stranguria (small bladder):
• Diseases of the lower urinary or genital tract that 

result in mucosal irritation or inflammation
• Mucosal inflammation can cause pain and urgency 

to urinate
• Obstructive stranguria (large bladder):

• Conditions that produce obstruction or narrowing of 
the urethra or bladder neck:
 – Mechanical obstruction caused by urethral 

calculi or plugs, neoplasia and prostatic 
diseases (e.g. benign prostatic hypertrophy or 
prostatic neoplasia)

 – ‘Functional’ obstructions can also occur when 
increased urethral pressure results (e.g. urethral 
dyssynergia) (see Chapter 30).

A combination of history findings and careful clinical 
examination of the urinary tract will usually allow the clini -
cian to distinguish between the two processes (Figure 1.2).

The prevalence of different stranguric disorders differs 
between dogs and cats:

• In dogs, the two most common causes of stranguria 
are bacterial infections of the lower urinary tract 
(bacterial cystitis/urethritis) and urinary calculi

• In cats under 10 years of age, the main causes of 
stranguria (often accompanied by pollakiuria and other 
lower urinary tract signs) are idiopathic cystitis 
(obstructive or non- obstructive) and urolithiasis.

However, various other conditions cause stranguria  
in both species (especially in dogs) and care is warranted 
before excluding them as possible diagnoses. Potential 
causes of stranguria in dogs and cats are listed in Figure 1.3.

Process Frequency 
of urination

Volume of 
urination

Bladder 
size

Systemically 
unwell

Non-
obstructive 
stranguria

Increased Decreased Small Unlikely

Obstructive 
stranguria

Increased Decreased 
to none

Large Unlikely

Clinical features of obstructive and non-obstructive 
�•�–�”�ƒ�•�‰�—�”�‹�ƒ�ä1.2

Urinary bladder

• Bacterial cystitis
• Cystic calculi
• Idiopathic cystitis in cats
• Neoplasia – transitional cell carcinoma most common (rare in cats)
• Polypoid cystitis

Urinary bladder and urethra

• Detrusor–urethral dyssynergia (male dogs)

Urethra

• Calculi
• Plugs (cats)
• Stricture
• Bacterial urethritis
• Rupture
• Neoplasia
• Proliferative urethritis

Sites and processes potentially involved in dogs and cats  
�™�‹�–�Š���•�–�”�ƒ�•�‰�—�”�‹�ƒ�ä�����…�‘�•�–�‹�•�—�‡�•��1.3

Prostate (conditions rare in cats)

• Benign hyperplasia
• Bacterial prostatitis
• Prostatic abscess
• Carcinoma or other neoplasia of the prostate
• Paraprostatic cysts

Penis, prepuce, vagina (tumours of external genitalia rarely present 
as dysuria; bloody discharge or visible mass noted more often)

• Transmissible venereal tumour in dogs (mainly in regions with many 
feral or stray dogs and unregulated breeding)

• Squamous cell carcinoma
• Neoplasia (mast cell tumour, leiomyoma)
• Fibroma
• Vaginitis

Other

• Perineal hernia

(continued) Sites and processes potentially involved in dogs 
�ƒ�•�†���…�ƒ�–�•���™�‹�–�Š���•�–�”�ƒ�•�‰�—�”�‹�ƒ�ä��1.3

Haematuria and other causes 
of red, brown or black urine 
(pigmenturia)
As is the case with stranguria, pollakiuria and dysuria, 
the key to a successful diagnostic investigation of haema -
turia (both gross and microscopic) lies to a good extent in 
confirming that this is the correct assignation of the  
problem. When an animal passes discoloured urine, there 
are several possibilities as to the cause, and a logical 
approach to identifying the problem correctly is necessary 
in order to formulate a diagnostic plan. Prior to under-
taking a diagnostic investigation for haematuria, these 
other causes of discoloured urine must be considered and 
eliminated as possibilities. For a complete description on 
the interpretation of urinalysis, see Chapter 6.

Causes of pigmenturia other than gross 
haematuria
Red, brown or black urine without the presence of intact 
red blood cells (RBCs) is an uncommon finding in dogs 
and cats. The most likely cause is haemoglobinuria, but 
myoglobinuria or chemicals are also potential causes. 
Important points to note in the diagnostic work -up (Figure 
1.4) are:

• Turbidity: samples with gross haematuria are turbid, 
whereas those due to other causes of pigmenturia are 
not, unless an additional factor causing turbidity is 
present

• Test strip results: the common tests for haematuria 
react positively to haemoglobin and myoglobin but 
negatively if pigmenturia is caused by a drug or dye

• After centrifugation: the supernatant remains equally 
discoloured with other causes of pigmenturia, whereas 
with gross haematuria it becomes less discoloured, or 
even normal in colour, as RBCs are spun out (Figure 1.5).

Diagnostic procedure
Test urine for occult blood with a dipstick:

• Positive: haematuria (gross or microscopic), 
haemoglobinuria or myoglobinuria.

• Negative: drugs or dyes the likely cause.
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Diagnostic approach to 
�Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ�����…�‘�•�¤�”�•�ƒ�–�‹�‘�•��

�ƒ�•�†���™�‘�”�•�æ�—�’���ä

1.4

Urine occult blood test (dipstick)

History and physical examination

Further diagnostic testing

���•�‹�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�–�‹�…�•���–�‘���…�‘�•�¤�”�•���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ���‹�•���”�‡�†�á���„�”�‘�™�•���‘�”���„�Ž�ƒ�…�•���—�”�‹�•�‡

Negative – drugs or
dyes likely

Negative – 
haemoglobinuria
or myoglobinuria

Work-up for lower
urinary cause of 

haematuria

Work-up for upper
urinary cause of 

haematuria

Further work-up for 
coagulopathy as the 
cause of haematuria

Positive – 
bleeding due to lesions

in the lower urinary tract

Positive – 
coagulopathy is the likely

cause of haematuria

Negative – 
bleeding due to lesions in
the upper urinary tract

Positive – 
haematuria

Spin down the urine sample to 
examine for intact red blood cells

Assess the animal for 
clinical signs consistent with 
lower urinary tract disease

Positive – haematuria,
haemoglobinuria or myoglobinuria

Primary and secondary
coagulation testing;

platelet function/number

Negative – 
coagulopathy or bleeding

into the upper urinary tract

���ƒ�������ƒ�‡�•�ƒ�–�—�”�‹�ƒ���„�‡�ˆ�‘�”�‡���ƒ�•�†���ƒ�ˆ�–�‡�”���…�‡�•�–�”�‹�ˆ�—�‰�ƒ�–�‹�‘�•�ä���	�‘�Ž�Ž�‘�™�‹�•�‰��
centrifugation the urine is no longer turbid, the pigment has 

�Ž�ƒ�”�‰�‡�Ž�›���†�‹�•�•�‹�’�ƒ�–�‡�†���ƒ�•�†���–�Š�‡�”�‡���‹�•���ƒ���”�‡�†���•�‡�†�‹�•�‡�•�–���’�‡�Ž�Ž�‡�–�ä�����„�������ƒ�‡�•�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ��
�„�‡�ˆ�‘�”�‡���ƒ�•�†���ƒ�ˆ�–�‡�”���…�‡�•�–�”�‹�ˆ�—�‰�ƒ�–�‹�‘�•�ä�����Š�‡���’�”�‡�•�’�‹�•���•�ƒ�•�’�Ž�‡���‹�•���•�‹�•�‹�Ž�ƒ�”���‹�•��
�ƒ�’�’�‡�ƒ�”�ƒ�•�…�‡���–�‘���–�Š�‡���Š�ƒ�‡�•�ƒ�–�—�”�‹�…���—�”�‹�•�‡���‹�•�����ƒ�����„�—�–���‹�•���Ž�‡�•�•���–�—�”�„�‹�†�ä�����Š�‡���—�”�‹�•�‡��
�”�‡�•�ƒ�‹�•�•���’�‹�•�•���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���…�‡�•�–�”�‹�ˆ�—�‰�ƒ�–�‹�‘�•���ƒ�•�†���–�Š�‡�”�‡���‹�•���•�‘���˜�‹�•�‹�„�Ž�‡���•�‡�†�‹�•�‡�•�–�ä

1.5

(a) (b)

In rare cases, red, pink, red-brown, red-orange or 
orange urine that tests negatively for haem pigments  
may indicate the presence of bromsulphthalein or phenol -
sulphthalein (in alkaline urine), or porphyrins, Congo red, 
phenazopyridine, phenothiazine, or (in humans) various 
other drugs and chemicals (Bartges, 2005).

Centrifuge the urine sample to examine for intact RBCs:

• Supernatant clear with pellet of RBCs present: 
haematuria (gross or microscopic) (see Figure 1.5a).

• Supernatant pigmented with absence of RBCs in pellet: 
haemoglobinuria or myoglobinuria (see Figure 1.5b).

Haemoglobinuria
Haemoglobinuria gives urine a pink to red colour, although 
this may darken over time with oxidation. Two processes 
can cause haemoglobinuria (Figure 1.6).

• Intravascular lysis of RBCs. Many processes (e.g. 
primary or secondary immune -mediated disease, 
infectious, toxic, chemical) cause RBCs to lyse within 
blood vessels. The lysed cells release haemoglobin 
into the plasma, where it forms a complex with 
haptoglobin. Once the binding capacity of haptoglobin 
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is saturated, free haemoglobin appears in the plasma. 
The plasma becomes visibly pink if the concentrations 
of free haemoglobin, bound haemoglobin and various 
derivatives exceed a certain level. Some of the free 
haemoglobin cleared from the plasma by glomerular 
filtration is taken up by renal tubular cells and 
metabolized to bilirubin. Haemoglobin appears in urine 
once this tubular uptake mechanism becomes saturated.

• Lysis of RBCs within the urinary excretory pathway. 
When urine is hypotonic (urine specific gravity <1.008), 
many RBCs may lyse within the excretory pathway. 
Urine alkalinity (pH >7) also contributes to lysis, both   
in vivo and in vitro. In these circumstances, RBCs in  
the urine sediment appear as faint colourless circles 
(‘ghost cells’) or become invisible because of lysis.

Myoglobinuria
Myoglobinuria is rarely detected in dogs and cats, but  
is possible whenever extensive destruction of muscle 
fibres releases substantial amounts of myoglobin into the 
plasma. One such condition is ‘exertional rhabdomyolysis’ 
(also known as ‘tying up’ or ‘cramping’) in unfit racing 
Greyhounds. Other potential causes are toxic, traumatic, 
infectious or ischaemic myopathies.

When myoglobinuria is present:

• Active muscle necrosis should be apparent: look for 
swelling or atrophy of muscles, pain and/or weakness, 
increased plasma creatine kinase (CK) activity

• Plasma colour is not altered: myoglobin released from 
myocytes is rapidly eliminated in urine because it does 
not bind to plasma protein and the renal threshold for 
myoglobin is low

• Differentiation between myoglobinuria and 
haemoglobinuria is usually based on plasma colour 
and the other pointers mentioned previously, but a 
myoglobin solubility test can be performed if required.

The patient with haematuria or other causes 
of pigmenturia
It is important to remember that haematuria and other 
causes of pigmenturia can result from systemic disorders 
as well as from urogenital abnormalities, and both pos-
sibilities should be covered when obtaining the history  
and performing the physical examination. The aspects  
discussed below should be explored.

Causes of pigmenturia other than gross 
haematuria
Urine discoloration in these cases is present throughout 
urination, as with total haematuria. There are several pos-
sibilities to explore.

• Haemoglobinuria:
• In the breed presented, is there an inherited 

erythrocyte defect causing intravascular haemolysis?
• Has there been exposure to a haemolysin (e.g. 

drug, chemical, onions)?
• Are there systemic signs suggesting anaemia and/

or jaundice?
• During the physical examination, look for evidence 

of anaemia and jaundice, and for enlargement of 
liver, spleen and lymph nodes.

• Myoglobinuria: check history and physical findings for 
evidence of myopathy.

• Other pigmenturias: enquire about exposure to unusual 
drugs or chemicals.

Gross haematuria
When haematuria is sufficient to be apparent to the naked 
eye, the urine has a brownish to red (occasionally blackish) 
colour and turbid appearance. This is known as gross or 
macroscopic haematuria. Sometimes small blood clots 
may be present. For haematuria to be detected visually, at 
least 0.5 ml of whole blood must be present per litre of 
urine, corresponding to about 2500 RBCs per microlitre, 
and >150 RBCs per high-power field (hpf) in urine sedi-
ment. Figure 1.7 lists the reference ranges for RBCs in 
urine sediment samples.

Cause of 
haemoglobinuria

���—�‰�‰�‡�•�–�‹�˜�‡���…�Ž�‹�•�‹�…�ƒ�Ž���¤�•�†�‹�•�‰�•

Intravascular 
haemolysis

• Haemoglobinuria without RBC ghosts or lysed 
RBCs in urine sediment

• Haemoglobinaemia (pinkish or red plasma)
• Suggestive changes in RBCs (spherocytes, Heinz 

bodies, Babesia �•�’�’�ä�á��Mycoplasma haemofelis)
• Regenerative anaemia (allow 4–5 days for 

bone marrow response to appear)
• Exposure to a known haemolytic drug, 

chemical or toxin
• Inherited intrinsic erythrocyte defect known 

to cause haemolysis in that breed

Lysis of RBCs 
within urine

• Haemoglobinuria with RBC ghosts in urine 
sediment

• Hypotonic and/or alkaline urine
• Normal plasma colour
• Absence of regenerative anaemia
• Delayed processing of urine specimen

���ƒ�—�•�‡�•���‘�ˆ���Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ���ƒ�•�†���•�—�‰�‰�‡�•�–�‹�˜�‡���…�Ž�‹�•�‹�…�ƒ�Ž���¤�•�†�‹�•�‰�•�ä1.6

Sample type ���‡�†���„�Ž�‘�‘�†���…�‡�Ž�Ž�•���’�‡�”���Š�‹�‰�Š�æ�’�‘�™�‡�”���¤�‡�Ž�†

Voided 0–8

Catheterized 0–5

Cystocentesis 0–5

Suggested reference values for red blood cells (RBCs) in urine 
sediment, although it is not uncommon for urine obtained by 

�…�›�•�–�‘�…�‡�•�–�‡�•�‹�•���–�‘���…�‘�•�–�ƒ�‹�•���—�’���–�‘���U�Y���V�T���������•���’�‡�”���Š�‹�‰�Š�æ�’�‘�™�‡�”���¤�‡�Ž�†�ä

1.7

Gross haematuria does not always appear consistently 
throughout urination. By noting when it does occur, i.e. the 
pattern of haematuria, it may be possible to identify poten -
tial bleeding sites, as indicated in Figure 1.8. Potential  
origins and causes of haematuria in dogs and cats are  
presented in Figure 1.9.

Haematuria can arise from blood loss within the renal 
parenchyma or, more often, from discontinuity of endo-
thelial or epithelial barriers anywhere in the urine collect -
ing system, from the renal pelvis to the external urethral  
orifice. It can also occur with disorders affecting genital  
or accessory sex organs and with coagulation disorders.

Occult haematuria
Haematuria that is present but not visible to the naked eye 
is known as occult or microscopic haematuria. Urine from 
healthy dogs and cats can contain some RBCs without 
this being clinically relevant. Occult haematuria is identi -
fied if urine contains >5 RBCs/hpf but is not visibly pink. 
Interpretation is difficult if catheterization or cystocentesis 
causes overt trauma.

The various conditions that cause gross haematuria can 
also cause occult haematuria if present in less severe forms. 
Occult haematuria often accompanies pollakiuria, dysuria 
and/or stranguria caused by idiopathic cystitis in cats, and 
bacterial cystitis or urinary calculi in dogs and cats.
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Observation Possible origin of haemorrhage

Initial haematuria (at beginning of voiding) • Lower urinary tract (bladder neck, urethra, vagina, vulva, penis, prepuce)
• Genital tract (proestrus, metritis, pyometra, prostate, genital neoplasia)

Terminal haematuria (at end of voiding) • Upper urinary tract (bladder, ureters, kidneys; intermittent bleeding allowing RBCs to settle in bladder, 
�–�‘���„�‡���‡�š�’�‡�Ž�Ž�‡�†���™�‹�–�Š���¤�•�ƒ�Ž���„�Ž�ƒ�†�†�‡�”���…�‘�•�–�‡�•�–�•�����‘�”���Ž�‡�•�‹�‘�•���‘�ˆ���–�Š�‡���˜�‡�•�–�”�‘�Ž�ƒ�–�‡�”�ƒ�Ž���ƒ�•�’�‡�…�–���‘�ˆ���–�Š�‡���—�”�‹�•�ƒ�”�›���„�Ž�ƒ�†�†�‡�”

Total haematuria (throughout voiding) • Upper urinary tract (bladder, ureters, kidneys; bleeding frequent to continuous, or intermittent but 
mixing occurring because animal is physically active)

• ���‹�¡�—�•�‡���„�Ž�ƒ�†�†�‡�”���†�‹�•�‡�ƒ�•�‡
• ���‡�˜�‡�”�‡���’�”�‘�•�–�ƒ�–�‹�…���‘�”���’�”�‘�š�‹�•�ƒ�Ž���—�”�‡�–�Š�”�ƒ�Ž���Ž�‡�•�‹�‘�•�����„�Ž�‘�‘�†���”�‡�ª�—�š�‹�•�‰���‹�•�–�‘���„�Ž�ƒ�†�†�‡�”��
• Coagulopathies

���Ž�‘�‘�†�›���ª�—�‹�†���†�”�‹�’�’�‹�•�‰���ˆ�”�‘�•���’�‡�•�‹�•���‘�”���˜�—�Ž�˜�ƒ��
independent of urination

• Bleeding distal to urethral sphincter (prostate, urethra, penis, uterus, vagina, vulva)

���„�•�‡�”�˜�‡�†���’�ƒ�–�–�‡�”�•�•���‘�ˆ���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ���ƒ�•�†���’�‘�•�•�‹�„�Ž�‡���‘�”�‹�‰�‹�•�•�ä1.8

Origin Possible cause Clinical/historical features

Coagulation 
abnormality

Platelet or clotting factor disorders Bleeding from other sites; breed or family history suggesting 
inherited defect; access to anticoagulant rodenticide; snake 
envenomation; strenuous exercise; disseminated 
intravascular coagulation (DIC) secondary to systemic disease

Renal Blunt trauma; idiopathic renal haematuria; renal infarction; renal 
cysts; renal pelvic haematoma; urinary calculi; telangiectasia 
(Welsh Corgi); glomerulonephritis; passive congestion; neoplasia; 
Dioctophyma renale, ���‹�”�‘�¤�Ž�ƒ�”�‹�ƒ���‹�•�•�‹�–�‹�•���•�‹�…�”�‘�¤�Ž�ƒ�”�ƒ�‡�•�‹�ƒ

Haematuria (gross or microscopic) may occur throughout 
urination (total haematuria); possibly haemoglobinuria if 
RBCs lyse in hypotonic urine

Bladder, ureters, 
urethra

Calculi; bacterial infection; feline idiopathic cystitis; trauma; 
neoplasia; cyclophosphamide therapy; Capillaria plica; polypoid 
cystitis; proliferative urethritis

Haematuria (gross or microscopic) may occur at beginning or 
�‡�•�†���‘�ˆ���—�”�‹�•�ƒ�–�‹�‘�•�����•�‘�•�‡�–�‹�•�‡�•���–�Š�”�‘�—�‰�Š�‘�—�–�á���•�‡�‡���	�‹�‰�—�”�‡���U�ä�\���â��
dysuria may be concurrent

Genital tract Prostatic disease; oestrus; subinvolution of placental sites; 
neoplasia; infection; trauma

Haematuria (gross or microscopic) at beginning of voiding or 
independent of urination

���”�‹�‰�‹�•�á���…�ƒ�—�•�‡�•���ƒ�•�†���…�Ž�‹�•�‹�…�ƒ�Ž���ˆ�‡�ƒ�–�—�”�‡�•���‘�ˆ���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ�ä1.9

Diagnostic approach to 
stranguria and haematuria
As with all clinical problems, a detailed history, including a 
full dietary history, and thorough physical examination, 
including body and muscle condition scoring, are the  
cornerstones of diagnosis in patients with stranguria,  
haematuria or both of these signs. Although this discus -
sion will centre on the urinary tract, all body systems and 
the general health of the patient should be evaluated, to 
ensure that any contributing factors or systemic con-
sequences are detected. Once basic data have been  
collected by means of history taking and physical exam-
ination, these findings should be assessed carefully,  
enabling tentative decisions to be made about the nature 
of the problem, the probable differential diagnoses, and 
the diagnostic and therapeutic measures required.

History and physical examination
The stranguric patient without haematuria
As outlined above, stranguria usually results from dis-
orders of the lower urinary tract (bladder or urethra),  
genital tract (prostate or vagina) or both.

Physical examination:
Assessment of urethral patency: As urinary obstruction 
can be life-threatening, urethral patency should be ascer -
tained from the history and physical examination during 
the first phase of the investigation. This is especially 
important if the clinical signs suggest uraemia (e.g. de -
pression, anorexia, vomiting). Observing the animal 
attempting to urinate provides the ideal opportunity to  
verify urethral patency and confirm the owner’s account  

of events. When the bladder is distended and urine is not 
passed, urethral blockage should be suspected and cath -
eterization attempted. This will often require initial decom -
pressive cystocentesis, which allows for stabilization of the 
animal in conjunction with intravenous fluid therapy and 
pain relief, sedation for diagnostic imaging, and general 
anaesthesia for urethral catheterization in cats. The 
decompressive cystocentesis also allows collection of a 
urine sample suitable for urinalysis and culture. Serum  
biochemistry should be evaluated for the presence or 
absence of azotaemia and electrolyte disturbances at the 
same time, and blood gas analysis considered if available.

• If catheterization is easy, this suggests that the cause may 
be functional urethral obstruction from detrusor–urethral 
dyssynergia, wherein sphincter muscle relaxation and 
detrusor muscle contraction are uncoordinated (see 
Chapters 3 and 30). However, a mechanical obstruction 
cannot be excluded because small urethral plugs can be 
dislodged and catheters can be passed easily around 
some mass lesions and urethroliths. Contrast urography 
or cystoscopy may be considered.

• If catheterization is difficult or impossible, 
cystocentesis is highly recommended to reduce 
intravesicular pressure and facilitate catheterization. In 
the case of obstructive urolithiasis, a further option is 
retrograde urohydropropulsion (see Chapter 20).

Bladder palpation: Palpation of the urinary bladder is very 
important in stranguric animals, but must be done care -
fully because a tightly distended bladder can rupture 
under pressure. It is advisable to palpate the bladder again 
after emptying, to improve the chances of feeling intra-
luminal or intramural masses. Findings and interpretation 
of bladder palpation are summarized in Figure 1.10.
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Finding Interpretation

Small bladder, thickened wall, gentle 
palpation readily elicits voiding

���Ž�ƒ�†�†�‡�”���‹�•�ª�ƒ�•�•�ƒ�–�‹�‘�•

���ƒ�”�‰�‡���„�Ž�ƒ�†�†�‡�”�á���ª�ƒ�…�…�‹�†���ˆ�‡�‡�Ž�á���‰�‡�•�–�Ž�‡��
palpation readily expels urine

Bladder atony or lower 
motor neuron disease

Large bladder, tense wall, urine not 
easily expressed (exercise caution)

Urinary tract obstruction 
�‘�”���‹�•�…�”�‡�ƒ�•�‡�†���‘�—�–�ª�‘�™��
resistance

Irregular, hard masses within lumen, 
possibly with a grating feeling (easier to 
appreciate if bladder empty of urine)

Cystic calculi or mineralized 
mass

���„�•�‘�”�•�ƒ�Ž���¤�•�†�‹�•�‰�•���‘�•���„�Ž�ƒ�†�†�‡�”���’�ƒ�Ž�’�ƒ�–�‹�‘�•���ƒ�•�†���–�Š�‡�‹�”��
�‹�•�–�‡�”�’�”�‡�–�ƒ�–�‹�‘�•�ä1.10

• Ask about trauma, exposure to anticoagulant 
rodenticides and systemic signs suggesting anaemia.

• Find out whether there is a consistent pattern to the urine 
discoloration that may suggest its origin (see Figure 1.3).

Physical examination:

• Look for haemorrhage at other sites, including the 
abdomen, thorax, subcutis, skin and mucosae 
(especially mouth, axillae, groin and inside pinnae and 
other mucosal surfaces).

• Examine faeces grossly for blood.
• Palpate the kidneys and assess for size, symmetry and 

discomfort.
• Perform digital rectal palpation, assessing structures 

as suggested for stranguric patients.
• Examine the external genitalia.

The stranguric patient with haematuria or 
haemoglobinuria
Stranguria accompanied by haematuria (gross or micro -
scopic) or haemoglobinuria is most likely to be caused by 
lesions in the lower urinary tract (bladder or urethra) and/or 
the genital tract (prostate or vagina). Accordingly, the 
approach to the history and physical examination in these 
patients should cover all aspects mentioned separately  
for stranguric patients and for patients with reddish urine.

Making an assessment and planning the 
investigation and treatment
The assessment of individual patients will naturally depend 
on the findings from the history and physical examination. 
Once a tentative diagnosis or list of diagnostic possibilities 
is established, this should lead to logical plans for further 
investigation and treatment. In patients with urinary tract 
obstruction and uraemia, establishing urethral patency and 
instituting appropriate therapy may well take precedence 
over investigations to establish a definitive diagnosis.

In many, but not all, patients with stranguria and/or 
haematuria, diagnostic aids will be required to confirm the 
tentative diagnosis or to decide among several diagnostic 
possibilities. Available options include:

• Urinalysis, either routine or specialized, depending on 
the case (see Chapter 6)

• Assessment for alterations to platelet number and/or 
prothrombin time (PT) and activated partial 
thromboplastin time (aPTT) (primary and secondary 
coagulation problems)

• Assessment of renal function if renal disease and 
failure seem likely (see Chapter 10)

• Diagnostic imaging studies, especially to assess the 
involvement of the kidneys, urinary bladder and prostate, 
or to detect urinary tract rupture: for example, ultra -
sonography for patients with suspected renal haema  t-
uria, urolithiasis or prostatic disease; double -contrast 
cystography for suspected bladder wall disease;  
positive-contrast retrograde urethrography for suspected 
urethral lesions and/or prostatic disease (see Chapter 7)

• Haematological and blood biochemical tests to evaluate 
underlying causes of dysuria/haematuria and possible 
systemic consequences.

Figure 1.11 lists various diagnostic aids that may be  
used when investigating patients with dysuria/haematuria, to -
gether with comments on indications for their use and inter -
pretation of findings. Aspects of treatment for various urinary 
and prostatic diseases are presented later in this Manual.

Digital rectal palpation: Ideally, this should be performed in 
all stranguric dogs. Rectal examination can be considered 
in sedated cats if clinically indicated. Structures that may 
be evaluated include:

• Prostate gland
• Trigone of the bladder
• Pelvic urethra
• Vagina and cervix
• Masses in the caudal abdominal or pelvic region.

Palpation of the prostate and trigone area can often  
be assisted by pressing upwards and backwards on the 
caudal abdomen with the other hand at the same time.

Examination of perineum and external genitalia: Inspection 
and palpation are advisable in both sexes.

• Males: palpate the perineum and urethra. A soft 
fluctuant perineal swelling could indicate perineal 
herniation (which sometimes causes stranguria and/or 
dysuria) or urine accumulation following urethral 
obstruction and rupture. Extrude the penis and 
examine both the penis and inside the prepuce for 
masses, inflammation, haemorrhage, trauma or 
discharge. In cats with urethral obstruction, the penis 
may be partly extruded and reddened, and a plug may 
be visible protruding from the urethral meatus.

• Females: examine the vulva for swelling, masses, inflam-
mation or discharge and assess for proestrus or oestrus. 
Consider digital vaginal palpation to identify masses or 
strictures and abnormalities of the urethral papilla.

The haematuric patient
If haematuria is determined to be present, the clinician 
needs to distinguish between systemic disorders such as 
coagulopathies and disorders localized to the urinary tract, 
which may or may not result in signs of lower urinary tract 
disease (LUTD) (see Figure 1.4).

• Clinical signs of LUTD absent: coagulopathy or 
bleeding into the upper urinary tract is most likely.

• Clinical signs of LUTD present: bleeding due to lesions 
in the lower urinary tract (for example infectious, 
inflammatory, neoplastic or traumatic causes) is most 
likely.

Important questions to ask during history taking of  
haematuric patients:

• Enquire as to the presence of clinical signs of LUTD.
• Has bleeding been noticed from any other sites? 

(Consider the possibility of a breed or familial 
haemostatic defect.)
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Test and indication Finding Interpretation and action

Haematology (not useful in most 
cases)

���•�ª�ƒ�•�•�ƒ�–�‘�”�›���Ž�‡�—�…�‘�‰�”�ƒ�• ���‘�•�’�ƒ�–�‹�„�Ž�‡���™�‹�–�Š���‹�•�ª�ƒ�•�•�ƒ�–�‹�‘�•���„�—�–���–�›�’�‹�…�ƒ�Ž�Ž�›���•�‘�–���—�•�‡�ˆ�—�Ž���‹�•��
lower urinary disorders
Origin: renal, prostatic or elsewhere?

‘Stress’ leucogram Suggests severe illness, glucocorticoid therapy or 
hyperadrenocorticism

Anaemia with microcytosis ���—�‰�‰�‡�•�–�‹�˜�‡���ˆ�‘�”���‹�”�‘�•���†�‡�¤�…�‹�‡�•�…�›���ƒ�•�ƒ�‡�•�‹�ƒ

Anaemia Suggestive for pronounced haematuria

Blood biochemical tests (to assess 
�ƒ�œ�‘�–�ƒ�‡�•�‹�ƒ���ƒ�•�†���•�‡�–�ƒ�„�‘�Ž�‹�…���‡�¡�‡�…�–�•���‹�ˆ��
uraemia suspected or to detect 
disorders predisposing to urinary 
infection or calculus formation)

Increased concentrations of creatinine, urea, 
phosphate in fasting sample (see Chapter 10)

Azotaemia present – post-renal (urinary obstruction or 
rupture), renal or pre-renal?
���Š�‡�…�•���Š�›�†�”�ƒ�–�‹�‘�•���•�–�ƒ�–�—�•�á���—�”�‹�•�ƒ�”�›���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���ƒ�•�†���‘�–�Š�‡�”��
�¤�•�†�‹�•�‰�•

Changes compatible with 
hyperadrenocorticism, kidney disease, 
diabetes mellitus

May predispose to bacterial cystitis or pyelonephritis

Hypercalcaemia or evidence of hepatopathy May predispose to urolith formation

Coagulation tests (to investigate a 
bleeding disorder as the cause of 
haematuria)

Severely decreased platelet numbers and/or 
increased coagulation times (PT/aPTT)

Coagulopathy is the likely cause of haematuria

���”�‘�•�–�ƒ�–�‹�…���ª�—�‹�†���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•�����•�‡�‡��
Chapter 25) – advisable if any prostatic 
disease other than uncomplicated 
benign prostatic hypertrophy is 
suspected

Leucocytes and bacteria Prostatitis or prostatic abscess

Epithelial cell clumps with abnormal 
appearance

Neoplasia, hyperplasia, squamous metaplasia or reactive 
change
Further prostatic sampling may be necessary (see Chapter 25)

Diagnostic imaging (see Chapter 7) Findings depend on disorder present and 
techniques used (plain and contrast 
radiography, ultrasonography)

See Chapter 7

Endoscopy (see Chapter 8) 
(recommended if dysuria or 
haematuria remains unexplained 
following preliminary diagnostics)

Mucosal lesions in bladder, urethra or vagina
Uroliths in urethra, bladder, ureters and/or 
kidneys
Localization of origin of haemorrhage

���•�ª�ƒ�•�•�ƒ�–�‘�”�›���‘�”���•�‡�‘�’�Ž�ƒ�•�–�‹�…���…�Š�ƒ�•�‰�‡�•�á���•�–�”�‹�…�–�—�”�‡�•
Biopsy and culture are usually performed
Uroliths may be collected, analysed and bacterial culture 
performed
Ureteroscopy may be helpful in the case of renal haematuria
Vessel cauterization may be possible if a renal vascular 
malformation is detected

���•�‡���‘�ˆ���ƒ�•�…�‹�Ž�Ž�ƒ�”�›���†�‹�ƒ�‰�•�‘�•�–�‹�…���ƒ�‹�†�•���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���†�›�•�—�”�‹�ƒ���ƒ�•�†���‘�”���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ�ä1.11
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Polyuria and polydipsia

Rosanne Jepson

Polyuria (PU) is defined as the production of increased  
volumes of urine whilst polydipsia (PD) is defined as an 
increase in drinking. Although patients may appear to pre -
sent with either PU or PD, by the nature of the physiology 
of water balance, these signs usually occur together. The 
pathophysiology underlying PU/PD in different conditions 
may vary, but PU/PD can be considered broadly in two 
categories. Most commonly, conditions cause an alter-
ation in urine production that results in polyuria, so that the 
patient drinks excessively to compensate for this fluid loss. 
Alternatively, and much less commonly, a primary poly-
dipsia results in a secondary increase in urination.

PU/PD can be a frustrating presentation for clients try -
ing to cope in particular with the increased volume of 
urine produced by their pet. A logical approach is there -
fore required for the investigation of any patient present -
ing with PU/PD to ensure that an expedient diagnosis is 
made and, where possible, appropriate treatment started. 
In order to understand the pathophysiology of PU/PD it is 
important to understand the physiological mechanisms 
which control thirst, urine production and urine concen -
trating mechanisms.

Physiology of water balance 
and thirst
Thirst and urine production are controlled by complex 
physiology involving the central nervous system (hypo -
thalamus, posterior pituitary gland and thirst centre), 
plasma volume, plasma osmolality and the kidneys. In 
health, ingested water (from food and drinking water)  
and water produced through metabolism are balanced by 
insensible losses from the respiratory tract and skin, and 
sensible losses via faeces and urine (Barrett et al., 2010). 
Insensible losses may vary with environmental and 
patient factors, e.g. environmental temperature, humidity, 
hyperthermia, pyrexia and exercise. However, a minimum 
volume of urine must be produced on a daily basis to 
facilitate excretion of waste products. Provided there is 
free access to water and the patient is able to drink, the 
insensible losses will be met and homeostatic mechan-
isms involving the kidney and urine concentrating ability 
will be sufficient to maintain fluid balance.

Plasma volume and osmolality (plasma solute con -
centration) are tightly regulated, with osmolality being 
determined principally by plasma sodium concentration 

and being the main determinant of secretion of arginine 
vasopressin (AVP), also called antidiuretic hormone 
(ADH). A review of the physiology of urine concentration 
is provided in Figure 2.1. In the presence of AVP and an 
osmotic gradient, water moves from the tubular fluid in 
the distal tubule and collecting duct into the renal inter -
stitium. AVP also increases urea transport in the inner 
medullary collecting duct and recycling such that urea 
contributes significantly to the hypertonicity of the medu  l-
lary interstitium under conditions where plasma AVP con -
centrations are high. Tubular fluid increases in osmolality 
as water is conserved and more concentrated urine is 
produced. An absence of AVP (central diabetes insipidus, 
CDI) or an inability of the distal tubule or collecting duct 
to respond to AVP (nephrogenic diabetes insipidus, NDI) 
results in failure to conserve water. In this scenario, the 
hypotonic fluid passing from the earlier portions of  
the loop of Henle into the distal tubule and collecting 
duct remain hypotonic and large volumes of dilute urine 
are produced, resulting in PU.

Decreases in plasma volume and increased osmolality 
sensed at the hypothalamus also mediate an increase in 
thirst, although the threshold is higher than for AVP secre -
tion. The two mechanisms can be independently stimu -
lated such that a decrease in circulating volume (e.g. from 
haemorrhage) can stimulate thirst without a change in 
plasma osmolality.

Cats and dogs may also demonstrate a degree of 
habitual drinking, where increased water intake is asso-
ciated with eating (prandial drinking). This habitual water 
intake ensures that water consumption is typically in 
excess of insensible losses and the minimum urine volume 
required for solute excretion. Studies have demonstrated 
that increased frequency of feeding increases water intake 
and, although this is considered a learned or habitual 
response, it may reflect changes in plasma osmolality 
associated with eating. Other psychological factors that 
may influence thirst include dry pharyngeal mucous  
membranes and pain.

Pathophysiology of polyuria 
and polydipsia
Four main pathophysiological mechanisms can result in an 
increase in thirst and/or urination (Nelson, 2014). These 
may occur alone or in combination.
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Lack of vasopressin production
Lack of AVP production by the hypothalamus results in 
CDI. Without AVP, the epithelial cells in the distal tubule 
and collecting ducts fail to express aquaporin -2, the trans-
membrane channel required for water reabsorption. Water 
therefore remains within the distal tubule and collecting 
duct, the tubular fluid remains hypotonic and an increased 
volume of hypotonic urine is produced. In order to main -
tain fluid balance, water intake increases (increased thirst 
is driven by increased plasma osmolality) and individuals 
therefore demonstrate primary polyuria with a secondary 
polydipsia (Figure 2.2).

Inability of distal tubular and collecting duct 
epithelial cells to respond to vasopressin
Inability to respond to AVP at the level of the distal tubule 
and collecting duct epithelial cells is referred to as NDI and 
can either be congenital or secondary.

Congenital nephrogenic diabetes insipidus
This occurs when a mutation is present in the AVP receptor 
gene, resulting in either reduced insertion of the AVP recep -
tor in the plasma membrane or an inability of AVP to bind to 
the receptor. This will result in a secondary failure of recyc-
ling and insertion of aquaporin -2. Alternatively, mutations 
have been described in the gene encoding aquaporin -2 
such that, although AVP signalling is intact, recycling and 
insertion of aquaporin -2 are reduced. In both scenarios, 
reduced insertion of aquaporin -2 results in lack of water 
movement from the tubular filtrate to the inter  stitium, hypo -
tonic tubular filtrate, and production of large volumes of 
dilute urine. Patients therefore demonstrate primary poly  -
uria with a compensatory polydipsia (Figure 2.3).

• Congenital central diabetes insipidus
• Acquired central diabetes insipidus:

• Hypothalamic/pituitary neoplasia (primary/metastatic)
• Post-transsphenoidal surgery for hyperadrenocorticism/

acromegaly
• Trauma, particularly associated with skull fracture
• Idiopathic
• Vascular

Conditions causing central diabetes insipidus.2.2
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Arginine vasopressin production and action in the kidney. 1 = Antidiuretic hormone (ADH), otherwise known as arginine vasopressin (AVP), is 
synthesized in the hypothalamus as a preprohormone and stored in vesicles within the posterior pituitary. Secretion of AVP from the posterior 

pituitary is stimulated by increasing plasma osmolality sensed by osmoreceptors in the hypothalamus or decreased total circulating plasma volume 
�•�‡�•�•�‡�†���„�›���…�Š�ƒ�•�‰�‡���‹�•���’�”�‡�•�•�—�”�‡���™�‹�–�Š�‹�•���–�Š�‡���ƒ�–�”�‹�ƒ�á���˜�‡�‹�•�•���ƒ�•�†���–�Š�‡���…�ƒ�”�‘�–�‹�†���•�‹�•�—�•�ä���V���¯�����‹�”�…�—�Ž�ƒ�–�‹�•�‰�����������Š�ƒ�•���‹�–�•���’�”�‹�•�ƒ�”�›���ƒ�…�–�‹�‘�•���‹�•���–�Š�‡���•�‹�†�•�‡�›�á���•�‘�”�‡���•�’�‡�…�‹�¤�…�ƒ�Ž�Ž�›���‹�•���–�Š�‡��
distal tubule and the collecting ducts. Here AVP interacts with its receptor (V2) and via a cascade of events facilitates the transient insertion of water 
channels (aquaporin-2) which increases the permeability of these epithelial cells to water. By an independent pathway, AVP also regulates urea transport 
within the inner medullary collecting duct. AVP results in an increase in transepithelial transport of urea, important for maintenance of the urea gradient. 
�W���¯�����Š�‡���ª�—�‹�†���‹�•���–�Š�‡���†�‹�•�–�ƒ�Ž���–�—�„�—�Ž�‡���‹�•���†�‹�Ž�—�–�‡�á���ƒ�Ž�Ž�‘�™�‹�•�‰���’�ƒ�•�•�‹�˜�‡���•�‘�˜�‡�•�‡�•�–���‘�ˆ���™�ƒ�–�‡�”���ˆ�”�‘�•���–�Š�‡���–�—�„�—�Ž�‡���–�‘���–�Š�‡���Š�›�’�‡�”�–�‘�•�‹�…���•�‡�†�—�Ž�Ž�ƒ�”�›���‹�•�–�‡�”�•�–�‹�–�‹�—�•���ƒ�Ž�‘�•�‰���ƒ�•���‘�•�•�‘�–�‹�…��
gradient. 4 = Maintenance of the osmotic gradient is dependent on the counter-current multiplier system between the loop of Henle and the vasa recta 
blood supply, which concentrates solutes (urea and sodium) within the medullary interstitium. cAMP = cyclic adenosine monophosphate.

2.1
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• Congenital nephrogenic diabetes insipidus
• Secondary nephrogenic diabetes insipidus:

• Reduced response to arginine vasopressin:
 – Hyperadrenocorticism
 – Hypercalcaemia
 – Endotoxin formation (pyelonephritis/pyometra)

• Loss of osmotic gradient:
 – Hypoadrenocorticism
 – Hepatic failure
 – Hypokalaemia
 – Chronic kidney disease
 – Diuretic therapy

Conditions causing nephrogenic diabetes insipidus.2.3

Secondary nephrogenic diabetes insipidus
Secondary NDI is brought about by reduced response  
to AVP at the distal tubule or collecting duct epithelial 
cells, or an inability of the kidney to maintain the osmotic 
gradient between tubular fluid and the medullary inter-
stitium. Many factors (e.g. hypercalcaemia, cortico  steroids 
and endo toxins) are known to interfere with the AVP 
response, thus limiting the recycling and insertion of aqua -
porins. This reduces water movement from the tubular  
filtrate to the medu  llary interstitium, despite the presence 
of an adequate concentration gradient. Conversely, other 
conditions may result in loss of the hypertonicity present in 
the medullary intersti  tium. In this scenario, despite ade -
quate availability of aquaporin -2, the loss of concentration 
gradient means that water movement is reduced, tubular 
fluid remains hypotonic and large volumes of urine are  
produced with a compensatory increase in thirst to main -
tain water balance (see Figure 2.3).

Osmotic diuresis
A minimum volume of water must be excreted with waste 
solutes by the kidney. Increased concentration of solutes 
within the tubular filtrate results in an increased requirement 
for water excretion by the kidney; this results in primary 
polyuria with a compensatory increase in thirst (Figure 2.4).

• Diabetes mellitus
• Administration of the following medications:

• Diuretics
• Mannitol
• ���‘�†�‹�—�•���…�Š�Ž�‘�”�‹�†�‡���‹�•�–�”�ƒ�˜�‡�•�‘�—�•���ª�—�‹�†���–�Š�‡�”�ƒ�’�›

• Postobstructive diuresis
• Primary renal glucosuria/Fanconi syndrome

Conditions resulting in osmotic diuresis.2.4

Pathophysiology and diagnosis 
of conditions resulting in 
polyuria and polydipsia
A large number of conditions can lead to polyuria and poly -
dipsia, but differential diagnoses can often be narrowed 
down on the basis of an assessment of signalment, history, 
physical examination (Figure 2.6) and a minimum diag-
nostic database (Figures 2.7 and 2.8). Conditions resulting 
in PU/PD in the dog and cat are listed in Figure 2.9.

• Primary ‘psychogenic’ polydipsia
• Hyperthyroidism
• Hepatic encephalopathy
• Gastrointestinal disease

Conditions resulting in a primary polydipsia.2.5

���Š�›�•�‹�…�ƒ�Ž���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•���¤�•�†�‹�•�‰�•���™�Š�‹�…�Š���•�ƒ�›���‹�•�†�‹�…�ƒ�–�‡���–�Š�‡��
underlying aetiology for polyuria and polydipsia. a Indicates 

that hypercalcaemia may be either the main or one of several 
mechanisms driving polyuria/polydipsia. (continues)

2.6

Assessment Findings and causes

Mentation/
neurological 
examination

• Abnormal mentation/neurological examination: 
���”�‹�•�ƒ�”�›���‘�”���•�‡�–�ƒ�•�–�ƒ�–�‹�…���•�‡�‘�’�Ž�ƒ�•�‹�ƒ���ƒ�¡�‡�…�–�‹�•�‰��
pituitary/hypothalamus, hepatic encephalopathy

• Hyperactivity: Primary polydipsia, 
hyperthyroidism

Ocular 
examination

• Icteric sclera: Primary hepatic disease
• Cataract formation: Diabetes mellitus
• Congested sclera/conjunctival hyperaemia: 

Polycythaemia
• Hyphaema/tortuous retinal vessels/focal bullous 

detachment: Systemic hypertension (acute 
kidney injury, chronic kidney disease, 
hyperthyroidism, hyperadrenocorticism, 
polycythaemia, phaeochromocytoma)

• Corneal lipidosis: Diabetes mellitus, 
hyperadrenocorticism

• Scleral haemorrhage: Angiostrongylus vasorum a

• Blindness: Pituitary/hypothalamic neoplasia, 
hepatic encephalopathy

• Papillary oedema: Pituitary neoplasia

Oral mucous 
membrane 
appearance

• Icteric: Primary hepatic disease
• Hyperaemic/congested: Polycythaemia, 

hypoadrenocorticoid crisis a, sepsis/systemic 
�‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���”�‡�•�’�‘�•�•�‡���•�›�•�†�”�‘�•�‡��
(pyelonephritis/pyometra)

• Pale: chronic kidney disease, 
hypoadrenocorticism a, anaemia of chronic 
disease/neoplasia

Oral 
examination

• Lingual ulceration: Severe azotaemia (chronic 
kidney disease, acute kidney injury, pyelonephritis)

• Halitosis: Severe azotaemia (chronic kidney 
disease, acute kidney injury, pyelonephritis)

• Widened interdental spaces/enlarged facial 
features: Acromegaly

Cervical 
palpation

• Thyroid goitre: Hyperthyroidism
• Parathyroid nodule: Hyperparathyroidism a (may 

be appreciated in the cat, not usually palpable in 
dogs)

Dermatological 
manifestations

• Skin thinning, alopecia, pigmentation change, 
comedones, calcinosis cutis: 
Hyperadrenocorticism

• Fragile skin/skin tears: Hyperadrenocorticism (cats)

Thoracic 
auscultation

• Tachypnoea: Pulmonary metastatic disease a, 
primary pulmonary neoplasia a, mediastinal 
mass a�á���’�Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���•�‡�‘�’�Ž�ƒ�•�‹�ƒ�á��
pulmonary granulomatous disease a

• Panting: Hyperadrenocorticism
• ���—�Ž�Ž���•�—�«�‡�†���Ž�—�•�‰���•�‘�—�•�†�•�ã Mediastinal mass 

(lymphoma) a

• Cough: Angiostrongylosis a, metastatic disease a, 
primary pulmonary neoplasia a, granulomatous 
pulmonary disease a

• Tachycardia: Hyperthyroidism, 
phaeochromocytoma, sepsis (pyelonephritis/
pyometra)

• Bradycardia: Hypoadrenocorticism a

Primary polydipsia
Primary polydipsia is uncommon in companion animals 
and refers to an increase in thirst which occurs without 
physiological stimulus. In dogs, behavioural alteration 
resulting in increased drinking has been referred to as  
psychogenic polydipsia (Figure 2.5).
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Signalment, historical information, physical examination including rectal examination

Gives indication of underlying aetiology of PU/PD

Continue with directed investigations to 
�…�‘�•�¤�”�•���ƒ�‡�–�‹�‘�Ž�‘�‰�›���‘�ˆ������������

Provides likely diagnosis/aetiology for PU/PD
• Azotaemia
�� ���� ���‹�¡�‡�”�‡�•�–�‹�ƒ�–�‡���’�”�‡�æ�”�‡�•�ƒ�Ž�á���”�‡�•�ƒ�Ž�á���’�‘�•�–�æ�”�‡�•�ƒ�Ž���ƒ�œ�‘�–�ƒ�‡�•�‹�ƒ

�� ������ ���‹�¡�‡�”�‡�•�–�‹�ƒ�–�‡���ƒ�…�—�–�‡���•�‹�†�•�‡�›���‹�•�Œ�—�”�›��versus chronic 
�� �� �•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡

�� ������ ���‘�•�•�‹�†�‡�”���Š�›�’�‘�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‘�‹�†���…�”�‹�•�‹�•���‹�•���–�Š�‡���ƒ�…�—�–�‡���’�ƒ�–�‹�‡�•�–
• Hypercalcaemia
�� ���� ���‘�…�—�•�‡�•�–���’�‡�”�•�‹�•�–�‡�•�…�‡
�� ���� ���‘�•�¤�”�•���‹�‘�•�‹�œ�‡�†���Š�›�’�‡�”�…�ƒ�Ž�…�ƒ�‡�•�‹�ƒ
�� ���� ���•�˜�‡�•�–�‹�‰�ƒ�–�‡���—�•�†�‡�”�Ž�›�‹�•�‰���ƒ�‡�–�‹�‘�Ž�‘�‰�›���‘�ˆ���Š�›�’�‡�”�…�ƒ�Ž�…�ƒ�‡�•�‹�ƒ
• Diabetes mellitus
�� ���� ���‘�•�•�‹�†�‡�”���ƒ�•�•�‡�•�•�•�‡�•�–���‘�ˆ���ˆ�”�—�…�–�‘�•�ƒ�•�‹�•�‡
�� ���� ���•���ƒ���…�ƒ�–���…�‘�•�•�‹�†�‡�”���–�Š�‡���’�‘�•�•�‹�„�‹�Ž�‹�–�›���‘�ˆ�����Š�›�’�‡�”�•�‘�•�ƒ�–�‘�–�”�‘�’�‹�•�•��
�� �� ���ƒ�…�”�‘�•�‡�‰�ƒ�Ž�›��
• Renal glucosuria
�� ���� ���‹�¡�‡�”�‡�•�–�‹�ƒ�–�‡���’�”�‹�•�ƒ�”�›���”�‡�•�ƒ�Ž���‰�Ž�—�…�‘�•�—�”�‹�ƒ���ˆ�”�‘�•���…�‘�•�’�Ž�‡�š��
�� �� �–�—�„�—�Ž�‘�’�ƒ�–�Š�›
�� ���� ���˜�ƒ�Ž�—�ƒ�–�‡���ˆ�‘�”���’�‘�–�‡�•�–�‹�ƒ�Ž���—�•�†�‡�”�Ž�›�‹�•�‰���ƒ�‡�–�‹�‘�Ž�‘�‰�›���‘�ˆ���‰�Ž�—�…�‘�•�—�”�‹�ƒ��

�� �� ���‡�ä�‰�ä���†�”�—�‰�•�á���–�‘�š�‹�•�•�á���Š�‡�’�ƒ�–�‹�…���†�‹�•�‡�ƒ�•�‡�á���î�Œ�‡�”�•�›�ï���–�”�‡�ƒ�–�•��
• Hypokalaemia
�� ���� ���•�˜�‡�•�–�‹�‰�ƒ�–�‡���—�•�†�‡�”�Ž�›�‹�•�‰���ƒ�‡�–�‹�‘�Ž�‘�‰�›���‘�ˆ���Š�›�’�‘�•�ƒ�Ž�ƒ�‡�•�‹�ƒ
• Hyperthyroidism
�� ���� ���•�‹�–�‹�ƒ�–�‡���–�”�‡�ƒ�–�•�‡�•�–���ƒ�•�†���•�‘�•�‹�–�‘�”���ˆ�‘�”���—�•�•�ƒ�•�•�‹�•�‰���‘�ˆ���…�Š�”�‘�•�‹�…��
�� �� �•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡

���‘�•�¤�”�•�ƒ�–�‹�‘�•���‘�ˆ���†�‹�ƒ�‰�•�‘�•�‹�•�ã
• Pyelonephritis
�� ���� ���„�†�‘�•�‹�•�ƒ�Ž���”�‡�•�ƒ�Ž���—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�›���…�‘�•�’�—�–�‡�†���–�‘�•�‘�‰�”�ƒ�’�Š�›

�� ������ ���‡�’�‡�ƒ�–���—�”�‹�•�‡���…�—�Ž�–�—�”�‡
 –  Pyelocentesis for culture
• Hyperadrenocorticism
�� ���� �����������•�–�‹�•�—�Ž�ƒ�–�‹�‘�•���–�‡�•�–
�� ���� ���‘�™���†�‘�•�‡���†�‡�š�ƒ�•�‡�–�Š�ƒ�•�‘�•�‡���•�—�’�’�”�‡�•�•�‹�‘�•���–�‡�•�–
�� ���� ���‹�ƒ�‰�•�‘�•�–�‹�…���‹�•�ƒ�‰�‹�•�‰���‘�ˆ���ƒ�†�”�‡�•�ƒ�Ž���‰�Ž�ƒ�•�†�•���’�‹�–�—�‹�–�ƒ�”�›
• Hypoadrenocorticism
�� ���� �����������•�–�‹�•�—�Ž�ƒ�–�‹�‘�•���–�‡�•�–
• Hepatic disease/hepatic failure/portovascular anomaly
�� ���� ���‹�Ž�‡���ƒ�…�‹�†���•�–�‹�•�—�Ž�ƒ�–�‹�‘�•���–�‡�•�–
�� ���� ���•�•�‘�•�‹�ƒ���…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•
�� ���� ���„�†�‘�•�‹�•�ƒ�Ž���—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�›���”�ƒ�†�‹�‘�‰�”�ƒ�’�Š�›���…�‘�•�’�—�–�‡�†��

�� �� �–�‘�•�‘�‰�”�ƒ�’�Š�›���ƒ�•�‰�‹�‘�‰�”�ƒ�’�Š�›
�� ���� ���”�‹�•�‡���•�‡�†�‹�•�‡�•�–���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•�����—�”�ƒ�–�‡���…�”�›�•�–�ƒ�Ž�Ž�—�”�‹�ƒ��
�� ���� ���‡�’�ƒ�–�‹�…���¤�•�‡�æ�•�‡�‡�†�Ž�‡���ƒ�•�’�‹�”�ƒ�–�‹�‘�•���„�‹�‘�’�•�›
• Non-azotaemic kidney disease
�� ���� ���‡�”�‹�ƒ�Ž���ƒ�•�•�‡�•�•�•�‡�•�–���‘�ˆ���—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›
 ���� ���‹�ƒ�‰�•�‘�•�–�‹�…���‹�•�ƒ�‰�‹�•�‰���‘�̂ ���•�‹�†�•�‡�›�����—�Ž�–�”�ƒ�•�‘�—�•�†���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•�á���…�‘�•�’�—�–�‡�†���–�‘�•�‘�‰�”�ƒ�’�Š�›��
�� ���� ���‡�ƒ�•�—�”�‡�•�‡�•�–���‘�ˆ���•�‡�”�—�•���������������•�‡�‡�����Š�ƒ�’�–�‡�”��10��
�� ���� �
�	�����•�‡�ƒ�•�—�”�‡�•�‡�•�–�����’�Ž�ƒ�•�•�ƒ���‹�‘�Š�‡�š�‘�Ž���…�Ž�‡�ƒ�”�ƒ�•�…�‡�â���•�‡�‡�����Š�ƒ�’�–�‡�”��10��

Provides supportive evidence in conjunction 
�™�‹�–�Š���…�Ž�‹�•�‹�…�ƒ�Ž���ƒ�•�•�‡�•�•�•�‡�•�–���ˆ�‘�”�ã
���� ���›�‡�Ž�‘�•�‡�’�Š�”�‹�–�‹�•
���� ���›�’�‡�”�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‹�•�•
���� ���›�’�‘�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‹�•�•
���� ���‡�’�ƒ�–�‹�…���†�‹�•�‡�ƒ�•�‡
���� ���‘�•�æ�ƒ�œ�‘�–�ƒ�‡�•�‹�…���•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡
Proceed with additional diagnostic investigation 
�–�‘���…�‘�•�¤�”�•���•�—�•�’�‡�…�–�‡�†���†�‹�ƒ�‰�•�‘�•�‹�•

���‡�–�‹�‘�Ž�‘�‰�›���•�‘�–���‹�†�‡�•�–�‹�¤�‡�†
Continue with advanced
diagnostic investigation 

���•�‡�‡���	�‹�‰�—�”�‡���V�ä�U�U��

���„�–�ƒ�‹�•���•�‹�•�‹�•�—�•���†�‹�ƒ�‰�•�‘�•�–�‹�…���†�ƒ�–�ƒ�„�ƒ�•�‡�����•�‡�‡���	�‹�‰�—�”�‡���V�ä�\��

���‘���‹�•�•�‡�†�‹�ƒ�–�‡���‹�•�†�‹�…�ƒ�–�‹�‘�•���‘�ˆ���ƒ�‡�–�‹�‘�Ž�‘�‰�›

Flow diagram for the diagnostic investigation of a patient with polyuria and polydipsia. ACTH = adrenocorticotrophic hormone;  
�
�	�����¯���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”���¤�Ž�–�”�ƒ�–�‹�‘�•���”�ƒ�–�‡�â���������¯���’�‘�Ž�›�†�‹�’�•�‹�ƒ�â���������¯���’�‘�Ž�›�—�”�‹�ƒ�â�������������¯���•�›�•�•�‡�–�”�‹�…���†�‹�•�‡�–�Š�›�Ž�ƒ�”�‰�‹�•�‹�•�‡�ä2.7

• Packed cell volume/total solids and/or complete blood count
• ���‡�”�—�•���„�‹�‘�…�Š�‡�•�‹�…�ƒ�Ž���’�”�‘�¤�Ž�‡
• Total thyroxine concentration (cat)
• ���”�‹�•�ƒ�Ž�›�•�‹�•�ã

• ���’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›
• Dipstick assessment
• Sediment examination
• Culture

Minimum diagnostic database for the patient with polyuria 
and polydipsia.2.8

Assessment Findings and causes

Renal palpation • Enlarged/painful kidneys: Acute kidney injury, 
pyelonephritis, renal lymphoma

• Small irregular kidneys: Chronic kidney disease

Abdominal 
palpation

• Hepatomegaly: Acute hepatic disease, hyper-
adrenocorticism, diabetes mellitus, hepatic neoplasia a

• Microhepatica: End-stage liver disease (cirrhosis), 
portosystemic shunt

• Enlarged uterus: Pyometra
• Lymphadenopathy: Lymphoma a, metastatic 

neoplastic disease a

Lymph - 
adenomegaly

• Lymphoma a
• Granulomatous disease a: Fungal disease, sterile 

neutrophilic/granulomatous lymphadenitis

Rectal 
examination

• Rectal mass: Anal sac adenocarcinoma a
• Sublumbar lymph node enlargement: Metastasis 

from anal sac adenocarcinoma a, lymphoma a

Vaginal 
examination

• Vaginal discharge: Pyometra (open)

Change in body 
condition

• Poor body condition: Diabetes mellitus, hepatic 
disease, chronic kidney disease, neoplastic 
disease a, hyperthyroidism (cats)

• Abdominal enlargement: Hyperadrenocorticism

Small stature/
poor growth

• Portovascular anomaly
• Congenital renal disease

���…�‘�•�–�‹�•�—�‡�†�������Š�›�•�‹�…�ƒ�Ž���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•���¤�•�†�‹�•�‰�•���™�Š�‹�…�Š���•�ƒ�›���‹�•�†�‹�…�ƒ�–�‡��
the underlying aetiology for polyuria and polydipsia. 

a Indicates that hypercalcaemia may be either the main or one of several 
mechanisms driving polyuria/polydipsia. 

2.6

Assessment of the signalment of the patient may allow 
prioritization of the likely underlying cause for PU/PD. For 
example, pyometra is more likely to be identified in the  
middle-aged to older entire bitch, hyperadreno  corticism 
and neoplasia in older dogs, whilst in patients less than 1 
year of age consideration should be given to congenital or 
familial conditions. Certain conditions may also have breed 
predispositions; for example, Fanconi syndrome in the 
Basenji or primary hyperparathyroidism in the Keeshound.

Historical information regarding the clinical present ation 
is fundamental to ensuring that the primary present  ation is 
indeed PU/PD and that this presentation is differentiated 
from other clinical signs relating to the urinary tract such as 
urinary incontinence, pollakiuria (increased frequency of 
urination), stranguria (difficulty in urination) and dysuria 
(pain during urination). However, these clinical present-
ations and PU/PD may not always be mutually exclusive. 
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Incidence Canine conditions Feline conditions

Common • Chronic kidney disease a

• Hyperadrenocorticism c

• Diabetes mellitus c; juvenile diabetes mellitus b

• Hypercalcaemia (dependent on aetiology) a

• Pyometra c

• ���ƒ�–�”�‘�‰�‡�•�‹�…�����†�‹�‡�–���†�‹�—�”�‡�–�‹�…���ª�—�‹�†���†�”�—�‰���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•����a

• Hepatic disease c; portovascular anomaly b

• Chronic kidney disease c

• Diabetes mellitus c

• Hyperthyroidism c

• Postobstructive diuresis a

• ���ƒ�–�”�‘�‰�‡�•�‹�…�����ª�—�‹�†���†�‹�—�”�‡�–�‹�…���†�”�—�‰���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•����a

���•�…�‘�•�•�‘�• • Pyelonephritis a

• Hypoadrenocorticism a

• Postobstructive diuresis a

• Acute kidney injury (polyuric recovery phase) a

• Primary hyperaldosteronism (Conn’s syndrome) c

• Hypersomatotropism (acromegaly with diabetes mellitus) c

• Hepatic disease c

• Pyelonephritis a

• Acute kidney injury (polyuric recovery phase) a

Rare • Primary ‘psychogenic’ polydipsia a

• Central diabetes insipidus: acquired a; congenital b

• Primary nephrogenic diabetes insipidus (congenital) b

• Hyperviscosity syndrome/polycythaemia a

• Primary renal glycosuria/Fanconi syndrome: acquired a; in 
Basenjis (typically 3–4 years of age at onset of glycosuria) b

• Hypokalaemia a

• Primary hyperaldosteronism/deoxycorticosterone production c

• Central diabetes insipidus: acquired c; congenital b

• Hypercalcaemia c

• Hyperadrenocorticism (with diabetes mellitus) c

• Hypoadrenocorticism a

• Congenital nephrogenic diabetes insipidus is not reported 
in the cat

Conditions resulting in polyuria and polydipsia in the dog and cat. a Patients can be any age at presentation. b Patients are young at 
presentation. c Patients are middle-aged to older at presentation.2.9

Fluid administration

• ���—�„�…�—�–�ƒ�•�‡�‘�—�•���‘�”���‹�•�–�”�ƒ�˜�‡�•�‘�—�•���ª�—�‹�†���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•

Diuretics

• Loop diuretics (e.g. furosemide)
• Thiazide diuretics (e.g. hydrochlorothiazide)
• Aldosterone antagonists (e.g. spironolactone)
• Osmotic diuretics (e.g. mannitol)

Corticosteroids

• Oral, intramuscular, intravenous, topical corticosteroids
• Fludrocortisone (combined mineralocorticoid and glucocorticoid 

supplementation)

Antiepileptic medication

• Phenobarbital

���‹�‡�–�ƒ�”�›���•�‘�†�‹�¤�…�ƒ�–�‹�‘�•

• Increased frequency of feeding
• Dry diet
• Sodium supplemented diets
• Dietary indiscretion

Environmental factors

• Exercise
• Ambient temperature/humidity
• Hyperthermia

Iatrogenic causes of polyuria and polydipsia.2.10

• Diagnostic imaging
• Abdominal ultrasonography/radiography/computed tomography
• Thoracic radiography/ultrasonography/computed tomography
• Spinal/long bone radiography/computed tomography

• Adrenal gland function testing
• ���”�‹�•�‡���…�‘�”�–�‹�•�‘�Ž���–�‘���…�”�‡�ƒ�–�‹�•�‹�•�‡���”�ƒ�–�‹�‘
• ACTH stimulation test
• Low dose dexamethasone suppression test

• Liver function testing
• Bile acid stimulation
• Ammonia concentration

• Repeat urine culture
• Serial assessment of USG

• Consider performing with change of environment (e.g. 
hospitalization for patients where suspicion for primary polydipsia)

• Pyelocentesis (culture)
• Antibiotic trial therapy

• Should only be performed with index of suspicion for occult 
pyelonephritis

• GFR measurement
• Iohexol clearance

Advanced diagnostic database. ACTH = adrenocorticotrophic 
�Š�‘�”�•�‘�•�‡�â���
�	�����¯���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”���¤�Ž�–�”�ƒ�–�‹�‘�•���”�ƒ�–�‡�â�������
���¯���—�”�‹�•�‡���•�’�‡�…�‹�¤�…��

gravity.

2.11

Further information regarding the presentation of patients 
with lower urinary tract disease and urinary incontinence 
can be found in Chapters 1 and 3.

Before embarking on lengthy and expensive investi  - 
g ations, if there is any doubt regarding the presence of  
PU/PD an attempt should be made to quantify water 
intake. In the dog polydipsia is defined as water intake 
>100 ml/kg/24h. However, this criterion should not be con -
sidered absolute because astute owners may appreciate 
more subtle changes in thirst, which should still be consid -
ered abnormal if they are persistent. Indeed, water intake 
of >60–100 ml/kg/day may be abnormal, particularly if 
there is a documented recent increase in water consump -
tion. A clear criterion for polydipsia is not reported for the 
cat, although it is widely accepted that water intake is 
lower than the dog. It is uncommon for urine output to be 
quan tified owing to the requirement for hospitalization and 
catheterization for accurate assessment.

Careful assessment of a patient’s history is also impor -
tant to exclude the many iatrogenic causes of PU/PD 
(Figure 2.10). Many conditions that result in PU/PD are  
systemic, involving multiple body systems. Therefore, 
histor ical information and careful physical examination 
may reveal key information (see Figure 2.6), which together 
with the presence of PU/PD narrows the likely differential 
diagnoses and can focus the diagnostic investigation. For 
many conditions, after initial assessment of the signal -
ment, history, patient and minimum diagnostic database, 
further diagnostic procedures are required in order to con -
firm or investigate the suspected diagnosis (Figure 2.11).

Kidney disease
Chronic kidney disease (CKD) is one of the most common 
conditions in both dogs and cats that results in PU/PD. In 
acute kidney injury (AKI), oliguria (reduced urine produc-
tion) or anuria (no urine production) are more often iden - 
 t ified, although in the reparative phases of AKI extreme 
polyuria can ensue.

CKD is most often the result of tubulointerstitial neph-
ritis. Nephrons are lost and replaced with inflammatory 

Ch02 Nephrology.indd   12 01/08/2017   08:21



Chapter 2 · Polyuria and polydipsia

13

and fibrous tissue. Adaptive mechanisms that occur when 
the total nephron number is reduced lead to hyperfiltration 
in the remaining functioning nephrons in order to try and 
maintain the glomerular filtration rate (GFR; see Chapter 
23). Increased solute load and tubular flow rates within the 
remaining nephrons lead to reduced water reabsorption 
within the distal tubules and collecting ducts. A simul-
taneous inability to maintain the counter -current mechan-
ism, and therefore a reduction in the osmotic gradient 
between the tubular filtrate and medu  llary interstitium, 
also impairs water reabsorption, with the consequence of 
polyuria and an associated compensatory polydipsia to 
maintain hydration.

Key diagnostic information
CKD can typically be diagnosed on the basis of signal -
ment, compatible history, clinical signs and physical exam -
ination, in conjunction with persistent azotaemia and 
inappropriate urine concentrating ability (see Chapters 10 
and 12). Cats with CKD due to tubulointerstitial nephritis 
are typically older (>9 years) at the time of presentation. 
However, CKD should remain a differential diagnosis for 
any age of patient presenting with PU/PD, and in younger 
patients renal dysplasia or congenital renal conditions 
should be considered. For a diagnosis of CKD, clinical 
signs will usually have been present for >2–3 months. 
Renal azotaemia must be differentiated from pre -renal and 
post-renal azotaemia.

Isosthenuria (urine specific gravity (USG) 1.008–1.015) is 
not a requirement for the diagnosis of CKD although it may 
be identified, perhaps more commonly in the dog. Indeed 
the presence of isosthenuric urine, particularly in the cat, 
should prompt the clinician to consider whether conditions 
in addition to CKD could be contributing to PU/PD (e.g. 
concurrent pyelonephritis; see below). In addition, patients 
that present with hyposthenuric urine (USG <1.008) are 
unlikely to have a diagnosis of CKD, at least not alone, 
because tubular function and active transportation of  
solutes out of the tubular filtrate in excess of water are 
required for the production of hyposthenuric urine, which is 
not possible with significant loss of functioning nephrons.

Diagnostic imaging may be useful in the diagnosis of 
CKD (see Chapter 7). On ultrasound examination the  
kidneys typically appear small and irregular. They may also 
show evidence of loss of corticomedullary differentiation, 
mild pyelectasia and mineralization. The presence of a non-
regenerative anaemia, weight loss, reduced body condition, 
hypokalaemia, hyperphosphataemia with renal secondary 
hyperparathyroidism and elevated carbamylated haemo-
globin may also increase suspicion for chronic disease.

Much effort is being devoted to diagnosing CKD at an 
earlier stage in the course of disease (see Chapter 10). The 
International Renal Interest Society (IRIS) staging system 
(see Chapter 12) accommodates the situation that a 
patient can be diagnosed with non -azotaemic CKD (IRIS 
Stage 1 and non-azotaemic IRIS Stage 2). Such patients 
may demonstrate persistently poor urine concentrating 
ability despite remaining non -azotaemic. In this scenario, 
other methods to assess GFR should be considered (see 
Chapter 10). Additional information regarding the likelihood 
of CKD may be ascertained from serial documentation of 
poor or declining urine concentrating ability, ultrasound 
examination of the kidneys and the presence of persistent 
renal proteinuria (see Chapter 5). Assessment of GFR may 
be useful for non-azotaemic patients where there is an 
index of suspicion for reduced renal function and CKD (see 
Chapter 10).

Pyelonephritis
Pyelonephritis refers to inflammation of the renal pelvis 
and parenchyma, most often due to a bacterial infection, 
and it may cause PU/PD by several mechanisms. First, the 
presence of an inflammatory process within the inter-
stitium may interfere with the maintenance of the medu  l-
lary osmotic gradient through altered expression of urea 
transporters and aquaporins (water channels). Second, 
Gram-negative bacteria (e.g. Escherichia coli) produce 
endotoxins (e.g. lipopolysaccharide) that interfere with the 
action of AVP on the AVP receptors in the distal tubule and 
collecting duct epithelium, resulting in secondary NDI. In 
addition, chronic damage to renal parenchyma caused by 
pyelonephritis may result in loss of nephrons and PU/PD 
by the mechanisms described above for CKD.

Pyelonephritis may be acute or chronic in onset. It is 
most often the result of ascending infections, although 
haematogenous spread is also possible. Given the  
superior concentrating ability of the feline kidney, which 
results in more hostile urine, pyelonephritis is less com -
mon in this species than in the dog, especially without 
another predisposing condition such as CKD, glucosuria 
or congenital renal abnormalities.

Key diagnostic information
The diagnosis of pyelonephritis can be challenging. PU/PD 
can be severe in patients with pyelonephritis. However, 
patients with pyelonephritis may also show clinical signs 
relating to lower urinary tract infection such as haematuria, 
pollakiuria, stranguria or dysuria, if infection is not restricted 
to the upper urinary tract. Patients with acute pyelonephritis 
will often demonstrate systemic signs such as pyrexia and 
lethargy, which may be combined with a left -shifted inflam-
matory leucogram. In such patients there may be evidence 
of renal/lumbar/spinal pain and unilateral or bilateral reno -
megaly on abdominal palpation. While it is usual for patients 
with pyelonephritis to present with azotaemia, this is not 
always the case.

Ultrasound examination of the kidneys is likely to be 
more informative than radiography. It can reveal renomeg -
aly, changes in echogenicity of the renal parenchyma, pye -
lectasia and dilatation of the proximal ureter (see Chapter 
7). Ultrasonography of the urinary tract may also allow 
identification of predisposing factors for urinary tract  
infections (e.g. urolithiasis, structural abnormalities, neph -
roliths). Radiographs may confirm the presence of reno -
megaly, and intravenous excretory urography may indicate 
poor contrast enhancement of the kidney with dilatation 
and/or incomplete filling of the renal pelvis (see Chapter 7).

The presentation of patients with chronic pyeloneph-
ritis can be more insidious, with the degree of PU/PD vary -
ing in severity. Patients with chronic pyelonephritis may 
not always demonstrate pyrexia, or pyrexia may wax and 
wane, and a left-shifted inflammatory leucogram is not 
consistent. Particularly in feline patients with mild CKD, 
where isosthenuric urine (USG 1.008–1.015) is identified 
and appears discordant with the magnitude of azotaemia, 
a secondary pyelonephritis should be considered. The 
same may be true for the dog, although is potentially a less 
consistent phenomenon.

Chronic pyelonephritis may be suspected on the basis 
of ultrasound examination of the kidneys (see Chapter 7) 
combined in some instances with a more rapid than  
anti cipated deterioration in renal function. However, the 
degree of pyelectasia must be interpreted with caution as 
mild renal pelvis dilatation can also be attributed to intra -
venous fluid therapy and CKD alone.
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In both acute and chronic pyelonephritis, pyelocentesis 
with ultrasound guidance resulting in a positive culture from 
urine obtained from the renal pelvis gives a definitive diag -
nosis. Culture of renal aspirates or biopsy samples would 
also provide a definitive diagnosis but is rarely performed. 
However, pyelocentesis should be considered a specialized 
procedure, and more often a presumed diagnosis of acute 
or chronic pyelonephritis is made on the basis of compat-
ible clinical signs, ultrasonographic findings, urin  alysis and 
positive anaerobic bacterial urine culture performed on a 
cystocentesis sample. However, if the infection is predom-
inantly affecting the renal parenchyma, urine obtained from 
the bladder may not have an active sediment and urine  
culture may be negative. In this scenario, if there is still a 
high index of suspicion for pyelonephritis based on clinical 
presentation and ultrasonographic changes, empirical anti -
bacterial therapy, using an agent likely to have good activity 
against the probable causative organism, may be consid -
ered before pyelonephritis is excluded as a cause of  
PU/PD. Clinical improvement in PU/PD, and in renal para-
meters if azotaemia has been documented, would be anti-
cipated if an occult pyelonephritis is present.

Pyometra
Pyometra is a common condition in older entire bitches and 
cardinal presenting signs can include PU/PD (Hagman, 
2012). Ascending bacteria from the normal vaginal flora 
establish an infection in the progesterone -primed uterus. 
The most common bacterial organism (in over 70% of cases) 
is E. coli. As stated above, endotoxin produced by certain 
strains of bacteria such as E. coli  can interfere with AVP–
receptor interaction, resulting in a temporary secondary NDI.

Key diagnostic information
Entire bitches with pyometra typically present in dioestrus 
2–12 weeks after their season, although infection of the 
uterine stump (stump pyometra) in neutered bitches is 
possible. The condition is most often seen in older bitches 
(mean 7 years; range 4 months to 18 years). In bitches with 
open pyometra, a mucoid to purulent discharge may be 
present at the vulva, although in patients with a closed 
cervix this may not be appreciated. Other typical present -
ing signs can include lethargy, pyrexia, inappetence, 
abdominal discomfort, vomiting and diarrhoea. Patients 
may present with clinical signs compatible with systemic 
inflammatory response syndrome, and on abdominal pal-
pation an enlarged uterus may be palpable.

Diagnosis is based on historical information of an entire 
bitch with compatible clinical signs and physical examin-
ation. Patients invariably demonstrate a left -shifted inflam-
matory leucogram although overwhelming demand may 
result in neutropenia. Azotaemia may be documented in 
bitches with pyometra and can be either pre -renal or renal 
in origin. Proteinuria may also be identified, which has been 
ascribed to immune -mediated glomerulone phritis although 
conclusive evidence for this from com  parison with age-
matched control dogs is not available. Abdominal ultra -
sound examination and/or radiography typically reveals a 
fluid-filled enlarged uterus. PU/PD is anticipated to resolve 
after ovariohysterectomy. Pyometra is rare in cats.

Hyperthyroidism
PU/PD is reported in up to 75% of cats with hyperthyroid -
ism. The exact pathogenesis of PU/PD in hyperthyroid   -
ism is uncertain but psychogenic polydipsia and heat 

intol erance may be factors. The sensation of thirst may 
occur at a lower plasma osmolality in hyperthyroidism 
compared with the euthyroid state. However, experi-
mental studies in rodents suggest that PU/PD may also 
be contributed to by an alteration in renal haemo-
dynamics, which may lead to increased solute excretion, 
a non-osmotic related suppression of AVP production 
and down-regulation of aquaporins (Syme, 2007).

Key diagnostic information
Hyperthyroidism should be considered as a differential 
diagnosis for PU/PD in all cats over the age of 7 years. A 
diagnosis of hyperthyroidism is suspected on the basis of 
compatible history and clinical signs, including polyphagia 
with weight loss, intermittent vomiting and diarrhoea, 
hyperactivity and behavioural changes (Peterson, 2013). 
On physical examination, poor body condition, tachy-
cardia, heart murmur and gallop rhythm and a unilateral or 
bilateral thyroid goitre may be noted. Increased alanine 
aminotransferase (ALT) activity is a common biochemical 
abnormality but definitive diagnosis of hyperthyroidism is 
usually achieved with measurement of serum/plasma total 
thyroxine (tT4) concentration. For those patients where 
there is a high clinical index of suspicion for hyperthyroid -
ism but where tT4 does not confirm the diagnosis, addi -
tional diagnostics including repeat measurement of tT4  
in 4–8 weeks, or assessment of free T4 by equilibrium  
dia lysis may be required. Additional diagnostics that may 
be considered in such cases include assessment of serum 
thyroid-stimulating hormone (TSH) concentration, tri- iodo-
thyronine (T3) suppression testing or, less commonly, a 
thyrotropin -releasing hormone (TRH) stimulation test and 
thyroid scintigraphy.

Both hyperthyroidism and CKD are common in older 
cats and therefore may occur concurrently (Vaske et al., 
2015). The relationship between hyperthyroidism and renal 
function is discussed further in Chapter 17. The increase in 
GFR associated with the hyperthyroid state and variable 
urine concentrating ability means that renal function can -
not be adequately assessed until the hyperthyroidism  
has been treated and a euthyroid state achieved.

Hyperadrenocorticism
Hyperadrenocorticism is a common condition in the mid -
dle-aged to older dog (>6 years) and PU/PD is reported in 
approximately 80–85% of dogs with this condition (see 
Chapter 19). In hyperadrenocorticism, high circulating 
concentrations of glucocorticoids result in interference 
with the action of AVP at the AVP receptor in the distal 
tubule and collecting duct, resulting in a secondary NDI. 
In addition, increased cortisol concentrations may have an 
effect on the set point and relative release of AVP, result-
ing in a secondary CDI. For this reason, many dogs with 
hyperadrenocorticism will show at least a partial response 
to exogenous administration of desmopressin acetate 
(DDAVP), making it important to exclude hyperadreno-
corticism before performing either a water deprivation  
test or a desmopressin trial. Cortisol may also have a 
direct impact on GFR, increasing diuresis. CDI due to 
direct compression of the posterior pituitary or hypo  - 
thal amus by an anterior pituitary mass (pituitary macro-
adenoma) could theoretically modulate thirst and result  
in PU/PD although this is considered rare. Exogenous  
steroid administration, and ensuing iatrogenic hyper -
adrenocorticism, is a common cause of the development 
of PU/PD in the dog (see Figure 2.10).
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Hyperadrenocorticism is a rare condition in the cat and 
PU/PD is not typically reported as a presenting sign unless 
the patient has concurrent diabetes mellitus. Cats, unlike 
dogs, do not typically develop PU/PD in response to exo-
genous steroid administration. The presence of PU/PD in 
cats receiving corticosteroids should always raise concern 
for the onset of diabetes mellitus.

Key diagnostic information
A diagnosis of hyperadrenocorticism should be sus -
pected on the basis of historical information, clinical 
signs and physical examination findings. The median 
age for diagnosis of hyperadrenocorticism is 11 years, 
with over 75% of dogs being >9 years (Behrend et al ., 
2013). Hyperadreno corticism is therefore an unlikely 
diagnosis in young dogs, and other differential diagno -
ses should be considered in such patients. Typical clini -
cal signs in the dog include PU/PD, polyphagia, panting, 
change in appearance (e.g. pot-bellied with muscle 
wastage), skin thinning and changes in haircoat (see 
Figure 2.6). On biochemical assessment approximately 
90–95% of dogs will have increased alkaline phos -
phatase (ALP) activity, therefore hyperadrenocorticism 
should be considered an unlikely diagnosis if ALP activ-
ity is normal. Dogs with hyperadrenocorticism typically 
demonstrate reduced urine concentrating ability, with 
USG <1.020 in over 80% of cases. However, many 
affected dogs will be able to concentrate their urine to 
>1.025–1.030. This phenom enon may be appreciated 
when dogs have a change in environment, for example 
during hospitalization.

A number of diagnostic tests are available although no 
test has 100% sensitivity and specificity and therefore 
false-negative and -positive results are possible. It is 
important that diagnostic testing is only performed when 
there is a clinical suspicion of hyperadrenocorticism. 
Diagnostic tests that are commonly performed to confirm 
a diagnosis of hyperadrenocorticism include an adreno -
corticotrophic hormone (ACTH) stimulation test and/or a 
low dose dexamethasone suppression test. The urine  
cortisol to creatinine ratio (UCCR) has a high sensitivity 
and is therefore a useful test when the index of suspicion 
for hyperadrenocorticism is low and exclusion of this 
con dition is required. However, the specificity of the 
UCCR diagnostic test is low and therefore a positive test 
result should not be used to confirm a diagnosis of 
hyperadrenocorticism because of the high possibility  
of false-positive results. Urine samples for UCCR assess-
ment should be collected in a home environment, avoid -
ing any potentially stressful episodes such as visiting  
the veterinary clinic.

Hyperadrenocorticism is a rare condition in cats. It is 
most often considered as a differential diagnosis in cats 
with diabetes mellitus and particularly those where dia -
betic control has been poor. However, PU/PD has been 
reported rarely as a primary presenting clinical sign in 
cats with hyperadrenocorticism in the absence of dia-
betes mellitus. Other typical clinical signs include poly -
phagia, thin, fragile or torn skin, curled ear -tips, weight 
loss, failure of hair regrowth, lethargy and abdominal 
enlargement. In contrast to dogs, <10% of cats with 
hyperadrenocorticism are reported to have an elevation 
in ALP activity, although around 30% may have 
increased ALT activity and hypercholesterolaemia. 
Diagnostic testing, similar to that described above for 
dogs, can be used to confirm a diagnosis of hyper -
adrenocorticism in cats.

Hypoadrenocorticism
Hypoadrenocorticism is a condition where loss of 85–90% 
of adrenocortical cells results in clinical signs relating to  
glucocorticoid and mineralocorticoid deficiency. Hypo  -
adre no corticism is an uncommon cause of PU/PD, with  
only approximately 20% of dogs showing evidence of  
PU/PD as part of their initial presentation (see Chapter 19). 
Rarely, dogs may present with isolated glucocorticoid defi -
ciency although a proportion of such dogs go on to develop  
mineralocorticoid deficiency. Polyuria in patients with 
hypoadrenocorticism results from hyponatraemia second -
ary to mineralocorticoid deficiency, which results in loss of 
the osmotic gradient required between the tubular filtrate 
and the tubulointerstitium for water reabsorption and is 
therefore a form of secondary NDI. Approximately 30% of 
dogs with hypoadrenocorticism also demonstrate hyper-
calcaemia, which may be a contributing factor in the deve-
lopment of polyuria and polydipsia in these dogs (Schenck 
and Chew, 2013; Van Lanen and Sande, 2014).

Key diagnostic information
Patients with hypoadrenocorticism often present with 
vague clinical signs including variable appetite, lethargy, 
weight loss, vomiting/diarrhoea, weakness, waxing and 
waning disease course, shaking/shivering and collapse. 
The mean age at diagnosis is 4–5 years although diag nosis 
is possible at a wide range of ages. Bitches are predis -
posed, and over-represented breeds include the Great 
Dane, poodles and West Highland White Terrier. Pertinent 
physical examination findings can include depression,  
lethargy, weakness and bradycardia (see Figure 2.6). 
Patients presenting in a hypo adrenocorticoid crisis will 
have clinical signs of shock inclu  ding hypovolaemia, dehy-
dration, poor peripheral pulses, hypothermia, melaena  
and/or haematochezia. Serum biochemistry may reveal  
the presence of key electrolyte abnormalities, hyperkalae -
mia and hyponatraemia, in addition to mild hypercalcaemia 
and hypoglycaemia. On complete blood count the absence 
of a stress leucogram and the presence of eosinophilia and 
lymphocytosis should be noted.

The diagnosis of hypoadrenocorticism can be con -
firmed by performing an ACTH stimulation test, to which 
the patient with hypoadrenocorticism will demonstrate no 
response. An atypical form of hypoadrenocorticism is 
identified in some dogs, where the typical electrolyte 
abnormalities (hyperkalaemia and hyponatraemia) are not 
identified. These dogs may only have deficiency in gluco -
corticoids but recent studies support the notion that, even 
without typical electrolyte abnormalities, many dogs  
do demonstrate mineralocorticoid deficiency when aldo-
sterone concentrations are assessed pre - and post -
administration of ACTH (Baumstark et al., 2014).

Patients that present in a hypoadrenocorticoid crisis 
must be differentiated from patients with AKI. During a 
hypoadrenocorticoid crisis, hypovolaemia and dehydration 
attributable to diuresis, gastrointestinal fluid losses and 
reduced fluid intake can result in hypotension and hypo-
perfusion of the kidneys and a pre -renal azotaemia. 
Gastrointestinal bleeding may further increase plasma 
urea concentrations. In patients with normal renal function, 
pre-renal azotaemia should be accompanied by an 
increase in USG, typically >1.030 in the dog. However, loss 
of the osmotic gradient due to hyponatraemia occurring  
in hypoadrenocorticism prevents adequate urine concen-
tra ting  ability. As a result, some dogs with hypoadreno  - 
cor ticism may present with a pre -renal azotaemia in  
conjunction with USG of 1.008–1.020 which, without due 
care, can be mistaken for AKI.
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Diabetes mellitus
Diabetes mellitus with persistent hyperglycaemia results in 
glucosuria and an osmotic diuresis (see Chapter 19). 
Glucose is a low molecular weight molecule, which is 
freely filtered at the glomerulus. In health, >99% of filtered 
glucose should be reabsorbed in the proximal tubule such 
that the glucose concentration of the tubular filtrate in the 
remaining nephron is low. The plasma glucose concentra -
tion at which glucosuria is first identified is referred to as 
the renal threshold, which is approximately 9–12 mmol/l 
(~180–200 mg/100 ml) in dogs and 11–16 mmol/l (~290 
mg/100 ml) in cats. When plasma glucose values exceed 
the tubular transport maximum for glucose reabsorption, 
glucose remains in the tubular filtrate and an osmotic  
diuresis ensues.

Key diagnostic information
The diagnosis of diabetes mellitus in dogs can be made on 
the basis of the combination of glucosuria with a persis -
tently elevated blood glucose concentration and com-
patible physical examination findings (see Figure 2.6), with 
clinical signs including weight loss despite an increased 
appetite/polyphagia and lethargy. In cats, the presence  
of stress hyperglycaemia may make the initial diagnosis of 
diabetes mellitus more challenging. Stress -related hyper-
glycaemia which exceeds the tubular maximum for glu -
cose reabsorption in the kidney can result in glucosuria. 
However, the short-term increase in blood glucose means 
that, in this scenario, clinical PU/PD should not be appreci -
ated. A diagnosis of diabetes mellitus in the cat should 
therefore always be made in association with compatible 
clinical signs, documentation of persistent hyperglycaemia 
and glucosuria, with the latter sample potentially obtained 
in a less stressful home environment. In dogs, and particu -
larly in cats, assessment of fructosamine concentration or 
glycosylated haemoglobin may give additional information 
about the persistence of hyperglycaemia.

Primary renal glycosuria
In human patients, primary renal glucosuria results from 
either a congenital abnormality in the glucose transporters 
within the proximal tubule membrane or an abnormality in 
transtubular glucose movement. Primary renal glucosuria 
results in polyuria through osmotic diuresis with com-
pensatory polydipsia, although some patients may be 
asymptomatic at the time of diagnosis. Complex tubular 
disorders are also reported where glycosuria with eugly -
caemia may be identified in addition to variable alteration 
in electrolyte (sodium, potassium, phosphate, calcium  
and bicarbonate) and amino acid reabsorption. In both 
congenital and acquired complex tubulopathies, polyuria 
results from osmotic diuresis, although AVP -resistant poly-
uria may also be present.

Key diagnostic information
Primary renal glucosuria is uncommon but has been 
reported in Scottish Terriers and as a familial condition in 
Norwegian Elkhounds. Patients demonstrate persistent 
glucosuria in the face of euglycaemia. Fructosamine con-
centrations may aid in documenting normoglycaemia. In 
addition, patients with glucosuria are predisposed to  
secondary bacterial and fungal urinary tract infections, 
and clinical signs therefore may relate to these secondary  
conditions in addition to PU/PD.

Complex tubulopathies can be identified on the basis 
of urinalysis and venous blood gas analysis to assess for 
evidence of renal tubular acidosis, and by performing renal 
clearance studies to identify reabsorptive defects in elec -
trolytes and amino acids. Fanconi syndrome is the com -
plex tubulopathy that is most commonly reported in 
veterinary medicine. In the Basenji, Fanconi syndrome is 
presumed to be familial, although the onset of clinical 
signs frequently does not occur until adulthood with dogs 
typically being 3–4 years of age when glycosuria and PU/
PD are first appreciated.

Acquired renal glycosuria, or Fanconi- like syndromes, 
can be identified secondary to any condition that results  
in damage to tubular cells or generally disrupts normal 
tubular reabsorptive mechanisms. Renal glycosuria and 
Fanconi-like syndromes have been reported in association 
with acute kidney injury, a number of drugs and toxins 
including heavy metals (e.g. lead, copper, mercury), ethyl -
ene glycol, certain antibiotics (e.g. aminoglycosides, tetra -
cyclines) and chemotherapeutic agents (e.g. cisplatin, 
carboplatin), and also with infections such as pyelone-
phritis and leptospirosis (Tangeman and Littman, 2013). 
Certain antibiotics (such as ciprofloxacin when using the 
glucose oxidase test reagent (Drysdale et al., 1988; Rees 
and Boothe, 2004), penicillin and cephalosporin antibiotics 
when using copper sulphate -based reagents (Rotblatt and 
Koda-Kimble, 1987; Rees and Boothe, 2004)) may also 
give false-positive results on a urine glucose dipstick  
test, due to their sugar-reducing properties. More recently, 
acquired tubulopathies have also been reported in  
Lab rador Retrievers with copper hepatopathy (Langlois  
et al., 2013), and in patients with malignancies (e.g.  
multiple myeloma), primary hypoparathyroidism and with 
feeding of jerky treats (Thompson et al., 2013). The toxic 
component in the last scenario remains unknown.

Hypercalcaemia
Hypercalcaemia is a common cause of PU/PD in the  
dog, but it is a rare cause in the cat. Calcium sensing recep -
tors (CaSR) are identified on the serosal side of the  
collecting duct epithelium. Activation of the CaSR in this 
region by high circulating concentrations of calcium down -
regulates aquaporin-2 expression, resulting in a secondary 
NDI, and PU with a compensatory PD (Khanna, 2006). In 
addition, persistent hypercalcaemia and interaction with the 
CaSR in the thick ascending limb may modulate activity of 
the Na+K+2Cl– channels, affecting the kidney’s ability to 
maintain an osmotic gradient between the tubular fluid  
and medullary interstitium (Hebert et al., 1997).

Key diagnostic information
A number of different underlying disease conditions can 
result in hypercalcaemia, with the severity of clinical signs 
associated with the magnitude of the hypercalcaemia 
(Figure 2.12). Hypercalcaemia is often first identified on the 
basis of a serum biochemical profile, where total calcium  
is usually reported. Total calcium reflects the combined 
quantification of protein -bound and ionized (free) calcium 
and can therefore be influenced, in particular, by albumin 
concentrations. Where possible, total hypercalcaemia 
should be confirmed by assessment of ionized calcium con -
centration, ideally repeated on at least two occasions to 
document persistence. Reported adjustment factors for 
total calcium to estimate ionized calcium have been shown 
to be inaccurate and should not be used (Schenck and 
Chew, 2005; 2010). Unless immediate in-house assessment 
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Al though PU/PD may be recognized, the identification of 
hypercalcaemia is serendipitous in many patients with 
PHPTH when routine biochemistry is performed for an 
alternative reason, e.g. pre-anaesthetic screening. Mild 
clinical signs including PU/PD, weakness, reduced appe -
tite, muscle wastage, muscle tremors and reduced activity 
may be identified with PHPTH. However, many clients only 
recognize these changes after parathyroidectomy has 
been performed and PTH and calcium concentrations 
have normalized, suggesting that the hypercalcaemia is 
insidious in onset and chronic.

Approximately 25% of dogs with PHPTH present with 
urolithiasis; this means that clinical signs relating to the 
lower urinary tract (e.g. stranguria, pollakiuria, dysuria) 
may also trigger diagnostic investigation.

Physical examination of patients with PHPTH is typi -
cally unremarkable and the enlarged parathyroid gland 
cannot usually be palpated but may be readily visualized 
with ultrasonography and compared with the contralateral 
glands. In general, if a patient is systemically unwell on 
presentation, an alternative diagnosis or second condi  - 
tion in addition to PHPTH should be considered as an 
explan ation for hypercalcaemia. Serum biochemistry in 
patients with PHPTH will reveal the presence of variable 
total hypercalcaemia and low normal or low serum phos -
phorus concentrations. A diagnosis of PHPTH can be  
confirmed by the presence of normal or elevated para-
thyroid hormone concentrations in the face of hyper-
calcaemia, where physiologically the parathyroid hormone 
concentrations should be suppressed.

Hepatic disease
Hepatic disease can result in PU/PD through a number of 
mechanisms. Urea is one of the main solutes required for 
the maintenance of the osmolality of the medullary inter -
stitium and the counter -current multiplier system (see 
above). Reduced synthesis of urea with decreased hepatic 
function can lead to failure in the maintenance of the 
osmotic gradient, reduced water reabsorption from  
the tubular filtrate and therefore PU. However, the build -up 
of hepatic toxins in hepatic encephalopathy may have  
a direct central effect at the hypothalamus, resulting in a 
form of primary PD. In certain hepatic diseases, e.g.  
copper hepatopathy in Labrador Retrievers, primary renal 
glycosuria has been reported, which results in osmotic 
diuresis and PU.

Key diagnostic information
Hepatic disease is usually suspected on the basis of  
historical and physical examination findings and routine 
biochemistry. Dogs of any age may be affected by hepatic 
disease ranging from congenital portovascular anomalies 
detected early in life, through to chronic hepatopathies 
presenting in middle to older age. Numer  ous breed predis -
positions have been identified for different hepatic condi -
tions and readers are directed to comprehensive medicine 
texts for further information on specific hepatic conditions 
(e.g. Ettinger and Feldman, 2010). Historical and physical 
examination findings can be non -specific, e.g. lethargy, 
reduced appetite, vomiting, diarrhoea and weight loss, or 
may more directly raise concern regarding hepatic func -
tion, e.g. icterus, small or large liver on abdominal pal-
pation or the presence of ascites. In the young dog or cat, 
poor growth, neuro  log ical signs particularly associated 
with feeding, seizures and hypersalivation may increase 
suspicion of a portovascular anomaly.

Incidence Causes

Common • Neoplasia (lymphoma, anal sac adenocarcinoma, 
nasal adenocarcinoma, pancreatic 
adenocarcinoma, pulmonary carcinoma, 
mammary carcinoma, multiple myeloma, 
squamous cell carcinoma, thyroid 
adenocarcinoma)

• Chronic kidney disease
• Angiostrongylus vasorum infection
• Hypoadrenocorticism
• Idiopathic (cat)

���•�…�‘�•�•�‘�• • Primary hyperparathyroidism
• Nutritional secondary hyperparathyroidism
• Acute kidney injury

Rare • Vitamin D toxicosis
• Granulomatous disease (Angiostrongylus 

vasorum, immune-mediated, histoplasmosis, 
blastomycosis)

Miscellaneous • Spurious/laboratory error
• Haemoconcentration

Causes of hypercalcaemia.2.12

of ionized calcium is available, careful sample handling is 
required to ensure that serum is not exposed to air, which 
may significantly increase pH and falsely decrease ionized 
calcium concentrations. Studies show that correctly  
handled serum samples can be stored for up to 72 hours  
for ionized calcium assessment, at room temperature or at 
4°C (Schenck et al., 1995).

The initial clinical presentation, history, physical exam-
ination and routine biochemistry are important in differenti -
ating the underlying aetiology of a patient’s hypercalcaemia. 
For example, identification of underlying neoplasia should 
be prioritized in the older or systemically unwell patient and 
the history may provide important information regarding 
potential access to vitamin D sources (e.g. psoriasis cream, 
rodenticides, vitamin D supplements). Physical examination 
findings, e.g. peripheral lymphadenopathy or a mass on 
rectal examination, may provide immediate insight into the 
possibility of lymphoma or anal sac adenocarcinoma, 
respectively (see Figure 2.6).

Additional diagnostics, including abdominal (meta -
static disease or primary neoplasia) and thoracic (medi -
astinal mass/metastatic disease) imaging combined with 
fine-needle aspiration and/or biopsy may be useful when 
evaluating for underlying neoplasia, and spinal/long bone 
radiography or computed tomography may be required 
for identification of lytic lesions (multiple myeloma/bone 
metastasis). If there is a high index of suspicion for neo -
plasia, which cannot otherwise be identified, parathyroid 
hormone related peptide (PTHrp) may be assessed.

For key diagnostic information relating to the diagnosis of 
acute and chronic kidney disease and hypoadrenocorticism, 
readers are directed to the relevant section in this chapter. 
However, secondary effects of persistent hypercalcaemia 
can include renal mineralization and therefore caution must 
be exercised when a patient presents with concurrent azo -
taemia, hypercalcaemia and hyperphosphataemia in order 
to ascertain whether these biochemical abnormalities are 
due to primary renal disease, hypoadrenocorticoid crisis  
or the secondary consequence of hypercalcaemia.

Primary hyperparathyroidism (PHPTH) is an uncommon 
condition resulting from adenomatous proliferation of chief 
cells in the parathyroid gland. The condition usually affects 
just one parathyroid gland, although more than one gland 
may be affected. PHPTH is most often diagnosed in  
middle-aged to older dogs (median age 11 years, range 
4–17 years) and the Keeshond is over-represented. 
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On serum biochemistry, elevated liver enzyme activities 
(ALT, ALP, gamma-glutamyltransferase) indicate liver patho-
logy or hepatic stress, but do not reflect liver function. 
Reduction in urea, hypocholesterolaemia, hypoalbumin-
aemia and low glucose concentrations can be used in con -
junction with a bile acid stimulation test and blood ammonia 
concentration to give information about hepatic function. 
Further information on hepatic disease may be gained from 
diagnostic imaging, including abdominal radiographs, ultra -
sound examination and computed tomography. In the 
patient with a suspected portovas  cular anomaly, abdominal 
ultrasound examination and/or computed tomography  
angiography not only may allow identification of the anoma -
lous vessel but may also indicate microhepatica, reno  - 
m egaly and the presence of urate uroliths. Hepatic fine - 
needle aspiration and/or biopsy is usually required for a 
definitive diagnosis of most acute or chronic hepatopathies.

Central diabetes insipidus
CDI results from lack of production of AVP by the hypo -
thalamus and/or posterior pituitary, which in turn prevents 
adequate concentration of urine and results in a primary 
PU. In human medicine, a number of different underlying 
aetiologies have been reported including familial con-
ditions, vascular disease, autoimmune disease, trauma 
and benign or malignant neoplasia affecting the hypo -
thalamopituitary system. However, in over 50% of human 
patients the condition is idiopathic.

CDI is a rare condition in dogs and cats, although both 
partial and complete CDI have been reported in dogs. In 
complete CDI, patients exhibit a complete lack of AVP  
production despite rising plasma osmolality, whereas in 
patients with partial CDI the production of AVP in response 
to osmolality appears blunted, with inadequate AVP pro -
duction for a given plasma osmolality. In both scenarios, 
reduced or absent AVP means lack of interaction between 
vasopressin and its receptor in the distal tubule and  
collecting ducts. As a result, reduced insertion of aqua -
porin-2 for water reabsorption leads to production of large 
volumes of dilute urine.

Key diagnostic information
CDI has been reported as an idiopathic disease in young 
dogs and may occur as part of panhypopituitarism syn -
drome. However, in middle -aged to older dogs the most 
common aetiology is pituitary neoplasia (macroadenoma), 
although craniopharyngioma, meningioma, lymphoma and 
metastatic disease have also been reported. CDI may also 
occur secondary to traumatic brain injury, frequently asso -
ciated with skull fracture, and in this scenario CDI may be 
a permanent phenomenon although regrowth of neurons 
may afford some clinical improvement with time. A more 
common cause of CDI in recent years is in association 
with transsphenoidal surgery for hyperadrenocorticism or 
acromegaly; this again may be transient with spontaneous 
recovery, or permanent if there is degeneration of the 
hypothalamic neurons.

Clinical signs in patients with CDI include an extreme 
PU with compensatory and near incessant PD, which may 
be insidious or acute in onset depending on the underlying 
aetiology. For those patients where neoplasia underlies the 
CDI, other associated neurological signs may be present 
and in such patients the emphasis in diagnostic investiga -
tion should be to perform a full neurological assessment 
and to assess the pituitary/hypothalamic region with either 
computed tomography or magnetic resonance imaging.

Diagnostic investigation for CDI is infrequently per -
formed in veterinary practice because this is a rare condi -
tion; it should only be performed after exclusion of other 
more common causes of PU/PD (see Figure 2.9). A  
normal dog or cat is able to produce concentrated urine 
and osmolality can reach >2300 mOsm/kg, with normal 
plasma osmolality ranging between 280 and 310 mOsm/
kg (Nelson, 2014). Patients with severe CDI typically have 
USG values that are persistently <1.008 (urine osmolality 
<310 mOsm/kg); although, in milder or partial forms of 
CDI, USG may be higher with urine osmolality up to 600 
mOsm/kg. Serum biochemistry in patients with CDI is 
typically unremarkable, although patients may have a ten -
dency towards hypernatraemia or a sodium concentration 
at the top end of the laboratory reference interval. Spot 
plasma osmolality may be elevated; however, this is not 
always the case and plasma osmolality in dogs with CDI 
has been reported to range between 281 and 339 mOsm/
kg (Nelson, 2014). Elevated plasma osmolality/sodium 
concentrations may be of particular concern if patients 
with CDI have their water intake inadvertently restricted, 
when failure to keep up with large excretory water losses 
can result in rapid-onset hypernatraemia (plasma sodium 
>160 mmol/l), hypertonic encephalopathy and clinical 
signs of stupor, ataxia and obtundation.

Differentiation of CDI from primary PD and NDI can be 
achieved by performing a water deprivation test, often in 
conjunction with a desmopressin trial (DDAVP: 1-deamino, 
9-D-arginine vasopressin), which is referred to as a  
modi fied water deprivation test (Figures 2.13 and 2.14). 
However, a water deprivation test is not without consid-
erable risk to the patient and should be considered a  
specialized procedure requiring hospitalization and careful 
monitoring to be performed safely and correctly. A water 
deprivation test should never be performed in a patient 
that is azotaemic or already dehydrated.

In normal dogs in a clinical setting, if a water depriva -
tion test were to be performed, the expectation would be 
that urine osmolality would typically reach >1100 mOsm/
kg and USG >1.030 after 5% dehydration within a period 
of 20–40 hours. During a water deprivation test, patients 
with CDI will continue to produce dilute urine (typically 
USG <1.008) and will not be able to concentrate their 
urine to above their plasma osmolality, typically <310 
mOsm/kg. Dehydration will ensue typically over a period 
of 3–10 hours with evidence of reduction in bodyweight, 
development of hypernatraemia and increase in plasma 
osmolality. However, with administration of desmopres -
sin, patients with complete CDI will demonstrate a >50% 
increase in urine osmolality. During water deprivation in 
patients with partial CDI, urine osmolality may increase to 
>300 mOsm/kg with a concomitant minimal increase in 
USG, typically to 1.008–1.020 (see Figure 2.14). However, 
patients with partial CDI will also subsequently show a 
response to desmopressin administration, but the 
response is usually incomplete and increases in urine 
osmolality of only >15% but <50% are anticipated. These 
findings in complete and partial CDI are in contrast to 
patients with congenital NDI who demonstrate low urine 
osmolality (<310 mOsm/kg), normal to increased spot 
plasma osmolality, but who show no alteration in urine 
osmolality with 5% dehydration and no response to 
administration of desmopressin (see Figure 2.14), with 
urine osmolality remaining <310 mOsm/kg and USG 
<1.006–1.012. This is also in contrast to the patient with 
psychogenic polydipsia, where a normal to low result 
(e.g. <280 mOsm/kg) is expected on a spot plasma 
osmolality test.
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Careful review of signalment, historical and physical data to ensure that all conditions other than central 
diabetes insipidus, nephrogenic  diabetes insipidus and primary  polydipsia have been excluded

Prior to water deprivation test:
• Consider gradual water restriction (see Figure 2.16)
• Ensure no clinical signs of dehydration or azotaemia – if present DO NOT PERFORM WDT
• Withhold food for 12 hours

Water deprivation test end points:
The WDT should be ended when one or more of the following is noted:
• Azotaemia and/or hypernatraemia
• Patient becomes depressed/lethargic/obtunded/shows behavioural changes
���� ���”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���‡�š�…�‡�‡�†�•���U�ä�T�W�T
• Patient loses 5% of bodyweight
On stopping the WDT obtain samples for:
• USG, urine osmolality, plasma osmolality, plasma creatinine and sodium concentrations

No:
Proceed with further diagnostic 
investigations (see Figure 2.7)

Water deprivation phase:
• Begin early in the morning
• Empty the bladder and ideally place urinary catheter to enable complete bladder emptying throughout test
• Assess and record USG and if possible osmolality
• Obtain and record accurate weight of patient
• Obtain blood sample for plasma creatinine, sodium and osmolality, and record
• Continuously:
 – Monitor the patient for signs of depression/lethargy/behavioural change
• Every 1–2 hours:
 – Assess the patient for clinical signs of dehydration
 – Empty bladder/urine bag –  measure and record USG and urine osmolality
 – Record weight of patient (ensure the same scales are used on each occasion)
 – Obtain sample for plasma creatinine, sodium and osmolality, and record

Response to exogenous vasopressin:
���� ���†�•�‹�•�‹�•�–�‡�”���†�‡�•�•�‘�’�”�‡�•�•�‹�•�����T�ä�Y���������•�‰���‹�ä�•�ä���‘�•�…�‡�â���•�ƒ�š�‹�•�ƒ�Ž���†�‘�•�‡���Y���������ƒ�•�‹�•�ƒ�Ž�â���•�—�„�…�—�–�ƒ�•�‡�‘�—�•���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���‹�•��
 not recommended owing to variable absorption) or desmopressin acetate (intranasal solution: 4 drops 
�� �’�Ž�ƒ�…�‡�†���‹�•���…�‘�•�Œ�—�•�…�–�‹�˜�ƒ�Ž���•�ƒ�…�â���‹�•�Œ�‡�…�–�ƒ�„�Ž�‡���•�‘�Ž�—�–�‹�‘�•�ã���U���X���+g/dog i.v. once)
• Continue restriction of water and food
• Continuously:
 – Evaluate mentation and monitor for depression
���� ���˜�‡�”�›���W�T���•�‹�•�—�–�‡�•���ˆ�‘�”���V���Š�‘�—�”�•�����‡�˜�‡�”�›���U���V���Š�‘�—�”�•���ˆ�‘�”���—�’���–�‘���\���U�V���Š�‘�—�”�•���‹�ˆ���†�‡�•�•�‘�’�”�‡�•�•�‹�•���ƒ�…�‡�–�ƒ�–�‡���‹�•���—�•�‡�†���ã
 – Empty bladder/urine bag
 –  Measure and record USG and urine osmolality
 – Obtain sample for assessment of plasma creatinine, sodium and osmolality
���‘�•�–�‹�•�—�ƒ�–�‹�‘�•���‘�ˆ���•�‘�•�‹�–�‘�”�‹�•�‰���„�‡�›�‘�•�†���V���Š�‘�—�”�•���•�ƒ�›���„�‡���”�‡�“�—�‹�”�‡�†���ˆ�‘�”���•�‘�•�‡���’�ƒ�–�‹�‡�•�–�•�ä�����‘�™�‡�˜�‡�”�á���‡�š�–�”�‡�•�‡���…�ƒ�—�–�‹�‘�•���‹�•��
required if the patient is becoming dehyrated. See Figure 2.14 for anticipated response to water deprivation testing

Yes:
• Consider serial USG assessment at home or in a new environment (e.g. during 
 hospitalization) for patients with suspected primary polydipsia
• Consider desmopressin trial (see Figure 2.15)
���� ���‘�•�•�‹�†�‡�”���”�‡�“�—�‹�”�‡�•�‡�•�–�•���ˆ�‘�”���™�ƒ�–�‡�”���†�‡�’�”�‹�˜�ƒ�–�‹�‘�•���–�‡�•�–���ƒ�•�†���•�‡�‡�•���•�’�‡�…�‹�ƒ�Ž�‹�•�–���ƒ�†�˜�‹�…�‡���‹�ˆ���•�‡�…�‡�•�•�ƒ�”�›

���‘�†�‹�¤�‡�†���™�ƒ�–�‡�”���†�‡�’�”�‹�˜�ƒ�–�‹�‘�•���–�‡�•�–�������������ä�������
���¯���—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›�ä2.13

Patient Starting urine 
osmolality and urine 
�•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›

Random plasma 
osmolality with free 
access to water

Time to test 
endpoint

Maximal urine osmolality 
�ƒ�•�†���—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›��
after 5% dehydration

Urine osmolality and 
�—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›��
response to vasopressin

Normal dog 160–2500 mOsm/kg
1.006–1.040

280–300 pOsm ���’���–�‘���X�T���Š�‘�—�”�•>1100 mOsm/kg
>1.030

–

Complete central 
diabetes insipidus

<310 mOsm/kg
<1.006–1.012

Normal to �B Mean 4 hours
Range 3–10 hours

<310 mOsm/kg
<1.006–1.012

>50%  �BmOsm/kg
>1.025

Partial central 
diabetes insipidus

<310 mOsm/kg
<1.006–1.012

Normal to �B Mean 8 hours
Range 3–10 hours

>310 mOsm/kg
1.008–1.020

15–50% �BmOsm/kg
>1.025

Nephrogenic 
diabetes insipidus

<310 mOsm/kg
<1.006–1.012

Normal to �B Mean 5 hours
Range 3–10 hours

<310 mOsm/kg
<1.006–1.012

<300 mOsm/kg
<1.006–1.012

Primary polydipsia <150–1100 mOsm/kg
1.002–1.020

Normal to �? Mean 13 hours
���’���–�‘���V�X���Š�‘�—�”�•

>1100 mOsm/kg
>1.030

–

���•�–�‹�…�‹�’�ƒ�–�‡�†���”�‡�•�’�‘�•�•�‡���–�‘���•�‘�†�‹�¤�‡�†���™�ƒ�–�‡�”���†�‡�’�”�‹�˜�ƒ�–�‹�‘�•���–�‡�•�–�‹�•�‰�ä2.14
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USG can be monitored instead of urine osmolality  
during a water deprivation test, but the results can be 
more difficult to interpret. Patients who demonstrate no 
change in USG with water deprivation but an increase in 
USG to >1.030 with administration of desmopressin can be 
considered to have complete CDI, whereas an increase in 
USG to between 1.012 and 1.025 supports partial CDI.

Whereas complete CDI and severe NDI may be rela-
tively easily distinguished with a water deprivation test, 
there must be caution in interpreting the results of a modi -
fied water deprivation test that appear to be compatible 
with partial CDI, for a number of reasons. Many disease 
conditions which result in a secondary NDI can give similar 
results, with only a slight or lack of increase in urine osmo -
lality and USG in response to water deprivation, and a 
slight increase in both parameters after administration of 
desmopressin. This is at least partly due to medullary 
washout and highlights the importance of ensuring that all 
the more common causes of PU/PD have been excluded 
before rare conditions such as CDI are considered. Differ-
entiating partial CDI from primary PD on a water depriva -
tion test can also be difficult if medullary washout prevents 
the patient with primary PD from adequately concentrating 
their urine and increasing urine osmolality during the  
water deprivation phase. In addition, some patients with 
partial CDI appear to show an enhanced response to the 
small amount of AVP they secrete on maximal osmotic 
stimulation. In this scenario, their maximal response to 
AVP is achieved during the water deprivation phase and  
no further increase in urine osmolality or change in USG  
is appreciated during administration of a synthetic vaso -
pressin analogue.

Other reported diagnostic tests for the differentiation of 
CDI include measurement of AVP during osmotic stimu-
lation (saline diuresis), direct assessment of plasma osmo-
lality without requirement for water restriction and an 
isolated desmopressin trial (Figure 2.15). Assessment of 
plasma osmolality without water restriction may increase 

Owner monitors water intake at home over 
two 24-hour periods with free water access.

���‡�”�‹�ƒ�Ž���—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���������
����
assessment performed

���›�•�–�Š�‡�–�‹�…���†�‡�•�•�‘�’�”�‡�•�•�‹�•���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†��
���T�ä�T�Y���T�ä�V���•�‰���†�‘�‰���‘�”�ƒ�Ž�Ž�›���“�\�Š�â

�U���X���†�”�‘�’�•���‘�ˆ���‹�•�–�”�ƒ�•�ƒ�•�ƒ�Ž���•�‘�Ž�—�–�‹�‘�•���ƒ�’�’�Ž�‹�‡�†���–�‘��
�…�‘�•�Œ�—�•�…�–�‹�˜�ƒ�Ž���•�ƒ�…���“�U�V�Š�����ˆ�‘�”���Y���[���†�ƒ�›�•

���ƒ�›�•���Y���[�ã�����™�•�‡�”���•�‘�•�‹�–�‘�”�•���™�ƒ�–�‡�”���‹�•�–�ƒ�•�‡���ƒ�–��
home over one 24-hour period.

���‡�”�‹�ƒ�Ž�������
���—�”�‹�•�‡���‘�•�•�‘�Ž�ƒ�Ž�‹�–�›���ƒ�•�•�‡�•�•�•�‡�•�–���’�‡�”�‹�‘�†

���������•�—�•�’�‡�…�–�‡�†���™�Š�‡�•�ã
• Dramatic reduction in water intake on 
�� �†�ƒ�›�•���Y���[��versus���†�ƒ�›���U
���� ���•�…�”�‡�ƒ�•�‡���‹�•�������
���³�U�ä�T�W�T���‘�”���³�Y�T�¨���‹�•�…�”�‡�ƒ�•�‡��
�� �‹�•���—�”�‹�•�‡���‘�•�•�‘�Ž�ƒ�Ž�‹�–�›
���‘�•�‰�‡�•�‹�–�ƒ�Ž���������ã�����‘�‰�•���™�‹�Ž�Ž���•�Š�‘�™���•�‘���”�‡�•�’�‘�•�•�‡
���‡�…�‘�•�†�ƒ�”�›���������ã�����‘�‰�•���•�ƒ�›���•�Š�‘�™���’�ƒ�”�–�‹�ƒ�Ž���”�‡�•�’�‘�•�•�‡�á��
�� �‹�•���’�ƒ�”�–�‹�…�—�Ž�ƒ�”���™�‹�–�Š���Š�›�’�‡�”�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‹�•�•
���”�‹�•�ƒ�”�›���’�‘�Ž�›�†�‹�’�•�‹�ƒ�ã�����‘�‰�•���•�ƒ�›���•�Š�‘�™���’�ƒ�”�–�‹�ƒ�Ž���”�‡�•�’�‘�•�•�‡

Schedule for performing a desmopressin trial. CDI = central 
diabetes insipidus; NDI = nephrogenic diabetes insipidus.2.15

suspicion of CDI providing other, more common, differen -
tial diagnoses have been excluded. Given that congenital 
NDI is extremely rare, if all other causes of secondary NDI 
have been excluded, CDI is the more likely diagnosis.

Some clinicians prefer to perform a desmopressin trial 
(see Figure 2.15) rather than a modified water deprivation 
test. In patients with CDI, provision of exogenous AVP 
should facilitate an increase in urine osmolality and  
USG. However, the apparent speed of this response will  
be partially dependent on the presence of an osmotic  
gradient between the tubular fluid and medullary inter-
stitium. For patients with CDI, sufficient time must there -
fore be allowed (usually 5–7 days) for medullary washout  
to correct, before a full response to desmopressin will be 
appreciated. Caution is required when undertaking a 
desmopressin trial to ensure that all other potential causes 
of PU/PD have been excluded because patients with  
secondary NDI of many aetiologies will show a partial 
response to administration of exogenous desmopressin, 
giving a false-positive interpretation of this test.

Nephrogenic diabetes insipidus
Congenital NDI results from a lack of response to AVP by 
the kidney. In human medicine, this condition is most often 
the result of an X-linked mutation in the arginine vaso   - 
pressin receptor gene (AVPR2) or a mutation in aqua-
porin-2 gene (AQP2), affecting water reabsorption from the 
tubule. Congenital NDI is extremely rare in dogs, with only 
a few case reports in the veterinary literature, and has 
never been reported in cats. A familial form of NDI  
has been reported in Huskies in which a mutation resulted 
in reduced affinity of the AVP receptor for AVP. A large 
number of causes of secondary NDI have been discussed 
in this chapter (see Figure 2.3) and it is important that these 
are excluded before primary NDI is considered as  
a differential diagnosis.

Key diagnostic information
Patients with congenital NDI present at a young age (<2 
years) with extreme polyuria and compensatory polydipsia. 
As with CDI, routine biochemistry is usually unremarkable 
apart from a tendency towards hypernatraemia or a sodium 
concentration at the upper end of the reference interval. 
Similar to patients with CDI, those with congenital NDI may 
demonstrate a normal to increased spot plasma osmolality, 
with values in the literature reported to range between 283 
and 340 mOsm/kg (Nelson, 2014). Patients with congenital 
NDI are unable to modify urinary osmo lality in response  
to water deprivation, resulting in 5% dehydration and  
an increase in plasma osmolality whilst urine osmolality 
remains <290–310 mOsm/kg (see Figure 2.14). Such 
patients will consistently show USG values <1.012 through -
out a water deprivation test. In contrast to patients with 
CDI, dogs with congenital NDI will show no response to 
subsequent administration of desmopressin. However, 
given the extreme rarity of this condition, if the results of a 
modified water deprivation test are compatible with NDI, it 
is advisable to review all previous diagnostic investigations 
to ensure that all causes of secondary NDI, which are much 
more common, have been excluded (see Figure 2.7).

Primary (psychogenic) polydipsia
Primary PD is an uncommon condition where excessive 
thirst drives a secondary PU. It is considered more com -
mon in highly strung or hyperactive young dogs and may 
reflect a behavioural response to lack of environmental 
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stimulation. A component of primary PD may underpin the 
PU/PD which is identified in cats with hyperthyroidism. 
Lesions within the hypothalamus and thirst centre may 
also rarely lead to primary PD.

Key diagnostic information
Dogs with primary PD are typically young and may have  
a history of a lack of environmental stimulation, or an  
environmental change such as rehoming. Traditionally, a 
water deprivation test has been used for diagnosis of  
primary PD. In a water deprivation test, dogs with primary 
PD should have adequate capacity to concentrate their 
urine and increase urine osmolality before dehydration 
occurs. However, an individual’s ability to do this may be 
impaired by medullary washout, which can lead to equi-
vocal results. Some clinicians support a period of gradual 
water restriction prior to a water deprivation test (Figure 
2.16) to accommodate this, but it is strongly advocated 
that such an approach should only ever be undertaken in  
a hospital environment with careful 24 -hour monitoring.

Given the concern regarding the risks associated with  
a water deprivation test, if primary PD is suspected, 
sequential assessment of USG measurements, both at 
home when the dog is active and after a change in environ -
ment (e.g. during a period of hospitalization), can be a use -
ful and safer alternative. If USG >1.025 can be documented, 
then CDI can be excluded and, providing there are no  
other clinical or biochemical abnormalities, a diagnosis of 
primary PD is likely and will preclude the requirement for 
further diagnostic testing.
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For patients with long-term medullary washout, gradual water restriction 
�•�ƒ�›���„�‡���„�‡�•�‡�¤�…�‹�ƒ�Ž���’�”�‹�‘�”���–�‘���’�‡�”�ˆ�‘�”�•�‹�•�‰���ƒ���™�ƒ�–�‡�”���†�‡�’�”�‹�˜�ƒ�–�‹�‘�•���–�‡�•�–�ä

1. Monitor unrestricted water intake in a hospitalized environment 
�‘�˜�‡�”���V�X���Š�‘�—�”�•���™�‹�–�Š���•�‡�”�‹�ƒ�Ž�������
���•�‘�•�‹�–�‘�”�‹�•�‰�ä

2. Over 2–5 days gradually restrict water intake to 100 ml/kg/24h by 
providing water in divided amounts throughout the day. Careful 
�•�‘�•�‹�–�‘�”�‹�•�‰���‘�ˆ���„�‘�†�›�™�‡�‹�‰�Š�–�á���•�‡�”�‹�ƒ�Ž�������
�á���’�Ž�ƒ�•�•�ƒ���•�‘�†�‹�—�•���ƒ�•�†��
creatinine, and patient demeanour should be performed 
throughout this period in a hospitalized environment.

3. ���ˆ�������
���³�U�ä�T�V�Y���‘�”���ƒ�œ�‘�–�ƒ�‡�•�‹�ƒ���†�‡�˜�‡�Ž�‘�’�•���†�‘���•�‘�–���’�”�‘�…�‡�‡�†���–�‘���™�ƒ�–�‡�”��
deprivation test.
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SIGNALMENT

A 13-year-old male neutered Domestic Shorthaired Cat.

HISTORY

PD and gradual muscle weakness reported over the past 
2–3 months but without any other notable clinical signs. 
Urination unmonitored because the cat did not use a 
litter tray.

PHYSICAL EXAMINATION

Physical examination revealed mild generalized muscle 
wastage and borderline small kidneys on abdominal 
palpation. No thyroid goitre palpable.

INITIAL INVESTIGATION

• Haematology: unremarkable.
• Biochemistry: moderate hypokalaemia (2.5 mmol/l; 

reference interval (RI) 3.5–5.5 mmol/l).
• Total thyroxine: 23 nmol/l (RI 10–60 nmol/l).
• Urinalysis: specific gravity 1.020, otherwise 

unremarkable; urine protein to creatinine ratio 0.18.
• Urine culture: negative.
• Non-invasive blood pressure (Doppler technique): 

average systolic blood pressure (SBP) 190 mmHg.
• Fundic examination: unremarkable.

FURTHER DIAGNOSTIC INVESTIGATIONS

• Repeat biochemistry: persistent moderate 
hypokalaemia (2.8 mmol/l).

• Repeat urinalysis: specific gravity 1.018, otherwise 
unremarkable.

• Repeat SBP: confirmed systemic hypertension (SBP 
210 mmHg).

• Fundic examination remained within normal limits.
• Abdominal ultrasound examination revealed a 

right-sided adrenal mass. Both kidneys were slightly 
small with an irregular contour.

• Plasma aldosterone concentration: 1573 pmol/l (RI 
150–430 pmol/l).

OUTCOME

Primary hyperaldosteronism was confirmed on the basis 
of persistent hypokalaemia, an adrenal mass lesion and 
elevated aldosterone concentrations. Plasma renin activ -
ity was low, supporting primary aldosterone production. 
The cat was started on spironolactone 3 mg/kg orally 
q24h, potassium supplementation 2 mEq orally q12h  
and amlodipine besylate 0.625 mg/cat orally q24h. 
Potassium concentrations normalized with this therapy 
after 4 weeks. SBP returned to the American College of 
Veterinary Internal Medicine (ACVIM) Hypertension 
Consensus Guidelines mild risk category for target organ 
damage (Brown et al., 2007) (SBP 150–160 mmHg).

The polydipsia did not change with medical therapy 
instituted for hyperaldosteronism despite normal  ization  
of potassium concentrations. Surgical resection of the 
adrenal mass was discussed but declined. Based on  
persistent poor urine concentrating ability and the changes 
in renal size and architecture present on the initial ultra -
sound examination, non-azotaemic chronic kidney disease 
was suspected (non-azotaemic IRIS Stage 2). Continued 
monitoring of renal function was recommended and at  
re-examination after 5 months the cat had developed mild 
azotaemia (plasma creatinine 201 �+mol/l; RI 84–177 �+mol/l) 
IRIS Stage 2 (140–250 �+mol/l) with inappropriately dilute 
urine (USG 1.022).

In this patient, the initial polydipsia was most likely to  
be compensatory for primary polyuria brought about by 
non-azotaemic CKD. CKD should be considered as a 
continuum with some cats demonstrating gradual loss  
of urine concentrating ability prior to the onset of 
azotaemia. Poor muscle condition may also have a direct 
impact on creatinine concentrations, falsely reducing 
creatinine concentration when body condition is reduced. 
In this non-azotaemic patient assessment of GFR by 
iohexol clearance or assessment of symmetric dim  - 
e thylarginine (see Chapter 10) could have been considered.

In this cat, the presence of hypokalaemia may, at 
least initially, also have contributed to the polyuria. 
Hypokalaemia affects the function of the Na +K+2Cl– 

co-transporters within the thick ascending limb of the 
loop of Henle and also the Na+ and K+ channels in the 
collecting ducts. Reduced function of these channels 
decreases sodium reabsorption, and sodium is a driving 
solute for water retention within the tubules. In addition, 
hypokalaemia has a direct impact on reducing 
expression of the AVP receptor. Hypokalaemia may 
therefore, via both methods, have contributed to 
secondary nephrogenic diabetes insipidus.

Case example 1: Polydipsia and muscle weakness in a Domestic 
Shorthaired Cat
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�« CASE XX CONTINUED

SIGNALMENT

An 8-month-old neutered Labrador Retriever bitch.

HISTORY

Mild polyuria and polydipsia noted over the past month 
with mild lethargy and an intermittent harsh cough of the 
same duration. Fully vaccinated and no known toxin 
exposure or travel history.

PHYSICAL EXAMINATION

Physical examination revealed slightly harsh lung sounds 
bilaterally on thoracic auscultation but was otherwise 
unremarkable.

INITIAL INVESTIGATION

• 24-hour water quantification: 86 ml/kg/24h.
• Haematology: mild eosinophilia (2.3 × 109/l; RI 

0.0–1.3 × 109/l), neutrophilia (13.6 × 109/l; RI 3–11.5 × 
109/l) and lymphopenia (0.6 × 109/l; RI 1–4.8 × 109/l).

• Biochemistry: mild increase in ALP activity (310 IU/l; 
RI 19–285 IU/l), mild hyperphosphataemia (2.3 
mmol/l; RI 0.8–2.0 mmol/l) and mild total 
hypercalcaemia (2.91 mmol/l; RI 2.1–2.7 mmol/l).

• Urinalysis: specific gravity 1.017; otherwise 
unremarkable.

• Urine culture: negative.

FURTHER DIAGNOSTIC INVESTIGATIONS

• Ionized calcium: 1.58 mmol/l (RI 1.13–1.33 mmol/l).
• Thoracic radiographs: right lateral and dorsoventral 

views were obtained and revealed a peripheral 
alveolar–insterstitial pattern.

• Faecal smear and Baermann faecal flotation: positive 
for Angiostrongylus vasorum.

OUTCOME

Total water quantification in the home environment  
did not exceed 100 ml/kg/24h. However, the owners 
were concerned that there had been a change in  
drinking and urination habits, which warranted further 
investigation in conjunction with clinical signs of  

lethargy and coughing. In this patient, the biochemical 
profile revealed a total hypercalcaemia, which was con -
firmed with assessment of free calcium. Con  sidering 
differential diagnoses for hypercalcaemia, the age of the 
patient meant that neoplasia was considered unlikely. 
Azotaemia was not identified, excluding azotaemic 
chronic kidney disease. Hyperphosphataemia, which 
could have been renal in origin, was likely to be age - 
related in this patient. Non -azotaemic CKD remained a 
possible differential diagnosis, particularly if congenital 
or dysplastic renal disease was present. Abdominal 
ultrasound examination would have been required to 
provide further information about renal architecture. 
Lack of typical electrolyte abnormalities (i.e. hypo-
natraemia and hyperkalaemia) made hypoadrenocorti -
cism unlikely, combined with the young age of onset. 
There was no history of vitamin D intoxication. Although 
elevation in ALP activity was identified, hyperadreno -
corticism was excluded on the basis of signalment  
and was attributed to the young age.

The history of a chronic cough prompted thoracic 
radiographs, which revealed a typical peripheral distri -
bution of an alveolar–interstitial pattern suggestive of  
A. vasorum infection. A faecal smear and Baermann  
flotation confirmed this diagnosis. The mild peripheral 
eosinophilia was most likely due to the parasite burden.

Angiostrongylosis is known to lead to formation of 
pulmonary granulomas and there were radiographic 
changes supportive of A. vasorum infection in this 
patient. In human medicine, granulomatous disease can 
result in increased production of calcitriol (1,25 -dihy-
droxycholecalciferol) by activated macrophages, result -
ing in an increase in calcium concentration (Boag et al., 
2005). Hypercalcaemia secondary to A. vasorum infec-
tion was identified as the underlying cause of PU/PD. 
Hypercalcaemia can result in alteration in the interaction 
between AVP and the AVP receptor on the distal tubule 
and collecting duct epithelial cells, and therefore result 
in a secondary nephrogenic diabetes insipidus and clini -
cal signs of PU/PD.

While granulomatous disease is an uncommon differ -
ential diagnosis for hypercalcaemia in patients that have 
not travelled outside the UK, A . vasorum should always 
be considered. The dog was treated with fenbendazole 
(50 mg/kg for 10 days) and was continued on monthly 
anthelmintic (moxidectin/imidacloprid) spot -on therapy. 
PU/PD and the cough resolved.

Case example 2: Polydispia and polyuria in a Labrador Retriever  
with a cough

Ch02 Nephrology.indd   23 01/08/2017   08:21



Chapter 3

24 BSAVA Manual of Canine and Feline Nephrology and Urology, third edition. Edited by Jonathan Elliott, Gregory F. Grauer and Jodi L. Westropp. ©BSAVA 2017

Urinary incontinence  
and urine retention
Julie R. Fischer and India F. Lane

Normal micturition consists of a urine storage phase  
during which the bladder slowly fills and relaxes while the 
urethra remains closed, and a urine voiding phase during 
which the bladder contracts and urine is expelled through a 
relaxed urethra. The bladder remains in the storage phase 
the vast majority of the time. Appropriate urine storage and 
voiding depend on the intricate and co  ordi nated interaction 
of the nervous system, urinary bladder and urethra. Urine 
storage disorders usually manifest clinically as urinary 
incontinence, whilst urine voiding disorders usually manifest 
as urine retention. Successful management of incontinence 

and urine retention depends foremost on accurate des-
cription of the problem and localization of the disorder,  
augmented by a clear understanding of the associated 
neurophysiology.

Lower urinary tract anatomy
The key anatomical components of the lower urinary tract 
include the bladder, the ureterovesicular junction (UVJ), the 
trigone and the urethra (Figure 3.1).

Basic anatomy of the (a) female and (b) male 
lower urinary tract.3.1
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Urinary bladder
The bladder consists of a rounded body for receiving and 
storing urine, and a funnel-shaped neck through which 
urine is expelled. The bladder wall has four layers (from the 
outer surface to the lumen): serosa, smooth muscle and 
extracellular matrix, lamina propria and urothelium 
(mucosal layer). The smooth muscle cells of the detrusor 
are oriented in a seemingly random fashion in small func -
tional fascicular units, although in the trigone the fascicles 
organize into three layers. The individual myocytes fuse 
with one another at specialized connexin -based gap junc -
tions, resulting in low- resistance electrical pathways 
across cells. This permits the propagation of action poten -
tials from one myocyte to the next, enabling simultaneous 
contraction of the entire detrusor muscle. Smooth muscle 
generally contracts at a slower velocity than striated  
muscle, and during the process of bladder contraction  
the detrusor extracellular matrix serves as a tension - 
generating scaffold, helping maintain a steady tension over 
a wide range of muscle fibre lengths. In states of over-
distension, however, the fascicles become positioned in 
more of a tangential orientation to the lumen, rather than 
an encompassing one, and the detrusor loses some 
mechanical advantage for increasing intravesical pressure.

The lamina propria (or submucosa) is strongly fibro-
elastic and contains fibroblasts, mast cells, myofibroblasts 
(also called interstitial cells), nerve endings (sensory, affer-
ent and efferent), collagen and elastin fibres, and some 
smooth muscle fascicles. It is replete with blood and  
lymphatic vessels. This layer also acts as a protective  
barrier between the detrusor and irritating substances (e.g. 
noxious solutes dissolved in urine) that may damage and 
penetrate the urothelium.

The innermost layer, the urothelium, functions as a  
barrier that protects the bladder wall from components of 
urine. The urothelium is a transitional-type epithelium, 
comprising a basal cell layer, an intermediate layer and a 
flattened superficial layer. The cells of the superficial layer 
are also known as umbrella cells and have modifications 
that decrease permeability to improve barrier function; the 
cell membranes have specialized lipids and are uroplakin -
rich to reduce permeability to small substances (e.g. water, 
urea, protons), the lateral margins are sealed to each other 
by claudin- and occludin -rich tight junctions, and the lumi -
nal membranes are covered by a glycosaminoglycan layer 
that may provide antibacterial and anti -adherence proper-
ties. In addition to functioning as a barrier, the urothelium 
is becoming increasingly understood and appreciated as a 
responsive structure with sensory and signalling proper -
ties that allow communication with local nerves and  
muscle tissue.

Urothelial cells express receptors for bradykinins and 
neurotrophins, as well as cholinergic (both nicotinic  
and muscarinic), adrenergic, purinergic and transient -
receptor-potential vanilloid receptors, and have the cap-
acity for release of neurotransmitters and other signalling 
molecules (e.g. nitric oxide, adenosine triphosphate (ATP), 
acetylcholine, prostaglandins, substance P, neurotrophins) 
that influence the sensitivity and reactivity of suburothelial 
afferents. The dense nexus of sensory nerves in the sub-
epithelium has terminal projections into the urothelium, 
and thus it is thought that urothelial cells (as well as myo-
fibroblasts in the lamina propria) actually play an auto -
crine/paracrine role in urinary sensory mechanisms.

Bladder compliance is a measure of resistance to filling 
and reflects the capacity to maintain appropriately low wall 
tension and intravesical pressure during the filling process. 

Compliance is measured by calculating the change in  
bladder volume divided by the change in intravesical  
pressure (expressed as ml/cmH20). The bladder maintains 
appropriate compliance throughout filling by reorientation 
of detrusor fibres to run parallel to the bladder lumen, elon -
gation of individual smooth muscle cells, thinning of the 
lamina propria and flattening of the urothelium, which occur 
in response to volume-generated increases in tension, the 
so called ‘relaxation compliance phase’ of bladder filling. 
Compliance depends on bladder wall viscoelasticity and 
varies based on a number of factors, including congenital 
anomalies (e.g. hypoplastic bladder), modulation of neuro -
logical stimulation (e.g. lower motor neuron lesion causing 
decreased cholinergic input), neuromuscular wall changes 
(e.g. atony due to chronic over  distension) and changes in 
wall collagen content and type (e.g. with fibrosis due to 
severe, chronic inflammatory bladder disease).

Ureterovesicular junction
The ureters travel obliquely through the caudodorsal  
bladder wall and terminate in slit -like openings at the cranial 
margin of the trigone, a triangular region of smooth mucosa 
at the dorsal bladder neck. The ureteral muscle is chiefly 
circular, but inner and outer smooth muscle ‘coats’ of longi -
tudinal fascicles become more prominent at the UVJ. 
Fascicles extend from the detrusor to form part of  
the outer ureteral muscle coat, whilst the inner longitudinal 
fascicles extend to merge with the smooth muscle of the 
trigone, which also has a fascicular layer oriented in a 
somewhat longitudinal fashion. The longitudinal orientation 
of these fascicles facilitates opening of the bladder outlet 
during detrusor contraction. The ureters do not have  
specific anatomical valves, per se, but rather the oblique 
nature of ureteral transit through the wall combined with 
luminal pressure and tension during bladder filling keep the 
distal ureter closed, precluding the reflux of urine into  
the upper urinary tract.

Urethra
Traditionally, the urethral smooth muscle is referred to  
as the internal urethral sphincter (IUS) and the urethral  
striated muscle is termed the external urethral sphincter 
(EUS). In male dogs and cats, the IUS and EUS are separ-
ated by the prostatic region, and in females they are more 
merging than discrete anatomical structures, but in both 
sexes discussion of them as individual entities aids under -
standing of their mechanistic interactions. Continence is 
maintained by the normal structure and function of the blad -
der neck; the smooth and striated musculature, mucosa, 
submucosal elastic fibres and stratum spongiosum of the 
urethra; and regional fibromuscular tissues. Collectively, this 
is called the urethral sphincter mechanism (or the ‘closure 
mechanism’). These structures are also collectively referred 
to as the ‘outflow tract’ or ‘outlet’ (see Figure 3.1).

The urethral mucosa is thinner than the bladder 
mucosa. The proximal urethra is lined with 2–3 layers of 
transitional epithelial cells, which become stratified cub-
oidal cells in the mid -urethra and then stratified squamous 
cells in the distal/terminal urethra. In the closed urethra, 
mucosal enfolding plays a significant role in static passive 
generation of outlet resistance.

Females
The urethra of female dogs and cats is structurally similar, 
with approximately two -thirds consisting of circularly - 
oriented smooth muscle that arises from the circular 
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smooth muscle of the bladder neck. This circular smooth 
muscle begins to blend with striated muscle in the mid - 
urethra in dogs and a bit further caudally in cats. The caudal 
third of the urethra consists entirely of encircling striated 
muscle (longer and thicker in the dog than in the cat) that 
extends caudally to the vestibular floor, opening at the  
urethral tubercle in the dog and as a groove in the cat.  
The striated muscle encircles both the urethra and vagina at 
the caudal-most extent, anchoring the urethra to the vagina.

Males
The male urethra is divided into four segments: pre -pros-
tatic, prostatic, post -prostatic and penile. The pre -prostatic 
segment of the urethra in cats consists chiefly of circular 
smooth muscle and extends to the prostate gland located 
at the midpoint of the pelvic urethral segment. The prostate 
lies on the dorsal urethral surface and the dorsal sub-
mucosa contains the ductus deferens and prostatic duct 
openings. The prostatic urethral wall contains little muscle 
tissue. The post-prostatic urethra consists of encircling 
striated muscle extending to the root of the penis and  
covering the bulbourethral glands that lie there.

In dogs, urethral smooth muscle is confined primarily 
to the bladder neck. The prostate is situated just caudal to 
the trigone and encircles the urethra. Although the smooth 
muscle fibres cover the proximal portion of the prostate, 
they do not extend into the prostatic urethra, which plays 
no role in maintaining continence. The thick, encircling 
striated muscle coat of the post -prostatic urethra covers 
the caudal surface of the prostate and extends to cover 
the bulbospongiosus at the ischial arch. No significant 
smooth muscle is present in the post- prostatic urethra.

Neurophysiology of micturition
Nervous control of the micturition cycle involves the brain -
stem and cerebral cortex of the central nervous system 
(CNS), as well as both the autonomic (involuntary) and 
somatic (voluntary) arms of the peripheral nervous system. 
Normal urine storage and voiding requires intricate inter-
action amongst all components.

Innervation of the bladder and urethra
The bladder and urethra are innervated by three sets of 
nerves: thoracolumbar sympathetic (arising from spinal 
segments L1–L4 in the dog and L2–L5 in the cat), sacral 

parasympathetic (arising from spinal segments S1–S3)  
and somatic (arising from spinal segments S1–S3). 
Sympathetic and parasympathetic preganglionic neurons 
are located in the lumbar and sacral intermediate grey 
matter, respectively. Parasympathetic axons travel via the 
lumbosacral plexus and pelvic nerves to the paired pelvic 
plexuses, while sympathetic axons travel through lumbar 
splanchnic nerves, where most synapse at the caudal 
mesenteric ganglion, and then continue through the 
hypogastric nerves to the pelvic plexuses.

The pelvic plexuses are bilateral nervous meshworks, 
where autonomic ganglia housing both sympathetic and 
(chiefly) parasympathetic postganglionic neurons are 
located. The mesh of nerves from the pelvic plexuses 
extend into the caudal portion of the bladder wall, where 
they adopt a tortuous course as they spread cranially so 
that bladder distension does not result in excessive nerve 
stretching. The nervous plexus is thickest in the bladder 
neck and progressively less dense as nerves extend 
towards the apex, ending around the equatorial region. 
These neurons elaborate non-myelinated axons, with vari-
cosities containing synaptic vesicles along the terminal 
branches. Distinct neuromuscular junctions are not present; 
rather the synaptic vesicles ‘spill’ neurotrans  mitters within 
diffusion proximity of myocyte receptors, inducing excita -
tory (causing myocyte contraction) or inhibitory (causing 
myocyte relaxation) junction potentials. Somatic innervation 
of the striated muscle of the EUS involves the motor nuclei 
in the ventral horn of the sacral spinal cord. Axons travel 
through the lumbosacral plexus and the pudendal nerve.

Urine storage
The urine storage phase of micturition occurs chiefly under 
sympathetic (adrenergic) nervous control (Figure 3.2) and is 
aided by the intrinsic structural and anatomical properties 
of the bladder and urethra (see above). Sympathetic post -
ganglionic neurons release noradrenaline (norepinephrine) 
which binds to detrusor beta adrenoceptors (primarily 
beta-3 in dogs and likely beta -1 or -2 in cats). This permits 
smooth muscle relaxation via a second messenger system: 
beta-3 adrenoceptors are linked to G proteins (gua  - 
nine nucleotide-binding proteins that act as intracellular  
mole cular switches) which decrease levels of cyclic adeno -
sine monophosphate (cAMP), resulting in increased K+ 
efflux and decreased Ca2+ influx. This results in myocyte 
hyperpolarization and inhibition of contraction, and allows 
bladder filling under low pressure. Noradrenaline also binds 
to alpha-1 (in dogs, chiefly alpha-1A; alpha-1 adrenoceptor 
subtypes remain unelucidated in the feline urinary tract) 
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The urine storage phase of 
micturition. Sympathetic input 

to the beta (� )̀ adrenoceptors in the 
bladder stimulates detrusor muscle 
relaxation; sympathetic input to the alpha 
(�_) adrenoceptors in the IUS stimulates 
smooth muscle contraction. Voluntary 
input to the nicotinic cholinergic receptors 
(Ach-n) in the EUS stimulates striated 
muscle contraction. During the storage 
phase, outlet resistance must exceed 
intravesicular pressure to maintain 
continence.

3.2
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adrenoceptors in the bladder neck and urethral smooth 
muscle (the IUS). This induces smooth muscle contraction 
via a second messenger system: alpha-1 adrenoceptors 
are linked to G proteins that generate inositol triphosphate, 
driving the sarcoplasmic reticulum to release Ca 2+, which 
then initiates smooth muscle contraction, closing the  
bladder outlet and maintaining continence. Sympathetic 
input also modulates and minimizes parasympathetic -
mediated contraction of the detrusor muscle.

As bladder filling progresses, sensory information from 
the detrusor stretch receptors (slowly adapting mechano -
receptors) is passed to higher centres via the myelinated 
(A�b) axons (filling sensation, urge to void) of the pelvic 
nerves (in dogs; in cats both pelvic and hypogastric 
nerves are involved) to the sacral cord, and then through 
the ventral portion of the lateral funiculus to the pontine  
micturition centre and to the periaqueductal grey matter 
of the mid -brain, as well as the hypothalamus and thala -
mus. The pontine continence centre (located lateral to the 
micturition centre) sends axons through the dorsal portion 
of the lateral funiculus, and then through the hypogastric 
nerve to activate the EUS and pelvic diaphragm. The full 
bladder (in quadrupeds) tends to be drawn cranially into 
the abdomen by gravity, which increases tension in the 
urethral wall, providing additional outlet closure strength.

Voluntary input to the striated urethral musculature (the 
EUS) is supplied via the pudendal nerve (Figure 3.3) to tem-
porarily maintain continence when tonic closure provided 
by the IUS is breached (e.g. reflex closure during coughing 
or sneezing, temporary voluntary overriding of the urge to 
void and midstream stoppage of flow). During the storage 
phase, the stimulation of urine flow into the urethra and/or 
conscious input from cortical centres causes the pudendal 
nerve to release acetylcholine, stimulating nicotinic cholin -
ergic receptors in the EUS. Acetylcholine -induced opening 
of non-selective cation channels on striated myocytes per -
mits the influx of Na + and efflux of K+, causing rapid EUS (as 
well as muscles of the anal canal and root of the penis) 
contraction, providing swift additional closure of the outlet.

The pelvic and hypogastric nerves also contain unmy -
elinated (C) axons, which are insensitive to physiological 
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Central nervous 
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the lower urinary tract. 
Sympathetic input is 
supplied to the bladder and 
proximal urethra via the 
hypogastric nerve (green); 
parasympathetic input is 
�•�—�’�’�Ž�‹�‡�†���˜�‹�ƒ���–�Š�‡���ƒ�¡�‡�”�‡�•�–��
pelvic nerve (red) and 
sensation of stretch is 
relayed to higher centres via 
�–�Š�‡���‡�¡�‡�”�‡�•�–���’�‡�Ž�˜�‹�…���•�‡�”�˜�‡��
���„�Ž�—�‡���ä�����Š�‡���ƒ�¡�‡�”�‡�•�–�����”�‡�†�����ƒ�•�†��
�‡�¡�‡�”�‡�•�–�����„�Ž�—�‡�����„�”�ƒ�•�…�Š�‡�•���‘�ˆ��
the pudendal nerve relay 
somatic input to and from 
the external urethral 
sphincter. Voiding is 
coordinated in the pontine 
micturition centre, with 
input from cerebrocortical 
centres.

3.3

distension/contraction conditions (thus are termed ‘silent’ 
C-fibres) and respond primarily to chemical irritation, cool -
ing or other noxious stimuli. Sensation carried via these 
fibres may play a role in conditions such as interstitial  
cystitis in women and idiopathic cystitis in cats.

Urine voiding
The urine voiding phase of micturition is chiefly under  
parasympathetic control via release of acetylcholine. 
Voiding may be initiated when the forebrain receives suffi -
cient notice of increasing bladder wall tension. The sen-
sation of stretch is transmitted via afferent pelvic nerves 
associated with detrusor mechanoreceptors. Degree of 
fullness, environmental factors and other inputs are pro -
cessed to determine whether voiding is situationally 
appropriate; voiding is then either initiated or inhibited. If 
the decision not to void is made, the continence centre  
of the pons causes EUS contraction and tonic contraction  
of the IUS is maintained, along with ongoing beta adreno -
ceptor-mediated detrusor relaxation.

If voiding is elected, the pontine activity switches to 
favour micturition; sympathetic and somatic input to the 
outlet is actively inhibited, permitting IUS and EUS relax-
ation, respectively. Simultaneously, acetylcholine release 
by the pelvic nerve stimulates M3 muscarinic cholinergic 
receptors in the detrusor, causing sustained contraction 
and raising of intravesicular pressure, pulling the neck of 
the bladder open. Mammalian studies involving complete 
blockage of cholinergic receptors show that non -adren-
ergic and non-cholinergic (NANC) neurotransmission 
(most likely representing ATP acting on purinergic recep -
tors) also plays a role in detrusor contraction. When intra -
vesical pressure exceeds outlet closure pressure, voiding 
occurs (Figure 3.4). As the bladder empties, intravesical 
pressure and wall tension (and thus signalling from  
detrusor mechanoreceptors) decline. Complete bladder 
emptying is facilitated by input from the brain, which helps 
to maintain detrusor contraction as long as required. After 
voiding is complete, the system is ‘reset’ for the filling 
stage to begin again.
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The urine voiding phase of 
micturition. Parasympathetic 

stimulation of muscarinic cholinergic receptors 
(Ach-m) causes contraction of the detrusor 
muscle. Parasympathetic inhibition of 
sympathetic input to the IUS (X) and voluntary 
inhibition of EUS contraction (X) cause passive 
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intravesicular pressure to exceed outlet 
pressure, permitting urine voiding.

3.4

Urinary incontinence
Continence requires that the ureters open solely into the 
bladder, bladder capacity and compliance permit low 
pressure filling, urethral closure pressure exceeds intra-
vesical pressure, and bladder sensation be modulated 
appropriately by higher CNS centres. Urinary incontinence 
(hereafter simply incontinence) is defined as the involun-
tary leakage of urine through the urethra. Thus, diagnosis 
of this disorder first requires differentiation of unconscious 
leakage from behaviourally inappropriate urination and 
dysuria/pollakiuria (i.e. conscious inappropriate voiding). 
Incontinence is most common in bitches, but is also clini -
cally recognized in male dogs and cats. Incontinence is 
usually due to failure of urine storage during filling and, in 
some patients, particularly in animals with congenital dis -
orders, multiple mechanisms may be contributory. Causes 
of incontinence (Figures 3.5 and 3.6) are traditionally 
described as neurogenic or non -neurogenic in nature.

Neurogenic and functional

• Urethral sphincter mechanism incompetence
• Detrusor instability (overactive bladder)
• Pelvic nerve or pelvic plexus trauma
• Lumbosacral disease

• Intervertebral disc disease
• Lumbosacral stenosis
• Neoplasia

• Sacral malformation (Manx cats)
• Feline leukaemia virus-associated
• Generalized peripheral lower motor neuron disease
• Dysautonomia

Non-neurogenic

• Urethral hypoplasia
• ���‘�™�‡�”���—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–���‹�•�ª�ƒ�•�•�ƒ�–�‹�‘�•

• Bacterial cystitis
• Sterile cystitis
• Urolithiasis

• Ectopic ureter
• ���ƒ�”�–�‹�ƒ�Ž���‘�—�–�ª�‘�™���‘�„�•�–�”�—�…�–�‹�‘�•�����‘�˜�‡�”�ª�‘�™���‹�•�…�‘�•�–�‹�•�‡�•�…�‡��

• Uroliths
• Neoplasia
• Polyps

• Patent urachus
• Vestibulovaginal stenosis/septum causing urine pooling/spilling
• ���”�‹�•�ƒ�”�›���†�‡�–�”�—�•�‘�”���ƒ�–�‘�•�›���™�‹�–�Š���‘�˜�‡�”�ª�‘�™

Causes of urinary incontinence in dogs and cats.3.5

Adult female dogs

• Urethral sphincter mechanism incompetence
• Detrusor instability (bladder storage dysfunction)
• Vaginal pooling
• Vulvar conformation or positioning abnormality
• ���‘�™�‡�”���—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–���‹�•�ª�ƒ�•�•�ƒ�–�‹�‘�•
• Neurogenic disorders
• ���ƒ�”�–�‹�ƒ�Ž���‘�—�–�ª�‘�™���‘�„�•�–�”�—�…�–�‹�‘�•�����‡�ä�‰�ä���—�”�‡�–�Š�”�‘�Ž�‹�–�Š�•�á���–�”�‹�‰�‘�•�ƒ�Ž�� 

carcinoma)

Adult male dogs

• Prostatic disease
• Urethral sphincter mechanism incompetence
• Detrusor instability
• Neurogenic disorders
• ���ƒ�”�–�‹�ƒ�Ž���‘�—�–�ª�‘�™���‘�„�•�–�”�—�…�–�‹�‘�•�����‡�ä�‰�ä���—�”�‡�–�Š�”�‘�Ž�‹�–�Š�•�á���’�”�‘�•�–�ƒ�–�‹�…��

carcinoma)

Juvenile dogs

• Ectopic ureter
• Urethral or bladder hypoplasia
• Congenital urethral sphincter mechanism incompetence
• Vaginal or vulvar anomalies
• Intersex disorder
• Patent urachus

Cats

• Feline leukaemia virus-associated
• Urethral sphincter mechanism incompetence
• ���˜�‡�”�ª�‘�™
• Neurogenic disorders
• Urethral anomalies

Common causes of urinary incontinence by signalment.3.6

Urine retention disorders can ultimately result in a para  - 
doxical incontinence, also termed overflow incontinence. 
This occurs when bladder overdistension eventually 
results in urine leakage. As the primary causative problem 
is voiding failure, and storage failure is an end result of 
that, paradoxical incontinence is most accurately classi -
fied as a voiding disorder rather than a storage disorder 
and must be approached and managed as such by deter -
mining the underlying cause of urine retention (see below 
and Chapters 9 and 30).

Figure 3.7 provides a summary of characteristics and 
useful diagnostics associated with common causes of 
incontinence.
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Disorder Characteristics Diagnostic tests

Acquired urethral sphincter 
mechanism incompetence 
(reproductive hormone-
responsive or ‘spay’ incontinence)

Medium to large-breed adult dogs (usually female)
Prior ovariohysterectomy
Intermittent urine leakage
Resting urinary incontinence
Otherwise normal

Response to treatment
���”�‡�–�Š�”�ƒ�Ž���’�”�‡�•�•�—�”�‡���’�”�‘�¤�Ž�‘�•�‡�–�”�›

Urinary bladder storage 
dysfunction
(detrusor instability, urge 
incontinence, overactive bladder)

Intermittent urinary incontinence
Pollakiuria
May appear behavioural or voluntary
May be associated with excitement or activity

Response to treatment
Cystometrography
Cystourethrography

Ectopic ureter ���¡�‡�…�–�‡�†���•�‹�•�…�‡���„�‹�”�–�Š
Often continuous urine leakage

Urethrocystoscopy
Contrast radiography, computed tomography
Vaginourethrography
Surgical exploration

Congenital urethral incompetence 
or hypoplasia

Severe or continuous urine leakage
Juvenile animal
Wide or short urethra in some cases
Ectopic ureter not demonstrated

Urethrocystoscopy 
Cystourethrography
���”�‡�–�Š�”�ƒ�Ž���’�”�‡�•�•�—�”�‡���’�”�‘�¤�Ž�‡

Vaginal abnormality or urine 
pooling

Urine leakage at rest or when rising
Urine leakage following voiding
Recurrent or persistent vaginitis
Vestibulovaginal stenosis/septum on digital examination

Assessment of vulvar conformation
Digital vaginal examination and vaginoscopy
Vaginourethrography

Prostatic disease (male dogs) Intact or neutered
Other signs of prostatic disease or concurrent dysuria
���‹�•�†�Ž�‹�•�„���™�‡�ƒ�•�•�‡�•�•���‘�”���•�–�‹�¡�á���•�–�‹�Ž�–�‡�†���‰�ƒ�‹�–

Abdominal radiography
Ultrasonography
Contrast urethrography
Prostatic brushing, aspiration or biopsy

Feline leukaemia virus (FeLV)-
associated urinary incontinence 
(cats)

Intermittent urine leakage
Anisocoria

FeLV test
Neurological examination
Urodynamic assessment

Characteristics of common disorders causing urinary incontinence.3.7

Neurogenic incontinence
Neurogenic incontinence usually refers to sacral spinal cord 
level disorders (or less frequently involves spinal nerves bilat-
erally). Clinical signs associated with sacral cord lesions are 
characteristically lower motor neuron (LMN) in nature. With 
these disorders, end organs have the potential to function 
normally, but signal generation or transduction fails at some 
point between the CNS and the bladder and/or urethra.

Lesions of the sacral or sacrocaudal spinal cord inter -
fere with normal function of the pudendal nerve, disrupting 
the local reflex arc and causing loss of normal EUS function, 
resulting in eventual involuntary leakage of urine when the 
bladder becomes distended (LMN bladder). Usually these 
animals also have loss of normal detrusor contractile func -
tion and cannot voluntarily urinate. Any cause of increased 
ab  dominal pressure or intravesical pressure (e.g. coughing, 
abdominal compression, manual bladder compression) may 
cause urine expression. In these dogs, urinary incontinence 
is rarely the sole overt neurological abnormality on physical 
examination; decreased anal tone and perineal reflexes and/
or deficits of motor function of the pelvic limbs are usually 
also present. For these dogs, treatment of the incontinence 
and prognosis for resolution or clinical control depend pri  - 
marily on diagnosis and management of the underlying cause.

Non-neurogenic incontinence
Non-neurogenic incontinence is associated with anatom-
ical and functional disorders of the urinary tract. In these 
disorders, generation and conduction of neural impulses 
are intact throughout their course from the CNS to the end 
organs, but the bladder and/or urethra have a decreased 
ability to sense the input, respond to the input, or both.

Urethral sphincter mechanism incompetence
Urethral sphincter mechanism incompetence (USMI) is the 
most common cause of incontinence in dogs. USMI is 
most often an acquired disorder in medium to large -breed 
neutered bitches, but has been occasionally reported in 
cats and male dogs, and can be congenital. Animals with 
USMI should have normal and complete bladder empty -
ing, and measurement or approximation of post -voiding 
residual urine volume is an important part of the initial 
assessment to rule out disorders of retention and con-
sequent overflow incontinence. USMI involves decreased 
strength and responsiveness of the entire sphincter 
mechanism (urethral musculature and vasculature, uro-
thelium, fibro  elastic supportive tissue). Many different fac -
tors may affect the development and degree of USMI in a 
given patient.

Overactive bladder
An overactive bladder (urge incontinence, detrusor hyper -
reflexia, detrusor instability) is less common than USMI 
and manifests as intermittent incontinence, often asso-
ciated with activity or excitement (rather than with recum -
bency, as is typical of USMI). It is sometimes difficult to 
discriminate an overactive bladder from pollakiuria or 
even inappropriate urination, since the sensation of det -
rusor contraction will often trigger dogs to assume a uri -
nation position. An overactive bladder is seen both as a 
sole disorder and in conjunction with USMI in dogs. This 
dis order is chiefly treated with antimuscarinic agents (e.g. 
oxybutynin, dicyclomine, flavoxate) or tricyclic antide -
pressants (e.g. imipramine), which increase bladder 
capacity and decrease detrusor spasticity.
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Ectopic ureter
Ureteral ectopia results from dysembryogenesis of the 
metanephric ducts. It is defined as ureteral termination 
distal to the trigone, and other anatomical or functional 
abnormalities (e.g. reduced bladder capacity, USMI, hypo -
plastic urethra) often occur concurrently. Animals with 
ectopic ureters usually have continuous urine leakage from 
birth, but episodic leakage can be seen as well. Surgical or 
cystoscopic -guided correction is required for clinical 
improvement. Thorough preoperative evaluation of the uri -
nary tract is recommended to determine the prognosis 
with surgical correction and to predict the need for post -
operative medical management. For further information on 
the pathophysiology, diagnosis and management of ure -
teral ectopia, the reader is referred to Chapter 30.

Prostatic disease
Incontinent males should be screened for prostatic disease, 
particularly neoplasia and bacterial prostatitis (especially if 
entire), via rectal palpation, urine/prostatic fluid analysis, 
ultrasonography and (potentially) prostatic aspiration or 
biopsy. An easily palpable prostate or prostatic marginal 
irregularity found in a neutered dog (especially if the animal 
was neutered before adulthood) should markedly raise  
suspicion for prostatic neoplasia (see Chapter 25).

Cats
Urinary incontinence is rare in cats and may occur due to 
con genital anatomical anomalies (ureteral ectopia, urethral 
and/or vaginal hypoplasia, bladder hypoplasia), neuro  logical 

injury or malformation, viral disease (specifically feline  
leukaemia), and congenital or acquired urethral incom-
petence. Juvenile cats should be screened for ectopic 
ureters and vaginourethral abnormalities; adults should be 
tested for feline leukaemia virus. Alpha adre nergic ago-
nists may improve non-neurogenic urethral incompetence 
and a recent report  (Pisu and Veronesi, 2014) suggests 
leuprolide or deslorelin could be effective. Medical and 
surgical aspects of management specific to cats are found 
in Chapter 30.

Diagnostic approach
The diagnostic approach to urinary incontinence is de -
signed to:

• Verify the disorder is primarily of urine storage 
• Rule out infectious, polyuric, pollakiuric or behavioural 

disorders 
• Identify a neurological or anatomical lesion if present. 

A detailed diagnostic approach to incontinence is 
presented in Chapter 9.

Treatment
Management options for patients with urinary incon-
tinence are discussed in Chapter 30. Figure 3.8 sum-
marizes the pharmacological agents that can be used in 
the treatment of urinary incontinence. Suggestions for the 
management of relapsing or refractory incontinence are 
given in Figure 3.9.

Formulary of agents useful in the management of urinary incontinence. (continues)3.8

Drug class Dosage Mechanism of action Contraindications or comments ���‹�†�‡���‡�¡�‡�…�–�•

Alpha-1 agonists

Phenylpropanolamine 1–2 mg/kg orally q8–24h 
(12.5–7.5 mg total dose 
per dog)

Sympathomimetic; 
causes noradrenaline 
(norepinephrine) 
release and alpha/beta 
adrenergic stimulation

Glaucoma; prostatic hypertrophy; 
hyperthyroidism; hypertension; 
diabetes mellitus

Restlessness; irritability; 
hypertension; anorexia; 
tachycardia

Oestrogen analogues

Estriol 2.0 mg/dog orally q24h 
for 7–14 days, then 
reduce daily dose by 0.5 
mg/week to minimum 
�‡�¡�‡�…�–�‹�˜�‡���†�‘�•�‡�á���–�Š�‡�•���–�”�›��
q48h

Increases sensitivity of 
alpha-1 urethral 
smooth muscle 
receptors to 
noradrenaline; other 
mechanisms may play 
a role

Male dogs; cats; entire females; 
pregnant/lactating females

Use with caution in liver disease, with 
glucocorticoids or with known 
immune-mediated disease

Gastrointestinal upset; 
decreased appetite; swollen 
vulva; vulvovaginitis; 
mammary hyperplasia; 
behavioural changes

Diethylstilbestrol 0.1–1.0 mg/dog orally 
q24h for 5–7 days, then 
weekly or prn

As per estriol
Blood dyscrasias (rare)

Testosterone analogues

Testosterone 
cypionate

2.2 mg/kg i.m. every 4 
weeks

Precise mechanism of 
incontinence 
management 
unknown

Hypersensitivity; renal, cardiac or 
hepatic dysfunction

Controlled Drug – Schedule 3

Perianal adenomas; perineal 
hernias; prostatic disorders; 
behavioural changes

Antimuscarinic agents

Imipramine 5–15 mg/dog (total dose) 
orally q12h

Tricyclic 
antidepressant; 
anxiolytic; alpha 
antagonist; 
antihistamine; 
analgesic; 
anticholinergic; mast 
cell stabilizer

Bladder atony; urine retention 

Many drug interactions: concurrent 
administration of selective serotonin 
reuptake inhibitors, monoamine 
oxidase inhibitors or tramadol may 
cause serotonin syndrome

May decrease seizure threshold

Dry mouth; constipation; 
tachycardia; 
hyperexcitability; tremors; 
myelosuppression

Ch03 Nephrology.indd   30 01/08/2017   08:24



Chapter 3 · Urinary incontinence and urine retention

31

Cause or complicating factor Possible solution(s)

Inadequate dosage or frequency of medication Increase dosage within recommended range
Increase frequency of sympathomimetic (up to q8h) or oestrogen (up to q48h) as tolerated

Inappropriate medication Consider change from oestrogen to sympathomimetic administration
Consider addition of oestrogen to sympathomimetic administration

Desensitization or intolerance Withdraw sympathomimetic treatment for 1–2 weeks and restart at a frequency of q24h

Poor owner compliance Consider switch to long-acting sympathomimetic or to oestrogens to improve compliance

Underlying urinary tract infection Monitor for infection and treat appropriately

Underlying polyuria Evaluate for common, treatable polyuric disorders (e.g. hyperadrenocorticism, diabetes mellitus)

Mixed disorder of micturition Consider addition of or trial treatment with anticholinergic agent

Underlying anatomical abnormality Investigate anatomy with contrast radiography
Consider surgical management of ectopic ureter, pelvic bladder or vaginal/vulvar abnormality

Underlying neurological lesion Investigate for subtle lumbosacral disorder with neurological examination and imaging studies

Behavioural component or senility Consider treatments for behavioural disorders or cognitive dysfunction

Refractory urethral incompetence Consider combinations of medications or surgical treatment to enhance medical management
Consider trial gonadotrophin-releasing hormone (GnRH) analogues or duloxetine
Consider urethral bulking agents

Potential causes and possible solutions for refractory or relapsing urinary incontinence.3.9

Drug class Dosage Mechanism of action Contraindications or comments ���‹�†�‡���‡�¡�‡�…�–�•

Antimuscarinic agents continued

Oxybutynin 0.2 mg/kg orally q8–12h 
or 1.25–5 mg/dog orally 
q8–12h

Antimuscarinic with 
some selectivity for 
the urinary system and 
antispasmodic

Urine retention; ileus; glaucoma; 
cardiac disease; hyperthyroidism

Diarrhoea; constipation; 
urinary retention; 
hypersalivation; sedation

Dicyclomine 5–10 mg/dog (total dose) 
orally q6–8h

Urinary antimuscarinic

Gonadotrophin-releasing hormone (GnRH) agents

Leuprolide (depot) 11.25 mg/dog s.c. every 3 
months a

Precise mechanism of 
incontinence 
management 
unknown

Pregnancy None documented

Deslorelin (depot) 5–10 mg/dog s.c. every 6 
months a

Buserelin (depot) 6.3 mg/dog s.c. every 2 
months a

(continued) Formulary of agents useful in the management of urinary incontinence. a Extrapolated from human doses. 3.8

Urine retention
Urine retention occurs due to a failure of the urine voiding 
phase of micturition (voiding dysfunction). For normal  
and complete voiding to occur, intravesical pressure must 
rise quickly and exceed outlet pressure until the bladder  
is empty. Urine retention is caused by either failure of  
detrusor contraction or by inappropriately high outlet 
resistance during voiding (or both) (Figure 3.10). Failure  
of detrusor contraction can be either neurogenic or non -
neurogenic in origin, as can increased outlet resistance.

In contrast with patients presented for incontinence, 
the clinical signs associated with voiding disorders com -
monly include stranguria and dysuria. The patient with  
urinary retention may make frequent attempts to void, with 
little or no success, or, particularly with animals who have 
chronic retention, may make little or no voiding effort. 
Determination of the aetiology of urine retention should  
be aggressively pursued, since early identification and 
correction of the underlying cause greatly improves the 
prognosis for functional recovery. Management strategies 
may include urinary catheterization to facilitate bladder 
emptying or surgical procedures to correct or bypass the 

obstruction. Pharmacological manipulation of outlet resis-
tance and detrusor function (less commonly) is often used, 
either in conjunction with other procedures or as a sole 
therapy for certain disorders.

Neurogenic urine retention
In a similar fashion to incontinence, neurogenic retention 
disorders usually involve a spinal cord lesion, but can also 
occur secondary to bilateral nerve injury or generalized 
ganglionic disruption. Most cases have evidence of other 
neurological deficits on physical examination.

Lower motor neuron disorders
Disruption of sacral spinal cord segments S1–S3, or of the 
pelvic nerves or pelvic plexuses, results in LMN signs of 
decreased detrusor tone or complete atony and sphincter 
hypo- or areflexia. Patients with LMN disorders usually 
lack perineal reflexes and have distended bladders that are 
easily expressed. Overflow incontinence is often seen 
when the bladder is full, and in many of these patients  
the urinary problem is initially misidentified as a primary 
storage disorder rather than as a voiding disorder. LMN 
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Disorder Characteristics Diagnostic tests

Neurogenic causes

Sacral spinal cord lesions (lower motor 
neuron)

���‹�•�–�‡�•�†�‡�†�á���ª�ƒ�…�…�‹�†���—�”�‹�•�ƒ�”�›���„�Ž�ƒ�†�†�‡�”
Bladder easily expressed
���‡�’�”�‡�•�•�‡�†���‰�‡�•�‹�–�‘�ƒ�•�ƒ�Ž���”�‡�ª�‡�š�‡�•
Lumbosacral pain
���‘�•�•�‹�„�Ž�‡���‘�˜�‡�”�ª�‘�™���‹�•�…�‘�•�–�‹�•�‡�•�…�‡

Neurological examination
Myelography, epidurography, computed 
tomography, magnetic resonance imaging

Suprasacral spinal cord lesions (upper 
motor neuron)

���‹�•�–�‡�•�†�‡�†�á���¤�”�•���—�”�‹�•�ƒ�”�›���„�Ž�ƒ�†�†�‡�”
Bladder not easily expressed
Incomplete voiding possible
�
�ƒ�‹�–���ƒ�•�†���’�”�‘�’�”�‹�‘�…�‡�’�–�‹�˜�‡���†�‡�¤�…�‹�–�•

Neurological examination
Myelography, epidurography, computed 
tomography, magnetic resonance imaging

Detrusor–urethral dyssynergia ���‹�•�–�‡�•�†�‡�†�á���¤�”�•���—�”�‹�•�ƒ�”�›���„�Ž�ƒ�†�†�‡�”
Bladder not easily expressed
Incomplete voiding possible; stream may be initiated 
but cannot be maintained
Patient is otherwise normal
Chronic management usually required

Observation
Measurement of residual urine volume
���”�‡�–�Š�”�ƒ�Ž���’�”�‡�•�•�—�”�‡���’�”�‘�¤�Ž�‘�•�‡�–�”�›���¬��
cystometrography
Response to alpha antagonists

Neurogenic detrusor atony Distended bladder
Bladder easily expressed
Weak or absent urine stream
Caused by dysautonomia, damage to hypogastric nerve

Observation
Measurement of residual urine volume
Response to treatment
Cystometrography

Non-neurogenic causes

Mechanical urethral obstruction ���‹�¥�…�—�Ž�–���—�”�‡�–�Š�”�ƒ�Ž���…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•
���›�•�—�”�‹�ƒ���ƒ�•�†���•�–�”�ƒ�•�‰�—�”�‹�ƒ���¬���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ
Caused by uroliths, neoplasia, blood clots, urethral 
plugs (cats)

Urethral catheterization
Radiography, contrast cystourethrography
Cystourethroscopy
Ultrasonography

Functional urinary obstruction ���‹�•�–�‡�•�†�‡�†���„�Ž�ƒ�†�†�‡�”�á���†�‹�¥�…�—�Ž�–���–�‘���‡�š�’�”�‡�•�•
Easy urethral catheterization
Voiding may be initiated then interrupted
Usually male dogs and cats
Idiopathic or caused by urethral irritation or previous 
obstruction
Rarely and transiently occurs following abdominal, 
pelvic or pelvic limb surgery

Exclusion of mechanical or neurogenic causes
Response to treatment with alpha 
antagonists
Resolution over time
���”�‡�–�Š�”�ƒ�Ž���’�”�‡�•�•�—�”�‡���’�”�‘�¤�Ž�‡���…�ƒ�•���„�‡���…�‘�•�•�‹�†�‡�”�‡�†

Neurogenic detrusor atony Distended bladder
Weak or absent urine stream
Caused by acute or chronic overdistension from any 
cause of obstruction, muscle weakness or drugs

Observation
Measurement of residual urine volume
Response to treatment
Cystometrography

Medication (e.g. opioids, anticholinergics/
antispasmodics, tricyclic antidepressants, 
calcium channel blockers)

Easy urethral catheterization
Variable presentation otherwise

Medication history
Exclusion of mechanical or functional 
obstruction
Response to withdrawal of medication

Characteristics of common disorders causing urine retention.3.10

disorders that can cause urine retention include cauda 
equina syndrome, sacral fracture, sacroiliac luxation, 
intervertebral disc disease, sacrococcygeal separation or 
fracture (‘tail-pull’ injury) and neoplasia.

Treatment for complete neurogenic detrusor atony and 
sphincter areflexia is generally unsuccessful, unless the 
underlying cause can be corrected (e.g. intervertebral disc 
disease or reparable fracture). Parasympathomimetic 
agents such as bethanechol (a muscarinic receptor ago -
nist) are thought by some to help increase the strength of 
det rusor contraction if partial function is present, but clini -
cal evidence of efficacy is not strong. Muscarinic receptor  
agonists agents are ineffective if pelvic nerve input to the 
detrusor is disrupted. Patients can be managed at home 
with scrupulous bladder and nursing hygiene, including 
manual bladder expression or, in male dogs, clean inter-
mittent catheterization, ideally 3–4 times daily, and careful 
cleaning to prevent urine scald. Urine cultures can be 
monitored if clinically indicated because recurrent bacteri -
uria is common in patients with urine retention. Treating 
urinary tract infections (UTIs) may be appropriate initially; 
however, if infection persists or recurs in spite of appro-
priate therapy, then the decision whether or not to con -
tinue treatment should be made on an individual patient 

basis, taking into account factors such as bacterial char -
acteristics (e.g. species, susceptibility, virulence), clinical 
signs and comorbidities.

Upper motor neuron disorders
Upper motor neuron (UMN) signs result from suprasacral 
injuries, meaning spinal cord damage between the sacral 
cord segments and the forebrain, but usually referring to 
lesions of the T3–L3 cord segments. Lesions occurring in 
this region disrupt normal modulating inhibitory signals  
to the hypogastric and pudendal nerves, causing reflex 
detrusor contraction with concurrent uninhibited urethral 
sphincter contraction. Patients with UMN disorders  
usually have overt paresis or paralysis of the hindlimbs 
with proprioceptive and nociceptive deficits, and cannot 
void voluntarily. Intervertebral disc disease and spinal 
trauma are the most common causes of UMN lesions in 
companion animals.

On examination, the bladder is large, turgid and chal -
lenging or impossible to safely express early in the disease 
course. Aggressive attempts at manual expression risk 
bladder rupture and should be avoided initially. In male 
dogs, regular, intermittent, aseptic urethral catheterization 
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is preferred to expression in order to reduce the risk of 
detrusor trauma and the reflux of urine into the upper tract, 
and to ensure complete emptying. Unfortunately, this is 
not usually an option for cats and female dogs, and in 
these patients use of alpha-1 adrenergic antagonists (e.g. 
prazosin, tamsulosin, terazosin, alfuzosin) to relax the IUS 
and skeletal muscle relaxants (e.g. diazepam, dantrolene, 
baclofen, methocarbamol, acepromazine) to decrease EUS 
tone may be helpful. Some of the alpha -1 antagonists may 
also effect a decrease in EUS tone by interfering with over-
all central sympathetic output. Phenoxybenzamine, a non -
selective alpha-1/alpha-2 antagonist, has historically been 
used for IUS relaxation, but the advent of selective alpha -1 
(prazosin) and even uroselective alpha-1 (tamsulosin) 
agents permits greater clinical efficacy with decreased risk 
of adverse effects. Unless the newer, more selective 
agents are unavailable, there is no longer a strong clinical 
rationale for the use of phenoxybenzamine as a urethral 
relaxant. Most of the skeletal muscle relaxants available 
also cause some degree of sedation.

After days to weeks, recovery of local spinal reflexes 
may allow for resumption of some voiding activity. At that 
point, involuntary bladder emptying initiated when thresh -
old capacity is reached, termed an automatic or reflex 
bladder, frequently develops. When automatic bladder 
activity occurs, safe manual expression is much easier, 
since stimulation of detrusor contraction now should result 
in sphincter relaxation and partial to complete automatic 
emptying. Alpha adrenergic blockade is still usually helpful 
in maximizing emptying in these patients. As with LMN 
disorders, patients should be monitored routinely for bac -
teriuria/clinical UTIs and treated when deemed clinically 
appropriate. Verification of adequate emptying and main -
tenance of good skin hygiene is critical for ongoing health, 
particularly if the patient remains recumbent.

Detrusor–urethral dyssynergia
A dyssynergic state results when initiation of detrusor con -
traction stimulates (or simply fails to inhibit) simultaneous 
contraction of the urethral musculature (either the IUS or 
the EUS), causing the bladder to contract against inappro -
priately increased outlet resistance. Detrusor–urethral dys -
synergia (DUD) is thought to result from a nervous system 
defect (usually central), although in veterinary medicine the 
exact lesion often is not or cannot be determined. DUD 
can be caused by injury to the reticulospinal tract or 
Onuf’s nucleus in the sacral cord, or by a lesion cranial to 
the caudal mesenteric ganglion, or it can be considered 
idiopathic. Regardless of specific lesion, the clinical signs 
associated with DUD likely result from disruption of normal 
inhibitory signalling to the hypogastric and pudendal 
nerves. Animals with idiopathic DUD usually have a normal 
neurological examination, in contrast with animals that 
have UMN lesions, although patients with both types of 
disease characteristically have large, firm bladders on 
physical examination. The diagnosis and management of 
DUD are discussed in detail in Chapter 30.

Dysautonomia
Dysautonomia is a rare generalized autonomic poly-
neuropathy that results in degeneration and functional loss 
of neuronal cell bodies of sympathetic and parasympa -
thetic ganglia, intermediolateral spinal cord column and 
parasympathetic brainstem nuclei. Overflow incontinence 
due to bladder atony/distension and sphincter areflexia is 
often the clinical sign that prompts evaluation, but other 

signs of autonomic dysfunction (e.g. dilated, non -respon-
sive pupils; relative bradycardia; xerostomia with dry/
crusted nasal planum; nictitans prolapse; absent anal 
sphincter tone with faecal incontinence; vomiting; kerato -
conjunctivitis sicca; evidence of regurgitation and/or pneu -
monia) are often identified by owner questioning or found 
on examination. Any aged animal can be affected, 
although the median age of onset in affected dogs has 
been reported at 14 and 18 months, and clinical signs of 
autonomic dysfunction develop relatively rapidly (within 2 
days in cats and within 2 weeks in dogs). The disorder 
appears strongly geographically clustered; most cases 
have been reported in cats in Great Britain and dogs in  
the Midwestern United States (particularly Missouri and 
Kansas), but it is seen sporadically in dogs and cats world -
wide. Identified risks include a rural environment, wildlife/
carrion consumption, outdoor lifestyle and access to live -
stock, their pastures and water sources. In dogs, most 
cases are reported between February and April.

Diagnosis is strongly suggested by physical exam  in ation 
and may be further supported by imaging findings, pupillary 
response to dilute pilocarpine, lack of intra  dermal histamine 
response, improved urination after subcutaneous bethan-
echol, unchanged heart rate after subcutaneous atropine, 
documentation of orthostatic hypotension and other tests. 
Definitive diagnosis relies on documentation of consistent 
histopathological lesions in the autonomic nervous system. 
Management is generally unrewarding if the gastrointestinal 
tract is affected (e.g. ileus, megaoesophagus), but may be 
possible with cholinergic agents and bladder expression or 
catheterization if signs are largely confined to the urinary 
tract. Prognosis is poor to grave, with a reported 70–90% 
mortality rate. Unfortunately, the aetiology, and thus  
methods for prevention, remains unknown, although geo -
graphical distribution and case clustering suggest involve -
ment of toxic (including Clostridium botulinum ), infectious 
and/or genetic factors.

Non-neurogenic urine retention
Non-neurogenic urine retention can occur secondary to 
mechanical, anatomical or functional disorders.

�4�L�J�O�H�U�P�J�H�S���V�\�[�Å�V�^���V�I�Z�[�Y�\�J�[�P�V�U
Any intraluminal or extraluminal partial or complete 
obstruction of the outflow tract can disrupt normal voiding. 
The most common causes of mechanical obstruction 
include: urolithiasis; trigonal, prostatic or urethral neo-
plasia; severe proliferative urethritis or stricture; obstruc -
tive blood clot; extramurally -compressive non-urological 
neoplasia; and mucoid or crystalline urethral plugs (in 
cats). Treatment and prognosis depend on the cause, 
chronicity and potential for resolution of the underlying 
problem. The more chronic the obstruction, the more likely 
some degree of detrusor atony will result as well, and the 
likelihood of resolution of that atony component declines 
with increasing duration of obstruction.

Urethral functional obstruction
Functional urethral obstruction (increased outlet resistance 
not due to mechanical obstruction or neurological lesion) 
is thought to result from local irritation (e.g. urethral instru -
mentation, urethral stones) and possibly also from 
increased sympathetic stimulation of urethral musculature. 
It is thought sometimes to have a neurogenic component 
as well, but these hypotheses are all unproven. Increased 
sympathetic input from any cause (stress of hospitalization 
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or illness, physical or psychological excitation) may in -
crease IUS pressure, as well as EUS pressure with involve-
ment of the higher brain centres, and inappro  priately raise 
outlet resistance, restricting urine flow during voiding 
attempts. Functional obstruction may be difficult to  
distinguish definitively from DUD without actual uro-
dynamic testing documenting high urethral pressure  
concomitant with simultaneous or induced detrusor con -
traction. The differentiation is usually clinical and based on 
known presence of urethral inflammation or irritation, or 
recent urethral obstruction or instrumentation, rather than 
definitive urodynamic diagnostics.

Obstruction due to urethral spasm seems to be a  
common occurrence in cats following relief of mechanical 
urethral obstruction. Management of urethral spasm 
includes treatment or prevention of bladder atony from 
overdistension, with indwelling catheterization if neces -
sary, while decreasing IUS and/or EUS resistance. 
Anxiolytic therapy can help decrease stress and thus 
decrease sympathetic input to the lower urinary tract. 
Prognosis is variable, but usually good in situations involv -
ing acute urethral irritation (e.g. cats with urethral spasm 
post-obstruction) with sufficient time and patience.

Detrusor atony from overdistension
Any cause of persistent outlet obstruction can lead to 
bladder overdistension and consequent detrusor atony. 
Excessive stretch separates the detrusor muscular junc -
tions, resulting in weak, uncoordinated or absent contrac -
tion. Animals with detrusor atony from overdistension may 
show stranguria, anuria or overflow incontinence and  
may have a large, full or flaccid bladder on physical  
exam ination. The bladder remains distended after voiding 
attempts, which are often partial or weak. Perineal 
reflexes are intact unless an LMN lesion is present, but 
the detrusor contraction is diminished or absent. For such 
patients, maintenance of an indwelling catheter for 72 
hours up to 14 days is recommended to help re -establish 
tight junctions and permit return of detrusor function. If 
sustained indwelling catheterization is not feasible,  
frequent (3–4 times daily) intermittent aseptic catheteriza -
tion is an acceptable alternative.

Although parasympathomimetic agents (e.g. betha  n-
echol) may effectively help detrusor contraction (as pelvic 
nerve signalling is intact), they should not be administered 
without establishing a low resistance outflow conduit, 
either via indwelling catheterization, removal of the 
mechanical obstruction or pharmacological agents that 
relax the urethral outlet (in cases of functional obstruction 
or DUD). Urethral relaxants alone are usually not sufficient 
to assure reliable outflow patency, particularly in the initial 
stages of recovery from detrusor atony. Prognosis is 
dependent on cause and reversibility of obstruction, but  
is good for recovery of detrusor function in acute cases. 
Chronic detrusor atony resulting from any cause carries  
a guarded to poor prognosis for return to full function.

Diagnostic approach
The diagnostic approach to urine retention is designed to:

• Rule out neurogenically and mechanically obstructive 
disorders

• Assess urinary bladder contractile capacity and 
bladder outlet resistance

• Investigate possible underlying aetiologies for the 
primary disorder.

History and physical examination
As for most micturition disorders, history and physical 
examination provide the basis for localization of the prob -
lem and determination of diagnosis. Problem -specific 
historical questions related to urine retention are listed in 
Figure 3.11 and a comprehensive approach is provided  
in Chapter 9. Most animals with urine retention have a 
distended bladder that is readily palpable, and some 
patients have evidence of overflow incontinence. The 
bladder distension may or may not be painful; animals 
with chronic distension are often comfortable on pal-
pation. Critical assessment of neurological status, par -
ticularly of the pelvic limb reflexes and reflexes testing  
the sacral arc (e.g. perineal, bulbospongiosus/vulvar), is 
specifically indicated.

Observation of voiding behaviour is an important part 
of the initial evaluation, especially (and more often easily) 
in male dogs, and begins with assessment of the patient’s 
ability to initiate and maintain a strong urine stream. 
Mechanically obstructed patients typically strain and pro -
duce little to no urine. Functionally obstructed animals 
may initiate a stream that is quickly attenuated; this  
pattern may repeat several times in near-pulsatile fashion. 
Animals with bladder atony may slowly initiate a weak 
stream that often increases with manual abdominal com -
pression. Some animals with chronic atony will not 
attempt to void at all. The bladder, as assessed by pal-
pation, ultrasonography or catheterization, should be 
nearly empty following voiding, even in male dogs. If there 
is palpable distension following voiding, manual expres -
sion may be gently attempted. Inability to manually 
express a distended bladder indicates likely mechanical, 
neurogenic or functional outlet obstruction.

• How old was the patient when the problem began?
• Was it related to neutering surgery?

• Have there been any previous medical problems?
• What is the estimated daily water consumption?
• Is there any history of prior urogenital disorders (e.g. urinary tract 

infections, urolithiasis, urethral obstructions)?
• Are there any systemic signs of illness, pain or weakness?
• Has there been any previous back surgery or trauma?
• Has there been any recent abdominal, pelvic or urogenital surgery 

or trauma?
• How frequent are voiding attempts?
• Is any urine passed during voiding attempts?

���”�‘�„�Ž�‡�•�æ�•�’�‡�…�‹�¤�…���Š�‹�•�–�‘�”�‹�…�ƒ�Ž���“�—�‡�•�–�‹�‘�•�•���ˆ�‘�”���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���—�”�‹�•�‡��
retention.3.11

Catheterization
Catheterization of the urethra following voluntary voiding 
may allow assessment of outlet obstruction and permits 
quantification of residual urine volume. In healthy animals, 
resistance to the urethral catheter is normally encountered 
at the urethral flexure in male cats and at the distal os 
penis and pelvic brim/ischial arch in male dogs. Urethral 
catheters may pass smoothly by small uroliths and 
through or by some soft tissue lesions; thus, the ability to 
catheterize the urethra does not fully rule out mechanical 
obstruction. Use of the largest gauge soft catheter that 
will comfortably pass through the urethra increases the 
likelihood of detecting a small mechanical obstruction. 
Normal residual urine volume in dogs ranges from approx -
imately 0.1–3.4 ml/kg bodyweight, but is usually <0.5 ml/
kg. Serial measurement of residual urine volume can also 
be used to assess the response to therapy in animals  
with retention disorders.
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Diagnostic imaging
Diagnostic imaging is usually required to positively iden -
tify and characterize, or rule out, mechanical obstruction. 
Plain radiography will demonstrate most mineralized 
obstructions >2–3 mm and thoracic radiographs are  
indicated if neoplasia is suspected or confirmed. 
Ultrasonography is a sensitive tool for detection of  
trigonal and proximal urethral lesions. Contrast urethro -
cystography helps delineate the location and extent of 
many obstructive lesions, as well as mineralized struc -
tures too small to easily detect on plain radiography. 
Urethrocystoscopy is often useful for visualization and/or 
biopsy of obstructing structures. Utility of scoping  
for biopsy may be limited in cats and small dogs. Ure-
throscopy has proven valuable for the detection of  
urethral lesions that are not readily visible on conven -
tional imaging studies. Advanced imaging of the spinal 
cord (e.g. myelography/epidurography, computed tomo-
graphy, magnetic resonance imaging) may be necessary 
to confirm and localize subtle neurological lesions. For 
additional information on various imaging modalities  
for the lower urinary tract, the reader is referred to 
Chapters 7 and 8.

Specialized urodynamic studies
Urethral pressure profilometry records a tracing of pressure 
measurements along the length of the outflow tract and ure -
thra. In patients with urine retention, urethral pressure pro -
filometry may help establish the presence and location of 
high pressure zones in animals with dyssynergic urination, 
functional urethral obstruction, stricture and other causes  
of incomplete emptying. Cystometrography measures the 
pressure within the bladder as it is filled with fluid or gas 
and helps assess bladder capacity and compliance, as  
well as detrusor overactivity or atony. On occasion, urethral 
pressure profilometry and cystometrography are combined 
with synchronized electromyographic recording of perineal 
muscle contractions. In patients with urine retention, cysto-
metrography may be helpful in determining whether ab  - 
normal detrusor function is a component of the disease pro -
cess. Indications, utility and methodology of urodynamic 
studies are discussed in greater detail in Chapter 9.

Treatment
A formulary of pharmacological agents commonly used 
for the management of urine retention is provided in 
Figure 3.12.

Drug class Dosage Mechanism of action Contraindications or 
comments

���‹�†�‡���‡�¡�‡�…�–�•

Urethral relaxants

Acepromazine Recommended starting dose: 
0.02 mg/kg i.v. q12–24h, up to 
1.1 mg/kg i.v. q12–24h (higher 
doses not generally needed or 
recommended)

0.55–2.2 mg/kg orally q12–24h

Neuroleptic skeletal 
muscle relaxant via 
postsynaptic dopamine 
receptor blockade in the 
central nervous system; 
smooth muscle relaxation 
via alpha antagonism; 
antiemetic and 
�ƒ�•�–�‹�•�’�ƒ�•�•�‘�†�‹�…���‡�¡�‡�…�–�•

Hypovolaemia; cardiac 
disease; general debilitation; 
sensitivity in giant breeds,  
Greyhounds and Boxers

Reduce dose by 25% for MDR1 
heterozygotes and 30–50% 
for MDR1 homozygotes

Hypotension; sedation; 
disinhibition of aggressive 
behaviour; hypothermia; 
possible interactions with 
many other medications

Baclofen Dogs: 1–2 mg/kg or 5–10 mg/
kg orally q8h; start with lower 
dose
Cats: not recommended

GABA-derived skeletal 
muscle relaxant; decrease 
�‰�ƒ�•�•�ƒ���‡�¡�‡�”�‡�•�–���•�‡�—�”�‘�•�ƒ�Ž��
activity

Seizure disorders

Discontinue gradually; 
hallucination and seizures 
reported in humans when 
stopped abruptly

Narrow therapeutic index

Sedation; weakness; 
gastrointestinal upset; 
pruritus

Botulinum toxin type A as 
urethral injection

Dogs, cats: unknown 
Humans: 50–100 IU injection 
in saline every 1–6 months

Inhibition of acetylcholine 
release at neuromuscular 
junction

Hypersensitivity to toxin; 
infection at injection site

���’�”�‡�ƒ�†���‘�ˆ���–�‘�š�‹�•���‡�¡�‡�…�–��
(locally or systemically); 
hypersensitivity reaction

Dantrolene Dogs: 1–5 mg/kg orally q8–12h
Cats: 0.5–2.0 mg/kg orally q12h
1.0 mg/kg i.v.

Skeletal muscle relaxation 
�˜�‹�ƒ���†�‹�”�‡�…�–���‡�¡�‡�…�–�•

Cardiac disease; hepatic 
dysfunction; pulmonary 
disease

Weakness; sedation; 
gastrointestinal upset; 
hepatotoxicity

Diazepam Dogs: 2–10 mg/dog orally q8h
Cats: 1–2.5 mg/cat orally q8h 
or prn

Skeletal muscle relaxation 
�˜�‹�ƒ���…�‡�•�–�”�ƒ�Ž���‡�¡�‡�…�–�•��
(benzodiazepine)

Pregnancy; hepatic disease Sedation; paradoxical 
excitement; idiopathic 
hepatic necrosis (with oral 
use in cats only)

Phenoxybenzamine 
(considered obsolete for 
urinary indications if 
selective alpha-1 
antagonists are available)

Dogs: 0.25 mg/kg orally 
q8–12h or 2.5–20 mg/dog 
orally q8–12h
Cats: 1.25–7.5 mg/cat orally 
q8–12h

Urinary smooth muscle 
�”�‡�Ž�ƒ�š�ƒ�–�‹�‘�•���˜�‹�ƒ���•�‘�•�æ�•�’�‡�…�‹�¤�…��
alpha antagonism

Cardiac disease; 
hypovolaemia; glaucoma; 
renal failure; diabetes mellitus 
(type II)

Hypotension; tachycardia; 
gastrointestinal upset

Prazosin Dogs: 1 mg/15 kg orally q8–12h
Cats: 0.25–0.5 mg/cat orally 
q12–24h

Urinary smooth muscle 
relaxation via selective 
alpha-1 antagonism

Cardiac disease; renal failure; 
hypotension; hypovolaemia; 

MDR1 mutation?

Hypotension; mild 
sedation; ptyalism

Tamsulosin Dogs: 0.1–0.2 mg/10 kg orally 
q12–24h
Cats: not recommended

Smooth muscle relaxation 
via uroselective alpha-1 
antagonism

Hypersensitivity

Do not crush or compound

Hypotension (uncommon 
unless overdosed)

Formulary of agents useful in the management of urine retention. GABA = gamma-aminobutyric acid; MDR = multi-drug resistance. 
(continues)3.12
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(continued) Formulary of agents useful in the management of urine retention. GABA = gamma-aminobutyric acid; MDR = multi-drug 
resistance. 3.12

Drug class Dosage Mechanism of action Contraindications or 
comments

���‹�†�‡���‡�¡�‡�…�–�•

Detrusor stimulants

Bethanechol Dogs: 5–15 mg/dog orally 
q8–12h
Cats: 1.25–7.5 mg/cat orally 
q8–12h

Stimulation of muscarinic 
receptors

Gastrointestinal or urinary 
obstruction

Ptyalism
Vomiting
Diarrhoea
Possible abdominal pain

Cisapride Dogs: 0.1–0.5 mg/dog orally 
q8–12h
Cats: 2.5–5 mg/cat orally 
q8–12h

Prokinetic activity via 
acetylcholine release

Gastrointestinal obstruction
Reduce dosage with liver 
disease

Diarrhoea
Possible abdominal pain

Anxiolytic agents

Alprazolam Cats: 0.125–0.25 mg/cat orally 
q12h

Centrally acting anxiolytic 
benzodiazepine

May be a good alternative to 
diazepam if oral therapy is 
needed

Sedation; paradoxical 
excitement

Amitriptyline Cats: 1–2 mg/kg/day orally or 
2.5–10 mg/cat/day orally

Tricyclic antidepressant; 
anxiolytic; alpha 
antagonist; antihistamine; 
analgesic; anticholinergic; 
mast cell stabilizer

Bladder atony; urine 
retention

Many drug interactions: 
concurrent administration of 
selective serotonin reuptake 
inhibitors, monoamine 
oxidase inhibitors or 
tramadol may cause 
serotonin syndrome

Sedation; neutropenia; 
thrombocytopenia; urine 
retention; weight gain

Acepromazine and diazepam are also anxiolytic agents; see above for information
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Abnormal renal palpation

Alexander J. German

When renal disease is suspected, abdominal palpation is 
critical to the initial physical examination. Abdominal palpa -
tion will reveal changes in renal morphology (Figure 4.1) 
that accompany various pathological processes, but it is 
important to recognize that no direct information on renal 
function can be derived (see Chapter 10 for details on 
assessment of renal function).

Disorder Azotaemia? Yes (Y) or no (N) Unilateral (U) or bilateral (B) Prognosis 

Physiological:
• Acromegaly
• Nephrectomy
• Portovascular anomalies

Y/N
B
U
B

Variable

Acute pyelonephritis Y/N U or B Guarded; can resolve with appropriate treatment

Perinephric pseudocysts Y/N* B>U Good

Primary renal neoplasia N U unless 
cystadenocarcinoma

Guarded 

Renal lymphoma Y/N B usually Guarded short term; poor long term

Feline infectious peritonitis (FIP) Y/N B Poor

Metastatic neoplasia N U/B Poor

Disorder Renal failure? Yes (Y) or no (N) Unilateral (U) or bilateral (B) Prognosis 

Polycystic kidney disease Y/N B Guarded to poor if multiple cysts and azotaemia 
develop

Hydronephrosis Y/N U/B Guarded if unilateral; very poor if bilateral, unless 
obstruction can be relieved 

���¡�‡�…�–�•���‘�ˆ���•�‡�Ž�‡�…�–�‡�†���†�‹�•�‡�ƒ�•�‡�•���‘�•���•�‹�†�•�‡�›���•�‘�”�’�Š�‘�Ž�‘�‰�›�ä�����Ž�Ž���‘�ˆ���–�Š�‡�•�‡���†�‹�•�‡�ƒ�•�‡�•���†�‹�•�‘�”�†�‡�”�•���Ž�‡�ƒ�†���–�‘���”�‡�•�‘�•�‡�‰�ƒ�Ž�›���™�‹�–�Š���–�Š�‡���‡�š�…�‡�’�–�‹�‘�•���‘�ˆ���…�Š�”�‘�•�‹�…���•�‹�†�•�‡�›��
�†�‹�•�‡�ƒ�•�‡���������������ƒ�•�†���•�‡�Ž�‡�…�–�‡�†���…�‘�•�‰�‡�•�‹�–�ƒ�Ž���†�‹�•�‡�ƒ�•�‡�•�á���™�Š�‹�…�Š���‰�‹�˜�‡���”�‹�•�‡���–�‘���•�•�ƒ�Ž�Ž���•�‹�†�•�‡�›�•�ä�������Š�‡�”�‡���‹�•���•�‘�•�‡���‡�˜�‹�†�‡�•�…�‡���–�‘���•�—�‰�‰�‡�•�–���ƒ�•���ƒ�•�•�‘�…�‹�ƒ�–�‹�‘�•���„�‡�–�™�‡�‡�•��

�’�‡�”�‹�•�‡�’�Š�”�‹�…���’�•�‡�—�†�‘�…�›�•�–�•���ƒ�•�†�����������ƒ�Ž�–�Š�‘�—�‰�Š���–�Š�‡���”�‡�ƒ�•�‘�•���ˆ�‘�”���ƒ�•�›���•�—�…�Š���ƒ�•�•�‘�…�‹�ƒ�–�‹�‘�•���Š�ƒ�•���•�‘�–���„�‡�‡�•���†�‡�–�‡�”�•�‹�•�‡�†�ä�����…�‘�•�–�‹�•�—�‡�•��

4.2

• Increased size
• Reduced size
• Altered number
• Altered shape
• Altered consistency
• Altered position
• Pain 

Summary of 
abnormal 

�¤�•�†�‹�•�‰�•���‘�•���”�‡�•�ƒ�Ž���’�ƒ�Ž�’�ƒ�–�‹�‘�•�ä

4.1

The normal kidneys are bean-shaped organs that lie in 
a retroperitoneal position ventral to the sublumbar muscu -
lature. The right kidney lies cranial to the left. Anatomical 
relations of the right kidney are:

• Cranioventrally it is deeply recessed in the liver (renal 
notch)

• Medially and cranially are the right adrenal gland and 
vena cava

• Laterally are the last rib and abdominal wall.

The left kidney is positioned more caudally than the 
right. Anatomical relations of the left kidney are:

• Cranially is the spleen
• Medially are the left adrenal gland and aorta
• Laterally is the abdominal wall and ventrally the 

descending colon.

In dogs, the normal left kidney can be palpated in  
most animals, whilst the right kidney is only palpable  
in thin subjects. Relative to bodyweight, feline kidneys are 
larger than those of the dog; the normal left kidney and 
caudoventral surface of the right kidney are readily pal -
pable in most cats. Kidneys are also more mobile in cats; 
both kidneys (but the left in particular) can be easily dis -
placed from their normal positions on palpation.

When normal kidney morphology is altered it usually 
implies a pathological process, but some changes can be 
physiological. The main palpable abnormalities include 
enlargement (renomegaly), decreased size and abnormal 
shape, and changes can be unilateral or bilateral. Other 
abnormalities include altered number of kidneys (usually 
decreased, e.g. renal agenesis), abnormal position (e.g. 
renal ectopia), altered renal consistency and the presence 
of pain. Since a number of consequences can arise as a 
result of morphological abnormalities of the kidney (Figure 
4.2), prognosis is variable.
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�(�I�U�V�Y�T�H�S���Ä�U�K�P�U�N�Z���V�U���Y�L�U�H�S��
palpation
Increased size
Renomegaly may be physiological or pathological. Uni -
lateral nephrectomy, congenital unilateral renal agenesis 
and other conditions that result in loss of function in one 
kidney induce compensatory physiological hypertrophy of 
the remaining kidney. Unilateral renomegaly is always a 
pathological finding if the opposite kidney is present and 
functional. Bilateral renomegaly usually implies renal 
pathology, although compensatory renal hypertrophy can 
be seen in animals with portovascular anomalies (PVA). 
Technically, renomegaly secondary to acromegaly is a 
physiological response to excess growth hormone and 
insulin-like growth factor-1 (IGF-1) production.

Several diseases that cause renomegaly occur more 
frequently in cats than in dogs. These include renal  
lymphoma, feline infectious peritonitis (FIP), idiopathic poly -
cystic kidney disease (PCKD) and perinephric pseudocysts. 
Renal lymphoma occurs occasionally in dogs, PCKD is 
uncommon but is hereditary in certain breeds (West 
Highland White Terriers, English Bull Terriers), whilst a 
canine equivalent of FIP has not been reported. Other 
causes of renomegaly, such as hydronephrosis, acute pye -
lonephritis, some of the diseases leading to acute uraemia 
(e.g. nephrotoxicosis, renal ischaemia, obstructive uro -
pathy), PVA, renal neoplasia, subcapsular haematomas and 
acromegaly, are less species-specific. In the dog, bilateral 
renomegaly is often accompanied by acute rather than 
chronic kidney disease, whereas in the cat, some of the  
diseases causing bilateral renomegaly can lead to chronic 
kidney disease.

Reduced size
Reduced renal size can occur in both dogs and cats, and 
usually suggests a chronic rather than acute cause. In 
contrast to renomegaly, small kidneys are usually abnor -
mal whether unilateral or bilateral. Chronic kidney disease 
(see Chapters 10 and 23) is the most common cause, but 
other differential diagnoses are possible, including con -
genital diseases (dysplasia, familial nephropathies) and 
renal atrophy (e.g. as a long-term consequence of ure -
teral obstruction). The latter are usually unilateral rather 
than bilateral.

Altered number
Congenital diseases, although rare, are the most common 
reason for alterations in kidney number (Figure 4.3). 
Decreased number is seen with renal agenesis and fused 
(horseshoe) kidneys; increased renal number can be seen 

with renal duplication. Although many breeds can be 
affected, agenesis and duplication have been reported as 
familial diseases in Beagles and English Bull Terriers, 
respectively. Unilateral agenesis is also associated with 
Cavalier King Charles Spaniels, Dobermanns, Pekingese 
and Shetland Sheepdogs. Agenesis can be unilateral or 
bilateral, and is usually accompanied by ureteral aplasia. 
Not surprisingly, bilateral agenesis is invariably fatal and is 
a potential cause of fading puppy syndrome. The main 
acquired cause of decreased kidney number is prior 
nephrectomy. Renal duplication is the only, rare, abnormal -
ity that causes an increased number of kidneys, and this  
is usually an incidental finding.

Altered shape
Many of the diseases which alter the shape of the kidney 
(Figure 4.4) also lead to changes in size. Examples include 
renal dysplasia, congenital renal fusion (horseshoe  
kidney), perinephric pseudocysts, renal neoplasia, sub -
capsular haematomas and PCKD.

• Congenital
• Renal fusion – horseshoe kidney
• Renal dysplasia

• Perinephric pseudocysts
• Neoplasia

• Primary renal neoplasia
• Renal lymphoma
• Metastatic neoplasia

• Polycystic kidney disease
• Chronic kidney disease (small and deformed)
• Hydronephrosis

• Congenital
• Acquired

���ƒ�—�•�‡�•���‘�ˆ���ƒ�Ž�–�‡�”�‡�†���”�‡�•�ƒ�Ž���•�Š�ƒ�’�‡�ä4.4

Disorder Renal failure? Yes (Y) or no (N) Unilateral (U) or bilateral (B) Prognosis 

Congenital See Chapter 14 U/B See Chapter 14

Subcapsular haematoma N U Good

Chronic kidney disease Y B Guarded

Nephrolithiasis N unless bilateral U/B Good unless bilateral

���”�ƒ�—�•�ƒ N unless bilateral U>B Variable 

Acute nephrosis Y/N B Guarded; can resolve with appropriate treatment

���…�‘�•�–�‹�•�—�‡�†�������¡�‡�…�–�•���‘�ˆ���•�‡�Ž�‡�…�–�‡�†���†�‹�•�‡�ƒ�•�‡�•���‘�•���•�‹�†�•�‡�›���•�‘�”�’�Š�‘�Ž�‘�‰�›�ä�����Ž�Ž���‘�ˆ���–�Š�‡�•�‡���†�‹�•�‡�ƒ�•�‡�•���†�‹�•�‘�”�†�‡�”�•���Ž�‡�ƒ�†���–�‘���”�‡�•�‘�•�‡�‰�ƒ�Ž�›���™�‹�–�Š���–�Š�‡���‡�š�…�‡�’�–�‹�‘�•���‘�ˆ��
�…�Š�”�‘�•�‹�…���•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡���������������ƒ�•�†���•�‡�Ž�‡�…�–�‡�†���…�‘�•�‰�‡�•�‹�–�ƒ�Ž���†�‹�•�‡�ƒ�•�‡�•�á���™�Š�‹�…�Š���‰�‹�˜�‡���”�‹�•�‡���–�‘���•�•�ƒ�Ž�Ž���•�‹�†�•�‡�›�•�ä4.2

Decreased number

Congenital:
• Renal agenesis
• Fused (horseshoe) kidneys
Acquired:
• Nephrectomy

Increased number

Congenital:
• Renal duplication

���ƒ�—�•�‡�•���‘�ˆ���ƒ�Ž�–�‡�”�‡�†���•�‹�†�•�‡�›���•�—�•�„�‡�”�ä4.3

Altered consistency
Palpable changes in consistency include kidneys that have 
a fluctuant feel, and those that are firmer than normal 
(Figure 4.5). The former is most often noted with peri nephric 
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�+�P�H�N�U�V�Z�[�P�J���H�W�W�Y�V�H�J�O���[�V��
�H�I�U�V�Y�T�H�S���Y�L�U�H�S���T�V�Y�W�O�V�S�V�N�`
As with diagnosis of a disease in any body system, a  
problem-oriented approach is recommended, taking into 
account information compiled from a minimum database 
of signalment, history, physical examination and a range of 
further diagnostic tests. Some diseases involve other body 
systems in addition to the renal system (e.g. lymphoma, 
FIP, PVA, metastatic neoplasia and acromegaly), whilst 
others are organ-specific (e.g. PCKD, hydronephrosis,  
perinephric pseudocysts, acute pyelonephritis and acute 
uraemia). From the minimum database, a problem list and 
set of differential diagnoses can be constructed. With sub -
sequent diagnostic evaluations, the problem list is refined 
and the differential diagnoses are narrowed.

Signalment
Breed, gender and age predispositions are evident in some 
of the diseases that cause morphological renal abnormal -
ities, allowing the clinician to prioritize the preliminary list of 
differential diagnoses. Examples of diseases where breed 
predispositions exist include PCKD (Persian cats, Figure 
4.8; Cairn Terriers, West Highland White Terriers and 
English Bull Terriers), basement membrane disorders 
(Dobermanns, English Cocker Spaniels and Samoyeds)  
and amyloidosis (Beagles, English Foxhounds, Shar Peis 

pseudocysts, subcapsular haematomas, cystic tumours 
and hydronephrosis; the latter is often detected with neo -
plasia (usually large, abnormally shaped, and/or asymmetri-
cal) and chronic kidney disease (usually small, may be 
abnormally shaped).

Altered position
Causes of altered kidney position are listed in Figure 4.6. 
Renal ectopia is a congenital condition, which arises as  
a result of failure of normal embryonic ascent of the  
kidney. The condition is usually incidental, and the kidney 
can be identified either as a caudal abdominal, sublum -
bar or pelvic mass. Altered position can also accompany 
renomegaly (the enlarged kidney becomes displaced 
ventrally) and conditions which result in enlargement of 
an adjacent structure, e.g. hepatomegaly and adrenal 
gland tumours. In obese subjects, kidneys are displaced 
ventrally and often embedded within large amounts of  
fat. However, this finding is rarely documented on 
abdominal palpation.

���ƒ�—�•�‡�•���‘�ˆ���ƒ�Ž�–�‡�”�‡�†���”�‡�•�ƒ�Ž���…�‘�•�•�‹�•�–�‡�•�…�›�ä4.5

Kidney characteristic Cause

Fluctuant • Perinephric pseudocyst
• Subcapsular haematoma
• Cystic tumour
• Hydronephrosis

Firm • Neoplasia
• Chronic kidney disease

• Renal ectopia
• Enlarged kidney
• Displaced kidney
• Enlargement of adjacent organs:

• Adrenal gland tumour
• Splenomegaly
• Hepatomegaly
• Alimentary tract disease
• Sublumbar disease

• Obesity

���ƒ�—�•�‡�•���‘�ˆ���ƒ�Ž�–�‡�”�‡�†���•�‹�†�•�‡�›���’�‘�•�‹�–�‹�‘�•�ä4.6

���ƒ�—�•�‡�•���‘�ˆ���•�‹�†�•�‡�›���’�ƒ�‹�•�ä4.7

• Pyelonephritis
• Urolithiasis:

• Renal calculi
• Ureteric calculi causing obstruction

• Acute nephrosis
• Hydronephrosis
• Stretching of renal capsule:

• ���‡�•�ƒ�Ž���–�”�ƒ�—�•�ƒ�����‡�ä�‰�ä���•�—�„�…�ƒ�’�•�—�Ž�ƒ�”���Š�ƒ�‡�•�ƒ�–�‘�•�ƒ��
• Amyloidosis?

• ���”�ƒ�—�•�ƒ
• Referred pain:

• Spinal disease
• Other abdominal disease

• Abscesses
• Neoplasia 

Pain
Renal pain is most often seen with pyelonephritis, acute 
nephrosis, renal abscesses, neoplasia and in the early 
stage of hydronephrosis (Figure 4.7).

���‘�Ž�›�…�›�•�–�‹�…���•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡���‹�•���ƒ�����‡�”�•�‹�ƒ�•���…�ƒ�–�ä�����ƒ�������Š�‡���”�‡�•�ƒ�Ž��
�…�‘�”�–�‡�š���‹�•���†�‹�•�–�‘�”�–�‡�†���™�‹�–�Š���•�—�Ž�–�‹�’�Ž�‡���ª�—�‹�†�æ�¤�Ž�Ž�‡�†���…�›�•�–�•�ä�����„�������Š�‡�•�‡��

�…�›�•�–�•���…�ƒ�•���”�‡�ƒ�†�‹�Ž�›���„�‡���†�‡�–�‡�…�–�‡�†���„�›���—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�‹�…���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•�ä
(Courtesy of the Feline Advisory Bureau)

4.8

(a)

(b)

Ch04 Nephrology.indd   39 01/08/2017   08:27



BSAVA Manual of Canine and Feline Nephrology and Urology

40

and Abyssinian cats) (see Chapter 14). Diseases with a  
gender predisposition include acromegaly (male cats and 
neutered bitches) and the basement membrane disorder in 
male Samoyeds (X-linked recessive), whilst diseases with 
an age predisposition include congenital PVA (young  
animals) and most neoplastic diseases (older individuals). 
In contrast, German Shepherd Dogs have an inherited  
predisposition for nodular dermatofibrosis combined with 
renal cystadenocarcinomas (Lingaas et al., 2003).

History
A full medical history should be obtained in all cases. 
Signs of disease in other body systems may be evident 
and, in some cases, concurrent acute or chronic kidney 
disease may be present (Figure 4.9). Further, there are 
some historical findings which, when present, may sug -
gest the specific underlying cause. Cases of unilateral 
hydronephrosis and perinephric pseudocysts have simple 
histories of progressive abdominal enlargement, often with 
no systemic signs. In contrast, the history of acute pyelo -
nephritis may be poorly defined, although pyrexia,  
anorexia, lethargy, dehydration and weight loss may be 
present. In severe cases there may be sublumbar pain and 
signs of systemic sepsis.

���‹�•�–�‘�”�‹�…�ƒ�Ž���ƒ�•�†���’�Š�›�•�‹�…�ƒ�Ž���¤�•�†�‹�•�‰�• Possible diagnostic implications

Signs of renal failure: buccal ulceration, uraemic breath, dehydration, 
poor concentrating ability and history of oliguria/polyuria (acute or 
�†�‡�…�‘�•�’�‡�•�•�ƒ�–�‡�†���…�Š�”�‘�•�‹�…���ä�����ƒ�Ž�Ž�‘�”���ƒ�•�†���‡�•�ƒ�…�‹�ƒ�–�‹�‘�•�����ƒ�†�†�‹�–�‹�‘�•�ƒ�Ž���¤�•�†�‹�•�‰�•��
which suggest a chronic problem)

• ���…�—�–�‡���•�‡�’�Š�”�‘�•�‹�•�ã���‹�•�…�Š�ƒ�‡�•�‹�…�á���–�‘�š�‹�…�á���‹�•�ˆ�‡�…�–�‹�‘�—�•
• Bilateral pyelonephritis
• Bilateral hydronephrosis
• Chronic kidney disease

Lymphadenopathy • Lymphoma

Anterior uveitis and/or chorioretinitis • FIP

Neurological/encephalopathic signs • Renal encephalopathy
• Portovascular anomaly
• FIP
• Lymphoma
• (Acromegaly – pituitary problem)

Haematuria without dysuria • Renal neoplasia
• Pyelonephritis
• Nephrolithiasis
• Acute nephrosis?
• ���”�ƒ�—�•�ƒ
• ���‡�Ž�ƒ�•�‰�‹�‡�…�–�ƒ�•�‹�ƒ

Dysuria and haematuria • Nephrolithiasis: urinary calculi, renal or ureteral trauma
• Pyelonephritis with lower urinary tract infection
• Portovascular anomaly with ammonium biurate urolithiasis 

Urinary calculi • Hydronephrosis (renal calculi)
• Portovascular anomaly with ammonium biurate urolithiasis

Urinary incontinence with urine scalding • Congenital anatomical defect causing incontinence and hydronephrosis/
pyelonephritis

Microhepatica • Portovascular anomaly

Hepatomegaly • Acute tubular nephrosis (leptospirosis)
• Acromegaly and secondary diabetes mellitus
• Amyloidosis in Siamese cats

Enlargement of the skull, mandible (prognathia inferior) and tongue 
in an adult animal

• Acromegaly

Enlargement/malformation of the mandibles in a young animal • Osteodystrophy associated with chronic kidney disease

Signs of systemic sepsis: fever, depression, tachycardia, vomiting, 
petechiation

• Acute tubular nephrosis
• Leptospirosis
• Acute pyelonephritis
• Sepsis

Skin nodules • Renal cystadenocarcinoma
• ���•���
�‡�”�•�ƒ�•�����Š�‡�’�Š�‡�”�†�����‘�‰�•�á���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���†�‡�”�•�ƒ�–�‘�¤�„�”�‘�•�‹�•��

���‹�‰�•�‹�¤�…�ƒ�•�…�‡���‘�ˆ���’�Š�›�•�‹�…�ƒ�Ž���¤�•�†�‹�•�‰�•���™�Š�‡�•���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���•�‘�”�’�Š�‘�Ž�‘�‰�‹�…�ƒ�Ž���ƒ�„�•�‘�”�•�ƒ�Ž�‹�–�‹�‡�•�ä4.9

Physical examination
Physical examination provides the opportunity to eval -
uate the renal system indirectly (e.g. with abdominal pal -
pation), and to assess the rest of the systemic health of 
the animal. Systematic abdominal palpation provides 
information on most aspects of renal morphology (size, 
shape and position), as well as providing evidence of 
other organ involvement. The following questions should 
be addressed:

• Are two kidneys palpable, and in their normal position? 
If not, is there evidence to suggest an alteration in 
kidney number or position?

• Are there alterations in renal size, e.g. either 
renomegaly or decreased size?

• Are the renal contours smooth or irregular?
• Are the abnormalities documented unilateral or 

bilateral?
• Are other abdominal masses present?
• Is there renal or sublumbar pain?
• Are there any other abnormalities present?

Other physical examination findings that may be rele -
vant to the diagnosis are presented in Figure 4.9.
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Further diagnostic tests
In some circumstances, altered renal morphology is  
physiological and an incidental finding (e.g. renomegaly 
asso ciated with PVA, acromegaly and physiological  
hypertrophy of the remaining kidney after nephrectomy). 
However, in most cases it indicates a significant pathol  - 
o g ical process, which requires further diagnostic evalua -
tion (see also Chapters 6 and 10). The initial approach is to  
collect baseline clinicopathological data:

• Haematology . Complete blood count and blood smear 
evaluation are recommended

• Serum biochemical analysis . A complete profile 
including electrolytes is recommended

• Urinalysis . This should include gross examination, 
dipstick, sediment examination and measurement of 
specific gravity by refractometer. Where sediment does 
not indicate the presence of inflammation, urine protein 
to creatinine ratio would be useful

• Virology.  Serological tests for feline leukaemia virus 
(FeLV) antigen and anti-feline immunodeficiency virus 
(FIV) antibody should be performed in all cats, whilst 
coronavirus serology should also be considered.

In some cases, the above database is sufficient to 
obtain a definitive diagnosis. However, on occasion addi -
tional procedures may be warranted, including bacterial 
culture of urine, diagnostic imaging, tests of renal function, 
cytological examination and histopathological assessment 
of biopsy material. The routine measurement of blood 
pressure in animals where renal disorders are suspected is 
recommended (Chapter 15).

Bacterial culture of urine
Cystocentesis is the preferred method of urine collection  
if bacterial culture is required, and it is recommended  
that a laboratory is chosen which provides information on 
minimum inhibitory concentration (MIC) to assist in anti -
microbial selection if appropriate (see Chapter 29). The 
presence of intracellular bacteria confirms that an active 
infection exists.

Diagnostic imaging
In cases of renomegaly, some form of diagnostic imaging 
is always recommended in order to characterize better the 
reason for renal enlargement (see Chapter 7). For cases 
presenting with small kidneys, diagnostic imaging is per -
haps less likely to yield further information.

Survey radiographs of the abdomen and thorax are 
recommended, and orthogonal views of the abdomen 
should be taken if ultrasonography is not available. A com -
plete ultrasonographic examination of the abdomen is indi-
cated, paying particular attention to the kidneys. The 
ventrodorsal abdominal radiograph can be used to meas -
ure renal size, although this is greatly facilitated by the use 
of contrast radiography (see below). It is usual to compare 
renal length to the length of the second lumbar vertebral 
body in order to minimize the effects of magnification of 
the radiographic image. Size is better evaluated by ultra -
sonography, which avoids the problem of magnification, 
and ranges for normal renal size have been reported 
(Figure 4.10).

• Excretory urogram in the ventrodorsal view:
• Dog: normal kidney length = 2.5–3.5 x L2 (length of 

second lumbar vertebra)
• Cat: normal kidney length = 2.4–3.0 x L2

• Maximal sagittal dimension on ultrasonographic 
images:
• In the dog, kidney length is directly proportional to 

bodyweight (Figure 4.10)
• Cat = 38–44 mm.

Renal ultrasonography can also provide excellent detail 
of internal architecture, and many focal lesions, such as 
cysts, mass lesions, nephroliths, subcapsular fluid accumu -
lation and renal pelvis dilatation, can be readily identified 
(Figures 4.11 and 4.12). Diffuse changes in echogenicity are 
also associated with certain diseases. Increased echogen -
icity may be seen in acute nephrosis and FIP, while lym-
phoma can increase or decrease echogenicity. Focal lesions 
are, thus, readily recognized. Ultrasonography can also 
facilitate fine-needle aspiration cytology and percu taneous 
collection of tissue core samples (see Chapters 7 and 13).

Weight range (kg) Number of kidneys 
evaluated

Renal length (cm)

Range Mean Standard deviation

0–4 2 �W�ä�V���W�ä�W�� �W�ä�V �T�ä�T�]

�Y���]�� 16 �W�ä�V���Y�ä�V�� �X�ä�X �T�ä�Y

10–14 10 �X�ä�\���Z�ä�X�� �Y�ä�Z �T�ä�Z

�U�Y���U�]�� 20 �Y���Z�ä�[�� 6 �T�ä�X

20–24 20 �Y�ä�V���\�� �Z�ä�Y �T�ä�[�V

�V�Y���V�]�� 44 �Y�ä�W���[�ä�\�� �Z�ä�] �T�ä�Y�\

30–34 32 �Z�ä�U���\�ä�[ �[�ä�V �T�ä�Z

�W�Y���W�]�� 24 �Z�ä�Z���]�ä�W �[�ä�Z �T�ä�[�V

40–44 12 �Z�ä�W���\�ä�X�� �[�ä�Z �T�ä�Y�X

�X�Y���X�]�� �\ �[�ä�Z���]�ä�U �\�ä�Y �T�ä�X�Z

�Y�T���Y�]�� 6 �[�ä�Y���U�T�ä�Z �]�ä�U �U�ä�V�[

�Z�T���Z�]�� 4 �\�ä�W���]�ä�\�� �] �T�ä�Z�W

�]�T���]�]�� 2 �\�ä�Z���U�T�ä�U �]�ä�X �U�ä�T�Z

���‡�Ž�ƒ�–�‹�‘�•�•�Š�‹�’���„�‡�–�™�‡�‡�•���•�‹�†�•�‡�›���Ž�‡�•�‰�–�Š���ƒ�•�†���„�‘�†�›�™�‡�‹�‰�Š�–���‹�•���†�‘�‰�•�ä4.10
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���Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�›���†�‡�•�‘�•�•�–�”�ƒ�–�‹�•�‰���•�‡�’�Š�”�‘�Ž�‹�–�Š�‹�ƒ�•�‹�•�ä��
���Ž�–�”�ƒ�•�‘�•�‰�”�ƒ�•���‘�ˆ���–�Š�‡���Ž�‡�ˆ�–���•�‹�†�•�‡�›���‘�ˆ���ƒ���[�æ�›�‡�ƒ�”�æ�‘�Ž�†���•�ƒ�Ž�‡��

���ƒ�Ž�•�ƒ�–�‹�ƒ�•�á���’�”�‡�•�‡�•�–�‹�•�‰���™�‹�–�Š���ƒ�’�’�ƒ�”�‡�•�–���•�—�„�Ž�—�•�„�ƒ�”���’�ƒ�‹�•�ä�����›�’�‡�”�‡�…�Š�‘�‹�…��
shadowing regions are present in the renal pelvis (arrowed), consistent 
�™�‹�–�Š���•�‡�’�Š�”�‘�Ž�‹�–�Š�‹�ƒ�•�‹�•�����’�”�‘�„�ƒ�„�Ž�›���—�”�ƒ�–�‡���‰�‹�˜�‡�•���–�Š�‡���„�”�‡�‡�†���ä��
(Courtesy of Anna Newitt and Alistair Freeman, University of Liverpool)

4.12

���š�…�”�‡�–�‘�”�›��
urography 

demonstrating 
nephrolithiasis in a 
�[�æ�›�‡�ƒ�”�æ�‘�Ž�†�����ƒ�Ž�•�ƒ�–�‹�ƒ�•��
presenting with apparent 
sublumbar pain (same dog 
�ƒ�•���‹�•���	�‹�‰�—�”�‡���X�ä�U�V���ä�� 
(a) Nephroliths (probably 
urate) are evident on plain 
lateral abdominal 
�”�ƒ�†�‹�‘�‰�”�ƒ�’�Š�›�����ƒ�”�”�‘�™�‡�†���ä�� 
(b) Filling defects can be 
seen during subsequent 
�—�”�‘�‰�”�ƒ�’�Š�›�����ƒ�”�”�‘�™�‡�†���ä��
(Courtesy of Anna Newitt and 
Alistair Freeman, University of 
Liverpool)

4.13

(a)

(b)

���Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�›���†�‡�•�‘�•�•�–�”�ƒ�–�‹�•�‰���Š�›�†�”�‘�•�‡�’�Š�”�‘�•�‹�•�ä��
���Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�•�•���‘�ˆ���ƒ���W�æ�›�‡�ƒ�”�æ�‘�Ž�†���ˆ�‡�•�ƒ�Ž�‡�����”�‡�…�‡�•�–�Ž�›���•�‡�—�–�‡�”�‡�†����

���Š�‹�Š�—�ƒ�Š�—�ƒ�á���’�”�‡�•�‡�•�–�‹�•�‰���•�Š�‘�”�–�Ž�›���ƒ�ˆ�–�‡�”���”�‘�—�–�‹�•�‡���‘�˜�ƒ�”�‹�‘�Š�›�•�–�‡�”�‡�…�–�‘�•�›�ä�� 
(a) Longitudinal image of the left kidney shows the hyperechoic fat of 
�–�Š�‡���”�‡�•�ƒ�Ž���’�‡�Ž�˜�‹�•���•�ƒ�”�•�‡�†�Ž�›���•�‡�’�ƒ�”�ƒ�–�‡�†���„�›���ƒ�•�‡�…�Š�‘�‹�…���ª�—�‹�†�á���…�‘�•�•�‹�•�–�‡�•�–���™�‹�–�Š��
�•�‡�˜�‡�”�‡���Š�›�†�”�‘�•�‡�’�Š�”�‘�•�‹�•�ä�����Š�‡���‘�—�–�Ž�‹�•�‡���‘�ˆ���–�Š�‡���•�‹�†�•�‡�›���‹�•���‡�š�’�ƒ�•�†�‡�†�á���–�Š�‡��
�•�‘�”�•�ƒ�Ž���ƒ�”�…�Š�‹�–�‡�…�–�—�”�‡���‘�ˆ���–�Š�‡���”�‡�•�ƒ�Ž���•�‡�†�—�Ž�Ž�ƒ���‹�•���…�‘�•�’�”�‡�•�•�‡�†�á���„�—�–���–�Š�‡���…�‘�”�–�‡�š���‹�•��
�”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›���•�‘�”�•�ƒ�Ž�ä�����„�������‘�•�‰�‹�–�—�†�‹�•�ƒ�Ž���˜�‹�‡�™���‘�ˆ���–�Š�‡���”�‹�‰�Š�–���•�‹�†�•�‡�›���‹�•���–�Š�‡���•�ƒ�•�‡��
�†�‘�‰���•�Š�‘�™�‹�•�‰���•�‘�”�•�ƒ�Ž���”�‡�•�ƒ�Ž���ƒ�”�…�Š�‹�–�‡�…�–�—�”�‡�ä��
(Courtesy of Anna Newitt, University of Liverpool)

4.11

(a)

(b)

With the wider use of abdominal ultrasonography, the 
indications for intravenous urography have declined (Figures 
4.13 and 4.14). However, if ultrasonography is not available, 
intravenous urography can be a useful method of providing 
information on the size, shape, position and, to a lesser 
extent, internal architecture of the kidney. Information can 
also be gained regarding the size, integrity and course of 
the ureters. Antegrade pyelography can be used to localize 
the site of ureteral obstructions.

Advanced imaging techniques include excretory uro -
graphy, renal scintigraphy, computed tomography (CT), 
magnetic resonance imaging (MRI) and advanced ultra-
sonographic techniques. CT has become increasingly 
available to veterinary surgeons (veterinarians) working in 
practice, and the rapid acquisition of three-dimensional 
information offers significant advantages in abdominal 
imaging. CT may be used in combination with excretory 
urography to increase the diagnostic information avail -
able.  However, the cost of the technique and the high 
radiation doses should be borne in mind by clinicians. 
MRI is less often selected for abdominal imaging than CT 
despite the exquisite soft tissue details; scan times are 
longer than for CT and thus movement blur from respira -
tion is a consideration.

Advanced ultrasonographic techniques may also be of 
use. In human medicine, intrarenal blood flow impedance, 
expressed as the renal resistive index (RRI) and obtained 
by duplex Doppler ultrasonography, has been used to aid 
in diagnosis and prognosis of renal failure (Rivers et al., 
1997). Increased RRI is seen in a variety of diseases, 
including acute tubular necrosis and glomerulopathy, and 
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���š�…�”�‡�–�‘�”�›���—�”�‘�‰�”�ƒ�’�Š�›���†�‡�•�‘�•�•�–�”�ƒ�–�‹�•�‰���Š�›�†�”�‘�•�‡�’�Š�”�‘�•�‹�•�ä�����š�…�”�‡�–�‘�”�›���Š�›�†�”�‘�•�‡�’�Š�”�‘�•�‹�•���‹�•���ƒ���W�æ�›�‡�ƒ�”�æ�‘�Ž�†���ˆ�‡�•�ƒ�Ž�‡�����”�‡�…�‡�•�–�Ž�›���•�‡�—�–�‡�”�‡�†�������Š�‹�Š�—�ƒ�Š�—�ƒ�á��
�’�”�‡�•�‡�•�–�‹�•�‰���•�Š�‘�”�–�Ž�›���ƒ�ˆ�–�‡�”���”�‘�—�–�‹�•�‡���‘�˜�ƒ�”�‹�‘�Š�›�•�–�‡�”�‡�…�–�‘�•�›�����•�ƒ�•�‡���†�‘�‰���ƒ�•���‹�•���	�‹�‰�—�”�‡���X�ä�U�U���ä�����Š�‡�”�‡���‹�•���‡�˜�‹�†�‡�•�…�‡���‘�ˆ�����ƒ�����Ž�‡�ˆ�–�æ�•�‹�†�‡�†���”�‡�•�‘�•�‡�‰�ƒ�Ž�›�á�����„�����†�‹�Ž�ƒ�–�ƒ�–�‹�‘�•��

�‘�ˆ���–�Š�‡���Ž�‡�ˆ�–���”�‡�•�ƒ�Ž���’�‡�Ž�˜�‹�•���ƒ�•�†�����…�����Ž�‡�ˆ�–���—�”�‡�–�‡�”���†�‹�Ž�ƒ�–�ƒ�–�‹�‘�•�ä�����Š�‡���¤�•�†�‹�•�‰�•���ƒ�”�‡���•�—�‰�‰�‡�•�–�‹�˜�‡���‘�ˆ���Š�›�†�”�‘�•�‡�’�Š�”�‘�•�‹�•���•�‡�…�‘�•�†�ƒ�”�›���–�‘���‹�ƒ�–�”�‘�‰�‡�•�‹�…���Ž�‹�‰�ƒ�–�‹�‘�•�ä��
(Courtesy of Anna Newitt, University of Liverpool)
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the RRI can return to normal upon successful  
treatment. Furthermore, after the administration of either 
mannitol or furosemide, RRI remains unchanged in non-
obstructed kidneys but is increased in obstructed kidneys 
(Choi et al., 2003). However, the diagnostic value of RRI in 
veterinary medicine has yet to be established. Contrast 
ultrasonography is a technique which offers the opportu -
nity to evaluate renal perfusion in both focal and diffuse 
disease. Ultrasound shear wave elastography is an 
advanced technique, which is currently being explored in 
human and veterinary medicine; this technique assesses 
the elasticity of a tissue, and it is hoped that this may in 
future provide useful diagnostic information. However, at 
the time of publication, these advanced techniques are not 
widely used in a clinical setting. Further details of these 
advanced imaging techniques can be found in Chapter 7.

Tests of renal function
The initial database provides some information on renal 
function, e.g. serum creatinine and urine specific gravity. 
However, given the insensitivity of these methods, other 
techniques may be necessary in some cases. Examples of 
function tests include measurement of water intake, and 
assessment of glomerular filtration rate (GFR), all of which 
are covered in detail in Chapters 2 and 10.

Renal cytology
Fine-needle aspiration can be performed blind, if the  
kidney can be palpated and readily immobilized for the 
procedure. However, samples should ideally be taken 
under ultrasound guidance if at all possible; this enables 
appropriate sites to be chosen, renal vasculature to be 
avoided and specific lesions to be targeted. Cytology is 
potentially useful for assessing mass lesions; although, 
with neoplastic lesions such as lymphoma, cells often do 
not readily exfoliate, and samples usually have marked 
blood contamination.

Renal biopsy
Renal biopsy should only be considered when the infor -
mation obtained is likely to alter the approach to manage -
ment of a particular case (see Chapter 13), or when 
prognosis is deemed important for the owner. Biopsy is 

more commonly indicated for assessment of renomegaly 
and changes in renal architecture, than for small kidneys, 
since the latter are almost invariably associated with end-
stage disease, where the pathology is similar regardless of 
the initiating cause and so the information obtained does 
not inform management. Diseases such as lymphoma, 
other types of neoplasia, acute tubular nephrosis, FIP and 
familial nephropathy can all be diagnosed by renal biopsy 
(Figures 4.15 and 4.16).

Histopathological images of renal parenchyma from an 
�U�U�æ�•�‘�•�–�Š�æ�‘�Ž�†�����‘�…�•�‡�”�����’�ƒ�•�‹�‡�Ž���„�‹�–�…�Š���™�‹�–�Š���ˆ�ƒ�•�‹�Ž�‹�ƒ�Ž���•�‡�’�Š�”�‘�’�ƒ�–�Š�›�ä��
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�*�V�U�K�P�[�P�V�U�Z���J�H�\�Z�P�U�N���H�I�U�V�Y�T�H�S��
�Y�L�U�H�S���T�V�Y�W�O�V�S�V�N�`
Acute kidney injury
Acute kidney injury is defined as sudden, often cata -
strophic, failure of the kidney to meet the excretory, meta -
bolic and endocrine demands of the body. The condition 
can arise secondary to disruptions to a number of renal 
functions, including haemodynamic, filtration, tubular and 
outflow tract disruptions. The proposed new grading of 
acute kidney injury is presented in Chapter 12 and the 
causes, consequences and management of acute kidney 
injury are discussed in Chapter 21. Affected kidneys are 

(a)

(b)
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either normal or enlarged regardless of the cause of  
the acute uraemia unless a pre-existing chronic kidney 
disease is also evident. They often have a turgid feel to 
them and may be painful on palpation.

The mechanisms which underlie the renomegaly 
depend upon the underlying cause. In obstructive uro -
pathy, the enlargement is due to dilatation of the renal  
pelvis and development of hydronephrosis (see below). In 
contrast, in cases of acute nephrosis (nephrotoxicosis, 
renal ischaemia, etc.) the enlargement is the result of the 
parenchymal damage associated with the insult, which 
leads to a pathogenetic process involving three stages (ini -
tiation, maintenance and recovery; see Chapter 21).

Amyloidosis
Amyloidosis involves the extracellular deposition of fibrils 
formed by polymerization of proteins with a beta-pleated 
sheet tertiary structure. Although several different types of 
protein have been recognized in human amyloidosis, fewer 
types are noted or reported in companion animals. The 
protein usually involved is amyloid A, which is produced 
from the polymerization of the N -terminal portion of serum 
amyloid A. Serum amyloid A is an acute phase protein pre -
dominantly synthesized in the liver. Therefore, amyloidosis 
is usually a sequel to a variety of chronic inflammatory dis -
orders. Amyloid can be deposited in a number of organs, 
but the kidney is most often involved. Renal amyloidosis is 
more common in dogs than in cats and older animals are 
most often affected. The disease affects females more 
commonly than males. An increased incidence is reported 
in some breeds (e.g. Shar Pei, Beagle, English Foxhound, 
Walker Hound), and the disease is thought to be familial in 
most of the these cases. Although amyloidosis is uncom -
mon in cats, certain breeds are reportedly predisposed, 
e.g. Abyssinian and Siamese.

In most breeds of dog, the glomerulus is the most 
common site of renal amyloid deposition, and hence the 
most common abnormality is proteinuria. However, in 
Shar Peis and Abyssinian cats, amyloid is predominantly 
deposited in the renal medulla and proteinuria is less 
commonly observed. Diagnosis requires renal biopsy and 
histopathological examination, where the amyloid can be 
readily identified if special staining procedures are 
employed, e.g. Congo red or Sirius red. Specific treatment 
options are limited because the beta-pleated sheet con -
formation is naturally resistant to breakdown. Suggested 
therapies have included colchicine (some success in Shar 
Peis) and dimethylsulfoxide. However, in most cases 
response is poor, especially after chronic kidney disease 
has developed.

Chronic kidney disease
Chronic kidney disease is the most common disorder 
involving the kidneys of dogs and cats, and is defined as 
the presence of functional or structural abnormalities of 
one or both kidneys (see Chapters 12 and 23). It is charac-
terized by irreversible loss of functional nephrons, and 
leads ultimately to decreased renal function. In order to 
define that a particular patient has chronic kidney disease, 
either renal damage or reduced renal function (e.g. 
decreased GFR) must have been present for at least 3 
months. Chronic kidney disease can be the result of a 
number of initiating causes, and in many patients the 
factor(s) responsible is not clear. Whatever the inciting 
insult and irrespective of where in the nephron it develops, 
the whole nephron eventually becomes involved, leading 
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may be seen in association with ectopic ureters. 
Acquired causes of obstruction can include neoplasms, 
blood clots, uroliths, trauma, inflammatory masses and 
inadvertent ureteral ligation.

As bilateral hydronephrosis presents with acute azo -
taemia, rapid diagnosis and urgent therapy are required if 
renal function is to be re-established. For unilateral cases, 
diagnosis is usually made by imaging, with ultrasonogra -
phy providing the best information. Treatment depends 
upon the cause and duration of the condition. 
Unfortunately, most unilateral cases are not diagnosed 
until the condition is long-standing, and the only recourse 
is surgical resection of the affected kidney.

Infectious disorders
Feline infectious peritonitis
Renomegaly can be seen in the non-effusive form of FIP. 
Affected kidneys have multiple granulomas on the renal 
surface extending into the cortex and cytological aspirates 
have mixed lymphocytes, plasma cells, neutrophils and 
macrophages. Pathological change is usually also present 
in the liver, mesenteric lymph nodes, central nervous sys -
tem and eyes. FIP should be suspected in patients pre -
senting with enlarged irregular kidneys, ocular lesions and 
central nervous system signs.

Leptospirosis
Leptospirosis is a systemic infection which causes renal 
enlargement and acute uraemia in dogs. Several different 
forms are recognized, depending upon the infecting  
serovar, and can be peracute, subacute or chronic. Most  
animals affected by the peracute form die from the compli -
cations of systemic sepsis and disseminated intravascular 
coagulation, while subacute cases may develop renal 
enlargement, acute uraemia, hepatitis and jaundice.

Pyelonephritis
Pyelonephritis is interstitial inflammation of the kidney 
associated with bacterial infection. In acute cases, one or 
both kidneys may be enlarged. Chronic pyelonephritis 
causes structural damage, fibrosis and scarring and is 
associated with reduced renal size. Most cases in the dog 
are caused by ascending urinary tract infection, but the 
importance of ascending infection has not been fully 
established in the cat. Other possible mechanisms of 
infection include haematogenous spread or septic emboli -
zation in animals with bacteraemia or septicaemia, e.g. in 
cases of bacterial endocarditis, discospondylitis and 
pyometra. Pyelonephritis can also occur secondary to 
immunosuppression, e.g. hyperadrenocorticism.

Signs of acute pyelonephritis may be quite vague but 
include mild renomegaly, renal pain, fever, anorexia, dehy-
dration, weight loss, polyuria, polydipsia and vomiting. 
Diagnosis is usually made from a combination of tests, 
including diagnostic imaging (especially ultrasonography) 
and laboratory findings (haematology, serum biochemistry, 
urinalysis and aerobic bacterial urine culture) (Figure 4.17). 
Ultrasonographic findings in acute pyelonephritis are  
variable (see Chapter 7). There may be:

• Dilatation of the renal pelvis
• A hyperechoic mucosal line within the renal pelvis
• Focal hypoechoic areas in the medulla
• Focal hyper- or hypoechoic cortical lesions.

to destruction of the complete structure and replacement 
with non-functional connective tissue. Initially, any poten -
tial decrease in renal size resulting from such nephron loss 
is counteracted by compensatory hypertrophy of remain -
ing (functional) nephrons. However, as nephron loss pro -
gresses, the overall kidney mass eventually declines and 
end-stage kidneys result. Therefore, in most cases of 
chronic kidney disease, the kidneys are small and this is a 
helpful finding in differentiating chronic from acute kidney 
disease. Nevertheless, some chronic kidney disease 
patients have kidneys that are of normal size or even 
enlarged (see above for examples).

Definitive diagnosis of chronic kidney disease theoreti -
cally involves renal biopsy, although this is seldom per -
formed or indicated in most cases. Treatment is supportive 
and/or renoprotective (see Chapter 23), and prognosis 
depends upon duration, aetiology and rate of progression of 
the disease.

Congenital renal disease and familial 
nephropathies
The details of congenital and familial renal disorders are 
given in Chapter 14. Most of such disorders develop at a 
young age (e.g. less than 5 years), but some can arise in 
older individuals. Most of such diseases ultimately lead to 
chronic kidney disease, although the severity and rate of 
progression is variable. Therapeutic options are limited  
to conservative therapy only, and the prognosis is usually 
guarded to poor.

The key features of these conditions with regard to 
renal palpation are as follows:

• Amyloidosis – variable
• Tubular dysfunction – none?
• Basement membrane disorder – decreased size
• Glomerular disorders – decreased size
• Polycystic kidney disease – increased size ± altered 

shape
• Renal dysplasia – decreased size
• Unilateral renal agenesis – decreased number
• Cystadenocarcinoma – altered size and shape 

(occasionally normal)
• Telangiectasia – none or altered size and shape
• Agenesis – decreased number
• Fusion (horseshoe kidney) – decreased number ± 

altered shape and position.

Hydronephrosis
Obstruction of urine flow causes a progressive dilatation 
of the renal pelvis (see Figures 4.11 and 4.14). In bilateral 
ureteric or urethral obstruction, the patient will die  
from acute post-renal failure before significant atrophy of 
renal parenchyma occurs; in cases of unilateral ureteric 
obstruction, compensation by the unobstructed kidney 
will allow the development of gross hydronephrosis. The 
renal pelvis progressively dilates causing pressure  
atrophy of the renal parenchyma and eventually the  
kidney becomes a distended, fibrous, fluid-filled sac. In 
the early stages, the distension of the renal capsule will 
induce signs of renal pain, but in many cases the first 
indication of hydronephrosis is progressive abdominal 
enlargement due to a large, unilateral, abdominal mass. 
Obstructive lesions may be congenital or acquired. 
Congenital obstructions can include ureteral atresia,  
stenosis, torsion and ureterocele. These abnormalities 
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Ultrasonography may also facilitate the collection of 
cytological specimens, by fine-needle aspiration, from the 
renal parenchyma or from a dilated renal pelvis.

Neutrophilic leucocytosis may be noted on haemato -
logical examination, whereas serum biochemical analysis 
may reveal azotaemia if excretory renal function is com -
promised. Urinalysis may demonstrate haematuria, pyuria, 
evidence of suboptimal concentrating ability (specific 
gravity usually within the hypersthenuric range, but not 
markedly concentrated, e.g. 1.015–1.025; often in the face 
of azotaemia) and a positive urine culture (see Chapter 6). 
The source of urinary tract infection may be difficult to 
localize, but the presence of white blood cell casts con -
firms the presence of inflammation in the upper urinary 
tract. Unfortunately, the absence of white cell casts does 
not rule out pyelonephritis. A definitive diagnosis can be 
made by renal biopsy, although this technique carries the 
risk of iatrogenic spread of infection within the abdomen 
and is rarely performed for this disease. Further, taking a 
biopsy of the cortex might miss the diagnosis since this 
region can be unaffected in pyelonephritis.

Perinephric pseudocysts
A small number of cats have been described with large 
fluid accumulations in fibrous pseudocysts surrounding 
one or both kidneys. The cysts are termed pseudocysts 
because they are not lined by epithelium and develop 
between the renal parenchyma and the renal capsule. 
The kidneys, which are enclosed within the cyst, are  
usually of normal size and fully functional. The patho -
genesis is not understood, but trauma with subcapsular 
urine leakage has been suggested. Older entire male cats 
are most often affected and there are few clinical signs 
except progressive abdominal enlargement. The cyst 
fluid is a transudate and, after surgical resection and 
drainage of the cyst, there was no recurrence in cats  
followed up for 2 years.

Portovascular anomalies
Renomegaly is a relatively common finding in dogs and cats 
with congenital PVA. The increase in renal size is thought to 
be related to increased renal workload, to increased deliv -
ery of trophic factors to the kidneys and to increased renal 
blood flow. There is some evidence that exposure of  
renal cells to high ammonia concentrations causes hyper -
trophy; increased renal gluconeogenesis can also develop 
secondary to systemic hypoglycaemia and this can also 
cause hypertrophy. Renal enlargement can additionally 
occur secondary to increased GFR, which can be seen  
in animals with PVA. PVA are usually diagnosed with a  
combination of laboratory analyses (including dynamic  
bile acids) and diagnostic imaging (ultrasonography and 
portovenography).

Renal neoplasia
Tumours are important causes of unilateral renomegaly in 
the dog (Figure 4.18). Lymphoma is the most common 
renal neoplasm in the cat and is usually, but not invariably, 
bilateral (Figure 4.19). Other metastatic neoplasms, such 
as haemangiosarcoma, may also induce bilateral reno-
megaly. Primary renal malignancies, such as renal cell car-
cinoma and transitional cell carcinoma, are relatively rare 
in both species and vary in their behaviour. Some tumours 
are highly invasive locally and cause erosion of the renal 
artery and vein while others are quite static. Some meta -
stasize early, whereas others are curable by excision. The 
presence of an irregular mass involving part or all of one 
kidney should always prompt careful evaluation for local 
and distant metastasis.

Renal lymphoma is relatively common in cats, and  
usually affects both kidneys, which may have an irregular 
outline (Figure 4.19). As a result, signs of renal insufficiency 
are common. Renal lymphoma may be accompanied by 
involvement of other abdominal organs and lymph nodes 
(peripheral, abdominal and mediastinal). In cats presenting 
with renal lymphoma, subsequent progression to central 
nervous system lymphoma is common, whilst cases with 
nasopharyngeal lymphoma may subsequently progress to 
renal lymphoma. The initial response to chemotherapy 
may be good but the long-term prognosis is guarded.

Hereditary multifocal renal cystadenocarcinoma and 
nodular dermatofibrosis (RCND) is an inherited disorder  
in German Shepherd Dogs, and is transmitted in an  
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(a) Ultrasonogram of the left kidney, 
demonstrating dilatation of the renal 
pelvis (arrowed) and poor 
�…�‘�”�–�‹�…�‘�•�‡�†�—�Ž�Ž�ƒ�”�›���†�‡�¤�•�‹�–�‹�‘�•�ä�����„�������’�‡�…�‹�•�‡�•��
�‘�ˆ���—�”�‹�•�‡���†�‡�•�‘�•�•�–�”�ƒ�–�‹�•�‰���‰�”�‘�•�•���–�—�”�„�‹�†�‹�–�›�ä��
(a, Courtesy of Annette Kerins, University of Liverpool)
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(b)

(a)

Right lateral abdominal radiograph of an anaplastic sarcoma 
causing dramatic unilateral renomegaly, altered shape and 

�ƒ�Ž�–�‡�”�‡�†���’�‘�•�‹�–�‹�‘�•���‹�•���ƒ���[�æ�›�‡�ƒ�”�æ�‘�Ž�†�����ƒ�•�•�‡�–�–�����‘�—�•�†���„�‹�–�…�Š�ä��
(Courtesy of Anna Newitt and Laura Blackwood, University of Liverpool)
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auto somal dominant fashion. As the name suggests, 
affected dogs can develop renal cystadenocarcinomas 
accom panied by cutaneous and subcutaneous nodules. 
Affected entire bitches can also develop uterine leio -
myosarcomas. The disease has similarities with RCND in 
humans, and a disease-associated mutation in exon 7 of 
the Birt–Hogg–Dube protein has been described (Lingaas 
et al., 2003). The condition is usually seen in middle-aged 
to older animals, and clinical signs include polydipsia, 
weight loss and anorexia.

�7�Y�V�N�U�V�Z�P�Z���V�M���K�P�Z�L�H�Z�L�Z���J�H�\�Z�P�U�N��
�H�I�U�V�Y�T�H�S���Y�L�U�H�S���T�V�Y�W�O�V�S�V�N�`
The overall prognosis for patients with morphological renal 
abnormalities is variable, and depends upon the specific 
cause (see Figure 4.2). Some abnormalities are incidental 
findings (e.g. renal duplication, ectopic kidney) and have no 
major consequences for the patient. In others the prognosis 
is favourable, as long as appropriate therapy is provided; 
examples include unilateral hydronephrosis, perinephric 
pseudocysts and localized renal neoplasms, which are all 
amenable to surgical correction. In contrast, many (if not 
most) diseases have a guarded prognosis, although the rate 
of progression can be variable. Given such a spectrum of 
possible outcomes, it is important for the clinician to obtain 
a definitive diagnosis, so that correct advice can be given to 
the owner, and correct therapy can be provided.

In summary, abdominal palpation is a key step in the 
initial examination of any patient with suspected renal  
disease. Changes in renal morphology can be recognized, 
which may provide information on the underlying patholog -
ical processes of a particular disease condition. Such 
alterations most commonly imply a pathological process, 
and the most common abnormalities include renomegaly, 
decreased size and abnormal shape. In most cases, if a 

���‡�•�ƒ�Ž���Ž�›�•�’�Š�‘�•�ƒ�ä�����ƒ�������‹�‰�Š�–���Ž�ƒ�–�‡�”�ƒ�Ž��
abdominal radiograph of a Domestic 

Shorthaired Cat with bilateral renomegaly 
�…�ƒ�—�•�‡�†���„�›���Ž�›�•�’�Š�‘�•�ƒ�ä�����•�ƒ�Ž�Ž���‹�•�–�‡�•�–�‹�•�ƒ�Ž��
impaction (from ingestion of cat litter) was the 
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(c) ventrodorsal abdominal radiographs of a 
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(d) Ultrasonogram of the left kidney of an 
�U�U�æ�›�‡�ƒ�”�æ�‘�Ž�†���•�‡�—�–�‡�”�‡�†���•�ƒ�Ž�‡�����‡�”�•�‹�ƒ�•���…�ƒ�–���™�‹�–�Š��
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�…�‘�”�–�‹�…�‘�•�‡�†�—�Ž�Ž�ƒ�”�›���†�‡�¤�•�‹�–�‹�‘�•�ä�����™�‘���…�›�•�–�•���ƒ�”�‡���ƒ�Ž�•�‘��
�’�”�‡�•�‡�•�–���™�‹�–�Š�‹�•���–�Š�‡���”�‡�•�ƒ�Ž���…�‘�”�–�‡�š�á���’�”�‘�„�ƒ�„�Ž�›��
secondary to concurrent polycystic kidney 
�†�‹�•�‡�ƒ�•�‡�ä��
(a, Courtesy of Dr Penney Barber; b–c, Courtesy of Anna 
Newitt and Rachel Steen, University of Liverpool; d, Courtesy 
of Anna Newitt and Dan Batchelor, University of Liverpool)
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morphological abnormality is identified, further investiga-
tions are warranted in order to determine the exact cause 
and, ultimately, the prognosis.
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�*�H�Z�L���L�_�H�T�W�S�L�����! Domestic Shorthaired Cat with ethylene glycol toxicosis

SIGNALMENT

A 6-year-old neutered male Domestic Shorthaired Cat.

HISTORY

A 24–36-hour history which started with altered 
behaviour, ataxia, hysterical vocalization and tremors. 
Polydipsia, vomiting and collapse developed in the last 
24 hours.

PHYSICAL EXAMINATION

Marked bilateral renomegaly, with smooth contours.

HAEMATOLOGY

No abnormality detected.

SERUM BIOCHEMISTRY

• Marked azotaemia (urea 164 mmol/l; reference 
interval = 3.5–6.0 mmol/l; creatinine 3290 �+mol/l; 
reference <140 �+mol/l).

• Hypocalcaemia (2.03 mmol/l; reference interval  
= 2.10–2.60 mmol/l).

• Hyperphosphataemia (6.70 mmol/l; reference interval 
= 1.10–2.30 mmol/l).

• Mild hyperkalaemia (5.65 mmol/l; reference interval  
= 3.80–5.30 mmol/l).

URINALYSIS

Specific gravity 1.015, suggesting inappropriate renal 
concentrating ability in the face of such marked azotae -
mia. Sediment analysis revealed calcium oxalate crystals.

ACID–BASE STATUS

High anion-gap metabolic acidosis.

ABDOMINAL RADIOGRAPHY

Bilateral renomegaly (Figure 4.20a).

ABDOMINAL ULTRASONOGRAPHY

Bilateral renomegaly with some loss of corticomedullary 
definition (Figure 4.20b).

OUTCOME

At this stage the most likely differential diagnosis was 
ethylene glycol intoxication causing acute nephrosis (e.g. 
compatible history, presence of hypocalcaemia, presence 
of high anion-gap metabolic acidosis, calcium oxalate 
crystalluria and findings on abdominal ultrasonography). 
Given that clinical signs had been evident for >12 hours, 
specific therapy for ethylene glycol was not indicated; 
instead, symptomatic therapy (e.g. intravenous fluids, 
antimicrobials, gastric protectants) was admini stered. 
There was little change 24 hours after admission, and the 

owner elected to have the cat euthanased, and submitted 
for post-mortem examination. The owners subsequently 
located a potential source of ethylene glycol exposure.

POST-MORTEM EXAMINATION

This revealed a mild to moderate periglomerular mixed 
inflammatory cell infiltrate; there was mild vacuolation of 
tubular epithelial cells, and multiple pale yellow crystals 
were evident within the tubular lumen (Figure 4.20c). 
Such findings confirmed acute nephrosis, secondary to 
ethylene glycol intoxication.

(a) Right lateral abdominal radiograph demonstrating 
�„�‹�Ž�ƒ�–�‡�”�ƒ�Ž���”�‡�•�‘�•�‡�‰�ƒ�Ž�›�ä�����„�������Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�•���‘�ˆ���–�Š�‡���Ž�‡�ˆ�–���•�‹�†�•�‡�›�á��

demonstrating renomegaly with some loss of corticomedullary 
�†�‡�¤�•�‹�–�‹�‘�•�ä�����…�������Š�‘�–�‘�•�‹�…�”�‘�‰�”�ƒ�’�Š���†�‡�•�‘�•�•�–�”�ƒ�–�‹�•�‰���•�‹�Ž�†���˜�ƒ�…�—�‘�Ž�ƒ�–�‹�‘�•���‘�ˆ��
renal tubular epithelial cells, and elongated pale yellow crystals within 
�–�Š�‡���–�—�„�—�Ž�ƒ�”���Ž�—�•�‡�•�����ƒ�”�”�‘�™�‡�†���ä�������¬�����•�–�ƒ�‹�•�â���‘�”�‹�‰�‹�•�ƒ�Ž���•�ƒ�‰�•�‹�¤�…�ƒ�–�‹�‘�•�����X�T�T����
(a–b, Courtesy of Anna Newitt, University of Liverpool; c, Courtesy of Gail Leeming, 
University of Liverpool)
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�*�H�Z�L���L�_�H�T�W�S�L�����! Weimaraner with pyelonephritis

SIGNALMENT

A 9-year-old neutered female Weimaraner.

HISTORY

Marked polydipsia and polyuria, nocturia and anorexia.

PHYSICAL EXAMINATION

Discomfort on palpation of the craniodorsal abdomen.

HAEMATOLOGY

No abnormality detected.

SERUM BIOCHEMISTRY

• Mild azotaemia (urea 6.8 mmol/l; reference interval =  
3.5–6.0 mmol/l; creatinine 124 �+mol/l; reference 
interval = 20–110 �+mol/l).

URINALYSIS

Urine was collected by cystocentesis and was turbid on 
gross examination (see Figure 4.17b). Biochemical 
assessment demonstrated:

• pH 9.0
• Blood (+++)
• Protein 0.3 g/l
• An active sediment containing massive numbers of 

leucocytes (neutrophils) and bacterial rods and cocci 
(see Figure 4.17b). Intracellular bacteria were present 
in some of the leucocytes.

Bacterial culture demonstrated a heavy, pure growth 
of haemolytic  Escherichia coli, resistant to ampicillin  
and clindamycin, but sensitive to other antimicrobials, 
including fluoroquinolones.

ABDOMINAL ULTRASONOGRAPHY

Renal pelvis dilatation was evident in both kidneys, and 
both had poor corticomedullary definition.

OUTCOME

A presumptive diagnosis of pyelonephritis was made. 
The dog was treated with a 4-week course of 
enrofloxacin. Clinical signs rapidly resolved, and 
follow-up urine culture was negative both 7 days after 
the commencement of treatment, and 7 days after 
discontinuation.
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Proteinuria

Xavier Roura, Jonathan Elliott and Gregory F. Grauer

Persistent proteinuria with inactive urine sediment has  
long been a clinicopathological hallmark of chronic kidney 
disease in dogs and more recently cats. Beyond this diag -
nostic utility, potential pathophysiological consequences 
of persistent proteinuria in dogs and cats include 
decreased plasma oncotic pressure, hypercholesterolae -
mia, systemic hypertension, hypercoagulability, muscle 
wasting and weight loss. The importance of proteinuria in 
canine and feline chronic kidney disease as a prognostic 
indicator and therapeutic target has been increasingly rec -
ognized, and the level of protein in the urine which is con -
sidered normal has been revised downwards. Proteinuria 
is a sensitive early marker for diagnosis of kidney disease 
in dogs and to a lesser extent in cats. Glomerular lesions 
are common in renal diseases in dogs and uncommon in 
cats (Syme et al., 2006), which means that proteinuria is 
often at a higher level in dogs. Low-level proteinuria is a 
predictive marker of kidney disease in cats at a population 
level but, owing to overlap with the normal population, it 
lacks specificity for the individual cat. Nevertheless, per -
sistent low-level proteinuria in cats (and dogs) warrants 
monitoring because it can precede (and so indicate) deteri-
oration in renal function in both non-azotaemic (Jepson  
et al., 2009) and azotaemic cats (Chakrabarti et al., 2012). 
This chapter will discuss the importance of assessing and 
classifying proteinuria in the patient with kidney disease, 
the disorders which may cause proteinuria in the dog and 
cat and the mechanisms by which it may cause progres -
sive renal injury. The therapeutic approaches that may be 
used to treat significant proteinuria in dogs and cats will  
be considered in Chapters 23 and 24.

Physiology of urine formation
The glomerular filter consists of the fenestrated endo -
thelium of the glomerular capillary, the basement mem -
brane and the epithelium (podocytes) lining the visceral 
aspect of the glomerular capillary wall (Figure 5.1; 
Patrakka and Tryggvason, 2010). Of these three struc-
tures, the endothelium prevents passage of cells into  
the glom erular filter, the basement membrane provides 
the structural stability of the filter, anchoring cells in the 
correct position and contributing to the size and charge 
perm selectivity of the glomerular capillary wall, while the  
transmembrane proteins of the podocytes (glomerular 
epithelium), which form the slit diaphragm, act as another 
charge- and size-selective filtration barrier. Despite being 

���ƒ�������–�”�—�…�–�—�”�‡���‘�ˆ���–�Š�‡���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”���¤�Ž�–�‡�”�á���•�Š�‘�™�‹�•�‰���–�Š�‡���–�Š�”�‡�‡��
�…�‘�•�’�‘�•�‡�•�–�•���–�Š�ƒ�–���–�Š�‡���ª�—�‹�†���‡�Ž�‡�•�‡�•�–�•���‘�ˆ���–�Š�‡���„�Ž�‘�‘�†���Š�ƒ�˜�‡���–�‘��

�–�”�ƒ�•�•�˜�‡�”�•�‡���–�‘���•�‘�˜�‡���ˆ�”�‘�•���–�Š�‡���…�ƒ�’�‹�Ž�Ž�ƒ�”�›���–�‘���–�Š�‡���—�”�‹�•�ƒ�”�›���•�’�ƒ�…�‡�ä�����Š�‡�•�‡���…�‘�•�•�‹�•�–���‘�ˆ��
�–�Š�‡���…�ƒ�’�‹�Ž�Ž�ƒ�”�›���™�ƒ�Ž�Ž�����ˆ�‡�•�‡�•�–�”�ƒ�–�‡�†���‡�•�†�‘�–�Š�‡�Ž�‹�—�•���á���–�Š�‡���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”���„�ƒ�•�‡�•�‡�•�–��
�•�‡�•�„�”�ƒ�•�‡���ƒ�•�†���–�Š�‡���˜�‹�•�…�‡�”�ƒ�Ž���‡�’�‹�–�Š�‡�Ž�‹�—�•�����’�‘�†�‘�…�›�–�‡�•���™�‹�–�Š���•�Ž�‹�–���’�‘�”�‡�•���ä�� 
���„�������”�ƒ�•�•�˜�‡�”�•�‡���‡�Ž�‡�…�–�”�‘�•���•�‹�…�”�‘�‰�”�ƒ�’�Š���‘�ˆ���ƒ���•�‘�”�•�ƒ�Ž���‰�Ž�‘�•�‡�”�—�Ž�—�•�ä�� 
�������¯���„�ƒ�•�‡�•�‡�•�–���•�‡�•�„�”�ƒ�•�‡�â���������¯���…�ƒ�’�‹�Ž�Ž�ƒ�”�›���Ž�—�•�‡�•�â�������¯���‡�•�†�‘�–�Š�‡�Ž�‹�ƒ�Ž���…�‡�Ž�Ž�â�� 
�	�����¯���ˆ�‘�‘�–���’�”�‘�…�‡�•�•�â�����	�����¯���•�ƒ�Œ�‘�”���ˆ�‘�‘�–���’�”�‘�…�‡�•�•�â���������¯���—�”�‹�•�ƒ�”�›���•�’�ƒ�…�‡�ä
���„�á���9���
�”�‡�‰�‘�”�›���	�ä���
�”�ƒ�—�‡�”��
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the most abundant plasma protein, albumin appears in  
the ultrafiltrate at low concentrations because of its size. 
The molecular weight of albumin (69,000 Daltons) is right 
at the limit for filtration in terms of size. Nevertheless, 
data suggest that there is a significant transglomerular 
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flux of albumin such that more of this protein appears  
in the glomerular filtrate of normal kidneys than was  
once recognized.

Proteins of molecular weight less than 70,000 Daltons 
can be filtered at the glomerulus, however, the electrical 
charge of the protein also has a role in filtration. The glom -
erular basement membrane has a net negative electrical 
charge, as does albumin, and therefore albumin tends to 
be repelled away from the filtration barrier. The albumin 
that is filtered is largely reabsorbed from the glomerular fil -
trate as it passes through the proximal convoluted tubule. 
The reabsorptive process is termed pinocytosis. Tubular 
cells then break down the albumin into its constitutive 
amino acids. The apical membrane receptors for protein, 
megulin and cubilin (Christensen et al., 2013), probably 
play important roles in the pinocytosis process. Filtered 
albumin is not completely reabsorbed, therefore albumin is 
the major urinary protein in healthy dogs and cats as well 
as in those with renal proteinuria. Loss of protein in the 
urine in normal healthy dogs and cats usually does not 
exceed 10–20 mg/kg/day and 30 mg/kg/day, respectively. 
In addition to small amounts of albumin, urine protein 
excretion also results from the secretion of enzymes, 
mucoproteins and immunoglobulins by epithelial cells of 
the tubules and the lower urinary and genital tracts. These 
secreted proteins may account for as much as 50% of the 
proteins that are normally present in urine.

Detection of protein in the urine
Screening tests
Screening tests for proteinuria usually involve some form 
of dipstick test. These tests are semi-quantitative, depend -
ing on the ability of the amino groups of proteins to com -
bine with indicator dyes (e.g. tetrabromophenol blue), 
which then change colour (Figure 5.2). The degree of bind-
ing depends on the number of free amino groups in the 
protein and, because albumin has more free amino groups 
than globulins or haemoglobin, the tests are usually 2 to 3 
times more sensitive to albumin in the urine. The individual 
tests vary in their limits of detection but usually produce a 
positive reaction only if protein is present at a concen -
tration above 30 mg/dl. False-positive results (decreased 
specificity) may be obtained if the urine is alkaline, the 
urine sediment is active (pyuria, haematuria and/or bacteri -
uria), the urine has been contaminated with quaternary 
ammonium compounds, or the dipstick is left in contact 
with the urine long enough to leach out the citrate buffer 
that is incorporated in the filter paper pad. False-positive 
results with the dipstick test occur much more frequently 
in cats than in dogs (Lyon et al., 2010) but are commonly 
reported in both species. In entire male cats it is important 
to remember that cauxin, the enzyme that produces the 
pheromone felinine, is a significant contributor to the feline 
proteome, such that the urine protein to creatinine (UPC) 
ratio in sexually mature entire male cats is much higher 
�[�O�H�U�� �[�O�H�[�� �P�U�� �X�\�L�L�U�Z�� �H�U�K�� �U�L�\�[�L�Y�L�K�� �J�H�[�Z�� ���H�� �<�7�*�� �Y�H�[�P�V�� �˜��������
can be normal) (Miyazaki et al., 2003). Low levels of cauxin 
cross-react with tetraphenol blue and are thought to be 
responsible for the high level of false-positive results seen 
in queens and neutered cats, and it has been suggested 
that selective removal of cauxin (by affinity chroma -
tography) from urine prior to assessment of proteinuria  
by the dipstick test would improve its specificity (Miyazaki 
et al., 2011).

False-negative results (decreased sensitivity) may 
occur in the setting of Bence Jones proteinuria, low  
concentrations of albuminuria and/or dilute or acidic urine. 
However, a recent publication (Zatelli et al., 2010) demon - 
strated that, for practitioners, a urine dipstick test together 
with measurement of urine specific gravity (USG) is re - 
liable, rapid and useful as a screening test for proteinuria 
in dogs. Irrespective of USG, a negative urine dipstick 
result (0+) can be safely used by veterinary surgeons  
(veterinarians) to classify dogs as non-proteinuric, thus 
eliminating the need for further determination of the UPC 
�Y�H�[�P�V�����+�V�N�Z���[�O�H�[���O�H�]�L���\�Y�P�U�L���K�P�W�Z�[�P�J�R���Y�L�Z�\�S�[�Z���™���������T�N���K�S��������������
at any urine concentration, are very likely to be proteinuric, 
and the loss of protein should be quantified with the UPC 
ratio (Lyon et al., 2010). Finally, the higher the USG for dogs 
with 30 mg/dl (1+) protein on a urine dipstick test, the more 
likely it is that the UPC ratio will demonstrate them to be 
non-proteinuric; however, measurement of the UPC ratio is 
recommended to determine the degree of proteinuria. 
Interpretation of the dipstick results could be influenced by 
the population of dogs sampled and/or the geographical 
prevalence of infectious disease leading to proteinuric 
chronic kidney disease (CKD) (e.g. areas of southern 
Europe where leishmaniosis has a high prevalence).

An alternative screening test is the sulphosalicylic 
acid (SSA) turbidimetric test. This involves addition of  
an equal volume of 3–5% SSA to the urine sample and 
subjective assessment of the turbidity of the sample (0 to 
4+) (see Chapter 6). In addition to albumin, the SSA  
test can detect globulins and Bence Jones proteins. 
False-positive results may occur if the urine contains 
radiographic contrast agents, penicillins, cephalosporins, 
sulfisoxazole or the urine preservative thymol. The protein 
content may also be overestimated with the SSA test  
if uncentrifuged, turbid urine is tested. False-negative 
results are less common in comparison with the con -
ventional dipstick test owing to the increased sensitivity 
of the SSA test (>5 mg/dl). As the varying degrees of  
precipitation turbidity are usually not standardized and 
interpretation of the degree of turbidity is subjective, 
results may vary among individuals and laboratories. 
Figure 5.3 shows how this test can be standardized.

���‘�•�˜�‡�•�–�‹�‘�•�ƒ�Ž���•�‡�•�‹�æ�“�—�ƒ�•�–�‹�–�ƒ�–�‹�˜�‡���–�‡�•�–�•���ƒ�”�‡���—�•�‡�†���–�‘���•�…�”�‡�‡�•���ˆ�‘�”��
�’�”�‘�–�‡�‹�•���‹�•���–�Š�‡���—�”�‹�•�‡�ä5.2
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Microalbuminuria is defined as concentrations of albu -
min in the urine that are greater than normal but below the 
limit of detection of the dipstick urine protein screening 
methodology (i.e. <30 mg/dl; see above). Measurement  
of albumin in canine and feline urine was initially offered 
commercially through semi-quantitative species-specific 
dipstick technology. This has been replaced by quanti -
tative species-specific enzyme-linked immunosorbent 
assays (ELISAs). Owing to the sensitivity of the conven-
tional dipstick test, the upper end of urine albumin con -
centration that is considered to be microalbuminuria is  
30 mg/dl or 30 mg/g (albumin/creatinine). Urine albumin 
concentrations above this limit are called overt albuminuria 
and can often be detected using the UPC ratio. The lower 
end of the microalbuminuria range (1.0 mg/dl) has been 
less easily defined because of the requirement that this 
concentration is greater than ‘normal’ and the necessity 
that this concentration be reliably detected. Urine albumin 
concentrations can be adjusted for differences in urine 
concentration by dividing by urine creatinine concen -
trations, or the urine sample can be diluted to a uniform 
specific gravity (e.g. 1.010) prior to measuring the urine 
albumin concentration. The previous edition of this Manual 
discussed the interest, at the time of publication, in 
whether microalbuminuria might be used as a test to iden -
tify kidney disease at an early stage in dogs and cats and 
it was speculated as to the prognostic utility of this test 
and presented preliminary data from ongoing studies. This 
research has shown subsequently that there are many  
systemic disease states that are associated with micro -
albuminuria, including chronic inflammatory disease (e.g. 
chronic stomatitis/gingivitis) and neoplastic conditions, 
and that transient and physiological albuminuria can occur 
in outwardly healthy dogs and cats. This means that  
demonstration of significant microalbuminuria requires a 
thorough search for chronic medical diseases that may be 
associated with it and demonstration of persistence of the 
albuminuria. Persistent microalbuminuria is an indication 
of kidney pathology, which may occur in association with 
other systemic diseases (e.g. as a result of immune com -
plex disease). Where the quantitative test is available, it 
could possibly be used in dogs in order to increase  
the suspicion of kidney disease (International Renal 
Interest Society (IRIS) CKD Stage 1) in those cases with no 
evidence of proteinuria on the dipstick test or UPC ratio. 
However, quantifying microalbuminuria appears to add  
no further value to the use of the UPC ratio for diagnostic 
or prognostic purposes in cats, provided the borderline 
proteinuria category (UPC ratio 0.2–0.4) is viewed as 
abnormal (Jepson et al., 2009).

Proteinuria detected by the semi-quantitative screening 
methods (dipstick tests and SSA test) has historically  
been interpreted in light of the USG and urine sediment. 
For example, a positive dipstick reading of trace or 1+  
proteinuria in hypersthenuric urine has often been attri -
buted to urine concentration rather than abnormal protein -
uria. In addition, a positive dipstick reading for protein in 
the presence of haematuria or pyuria was often attributed 
to urinary tract haemorrhage or inflammation. In both 
examples, the interpretation may not be correct. Given  
the limits on the sensitivity of the conventional semi- 
quantitative tests, any positive result for protein regardless 
of urine concentration could be abnormal, and measure -
ment of the UPC ratio is required to quantify proteinuria. 
Likewise, pyuria has an inconsistent effect on urine albu -
min concentrations; not all dogs with pyuria have albumin -
uria but any pyuria obviates the utility of the UPC ratio. By 
contrast, haematuria has to be severe enough to lead to 
pink discoloration of urine before effects on the UPC ratio 
are seen (Vaden et al., 2004). This means that, from a  
clinical point of view, for any evaluation of true renal pro -
teinuria it is mandatory to rule out the presence of pre- and 
post-renal proteinuria by measurement of serum total  
proteins and urine sediment examination (Zatelli et al., 
2010), with the proviso that microscopic haematuria does 
not interfere with interpretation of the UPC ratio or micro -
albuminuria. A summary of this diagnostic approach is 
presented in Figure 5.4.

�8�\�H�U�[�P�[�H�[�P�]�L���[�L�Z�[�Z���[�V���J�V�U�Ä�Y�T���[�O�L��
�Z�P�N�U�P�Ä�J�H�U�J�L���V�M���W�Y�V�[�L�P�U�\�Y�P�H
If the results of the screening tests show proteinuria that  
is consistently present in two or three urine samples  
collected over a 2-week period, urine protein excretion 
should be quantified. This helps to evaluate the severity of 
renal lesions and to assess the response to treatment or 
the progression of disease. In dogs, renal proteinuria 
occurs primarily as a result of lesions involving the glomer -
ulus or, in some cases, tubular disease; whereas in cats 
the primary pathology is usually in the tubulointerstitial 
compartment with secondary changes in the glomeruli. 
Even in the presence of altered glomerular permeability or  
tubular disease, the quantity of proteinuria does not 
change significantly from day to day. What does change 
on a daily basis is the 24-hour urine volume and therefore 
the concentration of the urine.

The gold standard for assessing urinary protein loss 
would be to collect all the urine passed by the animal for a 
24-hour period, measure its volume and protein concen -
tration accurately and calculate the amount of protein  
lost (in mg protein in urine/kg bodyweight) in the 24-hour 
period. This technique is only used in the research setting 
because facilities to allow 24-hour urine collection are not 
usually available in clinical practices.

Measurement of the UPC ratio is used in veterinary 
practice as an alternative to measurement of 24-hour urine 
protein excretion. Inasmuch as the production of creatinine 
is constant (muscle mass is stable on a day-to-day basis) 
and it is freely filtered by the glomeruli without significant 
secretion or reabsorption by the renal tubules, the amount 
of creatinine excreted day-to-day in urine remains stable 
and so its concentration varies proportionately with urine 
volume. By dividing the urine protein concentration (in  
mg/dl) by the urine creatinine concentration (in mg/dl; to 
convert creatinine concentration from �+mol/l to mg/dl 
divide by 88.7), the effect of the variation in urine volume 
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UPC ratio 
in dogs a

UPC ratio 
in cats a

Interpretation Comments
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Urinalysis

Inactive urinary sediment

Dogs Cats

Urine dipstick

Negative

Any USG Any USG

1+ (30 mg/dl) �µ2+ (>100 mg/dl)

UPC ratio

USG

NP BP P

� 1́.012>1.012

<0.2 0.2–0.5 >0.5

UPC ratio

USG

<1.035

<0.2 0.2–0.4 >0.5>0.4

BP PNP

�	�Ž�‘�™���†�‹�ƒ�‰�”�ƒ�•���ˆ�‘�”���–�Š�‡���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ��
�’�”�‘�–�‡�‹�•�—�”�‹�ƒ���‹�•���†�‘�‰�•���ƒ�•�†���…�ƒ�–�•�ä�����”�‹�•�‡��
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5.4

on the urine protein concentration is negated. A spot urine  
sample obtained by any means can be used to calculate 
the UPC ratio as long as the urine sediment is normal/  
inactive. It may be best performed after a period of confine -
ment (overnight) such that the volume of urine upon which 
it is based is as large as possible. Laboratories offering this 
test will measure creatinine and protein by quantitative 
analyses and express the concentration of both analytes in 
mg/dl (or g/l) and calculate the ratio of analyte concen -
trations. Such an approach has been shown to give results 
in cats and dogs which correlate well with 24-hour urine 
protein excretion measured under research conditions.

It is not possible to use most standard practice  
chemistry analysers to measure urine protein and creati -
nine levels. Most machines are calibrated for plasma, 
where the concentration of protein is 500 to 1000 times 
higher than in urine. Cross-contamination of urine with 
plasma from the previous sample measured is a real 
issue in quality control of the results. Furthermore, creati -
nine concentrations are 25 to 100 times higher in urine 
than in plasma, making it necessary to dilute urine  
samples considerably before the creatinine concentration 
is within the working range of the machine. However,  
Vet-Test® has recently introduced a cartridge to allow the 
UPC ratio to be measured within the practice. Quality 
control standards should be run to ensure accuracy in 
the practice environment. Reference ranges for the UPC 

ratio, indicating mild and severe proteinuria are presented 
in Figure 5.5.

Most studies have shown that normal urine protein 
excretion in dogs is approximately 10 mg/kg/24h and that 
a normal UPC ratio is <0.2. Initially recommended normal 
values for the canine UPC ratio of <1.0 were probably 
conservative and have recently been lowered. Today, a 
UPC ratio >0.5 is considered to be abnormal (proteinuric) 
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and a UPC ratio of 0.2–0.5 is considered to be borderline 
proteinuric (Lees et al., 2005). It is likely, however, that this 
definition will continue to change with additional research. 
For example, even the ultra-low level, single-nephron pro -
teinuria that occurs secondary to intra  glomerular hyper-
tension in hypertrophied nephrons in CKD is abnormal.

The day-to-day variability of the UPC ratio needs to be 
taken into account. For example, in the dog, UPC values 
close to 0.5 need to change by more than 80% before wor -
sening of proteinuria can be concluded (Nabity et al ., 2007). 
Published data on the day-to-day variability in the UPC ratio 
in the cat are not available but the same principles are likely 
to apply, and it should be noted that severe proteinuria is 
unusual in cats so demonstration of the persistence of mild 
proteinuria is important (see Figure 5.5). This inherent varia-
bility needs to be taken into account when:

• Making an assessment of the magnitude of proteinuria 
in order to stage CKD

• Following the UPC ratio as an indicator of progression 
of CKD

• Assessing the response to treatment of renal proteinuria.

It is important to standardize the way in which urine 
samples are handled for serial measurements. Micro -
scopic urine sediment examination must be undertaken  
for all urine samples to aid in the interpretation of the  
UPC ratio. As discussed above, pyuria and macroscopic 
haematuria may influence the UPC ratio and, if present, 
the UPC ratio should not be measured, because the post-
renal addition of protein to the urine complicates its inter -
pretation. The UPC ratio must be measured as soon as 
samples are collected or, alternatively, the supernatant of 
the sample should be immediately frozen to increase its 
stability and minimize the risk of misclassification of  
proteinuria (Rossi et al., 2012). Moreover, variations in the 
UPC ratio with or without treatment should be evaluated  
cautiously, particularly when the absolute UPC ratio at 
diagnosis of proteinuria is close to 0.5. Here, large per -
centage changes in the UPC ratio can occur spon  - 
tan eously as a result of day-to-day variability (Nabity et al ., 
2007). At this level of proteinuria, it is very important to 
demonstrate persistence of the UPC ratio >0.5 in three 
samples collected over a 2-week period to establish a 
baseline. Alternatively, the UPC ratio of three samples  
collected over this period mixed together (in equal vol -
umes) to give a single sample could be measured and  
so provide an average UPC ratio for the three samples. 
The higher the UPC ratio is in a single sample the more 
certain the diagnosis of protein  uria. Similar considerations 
should be taken into account when assessing response to 
treatment (see Chapters 23 and 24).

Aetiopathogenesis of 
proteinuria
If a screening test is positive for proteinuria, it is important to 
determine the source of the proteinuria. Proteinuria can be 
classified as physiological or pathological, urinary (renal or 
post-renal) or non-urinary (pre-renal or post-renal) in origin.

�7�O�`�Z�P�V�S�V�N�P�J�H�S���W�Y�V�[�L�P�U�\�Y�P�H
Physiological or benign proteinuria is often transient and 
abates when the underlying cause is corrected. Strenuous 
exercise, seizures, fever, exposure to extreme heat or cold, 

and stress are examples of conditions that may cause 
physiological proteinuria. The mechanism of physiological 
proteinuria is not completely understood; however, relative 
renal vasoconstriction, ischaemia and congestion are 
thought to be involved. Decreased physical activity may 
also affect urine protein excretion in dogs; one study 
showed that urinary protein excretion was higher in dogs 
confined to cages than in dogs with normal activity levels 
(McCaw et al., 1985).

�7�Y�L���Y�L�U�H�S���W�Y�V�[�L�P�U�\�Y�P�H
Pre-renal proteinuria implies that significantly abnormal 
concentrations of protein are being presented to the  
kidney in the plasma. If these proteins are of low molecular 
weight they will be filtered and may overwhelm the re-
absorptive processes. Examples of proteins which are 
readily filtered include immunoglobulin light chains, and 
haemoglobin and myoglobin that are not bound to hapto -
globin. The detection of these proteins in excess in the 
plasma and their detection in the urine (see below), in 
combination with other clinical signs of the diseases that 
give rise to these proteins, will aid in the diagnosis of the 
under lying condition. Both free haemoglobin and myo -
globin in urine will give a positive reaction on the haem pad 
on the urine dipstick test (see Chapter 6) and lead to  
discoloration of the urine and plasma.

�7�V�Z�[���Y�L�U�H�S���W�Y�V�[�L�P�U�\�Y�P�H
Post-renal proteinuria implies that protein is added to the 
urine in the urinary tract after the kidney (in the ureter, 
bladder or urethra). Inflammation of these parts of the  
urinary tract, most commonly due to bacterial infection, 
should be considered as a possible cause of proteinuria. 
Other causes of inflammation include the presence of uro -
liths and tumours, both of which may be associated with 
bacterial infection. In many cases, the cat or dog will show 
signs of lower urinary tract disease, such as stranguria, 
dysuria and pollakiuria. Microscopic examin  ation shows 
that the urine sediment is likely to be active, with evidence 
of haematuria, inflammatory cells and pos  sibly bacteria 
(Figure 5.6). Some authors suggest that samples of  
relatively dilute urine (urine specific gravity <1.020) should 
be routinely submitted for bacterial culture (even in the 
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absence of lower urinary tract signs and microscopic  
evidence of inflammation) to rule out sub  clin ical urinary 
tract infections, although definitive published evidence  
that this is necessary is lacking.

�9�L�U�H�S���W�Y�V�[�L�P�U�\�Y�P�H
This implies that defective renal function and/or inflam -
mation of parenchymal kidney tissue is the cause of the 
appearance of protein in the urine. Active (acute) renal 
parenchymal inflammation is likely to be associated with 
acute kidney diseases (pyelonephritis, acute tubular necro -
sis) and this will be reflected in the history of presentation 
and the active microscopic urine sediment findings. 
Localization of the disease to the kidney may be possible 
on physical examination (painful swollen kidneys on  
pal pation) or on the presence of tubular casts on urine 
microscopy. However, in some instances (e.g. chronic  
disease) these signs may be very subtle and localization  
of the disease to the kidney can be difficult even when 
advanced imaging techniques are used. In addition to 
renal inflammation, defective glomerular and tubular func -
tion may result in renal proteinuria, e.g. increased glomer-
ular permeability (glomerular proteinuria) and decreased 
tubular reabsorption (tubular proteinuria).

If pre-renal and post-renal causes of proteinuria have 
been ruled out, and there are no signs of active inflam -
mation on urine sediment examination in an animal with 
persistent proteinuria, renal proteinuria is likely to be of 
either glomerular or tubular origin (see below). This being 
the case, it is worthwhile quantifying the proteinuria more 
accurately (see above).

Glomerular proteinuria can occur because of primary 
glomerular pathology leading to a defective filtration pro -
cess. Examples of primary glomerular diseases include:

• Glomerulopathies due to developmental abnormalities 
in the components of the basement membrane and slit 
diaphragm (well recognized in human patients and a 
number of breeds of dog (see Chapter 14) but not 
reported in cats)

• Membranoproliferative glomerulonephritis with immune 
complex deposition in the glomerulus. This form of 
primary glomerular disease is much more common in 
dogs than cats; it is usually idiopathic but it may 
commonly be associated with infectious diseases in 
some areas of the world (Dambach et al., 1997; Costa 
et al., 2003; Zatelli et al., 2003; Figure 5.7)

• Amyloid deposition in the glomerulus.

A feature of primary glomerular diseases that may be 
helpful in distinguishing them from other causes of renal 
proteinuria is that the degree of proteinuria, particularly 
once the disease has become established, tends to be 
high (UPC ratio >2.0 and often above 5–10). Higher UPC 
values (>10) may well be associated with the nephrotic 
syndrome. Dogs, in particular, with severe proteinuria are 
not always azotaemic when their kidney disease is diag -
nosed. Many will become azotaemic if they remain protein -
uric because persistent proteinuria of this severity leads to 
progressive renal injury in most cases (see below).

Low-level proteinuria (UPC ratio >0.4 but <1.0 in cats 
and UPC ratio >0.5 but <1.0 in dogs; see Figure 5.5) could 
be caused by an inability of the tubules to reabsorb the  
filtered protein (indicating tubular disease/dysfunction)  
or by an increased protein flux across the glomerulus. 
Increased transglomerular flux of proteins (particularly 
albumin) may occur because of:

• Increased glomerular capillary pressure (glomerular 
capillary hypertension) secondary to loss of functioning 
nephrons (adaptive response in CKD)

• Structural glomerular disease leading to abnormal 
development of the glomerulus (e.g. hereditary 
nephropathies; see Chapter 14)

• Early or late immune complex deposition involving the 
glomerulus that produces glomerulonephritis.

In addition, proteinuria resulting from increased trans-
glomerular flux of proteins can be exacerbated by tubular 
cell dysfunction (associated with a number of disease 
states, including CKD, possibly as a result of oxidative 
stress), which impairs the ability of proximal tubular cells to 
deal with filtered proteins.

In the canine or feline azotaemic patient with CKD, 
assessment of the degree of proteinuria is an important 
part of classifying the disease and appears to provide 
information of prognostic value (see below). In addition, 
early identification and treatment of proteinuria is impor -
tant in dogs because it may lead to early identifi  ca - 
tion and treatment of an underlying infectious disease. 
Moderate to severe proteinuria (UPC ratio >1.0) appears 
to be predictive of progressive renal injury in dogs, 
although recently the limit of proteinuria to be treated has 
been lowered to >0.5 in azotaemic dogs (IRIS Stages 2,  
3 and 4; see Chapters 23 and 24) and in non-azotaemic 
dogs testing positive for infectious diseases (IRIS  
Stage 1) (IRIS GDSG Goldstein et al., 2013). However,  
the majority of cats with azotaemic CKD appear to  
have either normal levels of protein in their urine or have  
borderline or mild proteinuria (UPC ratio >0.2 but <1.0). 
The significance of borderline or mild proteinuria in non-
azotaemic dogs and cats is that it can act as a marker of 
a number of systemic diseases (see above) that if allowed 
to persist may chronically damage the kidney. Persistent 
low-level proteinuria in the cat certainly seems to be a 
marker of progression of CKD and is associated with 
tubulointer  sitial nephritis and glomerular hypertrophy 
(Jepson et al., 2009; Chakrabarti et al., 2012). Whether the 
proteins in the filtrate drive tubular pathology to occur or 
their presence indicates that this pathology is ongoing 
remains to be determined.

Dogs Geographical areas with 
higher prevalence

• Anaplasma���•�’�’�ä
• Bartonella �•�’�’�ä
• Borrelia burgdorferi
• Babesia���•�’�’�ä
• Brucella canis
• Ehrlichia���•�’�’�ä
• ���‡�ƒ�”�–�™�‘�”�•���†�‹�•�‡�ƒ�•�‡
• Hepatazoon americanum
• Leishmania���•�’�’�ä��
• Leptospira���•�’�’�ä

���‘�•�•�‘�•���‹�•�����—�”�‘�’�‡���ƒ�•�†���–�Š�‡��
�������â���—�•�…�‘�•�•�‘�•���‹�•���–�Š�‡������

• Mycoplasma���•�’�’�ä
• Rickettsia rickettsii

���‘�•�•�‘�•���‹�•���–�Š�‡���������â��
�—�•�…�‘�•�•�‘�•���‹�•�����—�”�‘�’�‡

Cats

• Bartonella���•�’�’�ä
• �	�‡�Ž�‹�•�‡���‹�•�ˆ�‡�…�–�‹�‘�—�•���’�‡�”�‹�–�‘�•�‹�–�‹�•�����	������
• �	�‡�Ž�‹�•�‡���‹�•�•�—�•�‘�†�‡�¤�…�‹�‡�•�…�›���˜�‹�”�—�•�����	������
• �	�‡�Ž�‹�•�‡���Ž�‡�—�•�ƒ�‡�•�‹�ƒ���˜�‹�”�—�•�����	�‡������

���‘�•�•�‘�•���‹�•�����—�”�‘�’�‡���ƒ�•�†���–�Š�‡��
������

• Cytauxzoon felis ���‘�•�•�‘�•���‹�•���–�Š�‡���������â��
�—�•�…�‘�•�•�‘�•���‹�•�����—�”�‘�’�‡

���•�ˆ�‡�…�–�‹�‘�—�•���†�‹�•�‡�ƒ�•�‡�•���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���‰�Ž�‘�•�‡�”�—�Ž�‘�•�‡�’�Š�”�‹�–�‹�•���‹�•��
�†�‘�‰�•���ƒ�•�†���…�ƒ�–�•�ä�������‘�–���…�‘�•�•�‘�•���‹�•���–�Š�‡���������ä5.7
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Pathological processes of 
kidney disease associated with 
proteinuria
�7�H�[�O�V�S�V�N�P�J�H�S���W�Y�V�J�L�Z�Z�L�Z���V�M���*�2�+���^�P�[�O���W�Y�P�T�H�Y�`��
�N�S�V�T�L�Y�\�S�V�U�L�W�O�Y�P�[�P�Z
Several infectious diseases that result in glomerulo  - 
ne phritis in dogs are prevalent around the world (see 
Figure 5.7). Most of them manifest with a wide range of 
clinical signs involving multiple organs, especially the  
kidneys. Several studies have documented a variable  
prevalence of kidney disease associated with systemic 
infectious disease, which ranges from 2% to 52% of dogs 
naturally infected with the organisms listed in Figure 5.7 
(Littman, 2011; IRIS GDSG Littman et al., 2013; Pierantozzi 
et al., 2013). Infectious disease associated nephropathy  
is mainly characterized by glomerular damage primarily 
attributed to intraglomerular deposition of circulating 
immune complexes formed by antigens of the organism 
and antibodies produced against it. Glomerular lesions 
associated with several infectious diseases have been 
classified histologically as membranous glomerulo  nephritis, 
membranoproliferative glomerulonephritis, mes  angial glo-
merulonephritis and focal segmental glomerulosclerosis 
and appear to be the main causes of proteinuria, CKD and 
death of affected dogs (Roura et al., 2013). These dogs can 
initially suffer from a moderate to severe proteinuria in the 
absence of azotaemia. Moreover, the risk of developing 
these adverse outcomes increases as the magnitude of  
proteinuria increases. As glomerular disease progresses, 
tubulointerstitial lesions, azotaemia and CKD (IRIS CKD 
Stages 2–4) may develop.

�7�H�[�O�V�S�V�N�P�J�H�S���W�Y�V�J�L�Z�Z�L�Z���V�M���*�2�+���P�U���[�O�L��
�H�I�Z�L�U�J�L���V�M���W�Y�P�T�H�Y�`���N�S�V�T�L�Y�\�S�H�Y���K�P�Z�L�H�Z�L
The most common histological finding in the ageing feline 
kidney is chronic interstitial fibrosis with mild inflammatory 
interstitial infiltrate, which is thought to occur secondary to 
tubulointerstitial disease (DiBartola et al., 1987). This inter-
stitial fibrous pathology is also common in dogs, account -
ing for approximately 50% of CKD (MacDougall et al ., 
1986); however, glomerular lesions leading to glomerulo-
sclerosis are thought to be the primary pathological  
process. Irreversible damage to any portion of the nephron 
results in fibrous scar tissue replacement and expansion  
of the interstitium. Evidence of active primary glomerular 
disease is usually absent. In the ageing dog and cat with 
CKD, following loss of a critical amount of renal mass due 
to primary extrinsic damage (cause often unknown), the 
remaining functioning nephrons are thought to adapt in 
response to local changes within the kidney. These adap -
tive changes lead to hyperfiltration secondary to glomeru -
lar capillary hypertension, possibly as a result of activation 
locally of the renin–angiotensin system (RAS). Angiotensin 
II drives the hyperfiltration process by selective constric -
tion of the efferent arteriole. In addition, angiotensin II 
stimulates nephron hyper  trophy. Ultimately, these adaptive 
changes are detrimental and are thought to lead to further 
inter stitial fibrosis and inflammation, with further nephron 
loss occurring even in the absence of any extrinsic factors 
which damage the kidney (the so-called intact nephron 
hypothesis leading to intrinsic progressive nephron loss).

One would predict, from the above discussion, that 
dogs and cats with CKD where intrinsic progression was 

occurring would have higher levels of protein in their urine 
than dogs and cats where the kidney disease was stable 
and non-progressive. This is because the severity of  
the proteinuria might be indicative either of the degree  
of glomerular lesion, hypertension and hyperfiltration 
(increasing transglomerular protein flux per nephron) or of 
the degree of tubular dysfunction (leading to reduced 
tubular uptake of filtered protein).

Maladaptive glomerular capillary hypertension occurs 
in the canine and feline kidney, as documented in experi -
mental remnant kidney models (Brown et al., 1993; Brown 
and Brown, 1995). It is associated with an increase in pro -
tein excretion as assessed by measurement of the UPC 
ratio. This form of secondary (maladaptive) glomerular dys-
function is usually associated with low-level proteinuria. 
For example, in the remnant kidney model referred to 
above, prior to removal of kidney tissue the cats had a 
UPC ratio of 0.07 ± 0.01 on average, and after subtotal 
nephrectomy and time for compensatory hypertrophy, this 
increased to an average of 0.31 ± 0.06 (Brown and Brown, 
1995). This change in protein excretion was associated 
with approximately a 10% rise in glomerular capillary pres -
sure measured by micropuncture techniques. Chronic 
maintenance of this model is associated with development 
of interstitial fibrosis, moderate inflammatory infiltrate of 
the interstitium and glomerulosclerosis. Evidence from 
clinical patients supports the intact nephron hypothesis 
leading to hyperfiltration and exacerbating proteinuria. For 
example, in cats, the stage of CKD (plasma creatinine)  
and hypertension are risk factors for proteinuria (Syme  
et al., 2006; see below).

Definitive evidence that hyperfiltration driving trans -
glomerular flux of proteins is involved in progressive 
nephron loss requires intervention studies that reduce 
hyperfiltration and transglomerular protein flux. To date, 
intervention studies in laboratory animals and human 
patients (e.g. Maschio et al., 1996) support the intact 
nephron hypothesis and its role in driving intrinsic progres -
sion. Similar level I evidence from intervention studies in 
veterinary patients is lacking to date.

�(�Z�Z�V�J�P�H�[�P�V�U���I�L�[�^�L�L�U���W�Y�V�[�L�P�U�\�Y�P�H���H�U�K��
�W�Y�V�N�Y�L�Z�Z�P�]�L���Y�L�U�H�S���P�U�Q�\�Y�`���¶���J�L�S�S�\�S�H�Y��
�T�L�J�O�H�U�P�Z�T�Z
Plasma proteins that have crossed the glomerular capillary 
wall can accumulate within the glomerular tuft and stimu -
late mesangial cell proliferation and increased production 
of mesangial matrix. In addition, excessive amounts of  
protein in the glomerular filtrate can be toxic to tubular  
epithelial cells and can lead to interstitial inflammation, 
fibrosis and cell death. Proximal tubular cells normally 
reabsorb protein from the glomerular filtrate by pino  cy tosis. 
Albumin and other proteins accumulate in lysosomes and 
are then degraded into amino acids. In proteinuric con -
ditions, excessive lysosomal processing can result in swell -
ing and rupture of lysosomes, causing enzymatic damage 
to the cytoplasm. Tubular injury may also occur as a  
con sequence of tubular obstruction with proteinaceous 
casts. Increased glomerular permeability to plasma pro -
teins allows tubular cell contact with transferrin, comple -
ment and lipoproteins. Transferrin increases iron uptake by 
epithelial cells. Once inside the cell the iron ions catalyse 
the formation of reactive oxygen species that can cause 
peroxidative injury. Complement proteins can be activated 
on the brush border of proximal tubular cells, resulting  
in insertion of a membrane attack complex followed by 
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cytoskeletal damage and cytolysis. Reabsorbed lipo -
proteins can release lipid moieties that can accumulate 
into lipid droplets or be oxidized to toxic radicals. All of 
these processes could irreversibly damage the proximal 
tubule and interstitium, resulting in activation of resident 
fibroblasts to become myofibroblasts, recruitment of circu -
lating marrow-derived myofibroblasts or, more rarely, 
transdifferentiation of epithelial cells into myofibroblasts 
(Benali et al., 2014; Mack and Yanagita, 2015). Excessive 
fibrosis resulting from myofibroblast activation drives sub -
sequent nephron loss.

�(�Z�Z�V�J�P�H�[�P�V�U���I�L�[�^�L�L�U���W�Y�V�[�L�P�U�\�Y�P�H���H�U�K��
�W�Y�V�N�Y�L�Z�Z�P�]�L���Y�L�U�H�S���P�U�Q�\�Y�`���¶���T�V�S�L�J�\�S�H�Y��
�T�L�J�O�H�U�P�Z�T�Z
In vitro studies have shown that exposure of proximal 
tubular cells grown in cell culture to albumin and trans -
ferrin in concentrations which overwhelm the ability of 
these cells to digest the proteins within their lysosomes, 
�^�P�S�S�� �S�L�H�K�� �[�V�� �H�J�[�P�]�H�[�P�V�U�� �V�M�� �U�\�J�S�L�H�Y�� �M�H�J�[�V�Y�� �Á�)�� ���5�-���Á�)������ �^�O�P�J�O��
turns on the expression of genes in these cells and 
causes them to secrete mediators from their basolateral 
cell surfaces (i.e. towards the interstitium). These media-
tors include endothelin-1 (ET-1), monocyte chemoatract -
ant protein-1 (MCP-1) and the immunoregulatory cytokine 
regulated on activation, normal T cell expressed and 
secreted (RANTES). Expression and secretion of these 
proteins can be demonstrated  in vivo in animal models of 
proteinuric renal disease. Interventions that reduce pro -
teinuria in these models also reduce the expression of 
these and other cytokines involved in the progressive 
interstitial fibrosis (Donadelli et al., 2000). These molecular 
details may explain why proteinuria is an independent  
risk factor for progression of kidney disease in human 

medicine and why drugs such as angiotensin con  verting 
enzyme (ACE) inhibitors and angiotensin receptor blockers 
successfully slow progression in proteinuric kidney dis -
eases, independent of their effects on systemic arterial 
blood pressure, in humans (Cravedi and Remuzzi, 2013). 
Figure 5.8 presents these concepts in a schematic dia -
gram (see Remuzzi and Bertani, 1998 for review).

Risk factors for proteinuria in 
feline and canine CKD
Renal proteinuria is not common in cats in clinical practice. 
Cats with kidney disease that are non-azotaemic and  
proteinuric are infrequent, with the possible exceptions of 
cats positive for feline leukaemia virus (FeLV) or feline 
immunodeficiency virus (FIV) (see Figure 5.7). On the other 
hand, cats that are mildly or moderately azotaemic (serum 
crea tinine 140–400 �+mol/l) may be non-proteinuric (UPC 
ratio <0.2), borderline proteinuric (UPC ratio 0.2–0.4) or 
mildly proteinuric (UPC ratio >0.4 to <1.0). Risk factors 
asso ciated with proteinuria have been identified in large 
cross-sectional epidemiological studies. They include 
serum creatinine concentration (the higher the creatinine 
the more likely the cat is to be proteinuric) and systolic 
arterial blood pressure (the higher the blood pressure the  
more likely the cat is to be proteinuric) (Syme et al., 2006; 
King et al., 2007). These observations (along with remnant 
kidney model studies) provide circumstantial evidence to 
support the hypothesis that cats with naturally occurring 
CKD hyperfiltrate, particularly as they lose more function -
ing nephrons. If they have systemic hypertension, the  
protein loss is greater, presumably because of the inability 
of diseased kidneys to autoregulate.

Renal injury

Glomerular capillary hypertensionIncreased Ang II generation

TGF-� ̀upregulation

Tubular cell hypertrophy

Increased collagen type IV synthesis
���•�–�‡�”�•�–�‹�–�‹�ƒ�Ž���‹�•�ª�ƒ�•�•�ƒ�–�‹�‘�•

Systemic
hypertension

Proteinuria

ET-1, MCP-1, RANTESET-1

���•�…�”�‡�ƒ�•�‡�†���¤�Ž�–�”�ƒ�–�‹�‘�•���‘�ˆ���’�Ž�ƒ�•�•�ƒ���’�”�‘�–�‡�‹�•�•

���…�–�‹�˜�ƒ�–�‹�‘�•���‘�ˆ���‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���‰�‡�•�‡�•
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�‰�”�‘�™�–�Š���ˆ�ƒ�…�–�‘�”�æ�„�‡�–�ƒ�ä
�����†�ƒ�’�–�‡�†���ˆ�”�‘�•�����‡�•�—�œ�œ�‹���ƒ�•�†�����‡�”�–�ƒ�•�‹�á���U�]�]�\��
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The cats included in the cross-sectional epidemiological 
study conducted in the UK were also enrolled in a longi  - 
tu dinal survival study (Syme et al., 2006). A Cox proportional 
hazards model was used to determine the predictive  
values of age, sex, plasma creatinine concentration, systolic  
arterial blood pressure and UPC ratio on all-cause mortality. 
In this study, log UPC ratio as a continuous variable proved 
to be significantly and independently associated with sur -
vival (all-cause mortality), as were age and plasma creati-
nine concentration. No association was found between 
gender or systolic blood pressure and survival.

This observation suggests that measurement of the 
UPC ratio could be used as a prognostic indicator in  
cats with naturally occurring kidney disease, for all-cause 
mortality. About 50% of the deaths (including euthanasia) 
occurring in the population of cats suffering from CKD  
are the result of progressive kidney disease or acute 
decompensation of the azotaemic (uraemic) crisis. Further  
studies involving cats have shown that very low level  
(borderline) proteinuria (UPC ratio 0.2–0.4) is predictive of 
the development of azotaemic CKD in geriatric cats under -
going health screens (Jepson et al., 2009) and is predictive 
of progression (25% increase in plasma creatinine concen -
tration) within the next 12 months in azotaemic cats at the 
initial diagnosis of CKD (Chakrabarti et al., 2012).

In dogs, proteinuria is more common than in cats, 
owing to a greater prevalence of glomerular lesions. In 
dogs with naturally occurring CKD, proteinuria resulting  
�P�U�� �H�� �<�7�*�� �Y�H�[�P�V�� �™�������� �^�H�Z�� �H�Z�Z�V�J�P�H�[�L�K�� �^�P�[�O�� �H�� �[�O�Y�L�L���M�V�S�K��
greater risk of the development of uraemic crises and 
death when compared with dogs with a UPC ratio <1.0 
(Jacob et al., 2005). The relative risk of an adverse out-
come was approximately 1.5 times higher for every 1-unit 
increase in the UPC ratio. In addition, dogs with a UPC 
�Y�H�[�P�V�� �™�������� �O�H�K�� �H�� �K�L�J�Y�L�H�Z�L�� �P�U�� �Y�L�U�H�S�� �M�\�U�J�[�P�V�U�� �[�O�H�[�� �^�H�Z�� 
greater in magnitude than that observed in dogs with a 
UPC ratio <1.0 (Jacob et al., 2005).

It might be concluded from the available evidence that 
interventions designed to reduce urinary protein excretion 
would slow progressive renal injury and, therefore, improve 
survival in dogs and cats with CKD. This conclusion 
assumes that protein in the urine of dogs and cats is  
damaging to the remaining functioning nephrons and so 
leads to progressive renal injury. Another interpretation of 
these findings, however, is that the appearance of protein 
in the urine is merely a marker that progressive renal injury 
is occurring. In this case, while renoprotective inter -
ventions might be expected to reduce protein excretion 
because they slow progressive renal injury, reducing urine 
protein excretion by any method will not necessarily prove 
to be renoprotective. However, all these data indicate to 
clinicians that the evaluation of proteinuria should improve 
the management of CKD in dogs and cats because it adds 
an additional marker to serum creatinine for the evaluation 
of the progression of the disease. Thus:

• A stable creatinine value with a significant decrease of 
proteinuria is thought to be a positive response to 
treatment

• An increase of proteinuria despite a stable serum 
creatinine concentration could mean worsening of 
CKD.

It should be noted, however, that severe glomerular  
disease associated proteinuria (UPC ratio >2) may reduce 
as the disease progresses purely because of a decrease in 
the number of functioning nephrons through which protein 
can be lost.

Summary
Proteinuria is a common disorder in the dog, and to a 
lesser extent in the cat, that can indicate the presence  
of renal disease prior to the onset of azotaemia. 
Proteinuria is a renal disease marker for an early diagnosis 
in dogs and a marker of progression of CKD in both the 
dog and the cat. Although a direct pathogenic link 
between glomerular disease, proteinuria and progressive 
renal damage has not been established in the dog or  
cat, attenuation of protein  uria has been associated with 
decreased renal functional decline in several studies. 
There is a need to continue to increase our understanding 
of the effects of proteinuria on the glomerulus, the tubule 
and the inter stitium in dogs and cats. In addition to being  
a diagnostic marker of renal disease, proteinuria may  
also contribute to the progressive nature of canine and 
feline renal disease, making it an important therapeutic 
target. Proteinuria is commonly associated with primary 
glom erular diseases, however the loss of renal autoregu-
lation that occurs secondary to nephron loss due to  
any cause (e.g. vascular, tubular, interstitial, as well as  
glomerular) can also result in intra glo merular hypertension 
and proteinuria. Treatments shown to reduce proteinuria 
are discussed in Chapters 23 and 24.
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Complete urinalysis

Rick Alleman and Heather Wamsley

A complete urinalysis (Figure 6.1) includes assessment of 
both the physical and chemical properties of urine. It 
requires minimal specialized equipment and can be  
routinely performed by trained individuals in general veter-
inary practice. With proper sample handling and appro-
priate testing, urinalysis can provide vital information about 
the urinary tract and can also be an indicator of disease 
states in the liver, peripheral blood or endocrine system. 
Some indications for urinalysis are found in Figure 6.2.

To avoid potential misinterpretation of laboratory 
results, all components of a complete urinalysis (Figure 6.1) 
should ideally be performed. For example, knowledge of 
the urine specific gravity (USG) is necessary for effective 
interpretation of the serum urea, serum creatinine, urine 
protein and urine bilirubin concentrations. In addition, 
microscopic examination of the urine sediment for signs of 
active inflammation or infection is required to determine 
the significance of proteinuria by aiding in its localization 
(e.g. renal versus lower urinary tract).

Urine sample collection 
method, timing and handling 
prior to analysis
Urinalysis results and the interpretation of those results 
can be influenced by the urine collection method, the  
timing of urine collection, administration of therapeutic or 
diagnostic agents prior to collection and sample handling 
prior to analysis. There are several methods of urine  
collection, each with advantages and disadvantages 
(Figures 6.3 and 6.4). Ideally at least 6 ml of urine should 
be collected for analysis and, if possible, the sample 
should be collected prior to the administration of fluids or 
diuretics. Either naturally voided urine collected mid -
stream into a sterile container or urine obtained by cysto -
centesis is preferred. It is sometimes necessary to retrieve 
a voided sample from the top of an examination table or 
from the floor. If this is necessary, the smallest gauge 
needle should be attached to a syringe in order to aspirate 
the urine sample. A urine sample collected by this method 
will probably be contaminated by disinfectants, cleansers 
or residues from other cleaning products. Some chemical 
tests (e.g. glucose, haem, pH, protein) may be affected by 
these residues. The collection method should always be 
recorded because results can be significantly affected  
by the method used to obtain the sample.

Urinalysis results are also affected by the timing of urine 
collection relative to ingestion of water or a meal, or by how 
long the urine has been stored within the bladder (Figure 
6.5). As with the collection method, the intended purpose of 
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���”�ƒ�•�•�—�”�‡�–�Š�”�ƒ�Ž��
�…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•

• ���•�‡�ˆ�—�Ž���…�‘�Ž�Ž�‡�…�–�‹�‘�•���•�‡�–�Š�‘�†���™�Š�‡�•���ƒ�•���‹�•�†�™�‡�Ž�Ž�‹�•�‰���—�”�‹�•�ƒ�”�›��
�…�ƒ�–�Š�‡�–�‡�”���‹�•���ƒ�Ž�”�‡�ƒ�†�›���’�”�‡�•�‡�•�–���ˆ�‘�”���ƒ�•�‘�–�Š�‡�”���”�‡�ƒ�•�‘�•

• ���Ž�–�Š�‘�—�‰�Š���•�‘�–���‹�†�‡�ƒ�Ž�á���•�ƒ�•�’�Ž�‡���…�ƒ�•���„�‡���—�•�‡�†���ˆ�‘�”���—�”�‹�•�‡��
�…�—�Ž�–�—�”�‡�á���ƒ�•���Ž�‘�•�‰���ƒ�•���ƒ���“�—�ƒ�•�–�‹�–�ƒ�–�‹�˜�‡���—�”�‹�•�‡���…�—�Ž�–�—�”�‡���‹�•��
�’�‡�”�ˆ�‘�”�•�‡�†

• ���‹�•�•���‘�ˆ���–�”�ƒ�—�•�ƒ�–�‹�…���…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•�á���™�Š�‹�…�Š���•�ƒ�›���‹�•�Œ�—�”�‡���–�Š�‡��
�’�ƒ�–�‹�‡�•�–���ƒ�•�†���…�‘�•�–�ƒ�•�‹�•�ƒ�–�‡���–�Š�‡���•�ƒ�•�’�Ž�‡���™�‹�–�Š���„�Ž�‘�‘�†

• ���‹�•�•���‘�ˆ���‹�ƒ�–�”�‘�‰�‡�•�‹�…���‹�•�ˆ�‡�…�–�‹�‘�•�á���‡�•�’�‡�…�‹�ƒ�Ž�Ž�›���‹�•���’�ƒ�–�‹�‡�•�–�•���’�”�‡�†�‹�•�’�‘�•�‡�†��
�–�‘���—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–���‹�•�ˆ�‡�…�–�‹�‘�•�����‡�ä�‰�ä���Ž�‘�™�‡�”���—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–���†�‹�•�‡�ƒ�•�‡�á��
�•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡�á���†�‹�ƒ�„�‡�–�‡�•���•�‡�Ž�Ž�‹�–�—�•�á���Š�›�’�‡�”�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‹�•�•��

• ���Š�‘�—�Ž�†���„�‡���’�‡�”�ˆ�‘�”�•�‡�†���ƒ�•�‡�’�–�‹�…�ƒ�Ž�Ž�›���ƒ�•�†���ƒ�–�”�ƒ�—�•�ƒ�–�‹�…�ƒ�Ž�Ž�›���„�›���ƒ��
�–�”�ƒ�‹�•�‡�†�á���‡�š�’�‡�”�‹�‡�•�…�‡�†���‹�•�†�‹�˜�‹�†�—�ƒ�Ž

• ���”�‹�•�‡���•�ƒ�•�’�Ž�‡���•�ƒ�›���„�‡���…�‘�•�–�ƒ�•�‹�•�ƒ�–�‡�†���„�›���˜�ƒ�”�‹�ƒ�„�Ž�‡���•�—�•�„�‡�”�•���‘�ˆ��
�‡�’�‹�–�Š�‡�Ž�‹�ƒ�Ž���…�‡�Ž�Ž�•�á���„�ƒ�…�–�‡�”�‹�ƒ���ƒ�•�†���†�‡�„�”�‹�•���ˆ�”�‘�•���–�Š�‡���Ž�‘�™�‡�”��
�‰�‡�•�‹�–�‘�—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–�á���™�Š�‹�…�Š���•�ƒ�›���„�‡���‘�„�•�‡�”�˜�‡�†���†�—�”�‹�•�‰��
�•�‹�…�”�‘�•�…�‘�’�‹�…���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���—�”�‹�•�‡���•�‡�†�‹�•�‡�•�–

• ���ƒ�–�Š�‡�–�‡�”�•���–�Š�ƒ�–���ƒ�”�‡���…�Š�‡�•�‹�…�ƒ�Ž�Ž�›���•�–�‡�”�‹�Ž�‹�œ�‡�†���•�ƒ�›���…�‘�•�–�ƒ�‹�•���”�‡�•�‹�†�—�‡���‘�ˆ��
�–�Š�‡���ƒ�•�–�‹�•�‡�’�–�‹�…���•�‘�Ž�—�–�‹�‘�•�á���™�Š�‹�…�Š���…�ƒ�•���‹�”�”�‹�–�ƒ�–�‡���•�—�…�‘�•�ƒ�Ž���Ž�‹�•�‹�•�‰�•���ƒ�•�†��
�ƒ�¡�‡�…�–���”�‡�•�—�Ž�–�•���‘�ˆ���—�”�‹�•�ƒ�Ž�›�•�‹�•���ƒ�•�†���—�”�‹�•�‡���…�—�Ž�–�—�”�‡

• ���ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•���•�ƒ�›���„�‡���–�‡�…�Š�•�‹�…�ƒ�Ž�Ž�›���…�Š�ƒ�Ž�Ž�‡�•�‰�‹�•�‰���‹�•���ˆ�‡�•�ƒ�Ž�‡��
�’�ƒ�–�‹�‡�•�–�•�ä�����•�‡���‘�ˆ���ƒ���˜�ƒ�‰�‹�•�ƒ�Ž���‡�•�†�‘�•�…�‘�’�‡���•�ƒ�›���ˆ�ƒ�…�‹�Ž�‹�–�ƒ�–�‡���…�‘�Ž�Ž�‡�…�–�‹�‘�•

���•�–�‡�’�—�„�‹�…��
�…�›�•�–�‘�…�‡�•�–�‡�•�‹�•

• ���˜�‘�‹�†�•���Ž�‘�™�‡�”���‰�‡�•�‹�–�‘�—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–���…�‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ��
�—�”�‹�•�‡���•�ƒ�•�’�Ž�‡

• ���†�‡�ƒ�Ž���•�ƒ�•�’�Ž�‡���ˆ�‘�”���—�”�‹�•�‡���…�—�Ž�–�—�”�‡
• ���‡�•�•���”�‹�•�•���‘�ˆ���‹�ƒ�–�”�‘�‰�‡�•�‹�…���‹�•�ˆ�‡�…�–�‹�‘�•���–�Š�ƒ�•���™�‹�–�Š��

�–�”�ƒ�•�•�—�”�‡�–�Š�”�ƒ�Ž���…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•
• ���ƒ�•�‹�‡�”���–�Š�ƒ�•���…�‘�Ž�Ž�‡�…�–�‹�‘�•���‘�ˆ���ƒ���˜�‘�‹�†�‡�†���•�ƒ�•�’�Ž�‡���ˆ�”�‘�•���…�ƒ�–�•
• ���‡�–�–�‡�”���–�‘�Ž�‡�”�ƒ�–�‡�†���–�Š�ƒ�•���…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•�á���‡�•�’�‡�…�‹�ƒ�Ž�Ž�›���„�›��

�…�ƒ�–�•���ƒ�•�†���„�‹�–�…�Š�‡�•

• ���‘�•�–�”�ƒ�‹�•�†�‹�…�ƒ�–�‡�†���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���ƒ���„�Ž�‡�‡�†�‹�•�‰���†�‹�ƒ�–�Š�‡�•�‹�•�����‡�ä�‰�ä��
�–�Š�”�‘�•�„�‘�…�›�–�‘�’�‡�•�‹�ƒ���á���•�ƒ�›���„�‡���’�‡�”�ˆ�‘�”�•�‡�†���™�‹�–�Š���‰�”�‡�ƒ�–���…�ƒ�—�–�‹�‘�•��
�ƒ�ˆ�–�‡�”���…�›�•�–�‘�–�‘�•�›

• ���•���ƒ�†�‡�“�—�ƒ�–�‡���˜�‘�Ž�—�•�‡���‘�ˆ���—�”�‹�•�‡���™�‹�–�Š�‹�•���–�Š�‡���„�Ž�ƒ�†�†�‡�”���‹�•���”�‡�“�—�‹�”�‡�†
• ���Ž�‹�•�†���…�›�•�–�‘�…�‡�•�–�‡�•�‹�•���™�‹�–�Š�‘�—�–���ƒ�–���Ž�‡�ƒ�•�–���•�ƒ�•�—�ƒ�Ž���Ž�‘�…�ƒ�Ž�‹�œ�ƒ�–�‹�‘�•���ƒ�•�†��

�‹�•�•�‘�„�‹�Ž�‹�œ�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���„�Ž�ƒ�†�†�‡�”���‹�•���•�‘�–���”�‡�…�‘�•�•�‡�•�†�‡�†�ä��
���Ž�–�”�ƒ�•�‘�—�•�†�æ�‰�—�‹�†�‡�†���•�‡�‡�†�Ž�‡���’�Ž�ƒ�…�‡�•�‡�•�–���‹�•���Š�‡�Ž�’�ˆ�—�Ž�á���–�Š�‘�—�‰�Š���•�‘�–��
�•�ƒ�•�†�ƒ�–�‘�”�›

• ���‹�•�†�‹�”�‡�…�–�‹�‘�•���‘�ˆ���–�Š�‡���•�‡�‡�†�Ž�‡���…�ƒ�•���Ž�‡�ƒ�†���–�‘���ƒ���•�‘�•�æ�†�‹�ƒ�‰�•�‘�•�–�‹�…���‘�”��
�…�‘�•�–�ƒ�•�‹�•�ƒ�–�‡�†���•�ƒ�•�’�Ž�‡�����‡�ä�‰�ä���‡�•�–�‡�”�‘�…�‡�•�–�‡�•�‹�•��

• �����˜�ƒ�”�‹�ƒ�„�Ž�‡���†�‡�‰�”�‡�‡���‘�ˆ���‹�ƒ�–�”�‘�‰�‡�•�‹�…���•�‹�…�”�‘�•�…�‘�’�‹�…���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ�á��
�™�Š�‹�…�Š���…�ƒ�•�•�‘�–���„�‡���”�‡�ƒ�†�‹�Ž�›���†�‹�•�–�‹�•�‰�—�‹�•�Š�‡�†���ˆ�”�‘�•���’�ƒ�–�Š�‘�Ž�‘�‰�‹�…�ƒ�Ž�á��
�†�‹�•�‡�ƒ�•�‡�æ�‹�•�†�—�…�‡�†���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ�á���•�ƒ�›���„�‡���…�ƒ�—�•�‡�†���„�›���–�Š�‹�•���…�‘�Ž�Ž�‡�…�–�‹�‘�•��
�•�‡�–�Š�‘�†�ä�����Š�‹�•���–�›�’�‡���‘�ˆ���…�‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���…�ƒ�•���„�‡���’�ƒ�”�–�‹�…�—�Ž�ƒ�”�Ž�›��
�’�”�‘�•�‘�—�•�…�‡�†���™�Š�‡�•���–�Š�‡���„�Ž�ƒ�†�†�‡�”���™�ƒ�Ž�Ž���‹�•���‹�•�ª�ƒ�•�‡�†���‘�”���…�‘�•�‰�‡�•�–�‡�†�ä��
���ƒ�–�”�‘�‰�‡�•�‹�…���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ���•�ƒ�›���Ž�‹�•�‹�–���–�Š�‡���—�–�‹�Ž�‹�–�›���‘�ˆ���–�Š�‹�•���…�‘�Ž�Ž�‡�…�–�‹�‘�•��
�•�‡�–�Š�‘�†���™�Š�‡�•���•�‘�•�‹�–�‘�”�‹�•�‰���–�Š�‡���’�”�‘�‰�”�‡�•�•�‹�‘�•���‘�ˆ���†�‹�•�‡�ƒ�•�‡���‹�•���ƒ��
�’�ƒ�–�‹�‡�•�–���–�Š�ƒ�–���Š�ƒ�•���’�ƒ�–�Š�‘�Ž�‘�‰�‹�…�ƒ�Ž���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ

���Š�‡���ƒ�†�˜�ƒ�•�–�ƒ�‰�‡�•���ƒ�•�†���†�‹�•�ƒ�†�˜�ƒ�•�–�ƒ�‰�‡�•���‘�ˆ���†�‹�¡�‡�”�‡�•�–���•�‡�–�Š�‘�†�•���‘�ˆ���—�”�‹�•�‡���…�‘�Ž�Ž�‡�…�–�‹�‘�•�ä6.4

Collection time Advantages Disadvantages

�	�‹�”�•�–���•�‘�”�•�‹�•�‰���—�”�‹�•�‡�������—�”�‹�•�‡���‹�•���ˆ�‘�”�•�‡�†��
�ƒ�ˆ�–�‡�”���ƒ���’�‡�”�‹�‘�†���‘�ˆ���•�‡�˜�‡�”�ƒ�Ž���Š�‘�—�”�•���‘�ˆ���•�‹�Ž���„�›��
�•�‘�—�–�Š

• ���‡�’�”�‡�•�‡�•�–�•���–�Š�‡���’�ƒ�–�‹�‡�•�–�ï�•���•�ƒ�š�‹�•�ƒ�Ž�Ž�›���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†��
�—�”�‹�•�‡���ƒ�•�†���‹�•���–�Š�‡�”�‡�ˆ�‘�”�‡���‹�†�‡�ƒ�Ž���ˆ�‘�”���ƒ�•�•�‡�•�•�‹�•�‰���–�Š�‡��
�ƒ�„�‹�Ž�‹�–�›���‘�ˆ���–�Š�‡���”�‡�•�ƒ�Ž���–�—�„�—�Ž�‡�•���–�‘���…�‘�•�…�‡�•�–�”�ƒ�–�‡���—�”�‹�•�‡

• ���‹�…�”�‘�•�…�‘�’�‹�…���•�‡�†�‹�•�‡�•�–���™�‹�Ž�Ž���„�‡���•�‘�”�‡���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†
• ���‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž���ƒ�Ž�–�‡�”�ƒ�–�‹�‘�•�•���—�•�Ž�‹�•�‡�Ž�›�����‡�ä�‰�ä��

�’�‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž���ƒ�Ž�•�ƒ�Ž�‹�•�—�”�‹�ƒ��
• ���”�‹�•�‡���•�‘�”�‡���Ž�‹�•�‡�Ž�›���–�‘���„�‡���ƒ�…�‹�†�‹�…�á���•�‘���…�ƒ�•�–�•���•�ƒ�›���„�‡��

�„�‡�–�–�‡�”���’�”�‡�•�‡�”�˜�‡�†�����’�”�‘�–�‡�‹�•�ƒ�…�‡�‘�—�•���•�–�”�—�…�–�—�”�‡�•��
�†�‹�•�•�‘�Ž�˜�‡���‹�•���ƒ�Ž�•�ƒ�Ž�‹�•�‡���—�”�‹�•�‡��

• ���”�‹�•�‡���’�”�‡�•�‡�•�–���™�‹�–�Š�‹�•���„�Ž�ƒ�†�†�‡�”���ˆ�‘�”���ƒ���”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›��
�’�”�‘�Ž�‘�•�‰�‡�†���’�‡�”�‹�‘�†

• ���ƒ�›���ƒ�Ž�–�‡�”���…�‡�Ž�Ž�—�Ž�ƒ�”���•�‘�”�’�Š�‘�Ž�‘�‰�›���‘�„�•�‡�”�˜�‡�†���†�—�”�‹�•�‰��
�•�‹�…�”�‘�•�…�‘�’�‹�…���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•

• ���ƒ�›���†�‡�…�”�‡�ƒ�•�‡���˜�‹�ƒ�„�‹�Ž�‹�–�›���‘�ˆ���ˆ�ƒ�•�–�‹�†�‹�‘�—�•��
�•�‹�…�”�‘�‘�”�‰�ƒ�•�‹�•�•�•�á���”�‡�•�—�Ž�–�‹�•�‰���‹�•���ˆ�ƒ�Ž�•�‡�æ�•�‡�‰�ƒ�–�‹�˜�‡��
�…�—�Ž�–�—�”�‡���”�‡�•�—�Ž�–�•

���‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž • ���•�‡�ˆ�—�Ž���–�‘���ƒ�•�•�‡�•�•���–�Š�‡���‡�¡�‡�…�–���‘�ˆ���†�‹�‡�–�•���‹�•�–�‡�•�†�‡�†���–�‘��
�•�‘�†�—�Ž�ƒ�–�‡���—�”�‹�•�ƒ�”�›���’�����™�Š�‡�•���…�‘�Ž�Ž�‡�…�–�‡�†���W���Z���Š�‘�—�”�•��
�’�‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž�Ž�›

• ���‘�”�‡���Ž�‹�•�‡�Ž�›���–�‘���†�‡�–�‡�…�–���Š�›�’�‡�”�‰�Ž�›�…�ƒ�‡�•�‹�…���‰�Ž�—�…�‘�•�—�”�‹�ƒ��
�™�Š�‡�•���…�‘�Ž�Ž�‡�…�–�‡�†���W���X���Š�‘�—�”�•���’�‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž�Ž�›

• �’�����•�ƒ�›���„�‡���‡�Ž�‡�˜�ƒ�–�‡�†���„�›���’�‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž���ƒ�Ž�•�ƒ�Ž�‹�•�‡���–�‹�†�‡��
�™�Š�‡�•���…�‘�Ž�Ž�‡�…�–�‡�†���™�‹�–�Š�‹�•���U���Š�‘�—�”���’�‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž�Ž�›

���ƒ�•�†�‘�•�Ž�›���–�‹�•�‡�†���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡������
�”�‡�’�”�‡�•�‡�•�–�•���—�”�‹�•�‡���–�Š�ƒ�–���Š�ƒ�•���ƒ�…�…�—�•�—�Ž�ƒ�–�‡�†��
�™�‹�–�Š�‹�•���–�Š�‡���„�Ž�ƒ�†�†�‡�”���ˆ�‘�”���•�‹�•�—�–�‡�•���–�‘���Š�‘�—�”�•��
�‘�”���—�”�‹�•�‡���–�Š�ƒ�–���Š�ƒ�•���„�‡�‡�•���†�‹�Ž�—�–�‡�†���„�›���”�‡�…�‡�•�–��
�‹�•�‰�‡�•�–�‹�‘�•���‘�ˆ���™�ƒ�–�‡�”

• ���‹�…�”�‘�•�…�‘�’�‹�…���…�‡�Ž�Ž�—�Ž�ƒ�”���•�‘�”�’�Š�‘�Ž�‘�‰�›���ƒ�•�†���˜�‹�ƒ�„�‹�Ž�‹�–�›���‘�ˆ��
�ˆ�ƒ�•�–�‹�†�‹�‘�—�•���•�‹�…�”�‘�‘�”�‰�ƒ�•�‹�•�•�•���•�ƒ�›���„�‡���„�‡�–�–�‡�”��
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the sample is a useful factor to consider when selecting the 
timing of urine collection. For example, culture of a ran -
domly collected urine sample may be more useful than cul -
ture of the first morning urine. First morning urine typically is 
held within the bladder overnight for several hours, which 
may decrease the viability of fastidious microorganisms and 
cause a false-negative urine culture. Similarly, cellular mor-
phology may be better preserved in a randomly collected 
urine sample, rather than in urine which has been held over-
night within the bladder, because urine pH and nitrogenous 
waste materials may cause cells to degenerate.

A key goal of urine sample collection is to obtain and 
analyse a sample that most closely represents the urine in 
vivo. One step in achieving this goal is to handle urine 
samples in a way which minimizes the effects of post - 
collection in vitro artefacts (Figure 6.6). Ideally, urine 
should be collected into a sterile opaque sealable labelled 
container and analysed within 60 minutes of collection. If it 
is not possible to analyse the sample within 60 minutes or 
if it must be shipped to a diagnostic laboratory, the sample 
should be preserved by refrigeration soon after collection 
for up to approximately 12 hours (e.g. overnight). Samples 
intended for routine urinalysis should not be frozen. In 
addition, although numerous chemical preservatives of 
urine exist (e.g. boric acid, formalin, Mucolexx ®), routine 
use of these preservatives is not recommended, because 
each may affect different components of the urinalysis.

Refrigeration is the optimal preservation method be -
cause it prevents bacterial overgrowth, preserves cellular 
and cast morphology and does not affect chemical testing 
as long as the sample is returned to room temper  ature  
prior to analysis. However, refrigeration can cause arte-
factual changes, particularly crystal formation (i.e. calcium  
oxalate dihydrate, magnesium ammonium phosphate), 
which increases as the duration of storage increases 
(Albasan et al., 2003). To minimize refrigeration artefacts, 
samples should be allowed to warm to room temperature 
prior to urinalysis. Furthermore, if crystalluria is observed in 
a sample that has been refrigerated or that has been stored 
for more than 6 hours regardless of the storage temper-
ature, the finding should be confirmed with a freshly 
obtained, non-refrigerated urine sample that will be ana-
lysed within 30–60 minutes of collection.

Urinalysis method
During complete urinalysis several physical and chemical 
characteristics of urine are evaluated (see Figure 6.1). A list 
of the materials needed and a detailed method of routine 
urinalysis are provided in Figures 6.7 and 6.8. Urinalysis 
may yield erroneous results if laboratory materials are 
used incorrectly, if materials have been stored improperly 
or if materials are used that have not been validated in vet -
erinary species.

Urine dipsticks
Urine dipstick multiple chemical test strips have various 
reagents impregnated within each test pad. Guidelines for 
appropriate use and storage of urine dipsticks are provided 
in Figure 6.9. Many of the dipstick reagents will be dam -
aged by exposure to light or to disinfectant cleansers, 
which can cause false-positive or false-negative results, 
depending upon the test. To prevent inactivation of the re  -
agents, urine dipsticks should be stored with the lid tightly 
sealed in the container provided by the manufacturer or 
another airtight container that completely obstructs light. If 
urine dipsticks are desired at more than one workstation, 
empty used containers provided by the manufacturer may 
be refilled and placed at each workstation, as long as the 
same type of dipstick is used to refill the container (i.e.  
the urine dipstick must correspond to the interpretation  
key printed on the outside of the container).
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�ª�‘�…�…�—�Ž�ƒ�–�‹�‘�•�����ƒ�•�†���‹�•�–�‡�”�’�”�‡�–���ƒ�…�…�‘�”�†�‹�•�‰���–�‘���ƒ���•�–�ƒ�•�†�ƒ�”�†���•�…�ƒ�Ž�‡�����•�‡�‡���	�‹�‰�—�”�‡���Z�ä�V�X���ä
�U�T�ä�� ���”�‡�’�ƒ�”�‡���–�Š�‡���•�‡�†�‹�•�‡�•�–���ˆ�‘�”���•�‹�…�”�‘�•�…�‘�’�‹�…���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•�ã

• ���‡�•�—�•�’�‡�•�†���–�Š�‡���•�‡�†�‹�•�‡�•�–���’�‡�Ž�Ž�‡�–���‹�•���–�Š�‡���”�‡�•�ƒ�‹�•�‹�•�‰���U���•�Ž���‘�ˆ���•�—�’�‡�”�•�ƒ�–�ƒ�•�–���–�Š�ƒ�–���™�ƒ�•���Ž�‡�ˆ�–���‹�•���–�Š�‡���…�‘�•�‹�…�ƒ�Ž���–�—�„�‡�����ƒ�–�����–�‡�’���\�������‘�”���”�‡�•�—�•�’�‡�•�†���–�Š�‡���’�‡�Ž�Ž�‡�–���‹�•���–�Š�‡��
�”�‡�•�ƒ�‹�•�‹�•�‰���V�T�¨���‘�ˆ���–�Š�‡���‘�”�‹�‰�‹�•�ƒ�Ž���˜�‘�Ž�—�•�‡�á���‹�ˆ���–�Š�‡���‹�•�‹�–�‹�ƒ�Ž���ƒ�Ž�‹�“�—�‘�–���˜�‘�Ž�—�•�‡���™�ƒ�•���Ž�‡�•�•���–�Š�ƒ�•���Y���•�Ž�����ƒ�–�����–�‡�’���Y����

• ���‹�š���–�Š�‡���•�‘�Ž�—�–�‹�‘�•���„�›���‰�‡�•�–�Ž�‡���ƒ�‰�‹�–�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���…�‘�•�‹�…�ƒ�Ž���–�—�„�‡�����‡�ä�‰�ä���„�›���¤�•�‰�‡�”�æ�ª�‹�…�•�‹�•�‰���–�Š�‡���„�‘�–�–�‘�•�����‘�”���„�›���ƒ�•�’�‹�”�ƒ�–�‹�•�‰���–�Š�‡���”�‡�•�ƒ�‹�•�‹�•�‰���U���•�Ž���‘�ˆ���ª�—�‹�†���ƒ�•�†���‰�‡�•�–�Ž�›��
�‡�š�’�”�‡�•�•�‹�•�‰���‹�–���„�ƒ�…�•���‹�•�–�‘���–�Š�‡���–�—�„�‡���ƒ���ˆ�‡�™���–�‹�•�‡�•���—�•�‹�•�‰���ƒ���–�”�ƒ�•�•�ˆ�‡�”���’�‹�’�‡�–�–�‡�ä�����ƒ�•�–�•���ƒ�”�‡���ˆ�”�ƒ�‰�‹�Ž�‡�á���•�‘���‹�–���‹�•���‹�•�’�‡�”�ƒ�–�‹�˜�‡���–�‘���•�‹�š���–�Š�‡���•�‘�Ž�—�–�‹�‘�•���™�‡�Ž�Ž�á���™�Š�‹�Ž�‡���ƒ�˜�‘�‹�†�‹�•�‰��
�‘�˜�‡�”�Ž�›���ƒ�‰�‰�”�‡�•�•�‹�˜�‡���ƒ�‰�‹�–�ƒ�–�‹�‘�•�����‡�ä�‰�ä���˜�‘�”�–�‡�š�‹�•�‰��

• ���”�‡�’�ƒ�”�‡���ƒ���™�‡�–���•�‘�—�•�–���‘�ˆ���–�Š�‡���•�‡�†�‹�•�‡�•�–���•�‘�Ž�—�–�‹�‘�•�ä�����‹�’�‡�–�–�‡���ƒ���•�‹�•�‰�Ž�‡���†�”�‘�’���‘�ˆ���–�Š�‡���•�‡�†�‹�•�‡�•�–���•�‘�Ž�—�–�‹�‘�•���‘�•���–�‘���‘�•�‡���‡�•�†���‘�ˆ���ƒ���…�Ž�‡�ƒ�•���‰�Ž�ƒ�•�•���•�‹�…�”�‘�•�…�‘�’�‡���•�Ž�‹�†�‡���ƒ�•�†��
�…�‘�˜�‡�”�•�Ž�‹�’�ä�����Š�‡���•�Ž�‹�†�‡���‹�•���”�‡�ƒ�†�›���ˆ�‘�”���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•�ä�����ˆ���–�Š�‡���•�Ž�‹�†�‡���™�‹�Ž�Ž���•�‘�–���„�‡���‡�š�ƒ�•�‹�•�‡�†���‹�•�•�‡�†�‹�ƒ�–�‡�Ž�›�á���–�Š�‡���•�Ž�‹�†�‡���•�Š�‘�—�Ž�†���„�‡���•�–�‘�”�‡�†���‹�•���ƒ���Š�—�•�‹�†�‹�¤�‡�†�����‡�–�”�‹���†�‹�•�Š�á���ƒ�•��
�†�‡�•�…�”�‹�„�‡�†���„�‡�Ž�‘�™

• �����’�–�‹�‘�•�ƒ�Ž�������–�ƒ�‹�•���–�Š�‡���•�‡�†�‹�•�‡�•�–���•�‘�Ž�—�–�‹�‘�•���ƒ�•�†���’�”�‡�’�ƒ�”�‡���ƒ���™�‡�–���•�‘�—�•�–���‘�ˆ���–�Š�‡���•�–�ƒ�‹�•�‡�†���•�‘�Ž�—�–�‹�‘�•�ä�����‹�š���V���†�”�‘�’�•���‘�ˆ���–�Š�‡���•�‡�†�‹�•�‡�•�–���•�‘�Ž�—�–�‹�‘�•���ƒ�•�†���U���†�”�‘�’���‘�ˆ���•�‡�™��
�•�‡�–�Š�›�Ž�‡�•�‡���„�Ž�—�‡�����‘�”���‘�–�Š�‡�”���”�ƒ�’�‹�†���ƒ�“�—�‡�‘�—�•���•�–�ƒ�‹�•�����‹�•���ƒ���•�‡�’�ƒ�”�ƒ�–�‡���–�‡�•�–���–�—�„�‡���ƒ�•�†���‰�‡�•�–�Ž�›���•�‹�š�ä�����‹�’�‡�–�–�‡���ƒ���•�‹�•�‰�Ž�‡���†�”�‘�’���‘�ˆ���–�Š�‹�•���•�‘�Ž�—�–�‹�‘�•���‘�•���–�‘���–�Š�‡���‘�–�Š�‡�”���‡�•�†���‘�ˆ��
�–�Š�‡���…�Ž�‡�ƒ�•���‰�Ž�ƒ�•�•���•�‹�…�”�‘�•�…�‘�’�‡���•�Ž�‹�†�‡�ä�����Š�‡���•�Ž�‹�†�‡�á���™�Š�‹�…�Š���•�‘�™���Š�‘�Ž�†�•���–�™�‘���™�‡�–���•�‘�—�•�–�•�á���‹�•���•�‘�™���”�‡�ƒ�†�›���ˆ�‘�”���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•

• ���ˆ���–�Š�‡�”�‡���™�‹�Ž�Ž���„�‡���ƒ���†�‡�Ž�ƒ�›���„�‡�–�™�‡�‡�•���–�Š�‡���–�‹�•�‡���–�Š�ƒ�–���–�Š�‡���•�‡�†�‹�•�‡�•�–���™�‡�–���•�‘�—�•�–���‹�•���’�”�‡�’�ƒ�”�‡�†���ƒ�•�†���–�Š�‡���–�‹�•�‡���–�Š�ƒ�–���‹�–���‹�•���‡�š�ƒ�•�‹�•�‡�†�á���–�Š�‡���™�‡�–���•�‘�—�•�–���•�Š�‘�—�Ž�†���„�‡��
�•�–�‘�”�‡�†���‹�•���ƒ���Š�—�•�‹�†�‹�¤�‡�†�����‡�–�”�‹���†�‹�•�Š���–�‘���’�”�‡�˜�‡�•�–���‡�˜�ƒ�’�‘�”�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���•�ƒ�•�’�Ž�‡�ã
 – ���Ž�ƒ�…�‡���ƒ���†�ƒ�•�’�‡�•�‡�†���–�Š�‹�•���’�‹�‡�…�‡���‘�ˆ���ƒ�„�•�‘�”�„�‡�•�–���•�ƒ�–�‡�”�‹�ƒ�Ž�����‡�ä�‰�ä���’�ƒ�’�‡�”���–�‘�™�‡�Ž�á���‰�ƒ�—�œ�‡�á���¤�Ž�–�‡�”���’�ƒ�’�‡�”�����‹�•���–�Š�‡���„�‘�–�–�‘�•���’�‘�”�–�‹�‘�•���‘�ˆ���ƒ�����‡�–�”�‹���†�‹�•�Š
 – ���Ž�ƒ�…�‡���™�‘�‘�†�‡�•���•�–�‹�…�•�•���’�”�‡�’�ƒ�”�‡�†���ˆ�”�‘�•���–�Š�‡���„�”�‘�•�‡�•���Š�ƒ�•�†�Ž�‡���‘�ˆ���ƒ���…�‘�–�–�‘�•�æ�–�‹�’�’�‡�†���ƒ�’�’�Ž�‹�…�ƒ�–�‘�”���‘�•���–�‘�’���‘�ˆ���–�Š�‡���•�‘�‹�•�–���ƒ�„�•�‘�”�„�‡�•�–���•�ƒ�–�‡�”�‹�ƒ�Ž
 – ���Ž�ƒ�…�‡���–�Š�‡���•�‹�…�”�‘�•�…�‘�’�‡���•�Ž�‹�†�‡���™�‹�–�Š���–�Š�‡���•�‡�†�‹�•�‡�•�–���™�‡�–���•�‘�—�•�–���‘�•���–�‘�’���‘�ˆ���–�Š�‡���™�‘�‘�†�‡�•���•�–�‹�…�•�•
 – ���‘�˜�‡�”���–�Š�‡�����‡�–�”�‹���†�‹�•�Š���™�‹�–�Š���–�Š�‡���’�”�‘�˜�‹�†�‡�†���Ž�‹�†�ä�����Š�‡���™�‡�–���•�‘�—�•�–���™�‹�Ž�Ž���„�‡���•�–�ƒ�„�Ž�‡���ˆ�‘�”���—�’���–�‘���ƒ�•���Š�‘�—�”�ä�����—�Ž�–�‹�’�Ž�‡���•�‡�†�‹�•�‡�•�–�•���…�ƒ�•���„�‡���’�”�‡�’�ƒ�”�‡�†���ƒ�•�†���‡�š�ƒ�•�‹�•�‡�†���‹�•��

�ƒ���„�ƒ�–�…�Š���‹�ˆ���–�Š�‹�•���’�”�‘�…�‡�†�—�”�‡���‹�•���ˆ�‘�Ž�Ž�‘�™�‡�†�ä
�U�U�ä�����‡�”�ˆ�‘�”�•���•�›�•�–�‡�•�ƒ�–�‹�…���•�‹�…�”�‘�•�…�‘�’�‹�…���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���•�‡�†�‹�•�‡�•�–���—�•�‹�•�‰���”�‡�†�—�…�‡�†���‹�Ž�Ž�—�•�‹�•�ƒ�–�‹�‘�•�ã

• ���‡�†�—�…�‡���–�Š�‡���‹�Ž�Ž�—�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���•�‹�…�”�‘�•�…�‘�’�‡���•�Ž�‹�†�‡���‡�‹�–�Š�‡�”���„�›���Ž�‘�™�‡�”�‹�•�‰���–�Š�‡���•�‹�…�”�‘�•�…�‘�’�‡�ï�•���…�‘�•�†�‡�•�•�‡�”���–�‘���ƒ���…�‘�—�’�Ž�‡���‘�ˆ���…�‡�•�–�‹�•�‡�–�”�‡�•���„�‡�Ž�‘�™���–�Š�‡���•�–�ƒ�‰�‡���‘�”���„�›��
�’�ƒ�”�–�‹�ƒ�Ž�Ž�›���…�Ž�‘�•�‹�•�‰���–�Š�‡���ƒ�’�‡�”�–�—�”�‡���‘�ˆ���–�Š�‡���‹�”�‹�•���†�‹�ƒ�’�Š�”�ƒ�‰�•���™�‹�–�Š�‹�•���–�Š�‡���…�‘�•�†�‡�•�•�‡�”�ä�������‘�–�Š���Ž�‘�™�‡�”�‹�•�‰���–�Š�‡���…�‘�•�†�‡�•�•�‡�”���ƒ�•�†���…�Ž�‘�•�‹�•�‰���–�Š�‡���‹�”�‹�•���†�‹�ƒ�’�Š�”�ƒ�‰�•���™�‹�Ž�Ž���”�‡�†�—�…�‡��
�–�Š�‡���Ž�‹�‰�Š�–���‡�š�…�‡�•�•�‹�˜�‡�Ž�›���ƒ�•�†���•�Š�‘�—�Ž�†���•�‘�–���„�‡���†�‘�•�‡��

• ���š�ƒ�•�‹�•�‡���U�T���•�‹�…�”�‘�•�…�‘�’�‹�…���¤�‡�Ž�†�•���‘�ˆ���–�Š�‡���•�Ž�‹�†�‡���—�•�†�‡�”���Ž�‘�™���’�‘�™�‡�”���—�•�‹�•�‰���–�Š�‡�����U�T���‘�„�Œ�‡�…�–�‹�˜�‡���ˆ�‘�”���–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ���–�Š�‡���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���–�Š�‹�•�‰�•���ƒ�•�†���’�”�‘�˜�‹�†�‡���ƒ�•��
�ƒ�•�•�‡�•�•�•�‡�•�–���‘�ˆ���–�Š�‡�‹�”���ƒ�•�‘�—�•�–�•���‹�•���–�Š�‡���—�•�•�–�ƒ�‹�•�‡�†���™�‡�–���•�‘�—�•�–�ã
 – ���”�›�•�–�ƒ�Ž�•�ã���”�‡�…�‘�”�†���–�›�’�‡���•�����’�”�‡�•�‡�•�–�á���ƒ�•�†���“�—�ƒ�Ž�‹�–�ƒ�–�‹�˜�‡���‹�•�’�”�‡�•�•�‹�‘�•���‘�ˆ���–�Š�‡���ƒ�•�‘�—�•�–���‘�ˆ���‡�ƒ�…�Š���–�›�’�‡���‘�ˆ���…�”�›�•�–�ƒ�Ž�����•�‘�•�‡�á���ˆ�‡�™�á���•�‘�†�‡�”�ƒ�–�‡���•�—�•�„�‡�”�á���•�ƒ�•�›��
 – ���ƒ�•�–�•�ã���•�ƒ�›���„�‡���„�‡�–�–�‡�”���˜�‹�•�—�ƒ�Ž�‹�œ�‡�†���ƒ�–���–�Š�‡���•�ƒ�”�‰�‹�•�•���‘�ˆ���–�Š�‡���…�‘�˜�‡�”�•�Ž�‹�’�ä�����‡�…�‘�”�†���–�›�’�‡���•�����’�”�‡�•�‡�•�–�����‡�ä�‰�ä���Š�›�ƒ�Ž�‹�•�‡�á���…�‡�Ž�Ž�—�Ž�ƒ�”�á���‰�”�ƒ�•�—�Ž�ƒ�”�á���™�ƒ�š�›�á���Ž�‹�’�‹�†�á���Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•����

�ƒ�•�†���”�‡�…�‘�”�†���–�Š�‡���•�—�•�„�‡�”���‘�ˆ���‡�ƒ�…�Š���–�›�’�‡���‘�ˆ���…�ƒ�•�–���’�‡�”�����U�T���Ž�‘�™���’�‘�™�‡�”���¤�‡�Ž�†�����Ž�’�ˆ�����ƒ�•���ƒ���”�ƒ�•�‰�‡�����‡�ä�‰�ä���T���V���Ž�’�ˆ��
 – ���’�‹�–�Š�‡�Ž�‹�ƒ�Ž���…�‡�Ž�Ž�•�ã���”�‡�…�‘�”�†���–�›�’�‡���•�����’�”�‡�•�‡�•�–���ƒ�•�†���–�Š�‡���•�—�•�„�‡�”���‘�ˆ���‡�ƒ�…�Š���–�›�’�‡���‘�ˆ���‡�’�‹�–�Š�‡�Ž�‹�ƒ�Ž���…�‡�Ž�Ž���’�‡�”�����U�T���Ž�’�ˆ���ƒ�•���ƒ���”�ƒ�•�‰�‡�����‡�ä�‰�ä���T���V���Ž�’�ˆ���ä�����„�•�‡�”�˜�‡���…�‡�Ž�Ž�—�Ž�ƒ�”��

�•�‘�”�’�Š�‘�Ž�‘�‰�›���ˆ�‘�”���–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ���†�›�•�’�Ž�ƒ�•�–�‹�…���‘�”���•�‡�‘�’�Ž�ƒ�•�–�‹�…���…�Š�ƒ�•�‰�‡�•
 – ���—�…�—�•���–�Š�”�‡�ƒ�†�•�ã���”�‡�…�‘�”�†���“�—�ƒ�Ž�‹�–�ƒ�–�‹�˜�‡���‹�•�’�”�‡�•�•�‹�‘�•���‘�ˆ���–�Š�‡���•�—�•�„�‡�”���‘�ˆ���•�—�…�—�•���–�Š�”�‡�ƒ�†�•�����•�‘�•�‡�á���ˆ�‡�™�á���•�‘�†�‡�”�ƒ�–�‡���•�—�•�„�‡�”�á���•�ƒ�•�›��
 – ���‡�Ž�•�‹�•�–�Š���‘�˜�ƒ�á���Ž�ƒ�”�˜�ƒ�á���ƒ�†�—�Ž�–���™�‘�”�•�•���‘�”���‘�–�Š�‡�”���’�ƒ�”�ƒ�•�‹�–�‡�•�ã���”�‡�…�‘�”�†���“�—�ƒ�Ž�‹�–�ƒ�–�‹�˜�‡���‹�•�’�”�‡�•�•�‹�‘�•���‘�ˆ���–�Š�‡���•�—�•�„�‡�”���‘�ˆ���’�ƒ�”�ƒ�•�‹�–�‡���•�–�”�—�…�–�—�”�‡�•�����•�‘�•�‡�á���ˆ�‡�™�á���•�‘�†�‡�”�ƒ�–�‡��

�•�—�•�„�‡�”�á���•�ƒ�•�›��
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Oversaturation of test pads with urine can dilute the 
reagents and cause false results (e.g. false-positive dipstick 
protein). Also, urine should not be allowed to flow from one 
test pad to another. This can cause reagents in one test 
pad to intermingle with those in the adjacent pad, invalidat -
ing the results. For example, on the Multistix ® dipstick, the 
pH test pad is immediately adjacent to the protein test pad, 
which contains an acidic buffer. If the acidic buffer from the 
protein test pad contaminates the pH test pad, the meas -
ured pH will be falsely decreased. Suggested ways to avoid 
oversaturation and cross -contamination of test pads are 
provided in Figures 6.9 and 6.10.
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6.11

Refractometer
Guidelines for appropriate use and storage of refrac  to - 
 meters are provided in Figure 6.12. Refractometers are 
used to estimate the USG, which is an indication of how 
much solute is dissolved in the urine (i.e. the concen-
tration of the urine). Refractometric estimation of USG is 
performed to determine the ability of the renal tubules to  
conserve water and produce well concentrated urine. 
Refractometers take advantage of the fact that a beam of 
light is bent when it passes from air into water. The degree 
to which the beam of light is bent is directly proportional 
to the number of molecules that are dissolved in solution. 
However, the light beam is also bent by other materials 
(e.g. cells, crystals, mucus, bacteria) that are present 
within the urine. The presence of these other materials 
causes overestimation of the USG determined by refrac -
tometry and, therefore, overestimation of the renal tubular 

Interpretation of urine dipsticks is based upon the  
colour change that occurs within a specific time after urine 
is applied to the test pad (Figure 6.11). Colour will continue 
to develop beyond the indicated interpretation time, there -
fore results observed after the designated interpretation 
times are invalid. Cold urine will slow enzymatic reactions 
that occur in some of the test pads on the dipstick (e.g. 
glucose) and cause falsely decreased results. To avoid this 
artefact of refrigeration, allow the sample to warm to room 
temperature before urinalysis. Abnormally coloured urine 
will also affect interpretation of some tests (e.g. bilirubin, 
ketones). Well maintained (regularly calibrated and ser-
viced) automated urine strip readers will provide standard -
ized assessment of these simple tests and produce an 
electronic record to go into the patient files.
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increased concentrations of cells, microorganisms, etc. 
and may lead one to conclude wrongly that urinary tract 
disease exists. To avoid this type of error, a standard urine 
volume should be used as an aliquot for centrifugation and 
the resultant pellet should be resuspended in a standard 
volume of supernatant.

Reference values for interpretation of urine sediment 
concentrations of cells and casts are based upon sedi -
ment pellets that were resuspended in 20% of the original 
urine aliquot volume; 5 ml is generally recommended as a 
reasonable urine aliquot volume for centrifugation, and it is 
generally recommended that a pellet formed by centrifu-
gation of 5 ml of urine be resuspended in 1 ml of super-
natant, which represents 20% of the original volume. If  
5 ml of urine is not available for analysis, the volume of 
supernatant used to resuspend the pellet will need to be 
adjusted down to account for the smaller volume of urine 
available for centrifugation. The volume of supernatant 
used should be adjusted down to 20% of whatever the 
original urine aliquot volume is (e.g. resuspend the pellet 
formed from a 4 ml urine aliquot in 0.8 ml of supernatant, 
rather than 1 ml) (Figure 6.13). There are commercial urina-
lysis centrifugation systems (e.g. StatSpin ® Urine Sediment 
Analysis System) that use smaller urine volumes to prepare 
urine sediments for microscopic examination. Follow the 
manufacturer’s usage and maintenance guidelines to 
ensure uniform, standardized results.

Since the concentrations of materials observed in urine 
are reported as a range per microscopic field (e.g. 0–2  
leucocytes per high power field), a standard number of 
microscopic fields (i.e. ten fields) should be evaluated 
using both the X10 and X40 objectives for each urine  
sample. A stained wet mount (e.g. new methylene blue) 
may be helpful to identify nucleated cells; however, addi -
tion of stain will dilute the concentration of the sediment. If 
necessary, nucleated cells can be identified in a stained 
wet mount, but they should be counted in the unstained  
wet mount (Figure 6.14). Also, if there will be a delay 
between when the urine sediment is prepared and when it 
will be examined, the slide can be stored in a humidified 
Petri dish (Figure 6.15).

Stain may form crystals or may be contaminated by 
microorganisms (Figures 6.16). To avoid false urinalysis 

ability to conserve water and produce concentrated urine. 
This potential inaccuracy can be avoided by measuring 
the SG of the supernatant after centrifugation of the urine, 
which causes cells, crystals, etc. to collect in the sedi -
ment pellet (see Figure 6.8).

Most newer refractometers are temperature -compen-
sated and are designed to be used at ambient temp    - 
er atures. Refractometers should be stored away from  
heating and cooling vents, as this may cause spurious 
results. Also, cold fluids are denser than warm fluids. 
Therefore, the USG determined by refractometry is falsely 
increased in urine that is cold. To avoid this artefact of 
refrigeration, allow the sample to warm to room temp  -
erature before urinalysis.

Feline urine is naturally more refractive than canine and 
human urine. Consequently, feline USG will be slightly  
overestimated to a variable degree when a refractometer 
designed for humans is used (i.e. by approximately 0.002–
0.005 units). There are two possible ways to prevent this 
inaccuracy. Feline USG can be measured using a veterinary 
refractometer that has separate scales for canine and feline 
samples. Alternatively, feline USG can be cal culated using a 
formula to convert the USG indicated by a human refrac -
tometer to the equivalent feline value (George, 2001). The 
conversion formula for feline USG is as follows:

Feline USG = (0.846 x human USG) + 0.154

Urine sediment evaluation
Guidelines for urine sediment preparation and evaluation 
are provided in Figure 6.13. Because increased concen -
trations of cells, casts, microorganisms or crystals may 
indicate underlying urinary tract disease, one goal of urine 
sediment evaluation is to determine semiquantitatively the 
concentration of these materials within the urine. In addi -
tion to the patient’s urinary tract health, the concentra -
tions of these materials are directly affected by how  
the sediment is prepared.

Given that cells, crystals, etc. will spontaneously sedi -
ment due to gravity, it is necessary to mix the urine  
sample well before removing an aliquot for centrifugation 
to ensure that the urine sediment wet mount is fully repre -
sentative of the whole urine sample. Also, the concen-
tration of the sediment is affected by the starting urine 
aliquot volume that is centrifuged to form the sediment 
pellet and the volume of supernatant urine that is used to 
resuspend the sediment pellet prior to wet mounting. For 
example, if two aliquots of urine, one containing 10 ml and 
one containing 5 ml, were centrifuged, there would be 
twice as much material in the sediment formed from the  
10 ml urine aliquot as in the sediment formed from  
the 5 ml urine aliquot. If the sediment pellets of both  
urine aliquots were resuspended in an equal volume of 
supernatant (e.g. 1 ml), then the sediment prepared from 
the 10 ml urine aliquot would give the false impression of 
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results, any crystals or microorganisms that are identified 
in a stained wet mount should be confirmed in the 
unstained wet mount, which will not contain contaminants 
that may be present in the stain. Cytological examination 
of the urine sediment pellet that has been aspirated from 
the conical centrifuge tube, smeared on to a microscope 
slide and stained, similarly to the process for a fine -needle 
aspirate, is also useful for verification, detection and iden -
tification of microorganisms (Swenson et al ., 2004). The 
method for preparing direct smears of the urine sediment 
pellet is described later in the chapter.

Urinalysis interpretation
Gross inspection of the urine
Normal urine may be various shades of yellow due to the 
presence of natural urine pigments, referred to as uro -
chromes. Well concentrated urine may be a darker shade 
of yellow, but this is not always true. If present, bilirubinuria 
may impart a dark yellow–orange colour and give the false 
impression of concentrated urine. Also, urine may become 
darker yellow with exposure to light, which causes uro -
chrome degradation. Therefore, urine colour should not be 
used to assess renal tubular concentrating ability. Urine 
colour may also be altered by the presence of substances 
that are not normally found in urine, such as haemoglobin 
or myoglobin (Figure 6.17).

���‘�–�‡�•�–�‹�ƒ�Ž���¤�•�†�‹�•�‰�•���†�—�”�‹�•�‰���‰�”�‘�•�•���‹�•�•�’�‡�…�–�‹�‘�•���‘�ˆ���—�”�‹�•�‡�á���ƒ�•�†���–�Š�‡�‹�”��
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Finding Cause

Colour

���ƒ�Ž�‡���›�‡�Ž�Ž�‘�™ • ���‘�”�•�ƒ�Ž

���‡�Ž�Ž�‘�™ • ���‹�‰�Š�Ž�›���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†���—�”�‹�•�‡

���ƒ�”�•���›�‡�Ž�Ž�‘�™ • ���‹�‰�Š�Ž�›���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†���—�”�‹�•�‡
• ���‹�Ž�‹�”�—�„�‹�•�—�”�‹�ƒ
• ���Š�‘�–�‘�†�‡�‰�”�ƒ�†�ƒ�–�‹�‘�•���‘�ˆ���—�”�‹�•�‡���’�‹�‰�•�‡�•�–�•

���”�ƒ�•�‰�‡���›�‡�Ž�Ž�‘�™• ���‹�‰�Š�Ž�›���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†���—�”�‹�•�‡
• ���‹�Ž�‹�”�—�„�‹�•�—�”�‹�ƒ

���‡�†���‘�”�ƒ�•�‰�‡ • ���ƒ�‡�•�ƒ�–�—�”�‹�ƒ

���‡�† • ���ƒ�‡�•�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ

���ƒ�”�•���”�‡�†���„�”�‘�™�•• ���›�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ

���‹�•�• • ���ƒ�‡�•�ƒ�–�—�”�‹�ƒ
• ���ƒ�‡�•�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ
• ���‘�”�’�Š�›�”�‹�•�—�”�‹�ƒ�����”�ƒ�”�‡��

���”�‘�™�•���–�‘���„�Ž�ƒ�…�•• ���‡�–�Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•���ˆ�”�‘�•���Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•���‘�”��
�•�›�‘�‰�Ž�‘�„�‹�•���„�”�‡�ƒ�•�†�‘�™�•

• ���‹�Ž�‡���’�‹�‰�•�‡�•�–�•

Green • ���‹�Ž�‹�˜�‡�”�†�‹�•�����‰�”�‡�‡�•���������…�ƒ�•���ˆ�‘�”�•���†�—�‡���–�‘��in vitro 
�†�‡�‰�”�ƒ�†�ƒ�–�‹�‘�•���‘�ˆ���„�‹�Ž�‹�”�—�„�‹�•

• ���”�‘�„�‹�Ž�‹�•�����‰�”�‡�‡�•���������…�ƒ�•���ˆ�‘�”�•���†�—�‡���–�‘���‘�š�‹�†�ƒ�–�‹�‘�•��
�‘�ˆ���—�”�‘�„�‹�Ž�‹�•�‘�‰�‡�•���‹�•���ƒ�…�‹�†�‹�…���—�”�‹�•�‡

���Ž�—�‡ • ���ƒ�”�‹�‘�—�•���†�”�—�‰�•���ƒ�•�†���†�”�—�‰���•�‡�–�ƒ�„�‘�Ž�‹�–�‡�•

Clarity

���Ž�‡�ƒ�”
���Ž�‹�‰�Š�–�Ž�›���…�Ž�‘�—�†�›

• ���‘�”�•�ƒ�Ž

���Ž�‘�—�†�› • ���‡�Ž�Ž�•
• ���”�›�•�–�ƒ�Ž�•
• ���ƒ�•�–�•
• ���‹�…�”�‘�‘�”�‰�ƒ�•�‹�•�•�•
• ���‹�’�‹�†
• Mucus
• ���‡�•�‡�•
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Normal urine is clear (i.e. transparent) or slightly cloudy 
owing to the presence of epithelial cells or crystals. In fresh, 
well mixed urine of dogs and cats, increased cloudiness is 
an abnormal but non-specific finding that can occur 
because of the presence of cells, crystals, casts, micro-
organisms, lipid, mucus or semen. Even if urine is not 
cloudy, abnormalities may still be detected during micro -
scopic evaluation of the sediment. Therefore, urine clarity 
should not be used as the sole method to detect cells,  
crystals, and so on.

�:�W�L�J�P�Ä�J���J�O�L�T�P�J�H�S���[�L�Z�[�P�U�N���V�M���[�O�L���\�Y�P�U�L
�<�Y�P�U�L���Z�W�L�J�P�Ä�J���N�Y�H�]�P�[�`
The USG primarily reflects renal tubular ability to respond 
to antidiuretic hormone stimulation and conserve water by 
producing well concentrated urine (see Chapter 2). USG 
values may be classified into four categories based upon 
the value relative to the SG of glomerular filtrate, which 
ranges from 1.008–1.012 and represents urinary filtrate 
that has not yet been modified by the renal tubules (Figure 
6.18). To determine the clinical significance of a given USG 
measurement, the value must be interpreted in light of the 
patient’s age, hydration status, concurrent diseases, 
serum urea nitrogen and creatinine concentrations, urine 
glucose and protein concentrations, and recent admin-
istration of therapeutic agents (e.g. parenteral fluids,  
glucose, diuretics, anticonvulsants). For example, a USG 
of 1.020 in a euhydrated dog would probably represent a 
normal physiological variation in response to recent water 
ingestion; however, the same value in a dehydrated, azo-
taemic dog would indicate renal tubular concentrating 
dysfunction that could indicate renal dysfunction. Severe 
proteinuria or glucosuria both increase the measured 
USG; therefore, the value will not be entirely represen-
tative of renal tubular concentrating function (Figure 6.18).

���Ž�ƒ�•�•�‹�¤�…�ƒ�–�‹�‘�•���”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���‹�‰�•�‹�¤�…�ƒ�•�…�‡

Dogs Cats

���‡�Ž�Ž���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†�µ�U�ä�T�W�T �µ�U�ä�T�W�Y• ���‡�•�ƒ�Ž���–�—�„�—�Ž�‡�•���…�ƒ�•���’�”�‘�†�—�…�‡���™�‡�Ž�Ž���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†���—�”�‹�•�‡
• ���”�‹�•�‡���•�ƒ�›���„�‡���Ž�‡�•�•���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†���‹�•���…�Ž�‹�•�‹�…�ƒ�Ž�Ž�›���•�‘�”�•�ƒ�Ž���Œ�—�˜�‡�•�‹�Ž�‡���ƒ�•�‹�•�ƒ�Ž�•

���ƒ�•�‰�‡���‘�ˆ���•�‹�•�‹�•�ƒ�Ž��
�…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•

�U�ä�T�U�W���U�ä�T�V�] �U�ä�T�U�W���U�ä�T�W�X• ���‘�—�Ž�†���”�‡�’�”�‡�•�‡�•�–���ƒ�•���ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡���˜�ƒ�”�‹�ƒ�–�‹�‘�•���†�—�‡���–�‘���”�‡�…�‡�•�–���‹�•�‰�‡�•�–�‹�‘�•���‘�ˆ���™�ƒ�–�‡�”���‘�”���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���‘�ˆ���ª�—�‹�†�•
• ���•�ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡���˜�ƒ�Ž�—�‡���‹�•���†�‡�Š�›�†�”�ƒ�–�‡�†���‘�”���ƒ�œ�‘�–�ƒ�‡�•�‹�…���’�ƒ�–�‹�‡�•�–�•
• ���ƒ�•���„�‡���‘�„�•�‡�”�˜�‡�†���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡

���•�‘�•�–�Š�‡�•�—�”�‹�ƒ �U�ä�T�T�\���U�ä�T�U�V �U�ä�T�T�\���U�ä�T�U�V• ���‘�—�Ž�†���”�‡�’�”�‡�•�‡�•�–���ƒ�•���ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡���˜�ƒ�”�‹�ƒ�–�‹�‘�•���†�—�‡���–�‘���”�‡�…�‡�•�–���‹�•�‰�‡�•�–�‹�‘�•���‘�ˆ���™�ƒ�–�‡�”���‘�”���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���‘�ˆ���ª�—�‹�†�•
• ���•�ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡���˜�ƒ�Ž�—�‡���‹�•���†�‡�Š�›�†�”�ƒ�–�‡�†���‘�”���ƒ�œ�‘�–�ƒ�‡�•�‹�…���’�ƒ�–�‹�‡�•�–�•
• ���ƒ�•���„�‡���‘�„�•�‡�”�˜�‡�†���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡

���›�’�‘�•�–�Š�‡�•�—�”�‹�ƒ�²�U�ä�T�T�\ �²�U�ä�T�T�\• ���•�†�‹�…�ƒ�–�‡�•���–�Š�ƒ�–���”�‡�•�ƒ�Ž���–�—�„�—�Ž�‡�•���…�ƒ�•���’�”�‘�†�—�…�‡���†�‹�Ž�—�–�‡���—�”�‹�•�‡�á���”�‡�†�—�…�‹�•�‰���–�Š�‡���Ž�‹�•�‡�Ž�‹�Š�‘�‘�†���‘�ˆ���•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡
• ���•�ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡���˜�ƒ�Ž�—�‡���‹�•���†�‡�Š�›�†�”�ƒ�–�‡�†���‘�”���ƒ�œ�‘�–�ƒ�‡�•�‹�…���’�ƒ�–�‹�‡�•�–�•
• ���ƒ�•���„�‡���‘�„�•�‡�”�˜�‡�†���™�‹�–�Š���˜�ƒ�”�‹�‘�—�•���…�‘�•�†�‹�–�‹�‘�•�•���ƒ�ã

• ���‘�Ž�›�—�”�‹�ƒ���†�—�‡���–�‘���˜�ƒ�”�‹�‘�—�•���ƒ�‡�–�‹�‘�Ž�‘�‰�‹�‡�•�á���…�ƒ�—�•�‹�•�‰���Ž�‘�•�•���‘�ˆ���”�‡�•�ƒ�Ž���•�‡�†�—�Ž�Ž�ƒ�”�›���•�‘�Ž�—�–�‡���…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•��
�‰�”�ƒ�†�‹�‡�•�–

• ���›�’�‡�”�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‹�•�•���Š�›�’�‡�”�…�‘�”�–�‹�•�‘�Ž�ƒ�‡�•�‹�ƒ
• ���›�’�‡�”�…�ƒ�Ž�…�ƒ�‡�•�‹�ƒ
• ���‡�’�ƒ�–�‹�…���†�‹�•�‡�ƒ�•�‡
• ���›�‘�•�‡�–�”�ƒ���†�—�‡���–�‘���‡�•�†�‘�–�‘�š�‹�•���‡�š�’�‘�•�—�”�‡
• ���•�›�…�Š�‘�‰�‡�•�‹�…���’�‘�Ž�›�†�‹�’�•�‹�ƒ
• ���‹�ƒ�„�‡�–�‡�•���‹�•�•�‹�’�‹�†�—�•�����…�‡�•�–�”�ƒ�Ž���‘�”���’�”�‹�•�ƒ�”�›���”�‡�•�ƒ�Ž��
• ���Š�‡�”�ƒ�’�‡�—�–�‹�…���ƒ�‰�‡�•�–���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•�ã

 – ���•�–�‹�…�‘�•�˜�—�Ž�•�ƒ�•�–�•
 – Diuretics
 – �	�Ž�—�‹�†���–�Š�‡�”�ƒ�’�›
 – �
�Ž�—�…�‘�…�‘�”�–�‹�…�‘�‹�†�•
 – ���š�…�‡�•�•�‹�˜�‡���–�Š�›�”�‘�š�‹�•�‡���•�—�’�’�Ž�‡�•�‡�•�–�ƒ�–�‹�‘�•

���Ž�ƒ�•�•�‹�¤�…�ƒ�–�‹�‘�•���‘�ˆ���—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���•�‡�ƒ�•�—�”�‡�•�‡�•�–�•���ƒ�•�†���…�Ž�‹�•�‹�…�ƒ�Ž���•�‹�‰�•�‹�¤�…�ƒ�•�…�‡�ä�����‘�–�‡���–�Š�ƒ�–���ˆ�‘�”���‡�ƒ�…�Š���Y�Y�ä�Y���•�•�‘�Ž���Ž�����U�T�T�T���•�‰���†�Ž�����‘�ˆ���‰�Ž�—�…�‘�•�‡�á���–�Š�‡��
�•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���‹�•���‹�•�…�”�‡�ƒ�•�‡�†���„�›���T�ä�T�T�T�X���T�ä�T�T�T�Y�á���ƒ�•�†���ˆ�‘�”���‡�ƒ�…�Š���U�T���‰���Ž�����U�T�T�T���•�‰���†�Ž�����‘�ˆ���’�”�‘�–�‡�‹�•�á���–�Š�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���‹�•���‹�•�…�”�‡�ƒ�•�‡�†���„�›���T�ä�T�T�T�W���T�ä�T�T�T�Y�ä

�ƒ�����•���–�Š�‡�•�‡���…�‘�•�†�‹�–�‹�‘�•�•���–�Š�‡���ƒ�…�–�‹�‘�•���‘�ˆ�����������‘�•���–�Š�‡���”�‡�•�ƒ�Ž���–�—�„�—�Ž�‡���‹�•���‹�•�Š�‹�„�‹�–�‡�†�����•�‡�‡�����Š�ƒ�’�–�‡�”���V�����‘�”���–�Š�‡���ƒ�•�‘�—�•�–���‘�ˆ���™�ƒ�–�‡�”���‹�•�‰�‡�•�–�‡�†���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†���•�‡�ƒ�•�•���’�”�‘�†�—�…�–�‹�‘�•��
�‘�ˆ���†�‹�Ž�—�–�‡���—�”�‹�•�‡���‹�•���ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡�ä�����‹�–�Š���–�Š�‡���‡�š�…�‡�’�–�‹�‘�•���‘�ˆ���†�‹�ƒ�„�‡�–�‡�•���‹�•�•�‹�’�‹�†�—�•���ƒ�•�†���’�•�›�…�Š�‘�‰�‡�•�‹�…���’�‘�Ž�›�†�‹�’�•�‹�ƒ�á���•�ƒ�•�›���‘�ˆ���–�Š�‡�•�‡���…�‘�•�†�‹�–�‹�‘�•�•���™�‹�Ž�Ž���”�‡�•�—�Ž�–���‹�•���—�”�‹�•�‡���‘�ˆ��
�˜�ƒ�”�‹�ƒ�„�Ž�‡�������
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Dogs Cats

���”�‡�æ�”�‡�•�ƒ�Ž�µ�U�ä�T�W�T �µ�U�ä�T�W�Y���ƒ�•�†��
�—�•�—�ƒ�Ž�Ž�›���³�U�ä�T�X�Y

• ���‡�…�”�‡�ƒ�•�‡�†���†�‡�Ž�‹�˜�‡�”�›��
�‘�ˆ���•�‹�–�”�‘�‰�‡�•�‘�—�•���™�ƒ�•�–�‡��
�–�‘���–�Š�‡���•�‹�†�•�‡�›�•���†�—�‡���–�‘��
�”�‡�•�ƒ�Ž���Š�›�’�‘�’�‡�”�ˆ�—�•�‹�‘�•

• ���•�…�”�‡�ƒ�•�‡�†���‰�‡�•�‡�”�ƒ�–�‹�‘�•��
�‘�ˆ���•�‹�–�”�‘�‰�‡�•�‘�—�•���™�ƒ�•�–�‡

���‡�•�ƒ�Ž �U�ä�T�T�\���U�ä�T�V�]�U�ä�T�T�\���U�ä�T�W�X��
�‘�…�…�ƒ�•�‹�‘�•�ƒ�Ž�Ž�›��
�³�U�ä�T�X�Y

• ���‡�…�”�‡�ƒ�•�‡�†���”�‡�•�‘�˜�ƒ�Ž��
�‘�ˆ���•�‹�–�”�‘�‰�‡�•�‘�—�•���™�ƒ�•�–�‡��
�ˆ�”�‘�•���…�‹�”�…�—�Ž�ƒ�–�‹�‘�•���†�—�‡��
�–�‘���’�”�‹�•�ƒ�”�›���”�‡�•�ƒ�Ž��
�†�›�•�ˆ�—�•�…�–�‹�‘�•

���‘�•�–�æ�”�‡�•�ƒ�Ž���ƒ�”�‹�ƒ�„�Ž�‡ ���ƒ�”�‹�ƒ�„�Ž�‡• ���‡�…�”�‡�ƒ�•�‡�†��
�‡�Ž�‹�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ��
�•�‹�–�”�‘�‰�‡�•�‘�—�•���™�ƒ�•�–�‡��
�†�—�‡���–�‘���—�”�‡�–�Š�”�ƒ�Ž��
�‘�„�•�–�”�—�…�–�‹�‘�•���‘�”��
�„�Ž�ƒ�†�†�‡�”���”�—�’�–�—�”�‡

���•�‡���‘�ˆ���—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���–�‘���ƒ�‹�†���‹�•���ƒ�•�ƒ�–�‘�•�‹�…�ƒ�Ž���Ž�‘�…�ƒ�Ž�‹�œ�ƒ�–�‹�‘�•��
�ƒ�•�†���‹�†�‡�•�–�‹�ˆ�›�‹�•�‰���…�ƒ�—�•�‡�•���‘�ˆ���ƒ�œ�‘�–�ƒ�‡�•�‹�ƒ�ä6.19

The USG is relatively insensitive for the detection of 
early kidney disease (see Chapter 10). In an azotaemic 
patient, USG should be used to help localize the cause of 
azotaemia as pre-renal, renal or post-renal (Figure 6.19; 
see Chapter 21). With pre-renal azotaemia, adequately 
functioning kidneys respond to decreased perfusion by 
conserving water and producing concentrated urine that 
has a high SG. However, there are some instances of pre-
renal azotaemia where the underlying disease compro-
mises tubular concentrating ability (see Chapter 2). Renal 
azo taemia is typically associated with inadequate renal 
tubular water conservation and production of dilute urine 
that is minimally concentrated or even isosthenuric. How-
ever, some cats with renal azotaemia, which indicates that 
kidney function is at or below 25% of optimum, maintain 
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their ability to conserve water and can have concentrated 
�\�Y�P�U�L�� �^�P�[�O�� �H�� �:�.�� �™�������������� �;�O�L�� �<�:�.�� �H�Z�Z�V�J�P�H�[�L�K�� �^�P�[�O�� �W�V�Z�[��
renal azotaemia is variable. Other clinical findings, such as 
oliguria or anuria with a firm, possibly distended bladder, 
can be used to diagnose this cause of azotaemia.

Bilirubin
Normal metabolism of haemoglobin from senescent 
erythrocytes results in hepatic formation of conjugated 
bilirubin, which is removed from the body primarily in bile 
via the gastrointestinal tract and, to a lesser extent, in 
urine via the kidneys. Chemical testing of urine for the 
presence of bilirubin is performed as a screen to detect 

haemolytic or hepatobiliary diseases (i.e. intrahepatic or 
pos thepatic cholestasis) (Figure 6.20). However, this 
screening test has reduced utility in dogs. Clinically  
normal dogs, especially entire male dogs, form conju -
gated bilirubin in renal tubular epithelial cells and excrete 
a small amount into concentrated urine (USG >1.030) in 
the absence of diseases associated with hyperbilirubinae -
mia. To determine the clinical significance of bilirubinuria 
in dogs, the bilirubin concentration must be interpreted in 
the context of the USG. More concentrated urine with a 
higher USG may have a greater amount of bilirubin, 
whereas less concentrated urine should have a lower 
amount of bilirubin. For example, a 2+ urine bilirubin in a 
dog that has a USG of 1.040 is unlikely to be clinically  

Urine biochemical 
�¤�•�†�‹�•�‰

���ƒ�—�•�‡�•���‘�ˆ���—�”�‹�•�‡���„�‹�‘�…�Š�‡�•�‹�…�ƒ�Ž���¤�•�†�‹�•�‰Causes of false-negative results or 
decreases

Causes of false-positive results or 
increases

���‹�Ž�‹�”�—�„�‹�•�—�”�‹�ƒ• ���‘�”�•�ƒ�Ž���‹�•���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†���—�”�‹�•�‡���‘�ˆ���†�‘�‰�•��
���—�”�‹�•�‡���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���������
�����³�U�ä�T�W�T��

• ���ƒ�‡�•�‘�Ž�›�–�‹�…���†�‹�•�‡�ƒ�•�‡
• ���Š�‘�Ž�‡�•�–�ƒ�–�‹�…���†�‹�•�‡�ƒ�•�‡�•�����Š�‡�’�ƒ�–�‹�…���‘�”��

�’�‘�•�–�Š�‡�’�ƒ�–�‹�…��
• ���‹�Ž�†���‹�•�…�”�‡�ƒ�•�‡���™�‹�–�Š���’�”�‘�Ž�‘�•�‰�‡�†���ƒ�•�‘�”�‡�š�‹�ƒ��

�‘�”���ˆ�‡�˜�‡�”
• ���‡�•�–���‹�•���•�‡�•�•�‹�–�‹�˜�‡���–�‘���…�‘�•�Œ�—�‰�ƒ�–�‡�†���„�‹�Ž�‹�”�—�„�‹�•�á��

�„�—�–���•�‘�–���—�•�…�‘�•�Œ�—�‰�ƒ�–�‡�†���„�‹�Ž�‹�”�—�„�‹�•�����‹�ä�‡�ä��
�„�‹�Ž�‹�”�—�„�‹�•���„�‘�—�•�†���–�‘���ƒ�Ž�„�—�•�‹�•���â���–�Š�‡�”�‡�ˆ�‘�”�‡�á��
�ƒ�Ž�„�—�•�‹�•�—�”�‹�ƒ���…�ƒ�—�•�‡�†���„�›���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”��
�†�‹�•�‡�ƒ�•�‡���‹�•���•�‘�–���ƒ���…�ƒ�—�•�‡���‘�ˆ���†�‡�–�‡�…�–�ƒ�„�Ž�‡��
�„�‹�Ž�‹�”�—�„�‹�•�—�”�‹�ƒ

• ���Š�‘�–�‘�†�‡�‰�”�ƒ�†�ƒ�–�‹�‘�•���‘�ˆ���„�‹�Ž�‹�”�—�„�‹�•���†�—�‡��
�–�‘���‡�š�’�‘�•�—�”�‡���‘�ˆ���–�Š�‡���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡���–�‘��
�Ž�‹�‰�Š�–���ˆ�‘�”���•�‘�”�‡���–�Š�ƒ�•���W�T���•�‹�•�—�–�‡�•

• ���š�‹�†�ƒ�–�‹�‘�•���‘�ˆ���„�‹�Ž�‹�”�—�„�‹�•���–�‘���„�‹�Ž�˜�‡�”�†�‹�•�á��
�™�Š�‹�…�Š���‹�•���‰�”�‡�‡�•�ä�����š�‹�†�ƒ�–�‹�‘�•���‘�…�…�—�”�•��
�•�’�‘�•�–�ƒ�•�‡�‘�—�•�Ž�›���ƒ�•�†���‹�•���ƒ�…�…�‡�Ž�‡�”�ƒ�–�‡�†��
�„�›���‡�š�’�‘�•�—�”�‡���‘�ˆ���–�Š�‡���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡���–�‘��
�ƒ�‹�”

• ���‹�•�…�‘�Ž�‘�—�”�‡�†���—�”�‹�•�‡���•�ƒ�›���•�ƒ�•�•���–�‡�•�–��
�’�ƒ�†���…�‘�Ž�‘�—�”���…�Š�ƒ�•�‰�‡

• ���‡�•�–�”�‹�ˆ�—�‰�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡��
�’�”�‹�‘�”���–�‘���„�‹�Ž�‹�”�—�„�‹�•���–�‡�•�–���•�ƒ�›���…�ƒ�—�•�‡��
�„�‹�Ž�‹�”�—�„�‹�•���–�‘���’�”�‡�…�‹�’�‹�–�ƒ�–�‡

• ���”�—�‰�•�ã���ƒ�•�…�‘�”�„�‹�…���ƒ�…�‹�†

• ���”�—�‰�•�ã���‡�–�‘�†�‘�Ž�ƒ�…���•�‡�–�ƒ�„�‘�Ž�‹�–�‡�•�â��
�’�Š�‡�•�‘�–�Š�‹�ƒ�œ�‹�•�‡�•�����Ž�ƒ�”�‰�‡���†�‘�•�‡�•�á���”�‡�’�‘�”�–�‡�†��
�‹�•���Š�—�•�ƒ�•�•���â���’�Š�‡�•�ƒ�œ�‘�’�›�”�‹�†�‹�•�‡�����•�ƒ�•�‡�•��
�—�”�‹�•�‡���”�‡�†��

�
�Ž�—�…�‘�•�—�”�‹�ƒ Persistent or transient hyperglycaemia:
• ���‹�ƒ�„�‡�–�‡�•���•�‡�Ž�Ž�‹�–�—�•
• ���š�–�”�‡�•�‡���•�–�”�‡�•�•���‹�•���…�ƒ�–�•�����‰�Ž�—�…�‘�•�—�”�‹�ƒ���•�ƒ�›��

�–�‡�•�’�‘�”�ƒ�”�‹�Ž�›���’�‡�”�•�‹�•�–���ƒ�ˆ�–�‡�”���”�‡�•�‘�Ž�—�–�‹�‘�•���‘�ˆ��
�Š�›�’�‡�”�‰�Ž�›�…�ƒ�‡�•�‹�ƒ��

• ���›�’�‡�”�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‹�•�•�����²�U�T�¨���‘�ˆ���…�ƒ�•�‡�•��
• ���…�—�–�‡���’�ƒ�•�…�”�‡�ƒ�–�‹�–�‹�•
• ���ƒ�”�‡���…�ƒ�—�•�‡�•�ã���ƒ�…�”�‘�•�‡�‰�ƒ�Ž�›�â���†�‹�‘�‡�•�–�”�—�•�â��

�Š�›�’�‡�”�‰�Ž�—�…�ƒ�‰�‘�•�ƒ�‡�•�‹�ƒ�â���Š�›�’�‡�”�–�Š�›�”�‘�‹�†�‹�•�•�â��
�’�Š�ƒ�‡�‘�…�Š�”�‘�•�‘�…�›�–�‘�•�ƒ

• ���”�—�‰�•���‘�”���–�‘�š�‹�•�•�ã���†�‡�š�–�”�‘�•�‡�æ�…�‘�•�–�ƒ�‹�•�‹�•�‰��
�ª�—�‹�†�•�â���ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‘�–�”�‘�’�Š�‹�…���Š�‘�”�•�‘�•�‡�â��
�ƒ�†�”�‡�•�ƒ�Ž�‹�•�‡�â���‰�Ž�—�…�‘�…�‘�”�–�‹�…�‘�‹�†�•�â���‡�–�Š�›�Ž�‡�•�‡��
�‰�Ž�›�…�‘�Ž�â���•�‡�‰�‡�•�–�”�‘�Ž���ƒ�…�‡�–�ƒ�–�‡�â���•�‘�”�’�Š�‹�•�‡�â��
�’�Š�‡�•�‘�–�Š�‹�ƒ�œ�‹�•�‡�•�â���’�”�‘�‰�‡�•�–�‡�”�‘�•�‡�â���–�Š�‹�ƒ�œ�‹�†�‡��
�†�‹�—�”�‡�–�‹�…�•�â���’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›���‘�–�Š�‡�”���†�”�—�‰�•���–�Š�ƒ�–��
�…�ƒ�—�•�‡���Š�›�’�‡�”�‰�Ž�›�…�ƒ�‡�•�‹�ƒ�����‡�ä�‰�ä��
�†�‡�š�•�‡�†�‡�–�‘�•�‹�†�‹�•�‡�á���•�‡�–�ƒ�•�‹�•�‡�á��
�’�”�‘�’�”�ƒ�•�‘�Ž�‘�Ž�á���š�›�Ž�ƒ�œ�‹�•�‡��

Acquired or congenital proximal renal 
tubular disease:
• �	�ƒ�•�…�‘�•�‹���•�›�•�†�”�‘�•�‡
• ���”�‹�•�ƒ�”�›���”�‡�•�ƒ�Ž���‰�Ž�—�…�‘�•�—�”�‹�ƒ
• ���•�‹�•�‘�‰�Ž�›�…�‘�•�‹�†�‡���–�‘�š�‹�…�‹�–�›
• ���…�—�–�‡���•�‹�†�•�‡�›���‹�•�Œ�—�”�›���™�‹�–�Š���•�‡�˜�‡�”�‡���–�—�„�—�Ž�ƒ�”��

�’�ƒ�–�Š�‘�Ž�‘�‰�›�����‡�ä�‰�ä���‹�•�ˆ�‡�…�–�‹�‘�•�á���‹�•�…�Š�ƒ�‡�•�‹�ƒ�á��
�–�‘�š�‹�…�‘�•�‹�•��

• ���‘�Ž�†���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡���ƒ�’�’�Ž�‹�‡�†���–�‘���–�‡�•�–��
�’�ƒ�†

• ���—�–�†�ƒ�–�‡�†���†�‹�’�•�–�‹�…�•�•
• ���‹�’�•�–�‹�…�•�•���‡�š�’�‘�•�‡�†���–�‘���•�—�•�Ž�‹�‰�Š�–
• ���‹�•�…�‘�Ž�‘�—�”�‡�†���—�”�‹�•�‡���•�ƒ�›���•�ƒ�•�•���–�‡�•�–��

�’�ƒ�†���…�‘�Ž�‘�—�”���…�Š�ƒ�•�‰�‡
• In vitro���„�ƒ�…�–�‡�”�‹�ƒ�Ž���‘�˜�‡�”�‰�”�‘�™�–�Š���•�ƒ�›��

�†�‡�…�”�‡�ƒ�•�‡���‰�Ž�—�…�‘�•�‡�â���•�—�•�‡�”�‘�—�•��
�„�ƒ�…�–�‡�”�‹�ƒ���™�‹�Ž�Ž���„�‡���’�”�‡�•�‡�•�–���‹�•���–�Š�‡��
�•�‡�†�‹�•�‡�•�–

• ���•���•�ƒ�•�’�Ž�‡�•���™�‹�–�Š���Ž�‘�™���‰�Ž�—�…�‘�•�‡��
�…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•�á���•�‘�†�‡�”�ƒ�–�‡���•�‡�–�‘�•�—�”�‹�ƒ��
���V�ª�����T�ä�X���‰���Ž�������™�‹�Ž�Ž���…�ƒ�—�•�‡���ƒ���ˆ�ƒ�Ž�•�‡�æ��
�•�‡�‰�ƒ�–�‹�˜�‡���”�‡�•�—�Ž�–

• ���‡�”�›���Š�‹�‰�Š���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›
• ���”�—�‰�•�ã���‹�•���•�ƒ�•�’�Ž�‡�•���™�‹�–�Š���Ž�‘�™���‰�Ž�—�…�‘�•�‡��

�…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•�á���ƒ�•�…�‘�”�„�‹�…���ƒ�…�‹�†���™�‹�Ž�Ž��
�…�ƒ�—�•�‡���ƒ���ˆ�ƒ�Ž�•�‡�æ�•�‡�‰�ƒ�–�‹�˜�‡���”�‡�•�—�Ž�–�â��
�–�‡�–�”�ƒ�…�›�…�Ž�‹�•�‡�•���†�—�‡���–�‘���ƒ�•�…�‘�”�„�‹�…���ƒ�…�‹�†��
�ˆ�‘�”�•�ƒ�–�‹�‘�•�����ƒ�„�‘�˜�‡���â���ˆ�‘�”�•�ƒ�Ž�†�‡�Š�›�†�‡��
�ˆ�‘�”�•�‡�†���ˆ�”�‘�•���•�‡�–�Š�‡�•�ƒ�•�‹�•�‡��
���Š�‡�š�ƒ�•�‹�•�‡��

• ���‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���†�‹�’�•�–�‹�…�•�•���‘�”���—�”�‹�•�‡��
�•�ƒ�•�’�Ž�‡���™�‹�–�Š���‘�š�‹�†�‹�œ�‹�•�‰���…�Š�‡�•�‹�…�ƒ�Ž�•�����‡�ä�‰�ä��
�„�Ž�‡�ƒ�…�Š�á���Š�›�†�”�‘�‰�‡�•���’�‡�”�‘�š�‹�†�‡��

• ���”�‘�Ž�‘�•�‰�‡�†���‡�š�’�‘�•�—�”�‡���‘�ˆ���†�‹�’�•�–�‹�…�•�•���–�‘���ƒ�‹�”��
���†�ƒ�›�•��

• ���”�‹�•�ƒ�”�›���Š�ƒ�‡�•�‘�”�”�Š�ƒ�‰�‡���‹�•���ƒ���’�ƒ�–�‹�‡�•�–���™�‹�–�Š��
�•�‹�Ž�†���Š�›�’�‡�”�‰�Ž�›�…�ƒ�‡�•�‹�ƒ�����‹�ä�‡�ä���²�U�T�ä�T���•�•�‘�Ž���Ž��
���U�\�T���•�‰���†�Ž�����‹�•���†�‘�‰�•�â���²�U�Y�ä�Y���•�•�‘�Ž���Ž�����V�\�T��
�•�‰���†�Ž�����‹�•���…�ƒ�–�•��

• ���•�‡���”�‡�’�‘�”�–���‘�„�•�‡�”�˜�‡�†���î�’�•�‡�—�†�‘�‰�Ž�—�…�‘�•�‡�ï��
�‹�•���…�ƒ�–�•���™�‹�–�Š���—�”�‡�–�Š�”�ƒ�Ž���‘�„�•�–�”�—�…�–�‹�‘�•

• ���”�—�‰�•�ã���…�‡�ˆ�ƒ�Ž�‡�š�‹�•�������Š�‡�•�•�–�”�‹�’�•���U�T�����
����

���ƒ�‡�•���”�‡�ƒ�…�–�‹�‘�•• ���ƒ�–�Š�‘�Ž�‘�‰�‹�…�ƒ�Ž���‘�”���‹�ƒ�–�”�‘�‰�‡�•�‹�…���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ��
���‡�”�›�–�Š�”�‘�…�›�–�‡�•���•�ƒ�›���•�‘�–���„�‡���‘�„�•�‡�”�˜�‡�†���‹�•��
�—�”�‹�•�‡���•�‡�†�‹�•�‡�•�–���‘�™�‹�•�‰���–�‘���Ž�›�•�‹�•���‹�•���†�‹�Ž�—�–�‡��
�—�”�‹�•�‡���������
���²�U�ä�T�T�\���á���˜�‡�”�›���ƒ�Ž�•�ƒ�Ž�‹�•�‡���—�”�‹�•�‡��
���’�����³�]�����‘�”���•�‘�†�‡�”�ƒ�–�‡�Ž�›���ƒ�Ž�•�ƒ�Ž�‹�•�‡�����’�����³�[�ä�Y����
�‘�”���˜�‡�”�›���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†���—�”�‹�•�‡���������
���³�U�ä�T�W�Y����

• ���ƒ�‡�•�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ���†�—�‡���–�‘���†�‡�•�–�”�—�…�–�‹�‘�•���‘�ˆ��
�‡�”�›�–�Š�”�‘�…�›�–�‡�•���–�Š�ƒ�–���‘�…�…�—�”�•���‡�‹�–�Š�‡�”���‘�—�–�•�‹�†�‡��
�‘�”���™�‹�–�Š�‹�•���–�Š�‡���—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–

• ���›�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ���†�—�‡���–�‘���•�›�‘�…�›�–�‡���‹�•�Œ�—�”�›

• �	�ƒ�‹�Ž�—�”�‡���–�‘���•�‹�š���–�Š�‡���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡���™�‡�Ž�Ž��
�’�”�‹�‘�”���–�‘���–�‡�•�–�‹�•�‰���‹�•���‘�”�†�‡�”���–�‘��
�”�‡�•�—�•�’�‡�•�†���•�‡�†�‹�•�‡�•�–�‡�†��
�‡�”�›�–�Š�”�‘�…�›�–�‡�•

• ���—�–�†�ƒ�–�‡�†���†�‹�’�•�–�‹�…�•�•
• ���‡�”�›���Š�‹�‰�Š���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›
• ���‘�•�•�‹�„�Ž�‡���„�—�–���—�•�Ž�‹�•�‡�Ž�›�ã���Ž�ƒ�”�‰�‡���ƒ�•�‘�—�•�–��

�‘�ˆ���•�‹�–�”�ƒ�–�‡���ˆ�”�‘�•���„�ƒ�…�–�‡�”�‹�ƒ���‹�•���—�”�‹�•�ƒ�”�›��
�–�”�ƒ�…�–���‹�•�ˆ�‡�…�–�‹�‘�•

• ���”�—�‰�•�ã���ƒ�•�…�‘�”�„�‹�…���ƒ�…�‹�†�á���…�ƒ�’�–�‘�’�”�‹�Ž�â��
�ˆ�‘�”�•�ƒ�Ž�†�‡�Š�›�†�‡���ˆ�‘�”�•�‡�†���ˆ�”�‘�•��
�•�‡�–�Š�ƒ�•�ƒ�•�‹�•�‡�����Š�‡�š�ƒ�•�‹�•�‡��

• ���•���ƒ���˜�‘�‹�†�‡�†���•�ƒ�•�’�Ž�‡�á���‰�‡�•�‹�–�ƒ�Ž���–�”�ƒ�…�–��
�Š�ƒ�‡�•�‘�”�”�Š�ƒ�‰�‡���ƒ�•�†���‘�‡�•�–�”�—�•���ƒ�”�‡���•�‘�—�”�…�‡�•��
�‘�ˆ���‹�•�–�ƒ�…�–���‡�”�›�–�Š�”�‘�…�›�–�‡�•

• ���‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���†�‹�’�•�–�‹�…�•�•���‘�”���—�”�‹�•�‡��
�•�ƒ�•�’�Ž�‡���™�‹�–�Š���‘�š�‹�†�‹�œ�‹�•�‰���…�Š�‡�•�‹�…�ƒ�Ž�•�����‡�ä�‰�ä��
�„�Ž�‡�ƒ�…�Š�á���Š�›�†�”�‘�‰�‡�•���’�‡�”�‘�š�‹�†�‡��

• ���‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡���™�‹�–�Š��
�†�‹�‰�‡�•�–�‡�†���Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•���‹�•���ª�‡�ƒ��
�‡�š�…�”�‡�•�‡�•�–�����î�ª�‡�ƒ���†�‹�”�–�ï��

• ���‹�‰�Š���—�”�‹�•�‡���„�‹�Ž�‹�”�—�„�‹�•
• ���‘�•�•�‹�„�Ž�‡���„�—�–���—�•�Ž�‹�•�‡�Ž�›�ã���’�‡�”�‘�š�‹�†�ƒ�•�‡�•���ˆ�”�‘�•��

�„�ƒ�…�–�‡�”�‹�ƒ�á���Ž�‡�—�…�‘�…�›�–�‡�•�á���‡�’�‹�–�Š�‡�Ž�‹�ƒ�Ž���…�‡�Ž�Ž�•���‘�”��
�•�’�‡�”�•�â���Ž�ƒ�”�‰�‡���ƒ�•�‘�—�•�–���‘�ˆ���„�”�‘�•�‹�†�‡���‘�”��
�‹�‘�†�‹�†�‡�����‡�ä�‰�ä�������”���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•��

���•�–�‡�”�’�”�‡�–�ƒ�–�‹�‘�•���‘�ˆ���—�”�‹�•�‡���„�‹�‘�…�Š�‡�•�‹�•�–�”�›���”�‡�•�—�Ž�–�•���†�‡�–�‡�”�•�‹�•�‡�†���„�›���—�”�‹�•�‡���†�‹�’�•�–�‹�…�•�ä�����ƒ�—�•�‡�•���‘�ˆ���ˆ�ƒ�Ž�•�‡�æ�’�‘�•�‹�–�‹�˜�‡���‘�”���ˆ�ƒ�Ž�•�‡�æ�•�‡�‰�ƒ�–�‹�˜�‡���”�‡�•�—�Ž�–�•���˜�ƒ�”�›���™�‹�–�Š�� 
�†�‹�¡�‡�”�‡�•�–���–�‡�•�–���•�‡�–�Š�‘�†�•�â���…�‘�•�•�—�Ž�–���’�”�‘�†�—�…�–���†�‘�…�—�•�‡�•�–�ƒ�–�‹�‘�•���ˆ�‘�”���•�’�‡�…�‹�¤�…���†�‡�–�ƒ�‹�Ž�•�ä�����…�‘�•�–�‹�•�—�‡�•��6.20
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Urine biochemical 
�¤�•�†�‹�•�‰

���ƒ�—�•�‡�•���‘�ˆ���—�”�‹�•�‡���„�‹�‘�…�Š�‡�•�‹�…�ƒ�Ž���¤�•�†�‹�•�‰Causes of false-negative results or 
decreases

Causes of false-positive results or 
increases

���”�‘�„�‹�Ž�‹�•�‘�‰�‡�•��
�”�‡�ƒ�…�–�‹�‘�•

• ���Š�‹�•���–�‡�•�–���Š�ƒ�•���•�‹�•�‹�•�ƒ�Ž���…�Ž�‹�•�‹�…�ƒ�Ž���•�‹�‰�•�‹�¤�…�ƒ�•�…�‡��
�‹�•���˜�‡�–�‡�”�‹�•�ƒ�”�›���•�‡�†�‹�…�‹�•�‡

• �����•�•�ƒ�Ž�Ž���ƒ�•�‘�—�•�–�����T�ä�V���•�‰���Ž�����‹�•���•�‘�”�•�ƒ�Ž�á��
�–�Š�‘�—�‰�Š���•�‘�”�•�ƒ�Ž���ƒ�•�‹�•�ƒ�Ž�•���•�ƒ�›���Š�ƒ�˜�‡���•�‘�•�‡��
�‘�™�‹�•�‰���–�‘���†�‹�—�”�•�ƒ�Ž���˜�ƒ�”�‹�ƒ�–�‹�‘�•

Increased amount:
• ���•�—�ƒ�Ž�Ž�›���•�’�—�”�‹�‘�—�•
• ���ƒ�›���„�‡���•�‡�‡�•���™�‹�–�Š���Š�ƒ�‡�•�‘�Ž�›�–�‹�…���‘�”��

�Š�‡�’�ƒ�–�‘�„�‹�Ž�‹�ƒ�”�›���†�‹�•�‡�ƒ�•�‡

Decreased amount:
• Spurious
• ���‹�—�”�•�ƒ�Ž���˜�ƒ�”�‹�ƒ�–�‹�‘�•
• ���‹�Ž�‡���†�—�…�–���‘�„�•�–�”�—�…�–�‹�‘�•

• ���Š�‘�–�‘�†�‡�‰�”�ƒ�†�ƒ�–�‹�‘�•���‘�ˆ���—�”�‘�„�‹�Ž�‹�•�‘�‰�‡�•��
�†�—�‡���–�‘���‡�š�’�‘�•�—�”�‡���‘�ˆ���–�Š�‡���—�”�‹�•�‡��
�•�ƒ�•�’�Ž�‡���–�‘���Ž�‹�‰�Š�–

• ���š�‹�†�‹�œ�‡�†���„�›���ƒ�…�‹�†�‹�…���—�”�‹�•�‡���–�‘���—�”�‘�„�‹�Ž�‹�•��
���‰�”�‡�‡�•��

• ���”�—�‰�•�ã���ˆ�‘�”�•�ƒ�Ž�†�‡�Š�›�†�‡���ˆ�‘�”�•�‡�†���ˆ�”�‘�•��
�•�‡�–�Š�ƒ�•�ƒ�•�‹�•�‡�����Š�‡�š�ƒ�•�‹�•�‡��

• ���—�–�†�ƒ�–�‡�†���†�‹�’�•�–�‹�…�•�•
• ���•�’�”�‘�’�‡�”���•�–�‘�”�ƒ�‰�‡���‘�ˆ���†�‹�’�•�–�‹�…�•���•�‡�ƒ�”���ƒ���Š�‡�ƒ�–��

source
• ���”�—�‰�•�ã���ƒ�•�‹�•�‘�•�ƒ�Ž�‹�…�›�Ž�‹�…���ƒ�…�‹�†�â��

�ƒ�•�‹�•�‘�„�‡�•�œ�‘�‹�…���ƒ�…�‹�†�â���’�Š�‡�•�ƒ�œ�‘�’�›�”�‹�†�‹�•�‡�â��
�•�—�Ž�’�Š�‘�•�ƒ�•�‹�†�‡�•

���‡�–�‘�•�—�”�‹�ƒ Hyperglycaemic ketonuria:
• ���•�…�‘�•�–�”�‘�Ž�Ž�‡�†���†�‹�ƒ�„�‡�–�‡�•���•�‡�Ž�Ž�‹�–�—�•�����ƒ��

�…�‘�•�•�‘�•���ƒ�•�†���‹�•�’�‘�”�–�ƒ�•�–���…�ƒ�—�•�‡��

Normo- or hypoglycaemic ketonuria (most 
are uncommon causes):
• ���”�‘�Ž�‘�•�‰�‡�†���ƒ�•�‘�”�‡�š�‹�ƒ���•�–�ƒ�”�˜�ƒ�–�‹�‘�•�����–�Š�‡��

�•�‘�”�‡���Ž�‹�•�‡�Ž�›���…�ƒ�—�•�‡���‹�•���›�‘�—�•�‰���ƒ�•�‹�•�ƒ�Ž�•��
• ���‡�˜�‡�”�‡���…�ƒ�”�„�‘�Š�›�†�”�ƒ�–�‡���”�‡�•�–�”�‹�…�–�‹�‘�•
• Strenuous exercise
• ���š�–�”�‡�•�‡���…�‘�Ž�†
• �	�‡�˜�‡�”
• ���›�’�‡�”�‰�Ž�—�…�ƒ�‰�‘�•�ƒ�‡�•�‹�ƒ���†�—�‡���–�‘���Ž�‹�˜�‡�”��

�†�‹�•�‡�ƒ�•�‡���…�ƒ�—�•�‹�•�‰���”�‡�†�—�…�‡�†���Š�‡�’�ƒ�–�‹�…��
�…�Ž�‡�ƒ�”�ƒ�•�…�‡���‘�ˆ���‰�Ž�—�…�ƒ�‰�‘�•

• �
�Ž�›�…�‘�‰�‡�•���•�–�‘�”�ƒ�‰�‡���†�‹�•�‡�ƒ�•�‡
• ���ƒ�…�–�ƒ�–�‹�‘�•
• ���‡�–�Š�›�Ž�•�ƒ�Ž�‘�•�‹�…���ƒ�…�‹�†�ƒ�‡�•�‹�ƒ�����”�‡�’�‘�”�–�‡�†���‹�•���ƒ��

�ˆ�ƒ�•�‹�Ž�›���‘�ˆ�����ƒ�Ž�–�‡�•�‡���†�‘�‰�•��
• ���‘�•�–�’�ƒ�•�…�”�‡�ƒ�–�‡�…�–�‘�•�›
• ���”�‡�‰�•�ƒ�•�…�›
• ���‡�•�ƒ�Ž���‰�Ž�—�…�‘�•�—�”�‹�ƒ
• ���›�’�‡�”�–�Š�›�”�‘�‹�†�‹�•�•�����•�‡�–�‘�•�—�”�‹�ƒ��

�†�‘�…�—�•�‡�•�–�‡�†���‹�•���Š�—�•�ƒ�•�•��

Uncommon endocrinopathies associated 
with variable blood glucose:
• ���…�”�‘�•�‡�‰�ƒ�Ž�›
• ���†�”�‡�•�ƒ�Ž���–�—�•�‘�—�”�•
• �
�Ž�—�…�ƒ�‰�‘�•�‘�•�ƒ
• ���•�•�—�Ž�‹�•�‘�•�ƒ
• ���‹�–�—�‹�–�ƒ�”�›���ƒ�†�‡�•�‘�•�ƒ�•
• ���”�—�‰�•�ã���ƒ�•�’�‹�”�‹�•���‹�•�–�‘�š�‹�…�ƒ�–�‹�‘�•�â���‰�”�‘�™�–�Š��

�Š�‘�”�•�‘�•�‡���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•�â��
�•�–�”�‡�’�–�‘�œ�‘�–�‘�…�‹�•

• ���”�‡�†�‘�•�‹�•�ƒ�•�–���•�‡�–�‘�•�‡���‹�•���„�‡�–�ƒ�æ
�Š�›�†�”�‘�š�›�„�—�–�›�”�ƒ�–�‡�á���™�Š�‹�…�Š���‹�•���’�‘�‘�”�Ž�›��
�†�‡�–�‡�…�–�‡�†���„�›���†�‹�’�•�–�‹�…�•

• ���•�’�”�‘�’�‡�”���•�–�‘�”�ƒ�‰�‡���‘�ˆ���†�‹�’�•�–�‹�…�•�•��
���‡�š�’�‘�•�—�”�‡���‘�ˆ���”�‡�ƒ�‰�‡�•�–���–�‘���Ž�‹�‰�Š�–�á���Š�‡�ƒ�–�á��
�•�‘�‹�•�–�—�”�‡��

• ���•�’�”�‘�’�‡�”���•�–�‘�”�ƒ�‰�‡���‘�ˆ���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡��
�™�Š�‹�…�Š���…�ƒ�•���ƒ�Ž�Ž�‘�™���‡�˜�ƒ�’�‘�”�ƒ�–�‹�‘�•���‘�ˆ��
�•�‡�–�‘�•�‡�•

• ���‡�–�‘�•�‡�•���‹�•���–�Š�‡���•�ƒ�•�’�Ž�‡���…�ƒ�•���„�‡��
�†�‡�…�”�‡�ƒ�•�‡�†���„�›���„�ƒ�…�–�‡�”�‹�ƒ���–�Š�ƒ�–���ƒ�”�‡��
�’�”�‡�•�‡�•�–���‘�™�‹�•�‰���–�‘���—�”�‹�•�ƒ�”�›���–�”�ƒ�…�–��
infection or in vitro���…�‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•

• ���‹�•�…�‘�Ž�‘�—�”�‡�†���—�”�‹�•�‡
• ���‘�™���’�����•�ƒ�›���…�ƒ�—�•�‡���–�”�ƒ�…�‡���”�‡�ƒ�…�–�‹�‘�•
• ���‹�‰�Š���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›���•�ƒ�›���…�ƒ�—�•�‡���–�”�ƒ�…�‡��

�”�‡�ƒ�…�–�‹�‘�•
• ���”�‡�•�‡�•�…�‡���‘�ˆ���–�Š�‡���ƒ�•�‹�•�‘���ƒ�…�‹�†���…�›�•�–�‡�‹�•�‡���‹�•��

�—�”�‹�•�‡���†�—�‡���–�‘���’�”�‘�š�‹�•�ƒ�Ž���”�‡�•�ƒ�Ž���–�—�„�—�Ž�ƒ�”��
�†�‹�•�‡�ƒ�•�‡

• ���”�‡�•�‡�•�…�‡���‘�ˆ���’�›�”�—�˜�ƒ�–�‡���‹�•���—�”�‹�•�‡���†�—�‡���–�‘��
�•�‹�–�‘�…�Š�‘�•�†�”�‹�ƒ�Ž���•�›�‘�’�ƒ�–�Š�›

• ���”�—�‰�•���‘�”���†�‹�ƒ�‰�•�‘�•�–�‹�…���ƒ�‰�‡�•�–�•�ã��
N�æ�ƒ�…�‡�–�›�Ž�…�›�•�–�‡�‹�•�‡�â��
�„�”�‘�•�‘�•�—�Ž�’�Š�‘�’�Š�–�Š�ƒ�Ž�‡�‹�•�â���…�ƒ�’�–�‘�’�”�‹�Ž�â��
�†�‹�•�‡�”�…�ƒ�’�”�‘�Ž�â���•�‡�–�Š�‹�‘�•�‹�•�‡�â���Ž�‡�˜�‘�†�‘�’�ƒ��
�•�‡�–�ƒ�„�‘�Ž�‹�–�‡�•�â���•�‡�•�•�ƒ�â���	�æ�’�‡�•�‹�…�‹�Ž�Ž�ƒ�•�‹�•�‡�â��
�’�Š�‡�•�ƒ�œ�‘�’�›�”�‹�†�‹�•�‡�â���–�‹�‘�’�”�‘�•�‹�•�����V�æ�����
���â��
�˜�ƒ�Ž�’�”�‘�‹�…���ƒ�…�‹�†�â���‘�–�Š�‡�”�•

pH High pH >7.5:
• ���‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž���ƒ�Ž�•�ƒ�Ž�‹�•�‡���–�‹�†�‡�����U���Š�‘�—�”��

�’�‘�•�–�’�”�ƒ�•�†�‹�ƒ�Ž�Ž�›��
• ���”�‹�•�ƒ�”�›���–�”�ƒ�…�–���‹�•�ˆ�‡�…�–�‹�‘�•���…�ƒ�—�•�‡�†���„�›��

�—�”�‡�ƒ�•�‡�æ�’�”�‘�†�—�…�‹�•�‰���„�ƒ�…�–�‡�”�‹�ƒ�����‡�ä�‰�ä��
Staphylococcus�á��Proteus�����–�Š�ƒ�–���‰�‡�•�‡�”�ƒ�–�‡��
�ƒ�•�•�‘�•�‹�ƒ

• ���‹�‰�Š���˜�‡�‰�‡�–�ƒ�„�Ž�‡���…�‘�•�–�‡�•�–���†�‹�‡�–
• ���Ž�•�ƒ�Ž�‘�•�‹�•�á���—�•�—�ƒ�Ž�Ž�›���•�‡�–�ƒ�„�‘�Ž�‹�…�����‡�ä�‰�ä���†�—�‡���–�‘��

�˜�‘�•�‹�–�‹�•�‰��
• ���‡�•�ƒ�Ž���–�—�„�—�Ž�ƒ�”���ƒ�…�‹�†�‘�•�‹�•�����”�ƒ�”�‡���ä�����ƒ�”�Ž�›��

�’�”�‘�š�‹�•�ƒ�Ž���”�‡�•�ƒ�Ž���–�—�„�—�Ž�ƒ�”���ƒ�…�‹�†�‘�•�‹�•���†�—�‡���–�‘��
�„�‹�…�ƒ�”�„�‘�•�ƒ�–�‡���Ž�‘�•�•���‹�•�–�‘���—�”�‹�•�‡�â���Ž�ƒ�–�‡�”��
�†�‡�˜�‡�Ž�‘�’���ƒ�…�‹�†�—�”�‹�ƒ���‘�•�…�‡���„�‹�…�ƒ�”�„�‘�•�ƒ�–�‡��
�†�‡�’�Ž�‡�–�‡�†�ä�����‹�•�–�ƒ�Ž���”�‡�•�ƒ�Ž���–�—�„�—�Ž�ƒ�”���ƒ�…�‹�†�‘�•�‹�•�ã��
�’�����‹�•���‹�•�ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡�Ž�›���Š�‹�‰�Š�����³�Z�����‰�‹�˜�‡�•���–�Š�‡��
�’�”�‡�•�‡�•�…�‡���‘�ˆ���…�‘�•�…�—�”�”�‡�•�–���•�‡�–�ƒ�„�‘�Ž�‹�…��
�ƒ�…�‹�†�‘�•�‹�•���…�ƒ�—�•�‡�†���„�›���ˆ�ƒ�‹�Ž�—�”�‡���–�‘���‡�š�…�”�‡�–�‡��
�Š�›�†�”�‘�‰�‡�•���‹�‘�•�•

• ���Ž�•�ƒ�Ž�‹�•�‹�œ�‹�•�‰���–�Š�‡�”�ƒ�’�›�����•�‡�‡���	�‹�‰�—�”�‡���Z�ä�V�V��

Low pH <7:
• ���‘�”�•�ƒ�Ž���‹�•���…�ƒ�”�•�‹�˜�‘�”�‡�•�����—�•�—�ƒ�Ž�Ž�›���„�‡�–�™�‡�‡�•��

�Y�ä�Y���ƒ�•�†���[�ä�Y��
• ���”�‹�•�ƒ�”�›���–�”�ƒ�…�–���‹�•�ˆ�‡�…�–�‹�‘�•���…�ƒ�—�•�‡�†���„�›��

�ƒ�…�‹�†�æ�’�”�‘�†�—�…�‹�•�‰���„�ƒ�…�–�‡�”�‹�ƒ

• ���˜�‡�”�ª�‘�™���‘�ˆ���—�”�‹�•�‡���„�‡�–�™�‡�‡�•���–�‡�•�–��
�’�ƒ�†�•�á���…�ƒ�—�•�‹�•�‰���…�‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���’����
�–�‡�•�–���’�ƒ�†���„�›���ƒ�…�‹�†���„�—�¡�‡�”���ˆ�”�‘�•���’�”�‘�–�‡�‹�•��
�–�‡�•�–���’�ƒ�†

• In vitro���‘�˜�‡�”�‰�”�‘�™�–�Š���‘�ˆ���„�ƒ�…�–�‡�”�‹�ƒ���–�Š�ƒ�–��
�—�•�‡���‰�Ž�—�…�‘�•�‡���–�‘���ˆ�‘�”�•���ƒ�…�‹�†�‹�…��
�•�‡�–�ƒ�„�‘�Ž�‹�–�‡�•�á���•�—�•�‡�”�‘�—�•���„�ƒ�…�–�‡�”�‹�ƒ��
�™�‹�Ž�Ž���„�‡���’�”�‡�•�‡�•�–���‹�•���–�Š�‡���•�‡�†�‹�•�‡�•�–

• ���‹�•�…�‘�Ž�‘�—�”�‡�†���—�”�‹�•�‡���•�ƒ�›���‹�•�–�‡�”�ˆ�‡�”�‡��
�™�‹�–�Š���‹�•�–�‡�”�’�”�‡�–�ƒ�–�‹�‘�•���‘�ˆ���…�‘�Ž�‘�—�”��
�…�Š�ƒ�•�‰�‡

• ���‹�’�•�–�‹�…�•���’�����•�‡�ƒ�•�—�”�‡�•�‡�•�–�•��
estimate���’�����™�‹�–�Š�‹�•���¬���U���’�����—�•�‹�–���‘�ˆ��
�–�Š�ƒ�–���†�‡�–�‡�”�•�‹�•�‡�†���„�›���’�����•�‡�–�‡�”�ä��
�	�‡�Ž�‹�•�‡���—�”�‹�•�‡���’�����†�‡�–�‡�”�•�‹�•�‡�†���„�›��
�†�‹�’�•�–�‹�…�•���‹�•���…�‘�•�•�‹�•�–�‡�•�–�Ž�›���Ž�‘�™�‡�”���–�Š�ƒ�•��
�’�����†�‡�–�‡�”�•�‹�•�‡�†���„�›���•�‡�–�‡�”

• ���‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���†�‹�’�•�–�‹�…�•�•���‘�”���—�”�‹�•�‡��
�•�ƒ�•�’�Ž�‡���™�‹�–�Š���…�Ž�‡�ƒ�•�•�‡�”���”�‡�•�‹�†�—�‡�•�����‡�ä�‰�ä��
�“�—�ƒ�–�‡�”�•�ƒ�”�›���ƒ�•�•�‘�•�‹�—�•���…�‘�•�’�‘�—�•�†�•��

• ���•�’�”�‘�’�‡�”���•�–�‘�”�ƒ�‰�‡���‘�ˆ���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡���™�Š�‹�…�Š��
�…�ƒ�•���ƒ�Ž�Ž�‘�™���Ž�‘�•�•���‘�ˆ���…�ƒ�”�„�‘�•���†�‹�‘�š�‹�†�‡�á���”�ƒ�‹�•�‹�•�‰��
pH

• In vitro���‘�˜�‡�”�‰�”�‘�™�–�Š���‘�ˆ���—�”�‡�ƒ�•�‡�æ�’�”�‘�†�—�…�‹�•�‰��
�„�ƒ�…�–�‡�”�‹�ƒ���–�Š�ƒ�–���‰�‡�•�‡�”�ƒ�–�‡���ƒ�•�•�‘�•�‹�—�•�á��
�•�—�•�‡�”�‘�—�•���„�ƒ�…�–�‡�”�‹�ƒ���™�‹�Ž�Ž���„�‡���’�”�‡�•�‡�•�–���‹�•��
�–�Š�‡���•�‡�†�‹�•�‡�•�–

• ���‹�•�…�‘�Ž�‘�—�”�‡�†���—�”�‹�•�‡���•�ƒ�›���‹�•�–�‡�”�ˆ�‡�”�‡���™�‹�–�Š��
�‹�•�–�‡�”�’�”�‡�–�ƒ�–�‹�‘�•���‘�ˆ���…�‘�Ž�‘�—�”���…�Š�ƒ�•�‰�‡

• ���‹�’�•�–�‹�…�•���’�����•�‡�ƒ�•�—�”�‡�•�‡�•�–�•���‡�•�–�‹�•�ƒ�–�‡���’����
�™�‹�–�Š�‹�•���¬���U���’�����—�•�‹�–���‘�ˆ���–�Š�ƒ�–���†�‡�–�‡�”�•�‹�•�‡�†���„�›��
�’�����•�‡�–�‡�”
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Urine biochemical 
�¤�•�†�‹�•�‰

���ƒ�—�•�‡�•���‘�ˆ���—�”�‹�•�‡���„�‹�‘�…�Š�‡�•�‹�…�ƒ�Ž���¤�•�†�‹�•�‰Causes of false-negative results or 
decreases

Causes of false-positive results or 
increases

�’������continued) Low pH <7: ���…�‘�•�–�‹�•�—�‡�†��
• ���‹�‰�Š���•�‡�ƒ�–���…�‘�•�–�‡�•�–���†�‹�‡�–
• ���•�…�”�‡�ƒ�•�‡�†���’�”�‘�–�‡�‹�•���…�ƒ�–�ƒ�„�‘�Ž�‹�•�•�����‡�ä�‰�ä���ˆ�‡�˜�‡�”�á��

�ƒ�•�‘�”�‡�š�‹�ƒ��
• ���…�‹�†�‘�•�‹�•�á���—�•�—�ƒ�Ž�Ž�›���•�‡�–�ƒ�„�‘�Ž�‹�…�����‡�ä�‰�ä���†�‹�ƒ�„�‡�–�‹�…��

�•�‡�–�‘�ƒ�…�‹�†�‘�•�‹�•�á���Ž�ƒ�…�–�‹�…���ƒ�…�‹�†�‘�•�‹�•�á���—�”�ƒ�‡�•�‹�…��
• ���›�’�‘�•�ƒ�Ž�ƒ�‡�•�‹�ƒ
• ���‡�˜�‡�”�‡���†�‹�ƒ�”�”�Š�‘�‡�ƒ
• ���‡�–�ƒ�„�‘�Ž�‹�…���ƒ�Ž�•�ƒ�Ž�‘�•�‹�•���™�‹�–�Š���’�ƒ�”�ƒ�†�‘�š�‹�…��

�ƒ�…�‹�†�—�”�‹�ƒ���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���•�‡�˜�‡�”�‡��
�˜�‘�•�‹�–�‹�‘�•�á���—�’�’�‡�”���‰�ƒ�•�–�”�‘�‹�•�–�‡�•�–�‹�•�ƒ�Ž��
�‘�„�•�–�”�—�…�–�‹�‘�•�á���‡�–�…�ä

• ���”�‘�š�‹�•�ƒ�Ž���”�‡�•�ƒ�Ž���–�—�„�—�Ž�ƒ�”���ƒ�…�‹�†�‘�•�‹�•�����”�ƒ�”�‡����
�‘�•�…�‡���„�‹�…�ƒ�”�„�‘�•�ƒ�–�‡���†�‡�’�Ž�‡�–�‡�†

• ���…�‹�†�‹�ˆ�›�‹�•�‰���–�Š�‡�”�ƒ�’�›�����•�‡�‡���	�‹�‰�—�”�‡���Z�ä�V�V��

���”�‘�–�‡�‹�•�—�”�‹�ƒ Preglomerular:
• ���Š�›�•�‹�‘�Ž�‘�‰�‹�…�ƒ�Ž���’�”�‘�–�‡�‹�•�—�”�‹�ƒ�����–�”�ƒ�•�•�‹�‡�•�–���ã��

�ˆ�‡�˜�‡�”�â���•�‡�‹�œ�—�”�‡�•�â���•�–�”�‡�•�•�â���–�‡�•�’�‡�”�ƒ�–�—�”�‡��
�‡�š�–�”�‡�•�‡�•�â���˜�‡�•�‘�—�•���…�‘�•�‰�‡�•�–�‹�‘�•

• ���›�•�’�”�‘�–�‡�‹�•�ƒ�‡�•�‹�ƒ���…�ƒ�—�•�‹�•�‰���–�—�„�—�Ž�ƒ�”��
�‘�˜�‡�”�Ž�‘�ƒ�†�ã���•�‡�˜�‡�”�‡���Š�›�’�‡�”�‰�Ž�‘�„�—�Ž�‹�•�ƒ�‡�•�‹�ƒ��
���‹�ä�‡�ä���•�‘�•�‘�æ���‘�”���’�‘�Ž�›�…�Ž�‘�•�ƒ�Ž���‰�ƒ�•�•�‘�’�ƒ�–�Š�›���â��
���‡�•�…�‡���
�‘�•�‡�•���’�”�‘�–�‡�‹�•�—�”�‹�ƒ�â��
�•�›�‘�‰�Ž�‘�„�‹�•�—�”�‹�ƒ�â���‡�š�…�‡�•�•�‹�˜�‡���’�Ž�ƒ�•�•�ƒ��
�ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•

Glomerular:
• ���”�‹�•�ƒ�”�›���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”���’�”�‘�–�‡�‹�•�—�”�‹�ƒ�ã��

�‹�•�•�—�•�‡�æ�•�‡�†�‹�ƒ�–�‡�†���†�‡�•�–�”�—�…�–�‹�‘�•�â��
�‰�Ž�‘�•�‡�”�—�Ž�ƒ�”���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ�â���‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›�â��
�•�‡�‘�’�Ž�ƒ�•�–�‹�…

• ���‡�…�‘�•�†�ƒ�”�›���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”���’�”�‘�–�‡�‹�•�—�”�‹�ƒ�ã��
�ƒ�•�›�Ž�‘�‹�†�‘�•�‹�•�����†�‘�‰�•���â���‰�Ž�‘�•�‡�”�—�Ž�ƒ�”��
�Š�›�’�‡�”�¤�Ž�–�”�ƒ�–�‹�‘�•�â���Š�›�’�‡�”�ƒ�†�”�‡�•�‘�…�‘�”�–�‹�…�‹�•�•�â��
�‹�•�•�—�•�‡���…�‘�•�’�Ž�‡�š���†�‡�’�‘�•�‹�–�‹�‘�•

Postglomerular:
• ���”�‘�‰�‡�•�‹�–�ƒ�Ž���–�”�ƒ�…�–���†�‹�•�‡�ƒ�•�‡�ã���Š�ƒ�‡�•�‘�”�”�Š�ƒ�‰�‹�…�â��

�‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›�â���‹�•�…�Š�ƒ�‡�•�‹�…�â���•�‡�‘�’�Ž�ƒ�•�–�‹�…�â��
�–�”�ƒ�—�•�ƒ�–�‹�…

• ���‘�”�•�ƒ�Ž���‰�‡�•�‹�–�ƒ�Ž���•�‡�…�”�‡�–�‹�‘�•�•
• ���…�“�—�‹�”�‡�†���‘�”���…�‘�•�‰�‡�•�‹�–�ƒ�Ž���’�”�‘�š�‹�•�ƒ�Ž���”�‡�•�ƒ�Ž��

�–�—�„�—�Ž�ƒ�”���†�‹�•�‡�ƒ�•�‡�����‡�ä�‰�ä���	�ƒ�•�…�‘�•�‹���•�›�•�†�”�‘�•�‡�á��
�•�‡�’�Š�”�‘�–�‘�š�‹�…���†�”�—�‰���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•�����‡�ä�‰�ä��
�ƒ�•�‹�•�‘�‰�Ž�›�…�‘�•�‹�†�‡����

• ���‘�™�æ�Ž�‡�˜�‡�Ž���ƒ�Ž�„�—�•�‹�•�—�”�‹�ƒ��
���•�‹�…�”�‘�ƒ�Ž�„�—�•�‹�•�—�”�‹�ƒ�����‘�”���’�”�‘�–�‡�‹�•�—�”�‹�ƒ��
�ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���’�”�‘�–�‡�‹�•�•���‘�–�Š�‡�”��
�–�Š�ƒ�•���ƒ�Ž�„�—�•�‹�•�����‡�ä�‰�ä���Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•�á��
���‡�•�…�‡���
�‘�•�‡�•���’�”�‘�–�‡�‹�•�•��

• �	�ƒ�Ž�•�‡�æ�’�‘�•�‹�–�‹�˜�‡���”�‡�•�—�Ž�–�•�á���’�ƒ�”�–�‹�…�—�Ž�ƒ�”�Ž�›���‹�•��
�…�ƒ�–�•�á���”�‡�•�—�Ž�–�‹�•�‰���ˆ�”�‘�•���Š�‹�‰�Š���Ž�‡�˜�‡�Ž�•���‘�ˆ���…�ƒ�—�š�‹�•��
�ˆ�‘�—�•�†���‹�•���•�‘�•�‡���ˆ�‡�Ž�‹�•�‡���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡�•�����•�‡�‡��
���Š�ƒ�’�–�‡�”���Y��

• ���•���‘�”�†�‡�”���–�‘���ƒ�–�–�”�‹�„�—�–�‡���’�”�‘�–�‡�‹�•�—�”�‹�ƒ���–�‘��
�Š�ƒ�‡�•�‘�”�”�Š�ƒ�‰�‡���ƒ�Ž�‘�•�‡�á���–�Š�‡���†�‹�’�•�–�‹�…�•���Š�ƒ�‡�•��
�”�‡�ƒ�…�–�‹�‘�•���•�—�•�–���„�‡���µ�W�ª�á���ƒ�•�†���Š�ƒ�‡�•�ƒ�–�—�”�‹�ƒ��
�•�Š�‘�—�Ž�†���„�‡���˜�‹�•�‹�„�Ž�‡���‰�”�‘�•�•�Ž�›

• ���Ž�‡�•�‡�•�–�•���‹�•���–�Š�‡���•�‡�†�‹�•�‡�•�–�����…�‡�Ž�Ž�•�á���…�ƒ�•�–�•�á��
�•�‹�…�”�‘�‘�”�‰�ƒ�•�‹�•�•�•�����•�ƒ�›���„�‡���–�Š�‡���…�ƒ�—�•�‡���‘�ˆ���ƒ��
�’�‘�•�‹�–�‹�˜�‡���”�‡�ƒ�…�–�‹�‘�•

• ���‘�†�‡�”�ƒ�–�‡�Ž�›���ƒ�Ž�•�ƒ�Ž�‹�•�‡�á���™�‡�Ž�Ž���…�‘�•�…�‡�•�–�”�ƒ�–�‡�†��
�—�”�‹�•�‡���‘�”���‡�š�–�”�‡�•�‡�Ž�›���ƒ�Ž�•�ƒ�Ž�‹�•�‡�����’�����³�]����
urine

• ���˜�‡�”�•�ƒ�–�—�”�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���—�”�‹�•�‡���–�‡�•�–���’�ƒ�†��
�™�Š�‹�…�Š���†�‹�Ž�—�–�‡�•���ƒ���•�‡�…�‡�•�•�ƒ�”�›���„�—�¡�‡�”���ˆ�”�‘�•��
�–�Š�‡���–�‡�•�–���’�ƒ�†

• ���‘�•�–�ƒ�•�‹�•�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���—�”�‹�•�‡���•�ƒ�•�’�Ž�‡���‘�”��
�†�‹�’�•�–�‹�…�•�•���™�‹�–�Š���…�Ž�‡�ƒ�•�•�‡�”���”�‡�•�‹�†�—�‡�•�����‡�ä�‰�ä��
�“�—�ƒ�–�‡�”�•�ƒ�”�›���ƒ�•�•�‘�•�‹�—�•���…�‘�•�’�‘�—�•�†�•�á��
�…�Š�Ž�‘�”�Š�‡�š�‹�†�‹�•�‡��

• ���•�’�”�‘�’�‡�”���•�–�‘�”�ƒ�‰�‡���‘�ˆ���†�‹�’�•�–�‹�…�•�•�����‡�š�’�‘�•�—�”�‡��
�–�‘���•�‘�‹�•�–�—�”�‡��

• ���”�—�‰�•�ã���’�Š�‡�•�ƒ�œ�‘�’�›�”�‹�†�‹�•�‡

���‹�•�…�‡�Ž�Ž�ƒ�•�‡�‘�—�•• ���‹�–�”�ƒ�–�‡
• ���‡�—�…�‘�…�›�–�‡�•
• ���’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›
���Š�‡�•�‡���†�‹�’�•�–�‹�…�•���”�‡�ƒ�…�–�‹�‘�•�•���ƒ�”�‡���•�‘�–���˜�ƒ�Ž�‹�†���‘�”��
�—�•�‡�ˆ�—�Ž���‹�•���†�‘�‰�•���ƒ�•�†���…�ƒ�–�•���ƒ�•�†���•�Š�‘�—�Ž�†���„�‡��
�‹�‰�•�‘�”�‡�†���‹�ˆ���–�Š�‡�›���ƒ�”�‡���’�”�‡�•�‡�•�–���‘�•���–�Š�‡���†�‹�’�•�–�‹�…�•

• ���Š�‡���†�‹�’�•�–�‹�…�•���Ž�‡�—�…�‘�…�›�–�‡���–�‡�•�–���‹�•��
�•�’�‡�…�‹�¤�…�����]�W�¨���á���„�—�–���‹�•�•�‡�•�•�‹�–�‹�˜�‡�����X�Z�¨����
�‹�•���†�‘�‰�•��
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significant. The same urine bilirubin concentration in a 
dog that has a USG of 1.020 should raise concern for  
diseases associated with hyperbilirubinaemia.

In cats, the renal threshold for bilirubin excretion is nine 
times greater than it is in dogs. Therefore, any amount of 
bilirubinuria is clinically significant in cats and should raise 
concern for diseases associated with hyperbilirubinaemia. 
In both species, it is generally accepted that with diseases 
that cause jaundice, excess bilirubin first accumulates 
within urine; it subsequently increases in plasma and  
ultimately is visible at mucous membranes. However, 
owing to a relatively high rate of false -negative bilirubin 
reactions, the absence of bilirubinuria should not be  
used to exclude the possibility of diseases associated with 
hyperbilirubinaemia (i.e. haemolytic or hepatobiliary  
diseases), and other tests, such as serum biochemistry, 
should also be performed.

Glucose
Glucose is a small molecule that freely passes through  
the glomerulus into the filtrate; however, virtually all of the 
glucose that is present within the initial glomerular filtrate 
is efficiently removed from the urine and conserved by 
properly functioning renal tubules. Screening urine for the 
presence of glucose is done to detect diseases that cause 
an excess amount of glucose to be present in the glomer-
ular filtrate (i.e. hyperglycaemia) or to detect diseases that 
cause proximal renal tubular dysfunction with failure to 
remove glucose from the glomerular filtrate.

There are several potential causes of glucosuria (see 
Figure 6.20), however diabetes mellitus and stress-induced 
transient hyperglycaemia in cats are the most common. 
Serum biochemistry, potentially with evaluation of serum 
fructosamine, is indicated in the diagnosis and management 
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of patients with diabetes mellitus. Fructo  samine is a glyco-
sylated protein whose serum concen  tration is directly  
proportional to the serum glucose concentration over the 
preceding 2–3 weeks. Fructo  samine evaluation is useful in 
cats to distinguish diabetic hyperglycaemia from transient 
stress hyperglycaemia (Plier et al., 1998) and can be used 
as an indicator of glycaemic control during the medical 
management of diabetic dogs and cats.

Persistent glucosuria, as is seen with diabetes mellitus, 
predisposes patients to urinary tract infections that may 
not be apparent during urine sediment evaluation, and 
urine culture is necessary in patients with persistent gluco -
suria to exclude underlying urinary tract infection. Diabetic 
patients can be immunocompromised and may develop 
urinary tract infections, which are associated with dimin -
ished inflammatory response by leucocytes (see Figure 
6.41). Consequently, the infections are referred to as silent, 
because pyuria may not be observed. Also, glucose is an 
osmotic diuretic, causing formation of large volumes of 
dilute urine. The dilution of cells and bacteria in the sedi -
ment may decrease their concentration to a level that is 
below the detection limit by light microscopy. Therefore, 
even if bacteriuria is not observed, urine culture is neces -
sary to exclude urinary tract infection in patients with per -
sistent glucosuria.

In two studies, it was determined that 20% to 30% of 
dogs with clinical leptospirosis infections, of various 
serogroups, had glucosuria without hyperglycaemia. This 
was presumably due to damage to the proximal tubules 
resulting in a decreased ability to reabsorb glucose in  
the glomerular filtrate (Goldstein et al., 2006; Tangeman 
et al., 2013).

Haem reaction
The haem reaction is performed to screen urine for the 
presence of intact erythrocytes, free haemoglobin from 
lysed erythrocytes or free myoglobin from damaged myo -
cytes (see Figure 6.20). A low number of erythrocytes (<5 
per high power field) is a normal microscopic finding in urine 
and does not cause a positive haem reaction. An increased 
number of urine erythrocytes may be observed due to:

• Iatrogenic haematuria caused by collection
• Pathological haematuria due to urinary tract haemorrhage
• Genital sources of erythrocytes (e.g. oestrus) if the 

sample is voided.

Chapter 1 provides additional information about  
haematuria. Free haemoglobin and free myoglobin are not 
seen in normal urine. Free haemoglobin may be observed 
in urine during systemic haemolytic diseases and is an  
indicator of intravascular haemolysis. It may also be found 
when previously intact erythrocytes are lysed within  
urine that is either dilute (USG <1.008) or very alkaline. 
Persistent haemoglobinuria in the absence of systemic 
haemolytic disease should prompt further evaluation of the 
patient for occult urinary tract haemorrhage (e.g. diagnostic 
imaging). Myoglobinuria due to myocyte injury (e.g. ischae -
mic, toxic, traumatic) occurs uncommonly in dogs and cats.

Positive haem reactions are most commonly due to 
haematuria. However, a positive haem reaction is a non-
specific finding and additional information obtained  
from urinalysis and the peripheral blood is necessary to 
discriminate the cause of a positive reaction. With some 
urine dipsticks, intact erythrocytes will cause a stippled 
green colour change (Figure 6.21). Centrifugation and 
observation of urine colour facilitate identification of the 

source of a positive haem reaction. Urine that contains 
erythrocytes, haemoglobin or myoglobin may be various 
shades of red–brown. Centrifugation will cause red blood 
cells to sediment and the supernatant to become more 
yellow; if haemoglobin or myoglobin is present, the colour 
of the supernatant will be unchanged. Sediment evalu-
ation can be used to detect intact erythrocytes, as long as 
the urine is not dilute or extremely alkaline (both can 
cause erythrocyte lysis). If erythrocytes are not observed 
in the sediment, the positive haem reaction is likely to  
be due to haemoglobinuria or myoglobinuria.

A complete blood cell count (CBC) and serum bio -
chemistry may be used to distinguish haemoglobinuria 
and myoglobinuria. Pink or red plasma can be observed 
with haemoglobinuria, but not with myoglobin  uria. Meth ae-
moglobinaemia, associated with Heinz body haemolytic 
anaemia, which is an uncommon cause of haemo-
globinuria, will cause blood to be chocolate brown. CBC 
abnormalities that are suggestive of haemolytic disease 
include regenerative anaemia and abnormal erythrocyte 
morphology (e.g. spherocytes, schistocytes, erythrocyte 
ghosts). Concurrent with myoglobinuria, the serum cre -
atine kinase concentration should be markedly elevated. 
Creatine kinase is muscle specific and will not be elevated 
with in vivo haemolysis. If necessary, additional special -
ized tests are available at referral laboratories to differenti -
ate haemoglobinuria from myoglobinuria (e.g. ammonium 
sulphate precipitation, electrophoresis).

Ketones
Ketones are small organic acids that are normally produced 
in very small quantities when fatty acids are catabolized to 
produce energy. Ketones are not detected in the urine of 
healthy animals that are receiving adequate, balanced 
nutrition. In diseases or conditions associated with aber -
rant carbohydrate metabolism (e.g. diabetes mellitus, renal 
glucosuria, pregnancy), alternative sources of energy are 
required. A compensatory increase in the rate of fat cata-
bolism (i.e. lipolysis), which generates additional ketone 
byproducts, occurs in an attempt to meet energy demands. 
Increased ketone production is usually first detected as 

���‘�•�‹�–�‹�˜�‡���Š�ƒ�‡�•���”�‡�ƒ�…�–�‹�‘�•���‹�•�†�‹�…�ƒ�–�‹�•�‰���–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ���‹�•�–�ƒ�…�–��
�‡�”�›�–�Š�”�‘�…�›�–�‡�•�ä�����Š�‡���’�‘�•�‹�–�‹�˜�‡���Š�ƒ�‡�•���”�‡�ƒ�…�–�‹�‘�•���‹�•���–�Š�‹�•���…�ƒ�•�‡���‹�•�†�‹�…�ƒ�–�‡�•��

�–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ���‹�•�–�ƒ�…�–���‡�”�›�–�Š�”�‘�…�›�–�‡�•���„�›���‹�–�•���•�’�‡�…�•�Ž�‡�†���‰�”�‡�‡�•���ƒ�’�’�‡�ƒ�”�ƒ�•�…�‡�ä��
���‘�•�’�ƒ�”�‡���–�Š�‹�•���…�‘�Ž�‘�—�”���…�Š�ƒ�•�‰�‡���–�‘���–�Š�‡���†�‹�¡�—�•�‡�Ž�›���‰�”�‡�‡�•���W�ª���’�‘�•�‹�–�‹�˜�‡���Š�ƒ�‡�•��
�”�‡�ƒ�…�–�‹�‘�•���‘�ˆ���–�Š�‡���•�‹�†�†�Ž�‡���†�‹�’�•�–�‹�…�•���‹�•���	�‹�‰�—�”�‡���Z�ä�U�U�á���™�Š�‹�…�Š���…�‘�—�Ž�†���‡�‹�–�Š�‡�”���„�‡���†�—�‡���–�‘��
�‹�•�–�ƒ�…�–���‡�”�›�–�Š�”�‘�…�›�–�‡�•�á���ˆ�”�‡�‡���Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•���‘�”���ˆ�”�‡�‡���•�›�‘�‰�Ž�‘�„�‹�•�ä

6.21

Ch06 Nephrology.indd   71 01/08/2017   08:53



BSAVA Manual of Canine and Feline Nephrology and Urology

72

ketonuria (see Figure 6.20), which typically precedes the 
development of ketonaemia, because ketones are readily 
removed from the circulation via the kidneys.

Ketonuria is uncommonly observed in dogs and cats 
(1.9% of dogs, 2.6% of cats) (Osborne and Stevens, 1999) 
and is most often detected in poorly regulated diabetic 
patients that are glucosuric and either ketotic or keto-
acidotic. The latter is characterized by the concurrent 
presence of ketosis with ketonuria, increased anion gap 
metabolic acidosis, consistent clinical signs (e.g. dehy-
dration, lethargy) and often disease of another organ  
(e.g. infection, pancreatitis, kidney disease) in a patient 
with diabetes mellitus.

Urine screening for ketones is typically performed to 
aid in the diagnosis of diabetes mellitus and to regulate 
insulin therapy, even though commonly used dipstick rea -
gents do not detect the ketone that is usually most abun -
dant in dogs and cats, beta -hydroxybutyrate. Other 
ketones (i.e. acetone and acetoacetic acid) are detected by 
the urine dipstick and are usually present in urine along 
with beta-hydroxybutyrate.

Similar to glucosuria, ketonuria has a diuretic effect, 
causing formation of large volumes of dilute urine, which 
may dilute urine sediment constituents (e.g. cells, casts; 
see ‘Glucose’). Also, excretion of ketones into urine causes 
concurrent loss of sodium and potassium into the urine 
and predisposes the patient to hyponatraemia and hypo-
kalaemia. Careful monitoring of serum electrolytes (e.g. 
magnesium, phosphorus, potassium, sodium) in patients 
with diabetic ketoacidosis is helpful to monitor for compli -
cations associated with the disease and treatment.

pH
Urine pH measurement (see Figures 6.20 and 6.22) pro-
vides a rough assessment of systemic acid–base status 
and facilitates diagnosis of urinary tract infections and 
uncommon renal tubular diseases (i.e. renal tubular aci-
doses). Urine pH values are stable for up to 24 hours in 
urine that has been refrigerated (Raskin et al., 2002; 
Albasan et al., 2003). Urine dipsticks estimate pH to within 
1 pH unit above or below that measured by a pH meter. In 
cats, urine pH is consistently underestimated by urine dip -
sticks; in dogs, there is no consistent direction of this error 
(Heuter et al., 1998). Therefore, when more precise meas-
urement of urine pH is required (e.g. during management 
of urolithiasis), measurement of pH using a properly  
calibrated and maintained pH meter is necessary. Hand -
held, portable pH meters can be purchased for this  
purpose. However, electrodes may need to be replaced 
every 6 months (Raskin et al., 2002), which would probably 

render their use impractical in general veterinary practice. 
If necessary, shipment of refrigerated urine within 24 hours 
of collection to a referral diagnostic laboratory that has a 
pH meter may be a more feasible option.

Effective interpretation of urine pH requires knowledge 
of the patient’s acid–base status, therapeutic agent 
administration, timing of urine collection relative to inges -
tion of a meal, and urine sediment findings. Inappropriate 
pH values may fall within the reference range (5–7.5); 
therefore, measurement of serum total carbon dioxide 
concentration or blood pH are helpful to determine 
whether a given urine pH value is physiologically inappro -
priate. It is uncommon for pH measurements to exceed  
the limits of the reference range. Extreme pH values of 
undetermined cause should prompt investigation for an 
underlying abnormality (most commonly urinary tract 
infection) or artefact (e.g. contamination of the dipstick or 
sample container with cleanser residues).

Consideration of the urine pH is helpful when interpret -
ing other components of the urinalysis (e.g. dipstick  
protein, sediment). Urine that is either markedly (pH >9) or 
moderately alkaline (pH >7.5) and highly concentrated 
(USG >1.035) will probably cause a false-positive dipstick 
protein reaction. Highly alkaline urine also causes cells and 
tubular casts to degenerate more rapidly, so they may be 
absent from the sediment. Acidic urine is inhospitable to 
leptospires, and may cause false-negative leptospire  
culture. Urine pH has a direct effect upon the type of  
crystals that may be observed in the sediment, and it can 
also be used to predict urolith mineral content while  
awaiting the results of proper urolith analysis.

Protein
Urine dipstick protein testing is performed to screen for 
diseases that cause excess protein loss by the kidneys 
(i.e. renal proteinuria) or, less likely, that cause excess 
systemic production of protein with overflow into urine 
(e.g. multiple myeloma). However, because other non-
pathological or pathological causes of proteinuria occur 
more commonly, a positive protein reaction should be 
interpreted judiciously. Figure 6.20 and Chapter 5 provide 
additional information about proteinuria.

The dipstick protein reaction is most sensitive to albu -
min. Other proteins (e.g. haemoglobin, immunoglobulin 
light chains (Bence Jones proteins)) must be present at 
very high concentrations to react with dipstick reagents 
and cause a positive reaction. The sulphosalicylic acid 
protein precipitation test is a simple method that screens 
for all types of protein and permits verification of dipstick 
results (see Figures 6.8 (Step 9), 6.23 and 6.24). The test is 
very easy to perform and the single reagent used in the 
test has a long shelf life. All types of protein may be 
detected by this method, therefore Bence Jones protein-
uria, which would most likely go undiagnosed by urine  
dipstick, can be identified.

Additional data from the urinalysis (i.e. USG, pH, sedi -
ment examination) are needed to determine the signifi -
cance of proteinuria detected by the dipstick reaction. A 
positive protein reaction should be interpreted in the  
context of the USG, because a small amount of protein 
(trace to 1+, <0.30 g/l) can be a normal finding in a single 
well concentrated urine sample (USG >1.035); however, 
persistent trace or 1+ proteinuria should prompt further 
investigation (Lees et al., 2005). A similar protein concen-
tration in dilute urine, or in an animal receiving potentially 
nephrotoxic drugs, regardless of urine concentration 
would be abnormal.

Agents that increase pH

• ���ƒ�”�„�‘�•�‹�…���ƒ�•�Š�›�†�”�ƒ�•�‡���‹�•�Š�‹�„�‹�–�‘�”�•�����‡�ä�‰�ä���ƒ�…�‡�–�ƒ�œ�‘�Ž�ƒ�•�‹�†�‡��
• ���Ž�•�ƒ�Ž�‹�•�‹�œ�‹�•�‰���’�”�‡�•�…�”�‹�’�–�‹�‘�•���†�‹�‡�–�•
• ���‹�–�”�ƒ�–�‡���•�ƒ�Ž�–�•�����‡�ä�‰�ä���’�‘�–�ƒ�•�•�‹�—�•���…�‹�–�”�ƒ�–�‡��
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Agents that decrease pH

• ���•�•�‘�•�‹�—�•���…�Š�Ž�‘�”�‹�†�‡
• ���•�…�‘�”�„�‹�…���ƒ�…�‹�†
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• ���‡�–�Š�ƒ�•�ƒ�•�‹�•�‡�����Š�‡�š�ƒ�•�‹�•�‡��
• Methionine
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Furthermore, recent advances in our understanding of 
proteinuria have prompted re -evaluation of what protein 
concentration should be considered normal and have 
called into question the utility of the dipstick protein test, 
particularly in cats (see below and Chapter 5), possibly due 
to the high levels of the enzyme cauxin found in feline urine.

Consideration of the urine pH is necessary, because 
urine that is either markedly (pH >9) or moderately alkaline 
(pH 7.5) and well concentrated (USG >1.035) will be likely 
to cause a false-positive protein reaction on the dipstick. 
In one study, false-positive reactions were more common 
in cats than in dogs (Lyon et al., 2010). The specificity  
of the dipstick protein reaction was 31% in cats and 69% 
in dogs when compared with a species -specific albumin 
enzyme-linked immunosorbent assay (ELISA). False-
positive reactions may have occurred owing to the  
presence of non-albumin proteins or other interfering  
substances. Contamination of the urine sample with 
cleanser residues or improper dipstick usage or storage 
can also cause false-positive reactions (see Figure 6.20).

Knowledge of the urine sediment is requisite for  
accurate interpretation of urine dipstick protein. The most 
common pathological causes of increased urine protein 
concentration are urinary tract inflammation, infection, 
haemorrhage, or some combination of the three that most 
often arises from the lower urinary or genital tracts. In 
these instances, microscopic examination of the urine 
sediment will probably reveal pyuria, bacteriuria or haem-
aturia. In order to attribute dipstick proteinuria entirely to 
haemorrhage, the haem reaction must be at least 3+ 
(large) and macroscopic haematuria should be present. If 
the haem reaction is less than 3+, no other causes of a 
persistently positive protein reaction (e.g. pyuria, bacter-
iuria, spurious) are detected and pre-renal causes of  

proteinuria (e.g. multiple myeloma) are ruled out, then the 
presence of a protein -losing nephropathy (e.g. nephrotic 
syndrome, proximal renal tubular defect) should be investi -
gated (see Chapter 5).

Urine protein to creatinine ratio: When significant dip -
stick proteinuria has been verified as persistent on the 
basis of a second urinalysis and when other sources of a 
positive protein reaction (e.g. pyuria with or without bacteri -
uria; pre-renal causes) have been excluded, measurement 
of the urine protein to creatinine ratio (UPC) is necessary to 
determine more precisely the severity of proteinuria. The 
American College of Veterinary Internal Medicine (ACVIM) 
consensus statement (Lees et al., 2005) defines proteinuria 
as a UPC >0.5 in the dog and >0.4 in the cat. Persistent 
renal proteinuria is a hallmark of active kidney disease and 
the patient should be investigated to try to identify an 
underlying cause and monitored carefully.

A UPC >1.0 in a sample obtained by cystocentesis 
should arouse concern for glomerular disease (e.g. glomer-
ulonephritis, glomerulosclerosis or canine amyloid osis), 
Bence Jones proteinuria or, much less commonly, tubular 
proteinuria. Serum biochemistry and serum or urine protein 
electrophoresis are useful initial tests that will help localize 
the cause of proteinuria to preglomerular versus  renal 
causes, and these results may direct the course of future 
diagnostic testing (e.g. bone marrow biopsy versus renal 
biopsy). Chapters 5 and 13 provide additional detailed 
information on this topic.

Serial measurement of the UPC can be used to stage 
the progression of renal disease and to evaluate the 
response to therapy. Determination of the UPC may also 
be performed to help establish the prognosis for newly 
diagnosed cases of canine (Jacob et al., 2005) and feline 
chronic kidney disease (CKD) (Syme et al., 2006; Chak-
rabarti et al., 2012). In dogs a UPC >1.0 at the time of  
initial CKD diagnosis is a negative prognostic indicator. 
Compared with patients with a UPC <1.0, canine CKD 
patients with a UPC >1.0 experience more rapid progres -
sion of renal disease, greater likelihood of uraemic crisis 
and greater risk of death due to either renal or non -renal 
causes. The rate of disease progression and risk of  
complications were directly proportional to the magnitude 
of UPC elevation. Similarly, proteinuria predicts the devel -
opment of azotaemic CKD in healthy, non -azotaemic cats 
(Jepson et al., 2009) and reduced survival time in cats with 
chronic kidney disease (Syme et al., 2006). UPC, analysed 
as a continuous variable, in healthy non-azotaemic cats or 
in cats with CKD was a positive independently significant 
predictor of the development of azotaemia and reduced 
survival time, respectively, in these two studies.

Microalbuminuria:  An assay to detect microalbuminuria  
is available where albumin is quantified using a species -
specific ELISA (Heska and Antech) following dilution of urine 
to a USG of 1.010. Microalbuminuria refers to increased 
urine albumin that remains beneath the detection limit of the 
urine dipstick protein reaction (i.e. urine albumin >1 mg/dl 
but <30 mg/dl). The prevalence of microalbuminuria has 
been reported as 15–19% in clinically normal dogs (Jensen 
et al., 2001; Gary et al., 2004) and 14% in clinically normal 
cats. Increased prevalence has been reported with older 
age or the presence of non-renal disease (Heska 
Corporation, unpublished data). Persistent microalbumin-
uria is an early sign of kidney dysfunction, either resulting 
from altered glomerular perm-selectivity or reduced ability 
of the proximal tubules to reabsorb albumin that has 
crossed the glomerular barrier. These two situations cannot 
be distinguished in the microalbuminuric patient. Detection 
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Interpretation Amount of precipitate formed
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of microalbuminuria is an indication to search for medical 
conditions that may be associated with this problem (e.g. 
chronic inflammatory disease, neoplasia) and to treat these 
conditions if possible. Serial monitoring of the urine albumin 
concentration and renal function is recommended to deter -
mine whether proteinuria is worsening with time and if this is 
associated with progressive decline in renal function. If this 
situation is recognized, antiproteinuric therapy may be indi -
cated (see Chapters 23 and 24).

Microscopic examination of the urine 
sediment
Microscopic evaluation of the urine sediment is performed 
to detect increased concentrations of cells, casts, microor -
ganisms or crystals, which may indicate underlying urinary 
tract disease. The concentration of the sediment and the 
preservation of cellular morphology are directly affected by 
the technique used to prepare and examine the sediment 
(see Figure 6.13), potential contaminants from staining (see 
Figure 6.16) and by urine biochemistry (Figure 6.25). 
Therefore, it is important to consider the results of the urine 
dipstick tests when evaluating the sediment. For example, 
within dilute urine (USG <1.008) erythrocytes will probably 
be lysed. Highly alkaline urine may reduce the numbers of 
cells and casts observed in the sediment, and urine pH also 
strongly influences crystal formation (Figure 6.26).

Crystalluria
Crystalluria occurs when urine is saturated with dissolved 
minerals or other crystallogenic substances that precipi-
tate out of solution to form crystals. Crystals may form  
in vivo for either pathological or non -pathological reasons, 
or crystals may precipitate in urine ex vivo  as a result of 
cold temperature or prolonged storage, post -collection 
alter ations of urine pH or evaporation of water from  
the sample (Figure 6.27). To increase the likelihood that 
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crystals present in the urine sample represent those formed 
in vivo, fresh non-refrigerated urine samples should be  
analysed within 1 hour of collection.

In most instances, crystalluria does not necessarily 
indicate the presence of uroliths or even a predisposition 
to form uroliths. For example, a small number of magne -
sium ammonium phosphate or amorphous phosphate 
crystals are frequently observed in clinically normal dogs 
and cats. Detection of crystalluria may be diagnostically 
useful in the following situations:

• When pathological crystal types are identified (e.g. 
ammonium biurate, calcium oxalate monohydrate, 
cystine)

• When large aggregates of magnesium ammonium 
phosphate or calcium oxalate dihydrate crystals are 
found

• When crystalluria is observed in a patient that has 
confirmed urolithiasis.

Evaluation of the type of crystals present may be useful 
to estimate the mineral component of the urolith(s), while 

awaiting results of complete urolith analysis. Uroliths are 
often heterogeneous; therefore, crystalluria is not a defini -
tive indicator of urolith mineral content. Sequential evalu-
ation of crystalluria may aid in monitoring a patient’s 
response to therapy for urolith dissolution. Specific types of 
common urine crystals are discussed here. Further details, 
including uncommon types of crystalluria, can be found  
in texts devoted entirely to urinalysis (e.g. Osborne and 
Stevens, 1999).

Magnesium ammonium phosphate crystals: These are 
referred to as struvite crystals, triple phosphate crystals (a 
misnomer) or infection crystals (an older term) (Figure 
6.28a). They are colourless and frequently form variably 
sized casket cover-shaped crystals. They also form three- 
to eight-sided prisms, needles or flat crystals with oblique 
ends. Magnesium ammonium phosphate crystals most 
commonly form in alkaline urine, which often occurs in 
association with bacterial infection. They may develop 
after collection in refrigerated urine samples (Albasan  
et al., 2003), or in those that become alkaline during  
storage, for example as a result of bacterial overgrowth  
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or contam ination of the sample with cleanser residues. 
When magnesium ammonium phosphate crystals are 
detected in a stored urine sample, the finding should be 
verified by prompt examination of a freshly obtained urine 
sample that has not been refrigerated.

Magnesium ammonium phosphate crystals are very 
commonly seen in dogs and occasionally in cats. When 
found in significant number, they are most frequently asso -
ciated with bacterial infection caused by urease -producing 
bacteria, such as Staphylococcus  spp. or Proteus spp. 
However, in cats, they can occur in the absence of infec -
tion, probably due to ammonia excretion by the renal 
tubules. Magnesium ammonium phosphate crystals may 
also be seen in clinically normal animals that have alkaline 
urine for reasons other than infection (e.g. diet, recent 
meal), animals that have sterile or infection-associated 
uroliths of potentially mixed mineral composition, or with 
urinary tract disease in the absence of urolithiasis.

Calcium oxalate crystals:  These occur in two forms, dihy -
drate and monohydrate (see Figures 6.16a and 6.28bc). 
Calcium oxalate dihydrate crystals occur much more  
commonly. They are colourless, variably sized octa-
hedrons that resemble a small envelope or a Maltese cross 
and most commonly form in acidic urine. They may 
develop after collection in stored urine samples with or 
without refrigeration (Albasan et al., 2003) or in those that 
become acidic during storage due to bacterial overgrowth, 
for example. When calcium oxalate dihydrate crystals are 
detected in a stored urine sample, the finding should be 
verified by prompt examination of freshly obtained urine 
that has not been refrigerated. Calcium oxalate dihydrate 
crystals may be seen in clinically normal animals. They 
also occur with calcium oxalate urolithiasis, hypercalciuria 
(e.g. due to hypercalcaemia or hypercortisolaemia) or 
hyperoxaluria (e.g. ingestion of vegetation high in oxalates 
(e.g. Brassica family), ethylene glycol or chocolate). They 
have been reported with increased frequency in cats as  
a complication of urine acidification used to manage mag -
nesium ammonium phosphate formation.

Calcium oxalate monohydrate crystals are colourless 
and variably sized. They may be flat with pointed ends  
and resemble picket fence boards. They may also form 
spindle- or dumbbell -shaped crystals. Although either  
calcium oxalate monohydrate or dihydrate crystals can be 
seen with acute ethylene glycol intoxication, the mono-
hydrate form with picket fence board morphology is more 
diagnostic of intoxication, because this form is usually only 
seen during acute ethylene glycol toxicity. Formation of 
these crystals is time dependent and occurs only during 
the early phase of intoxication. Crystalluria may be 
observed within 3 hours of ingestion in cats and within 6 
hours in dogs and may last up to 18 hours after ingestion. 
Calcium oxalate monohydrate crystals with spindle or 
dumbbell morphology are uncommonly observed with 
other causes of hyperoxaluria (e.g. chocolate ingestion).

Calcium carbonate crystals:  These are variably sized 
yellow–brown or colourless variably shaped crystals  
(tic-tac-shaped, dumbbell -shaped or spheres with radial 
striations) that are found individually or in clusters usually 
within alkaline urine (Figure 6.28d). They are seen in clini-
cally normal horses, elephants, goats, rabbits and guinea 
pigs. Anecdotally, they may very rarely be seen in dogs. 
Sulphonamide crystals, which can be seen in dogs and 
cats after administration of sulpha- containing antibiotics, 
may form globules with radial striations and could be  
mistaken for calcium carbonate crystals.

Bilirubin crystals:  These may precipitate as orange to 
reddish-brown granules or needle-like crystals (Figure 
6.28e). A low number of crystals are routinely observed in 
canine urine, especially in highly concentrated samples 
from male dogs. When bilirubin crystals are found in other 
species or in persistently large quantities in a canine 
patient, a disease associated with icterus (i.e. haemolytic 
or hepatobiliary disease) may be present.

Amorphous phosphate and amorphous urate crystals: 
These are similar in shape and may form amorphous 
debris or small spheroids (Figure 6.28f). Amorphous phos-
phates are distinguished from amorphous urates in two 
ways: phosphates are colourless or light yellow and form 
in alkaline urine, while urates are yellow–brown to black 
and form in acidic urine. Amorphous phosphates are  
commonly observed in alkaline urine of clinically normal 
animals, and they are not clinically significant. Conversely, 
amorphous urates are an uncommon abnormal finding in 
most breeds. They may be seen in animals with porto-
vascular malformation, severe hepatic disease or ammo -
nium biurate urolithiasis. Amorphous urates are routinely 
found in Dalmatians and English Bulldogs and may repre -
sent a predisposition for urate urolithiasis in these breeds.

Compared with other breeds, Dalmatians excrete a 
larger amount of uric acid in their urine and are therefore 
prone to form uric acid crystals or ammonium biurate  
crystals (Figure 6.28g). Uric acid crystals are colourless, 
flat, variably but often diamond -shaped six-sided crystals. 
Most other breeds convert uric acid to a water -soluble 
compound (allantoin) for excretion. Dalmatians have dimin -
ished hepatocellular uptake of uric acid, preventing this 
conversion, so that uric acid is excreted in its native form 
into the urine. In addition, Dalmatians have decreased 
tubular reabsorption of uric acid compared with other 
breeds. Uric acid crystals or ammonium biurate crystals 
can also occasionally be seen in English Bulldogs. They 
are rarely seen in other dog breeds or cats and, when 
observed, have the same significance as amorphous urate 
or ammonium biurate crystals.

Ammonium biurate crystals: These are golden -brown 
and spherical with irregular protrusions, giving a thorn-
apple or sarcoptic mange -like appearance (Figure 6.28h). 
In cats, they may form smooth aggregates of spheroids. 
Ammonium biurate crystals are seen in animals with porto -
vascular malformation, severe hepatic disease, ammonium 
biurate urolithiasis and, uncommonly, in clinically normal 
Dalmatians and English Bulldogs.

Cystine crystals:  These are colourless flat hexagons that 
may have unequal sides (Figure 6.28i). Cystine crystalluria 
is an abnormal finding seen in animals that are cystinuric 
owing to an inherited defect in proximal renal tubular 
transport of several amino acids (i.e. arginine, cysteine, 
lysine, ornithine). Crystals are prone to develop in cystin-
uric patients that have concentrated, acidic urine. 
Cystinuria predisposes to the development of cystine  
urolithiasis, though not all cystinuric individuals develop 
uroliths. Among dogs, male Dachshunds, Basset Hounds, 
English Bulldogs, Yorkshire Terriers, Irish Terriers, 
Chihuahuas, Mastiffs, Rottweilers and Newfoundlands  
are affected with increased frequency. Uroliths often 
lodge at the base of the os penis and may be missed on 
survey radiographs because they are relatively radio-
lucent. Bitches and other breeds may also be affected. In 
cats, this disease has been recognized in male and  
female Siamese and American Domestic Shorthairs.
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Iatrogenic crystalluria:  This can be seen with adminis-
tration of some antibacterial drugs, allopurinol and radio -
contrast medium. Sulphonamide crystals (Figure 6.28j) are 
pale yellow crystals and may form haystack -like bundles or 
globules with radial striations. The latter morphology may 
be mistaken for calcium carbonate crystals.

Renal tubular casts and pseudocasts
Renal tubular casts are formed by proteinaceous plugs of 
dense, mesh-like mucoprotein (Tamm–Horsfall muco-
protein) that accumulate within the distal portion of the 
nephron (i.e. the loop of Henle, distal tubule, collecting 
duct). A low number (<2 per high power field) of these  
proteinaceous hyaline casts can occasionally be observed 
in the urine of normal animals (Figure 6.29). Diuresis of 
dehydrated animals or proteinuria of preglomerular or renal 
aetiology can cause an increased number of hyaline casts 
to be present in the urine. Renal tubular epithelial cells that 
die and slough into the tubular lumen can be entrapped 
within the dense mucoprotein matrix (Figure 6.30). If  
present, inflammatory cells associated with renal tubulo-
interstitial inflammation may also be entrapped.

During microscopic evaluation of sediment, cellular 
casts are further classified as either epithelial, leucocyte  
or erythrocyte casts, if the constituent cells can be dis -
cerned. Once locked within the proteinaceous matrix, cells 

continue to degenerate, progressing from intact cells,  
to granular cellular remnants, and finally to a waxy  
cholesterol-rich end-product. A cast may dislodge from a 
given renal tubular lumen at any time during this degener-
ative process and may be observed in the urine sediment. 
However, in clinically normal animals only hyaline casts are 
rarely found (<2 per high power field). Other material can 
lodge within the proteinaceous matrix, such as lipid from 
degenerated renal tubular epithelial cells, haemoglobin 
during haemolytic disease and bilirubin (Figure 6.31).
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The number of casts observed in the sediment does 
not correlate with the severity of kidney disease or its 
reversibility, and the absence of casts from urine sediment 
cannot be used to exclude the possibility of kidney  
disease, especially because casts are fragile and prone to 
degeneration, particularly in alkaline urine. When hyaline or 
granular casts are present in increased numbers or when 
other cast types are observed, one can only conclude that 
the renal tubules are involved in an active pathological  
process of unknown severity or reversibility. When present, 
the type of cast observed may provide additional infor-
mation. Leucocyte casts indicate active renal tubulointer -
stitial inflammation. Waxy casts reflect a chronic tubular 
lesion. To recognize the onset of nephrotoxicity in patients 
receiving aminoglycoside antibiotic therapy, it is useful to 
monitor urine sediment for the appearance of tubular epi -
thelial cell casts, which should prompt withdrawal of the 
antibiotic. Other abnormalities seen with aminoglycoside -
induced nephrotoxicity include isosthenuria, proteinuria, 
glucosuria and aminoaciduria, all of which may precede 
the onset of azotaemia (see Chapter 21).

Structures such as mucus threads or fibres may 
resemble casts and should not be mistaken for them dur -
ing microscopic examination (Figure 6.32). Mucus threads 
are distinguished by their variable width and tapered ends. 
Fibres are typically much larger than the surrounding cells 
and may contain a repetitive internal structure, suggesting 
a synthetic origin.

Epithelial cells
Epithelial surfaces along the length of the genitourinary 
tract undergo constant turnover, therefore it is routine  
to see a low number of epithelial cells (fewer than five  
per low power field) in normal urine samples. Using wet -
mount preparations, it can be challenging to distinguish 
the different types of epithelial cell, because transitional 
cells are highly pleomorphic and all epithelial cells will 
become rounded within a fluid milieu and degenerate 
when exposed to urine. Cell morphology is best appreci -
ated in freshly formed and collected urine that is promptly 
analysed. When evaluation of cell morphology is critical, 
the sediment pellet can be evaluated by routine cytology, 
similar to that performed with a fine needle aspirate (Figure 
6.33). A larger number of epithelial cells are seen in urine 
samples collected by catheterization or in patients with 
inflamed, hyperplastic or neoplastic mucosa. Methods to 
diagnose structural lesions within the urinary tract (e.g. 
ultrasonography, catheter biopsy) that are more reliable 
and conclusive than urinalysis are available.
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Squamous epithelial cells:  These line the distal third of 
the urethra, the vagina and the prepuce. They are large flat 
or rolled cells that have angular sides and usually a single 
small condensed nucleus, or they may be anucleate (Figure 
6.34). A variable number of squamous epithelial cells is 
most commonly observed with lower urinary tract contam-
ination of voided or catheterized samples. Squamous epi -
thelial cells should not be present in samples collected by 
cystocentesis. A significant number of squamous epithelial 
cells is very rarely seen in cystocentesis samples in 
patients with squamous cell carcinoma of the bladder or 
squamous metaplasia of the bladder, which can occur with 
transitional cell carcinoma or chronic bladder irritation. 
Squamous epithelial cells may also be found if the uterine 
body of an intact female is unintentionally penetrated dur -
ing urine sample collection.

Transitional epithelial cells:  These line the renal pelves, 
ureters, bladder and proximal two thirds of the urethra. 
They are highly pleomorphic, variably sized cells that are 
smaller than squamous epithelial cells and 2–4 times 
larger than leucocytes (see Figures 6.34b and 6.35a). 
They may be round, oval, pear-shaped, polygonal or  
caudate, and often have granular cytoplasm with a single 
nucleus that is larger than that of squamous epithelial 
cells. There should be fewer than five transitional epithe -
lial cells per low power field in normal urine sediment. A 
larger number of transitional epithelial cells are seen  
in urine samples collected by catheterization or in patients 
with inflamed, hyperplastic or neoplastic mucosa. Trans-
itional epithelial cells with caudate morphology specifi -
cally line the renal pelves (Figure 6.35b). These cells are 
rarely observed in urine sediments and are an abnormal 
finding that can sometimes be seen in patients with pyelo -
nephritis, renal pelvic calculi or other pathology involving 
the renal pelves.
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Renal tubular epithelial cells:  Cuboidal to low columnar 
renal tubular epithelial cells often become small round 
cells once they have exfoliated into urine (Figure 6.36a) 
and are not always easily distinguished from leucocytes or 
small transitional epithelial cells. Unless they are found 
within a tubular cast, the presence of renal tubular epith-
elial cells is not considered a dependable indicator of renal 
disease, because a low number of tubular cells are 
sloughed normally and because other similarly sized cells 
(e.g. small transitional epithelial cells, leucocytes) may be 
mistakenly identified as renal tubular epithelial cells in  
wet-mount preparations. Observation of a large number of 
these cells with their cuboidal to low columnar morphology 
intact is a rare abnormal finding, however, that would  
indicate active renal tubular disease (Figure 6.36b).

Neoplastic epithelial cells:  These are occasionally identi-
fied in urine sediment (Figure 6.37). In a patient that has  
a bladder or urethral mass, the urine sediment finding  
of atypical transitional epithelial cells in the absence of 
inflammation is suggestive of transitional cell carcinoma. 
Neoplastic transitional epithelial cells may exfoliate in 
cohesive sheets or individually. They are identified by their 
malignant features, such as high nuclear:cytoplasmic ratio, 
variable cell and nuclear size, clumped chromatin with 
prominent nucleoli, and mitotic activity. However, when 
inflammation is present, it is not possible to distinguish 
hyperplastic epithelial cells, which develop similar cyto  - 
l og ical features, from neoplastic epithelial cells. It is quite 
common for bladder tumours to become inflamed second -
arily, and therefore definitive diagnosis using urine cytology 
alone is often not possible. In these instances, additional 
diagnostic information (e.g. imprint cytology or histology  
of catheter biopsy material) may be helpful in making a 
definitive diagnosis. Other less commonly observed 
tumours include rhabdomyosarcoma, urothelial papilloma 
and squamous cell carcinoma.
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The veterinary bladder tumour antigen (v-BTA) test is a 
rapid latex agglutination assay that is designed to be used 
as a screening test for early diagnosis of transitional cell 
carcinoma by detecting an antigen that is produced by the 
tumour and released into the urine. This test is associated 
with a high rate of false-positive results, which may occur 
due to haematuria, pyuria, 4+ glucosuria or 4+ proteinuria. 
Therefore, this test would not be useful in patients that 
have an advanced transitional cell carcinoma associated 
with haematuria and pyuria, which often occur secondary 
to bladder neoplasia. To decrease the possibility of false -
positive reactions, the test should be performed upon the 
supernatant of centrifuged urine. However, some investi -
gators feel that the test has an unacceptable number of 
false-positive reactions, even in dogs with normal urine 
sediment. Using the supernatant of centrifuged urine, the 
specificity of the test has been reported as 46% in 
unhealthy patients with urinary tract disease other than 
transitional cell carcinoma. The specificity increased to 
approximately 86% in clinically normal animals or in  
animals with non-urinary tract disease (Henry et al., 2003).

In its current form, this assay is unlikely to be useful  
as a screening test for use in the general canine popula-
tion. Because of the low incidence of bladder tumours  
in dogs (<2% of canine cancers) and the high frequency  

of false-positive test reactions, an unacceptable number of  
animals may be subjected to invasive and costly diagnos -
tic procedures in order to prove a false reaction. However, 
this test may have some utility in selected at -risk canine 
populations, such as obese, geriatric dogs from urban 
areas with lower urinary tract signs and breed predispos-
ition for transitional cell carcinoma (e.g. Scottish Terriers, 
Shetland Sheepdogs, Beagles, Wire-Haired Fox Terriers, 
West Highland White Terriers) (Mutsaers et al., 2003), when 
a negative result can be used to help exclude the possi-
bility of transitional cell carcinoma in a high-risk individual.

�)�S�V�V�K���J�L�S�S�Z�����P�U�M�L�J�[�P�V�\�Z���H�N�L�U�[�Z���H�U�K���V�[�O�L�Y���Z�L�K�P�T�L�U�[��
�Ä�U�K�P�U�N�Z
Highly alkaline or dilute urine or improper sample storage 
may significantly reduce the number of cells in the urine 
sediment (see Figures 6.6 and 6.25). During microscopic 
examination care should be taken to distinguish erythro -
cytes from lipid droplets. Lipid droplets are quite variably 
sized, refractile, greenish discs that are usually smaller 
than erythrocytes, often float above the plane of focus and 
never exhibit the biconcave appearance of erythrocytes 
(Figure 6.38). They are frequently observed in feline urine. 
Beyond their potential to be misidentified as erythrocytes, 
they are of little significance.
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Erythrocytes: Erythrocytes are quite translucent and may 
be pale orange owing to their haemoglobin content. Erythro  - 
cyte shape varies with the tonicity of the urine. They may:

• Maintain their biconcave disc morphology
• Shrivel, becoming crenated, in concentrated urine
• Swell, becoming rounded, in dilute urine (Figure 6.39).

There should be fewer than five erythrocytes per high 
power field. However, the number observed can be influ -
enced by the collection method (see Figure 6.4). Haema-
turia can be a component of pathology seen with 
haemorrhagic diathesis (e.g. thrombocytopenia), infection, 
inflammation, necrosis, neoplasia, toxicity (e.g. cyclophos -
phamide) or trauma (see Chapter 1).
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Leucocytes:  In a sample collected by cystocentesis, there 
should be fewer than three leucocytes per high power 
field. In a sample collected by catheterization or mid -
stream voiding, there should be fewer than eight leuco -
cytes per high power field. Being larger than erythrocytes 
and smaller than epithelial cells, leucocytes are intermedi -
ate in size compared with other cells that may be present 
in the sediment (see Figure 6.35a). They are usually round 
with a stippled appearance and greyish internal structure 
that transmits less light than erythrocytes; segmented 
nuclei are frequently visualized (see Figures 6.34b and 
6.40). Some leucocytes contain granules that are occa -
sionally visible as refractile structures within the leucocyte. 
These cells may be referred to as glitter cells.
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Observation of pyuria with concurrent bacteriuria indi -
cates active urinary tract inflammation with either primary 
or secondary bacterial infection (Figure 6.40). Urine culture 
is useful to identify microorganisms definitively and to 
determine their antimicrobial sensitivities. Pyuria is also 
seen with other causes of genitourinary tract inflammation, 
such as urolithiasis, neoplasia, prostatitis, pyometra and 
less common infections involving viruses, mycoplasmas or 
ureaplasmas. Cystocentesis may avoid contamination of 
the urine sample by leucocytes from the genital tract and 
aid in localizing the source of pyuria.

Bacteria: The absence of pyuria does not exclude the 
possibility of a urinary tract infection, therefore urine  
sediment evaluation alone cannot be used to exclude 
definitively the possibility of infectious urinary tract  
disease. Silent urinary tract infections (i.e. those lacking a 
detect  able inflammatory response) can be seen with 
hyperadreno corticism/hypercortisolaemia, diabetes melli -
tus and other immunosuppressed states (Figure 6.41). 
Also, leucocytes and bacteria may be diluted below the 
detection limit of light microscopy in polyuric conditions 
when large volumes of dilute urine are produced (e.g. pye -
lonephritis). At least 10,000 bacilli/ml or 100,000 cocci/ml 
are required for detection by light microscopy.

Bacteria may be observed in urine sediment for reasons 
other than urinary tract infection (e.g. overgrowth after  
collection) (Figure 6.42). When microorganisms are observed 
in stained wet mounts, it is necessary to distinguish them 
from contaminants (see Figure 6.16b) by confirming their 
presence in unstained wet mounts or by cytological exam-
ination of the dry-mounted sediment pellet (Figure 6.41b). 
The latter is a more sensitive and specific method to detect 
bacteria than wet mounting and permits more accurate iden -
tification of bacterial morphology (Swenson et al ., 2004). 
Urine cultures can occasionally be negative even though 
bacteria were detected during urinalysis (Figure 6.43). Also, 
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uncommon infections by viruses or highly fastidious micro -
organisms (e.g. Myco plasma or Ureaplasma spp.) may result 
in a negative urine culture although a urinary tract infection  
is present.

Urine culture:  Cystocentesis is the ideal collection 
method for urine culture. The likelihood of representative 
culture results may be enhanced by collection of a  
randomly timed urine sample (which will probably consist 
of freshly formed urine that has not stagnated within the 
bladder) along with inoculation of a culture tube immed-
iately after collection. Afterwards, the culture tube should 
be refrigerated to prevent overgrowth of robust bacteria.

With routine urine culture, results are reported that sim -
ply identify the bacteria present and their respective anti -
microbial sensitivities. Quantitative urine culture is an 
alternative that may be helpful to determine whether the 
bacteria cultured from a urine sample are likely to repre -
sent a true infection or are likely to be contaminants of the 
sample. In addition to bacterial identification and elucida -
tion of their antimicrobial sensitivities, quantitative culture 
enumerates the bacteria as colony-forming units (cfu)/ml; 
this is done by serial dilution and plating. Quantitative urine 
culture can be most beneficial when the urine sample has 
been collected by transurethral catheterization or by col -
lection of midstream voided urine (Figure 6.44).

�6�[�O�L�Y���Z�L�K�P�T�L�U�[���Ä�U�K�P�U�N�Z
Depending on geography, other infectious agents are  
occasionally identified in urine sediment (Figure 6.45), 
such as fungi (e.g. Candida spp., Aspergillus spp., Blasto-
myces derma titidis, Cryptococcus  spp.), algae (e.g. Proto-
theca spp.) and nematode ova, larvae or adults (e.g. 
Capillaria spp., Dirofilaria immitis and Dioctophyma renale). 
Trichuris spp. (whipworm) parasite eggs appear very similar 
to the eggs of Capillaria spp. These two types of egg can 
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be distinguished by the positioning of their bi  polar caps 
and the texture of their outer shells. The bipolar caps of 
Capillaria spp. ova are slightly askew, rather than being 
perfectly bipolar as they are in Trichuris ova. Also, the 
shells of Capillaria ova have a granular appearance, rather 
than being perfectly smooth as they are in Trichuris  ova. 
Capillaria are usually an incidental finding in the urine of 
asymptomatic cats. However, Capillaria  eggs are very 
occa sionally identified in cats that present with haematuria, 
which resolves after fenben dazole administration.

Common contaminants of urine samples include sperm, 
talc, glass chips, plant pollen, hair and fibres (Figure 6.46; 
see also Figures 6.28i and 6.32). Aside from sperm, these 
contaminants can be mistaken for urine crystals (e.g. talc, 
glass chips), transitional epithelial cells (e.g. plant pollen) or 
casts (e.g. hair, fibres).
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Diagnostic imaging of  
the urinary tract
Rachel E. Pollard and Kathryn L. Phillips

Kidneys and ureters
Radiography
Survey radiography can provide information regarding  
the size, number, location, margination and opacity of the  
kidneys in dogs and cats with adequate retroperitoneal  
fat. The kidneys may be poorly visualized in emaciated  
animals and those with fluid in the retroperitoneal or peri -
toneal cavities, owing to reduced contrast. A three-view 
radiographic study is recommended. The right lateral  
radiographic view maximizes renal visualization as it 
encourages the right kidney to slide cranially thereby mini -
mizing renal superimposition. The left lateral radiographic 
view reduces renal positional changes induced by body 
position that might alter interpretation of size and margin -
ation. The ventrodorsal (VD) view allows individual assess-
ment of the kidneys but there is greater superimposition of 
other abdominal viscera so that the right and occasionally 
the left kidney may be difficult to visualize in their entirety.

Normal kidneys are bean-shaped, smoothly margin -
ated structures located dorsally in the retroperitoneal 
space. Renal size is typically assessed in comparison with 
an internal reference, the most common of which is the 
length of the second lumbar vertebrae (L2) on the VD view. 
In the dog, normal renal length is 2.75–3.25 times L2 
(Feeney et al., 1979; Shiroma et al., 1999). In the cat,  
normal renal length is 1.9–2.6 times L2 if neutered and  
2.1–3.2 if entire (Feeney et al., 1979; Shiroma et al., 1999). 
The kidneys should be paired, with the right kidney posi -
tioned more cranially than the left. In the dog, the cranial 
margin of the right kidney is nestled within the renal fossa 
of the caudate lobe of the liver, making visualization  
challenging. The right kidney is usually level with the  
T12–L1 vertebrae. The left kidney is more caudally and 
ventrally located, with the descending colon residing  
ventral to its ventral margin at the level of L2–4. Feline  
kidneys tend to be more mobile and rounder in compar -
ison with those of the dog.

The ureters reside within the retroperitoneal space and 
when normal are only rarely visualized radiographically.

Excretory urography
Excretory urography (EU) can provide information about 
renal morphology and internal architecture. However, the 
same information can be gleaned less invasively using 
ultrasonography, so EU is rarely performed for that pur -
pose. EU is typically used as a method to visualize the 

ureters and to provide a rough assessment of renal  
function (Feeney et al., 1981).

All animals should be adequately hydrated prior to EU. 
Food should be withheld for 12–24 hours before the pro -
cedure. A cleansing enema should be performed approx -
imately 2 hours prior to EU (Feeney et al., 1981, 1982). 
Right lateral and VD survey radiographs are performed 
prior to administration of intravenous contrast material. To 
minimize the risk of adverse reactions, the use of non-
ionic iodinated contrast media such as iopamidol or 
iohexol at a dose of 880 mg iodine per kilogram body -
weight is advised (Pollard et al., 2008; Pollard and 
Puchalski, 2011). Contrast media should be delivered  
rapidly through a cephalic or other indwelling catheter 
because extravasation can be irritating to regional tissues. 
Right lateral and VD radiographs are obtained immedi -
ately and then at 5, 10, 20 and 40 minutes after contrast 
administration. Oblique views of the ureteral terminus and/
or negative contrast cystography may be added to the 
radiographic study obtained at 5 minutes after contrast 
administration if ureteral ectopia is suspected. Abdominal 
compression in the form of a tight elastic wrap applied  
to the caudal abdomen has been historically reported to 
increase opacification of the renal pelves. Care should be 
taken to observe the animal closely for evidence of an 
adverse reaction for at least 1 hour after administration of 
intravenous contrast media of any kind. Adverse reactions 
are rare in animals but can range in severity from mild 
(nausea, urticaria), to moderate (vomiting, hypotension, 
collapse) or severe (cardiac or respiratory failure) (Pollard 
et al., 2008; Pollard and Puchalski, 2011).

Excretory urography may be performed in azotaemic 
and non-azotaemic animals provided that hydration is 
adequate. A higher dose of contrast media (up to a 10% 
increase in dose) may be necessary as renal compromise 
progresses in order to reach adequate renal and ureteral 
opacification (Wallack, 2003). A temporary reduction in 
renal function may follow EU. A less common outcome of 
EU is contrast-induced renal failure, which has only been 
sporadically reported in the veterinary literature. Readers 
are referred elsewhere for a discussion of treatment for 
contrast-induced renal failure (Ihle, 1991).

Excretory urography can be divided into the nephro -
gram (opacification of the functional renal parenchyma) 
and the pyelogram (opacification of the renal pelvis, pelvic 
recesses and ureters) phases. Initially, the renal cortex  
is more opacified than the medulla. However, approxi -
mately 10–30 seconds into the nephrogram phase, the 
kidney is typically homogeneously and intensely contrast 
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enhancing. A steady reduction in the degree of contrast 
enhancement should be seen over time. Renal size, shape 
and margination are unchanged relative to the survey 
radiographs. Persistent or progressive opacification of the 
nephrogram indicates severe hypotension or contrast-
induced nephropathy (Figure 7.1).

During the pyelogram phase (2–3 minutes after con-
trast administration), the renal pelvis, pelvic recesses and 
ureters should exceed the opacification of the renal 
parenchyma. The renal pelvis and pelvic recesses should 
not exceed 1–2 mm in diameter in the dog (values have 
not been reported for cats). In general, the proximal ureter 
should not exceed 2–3 mm in diameter although it is 
important to recognize that ureteral diameter will vary  
with peristalsis.

Nephropyelography
Antegrade pyelography is a technique that has been 
described in both dogs and cats for identifying ureteral 
obstruction (Rivers et al., 1997; Adin et al., 2003). It is par-
ticularly useful in animals whose renal function is impaired 
to the point that EU does not result in adequate pelvic and 
ureteral opacification. Moreover, the risk of contrast medium 
nephrotoxicity is avoided, because systemic contrast is not 
administered. When a diagnostic study can be obtained, 
antegrade pyelography has 100% sensitivity and specificity 
for identifying ureteral obstruction in cats, far surpassing 
ultrasonography or radiography alone (Adin et al., 2003).

To perform the procedure, the animal is anaesthetized 
and the ventral abdomen is shaved and aseptically 
cleansed. A 25 G, 2.5 inch (6.25 cm) spinal needle is 
directed into the dilated renal pelvis from a ventrolateral 
approach under ultrasound guidance, taking care to avoid 
the arcuate arteries located at the corticomedullary  
junction. A moderate degree of pelvic dilation should be 
present to minimize the likelihood of lacerating the collect -
ing system. Typically, 1–2 ml of urine is removed for aerobic 
bacterial urine culture and then iodinated contrast medium 

is injected into the pelvis. The volume of contrast medium 
administered is arbitrarily determined, based on the degree 
of resistance to injection, but should be roughly equal to 
the quantity of urine removed. Serial radiography or fluoro -
scopy is sub  sequently used to determine whether ureteral 
obstruction is present.

The most common complication is leakage of contrast 
material through the needle tract, rendering the study non-
diagnostic. Renal pelvic laceration, and intrapelvic and  
retroperitoneal haemorrhage are also possible compli -
cations (Adin et al., 2003).

Ultrasonography
Ultrasound assessment of the kidneys and ureters is very 
rarely performed in isolation. It is important to recognize 
that evaluation of the entire abdomen is essential because 
findings in one organ system will often influence the inter -
pretation of findings in another.

Before the ultrasound evaluation begins the clinician 
must ensure that the animal is comfortable. It is recom -
mended that the ultrasound examination should be per -
formed in a dimly lit room with as little traffic as possible. 
Restraint of the patient is typically achieved by having 
assistants hold the animal’s legs and head. A foam pad cut 
into a wedge (V-trough) works well as a positioning device 
to hold an animal on its back during the procedure. If an 
animal is highly stressed or aggressive, or the ultrasound 
examination is lengthy, chemical restraint is indicated.

For adequate ultrasound scanning, the hair needs to  
be clipped from the ventral abdomen to reduce artefacts 
and provide better visualization of the abdominal organs. 
The hair should be clipped from the xiphoid caudally to  
the inguinal region with the lateral margins of the clip follow-
ing the costal arch and extending roughly halfway up the 
flank. Subsequently, alcohol or a water solution is applied to 
moisten the skin, displace hair associated with the hair folli -
cles and remove the surface layer of grease which can be 
present on the skin surface. The final preparation includes 

Ventrodorsal images of a 
normal cat being screened for 

kidney donation. (a) A survey radiograph 
shows smoothly marginated, symmetrical 
kidneys. (b) An image obtained 
immediately after the administration of 
intravenous iodinated contrast medium 
shows the parenchymal blush of the 
�•�‡�’�Š�”�‘�‰�”�ƒ�•���’�Š�ƒ�•�‡���ƒ�•�†���‡�ƒ�”�Ž�›���¤�Ž�Ž�‹�•�‰���‘�ˆ���–�Š�‡��
collecting system indicative of the 
beginning of the pyelogram phase. (c) An 
image obtained 10 minutes later shows 
that the pyelogram phase has not 
progressed and renal parenchymal 
�‘�’�ƒ�…�‹�¤�…�ƒ�–�‹�‘�•���Š�ƒ�•���’�‡�”�•�‹�•�–�‡�†�ä�����†�������•���‹�•�ƒ�‰�‡��
obtained 20 minutes after contrast 
administration shows a persistent 
nephrogram, indicative of severe 
hypotension or contrast-induced renal 
failure.

7.1
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(c) (d)
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applying liberal amounts of coupling gel to the abdomen. 
The ultrasonographic gel should be manually worked into 
the shaved skin surface for optimal acoustic coupling.

A high frequency (7.5–10 MHz) transducer should be 
selected for all but the largest dogs. The image orienta -
tion dot or symbol on the screen should be positioned on 
the left side of the image display. This dot correlates to a 
mark, line, dot or light on the transducer. This indicator 
should be directed towards the head of the animal for the 
longitudinal scan plane and directed toward the animal’s 
right side (towards the machine and sonographer) for the 
transverse scan plane. When performing the ultrasound 
scan, the transducer should not be lifted from the skin 
when moving to another region; instead, slide the trans -
ducer along the abdomen until the next area of interest  
is encountered.

While the kidneys are not the first organ to be scanned, 
a complete discussion of abdominal ultrasonography is 
beyond the scope of this chapter (see BSAVA Manual of 
Canine and Feline Abdominal Imaging). To locate the left 
kidney, the transducer is placed in the longitudinal imaging 
plane along the lateral surface of the mid-left abdomen 
caudal to the costal arch. The kidney is located caudal to 
the head of the spleen and lateral to the abdominal aorta. 
Once the left kidney is located, imaging the organ in the 
longitudinal plane initially is usually easiest and most 
informative. This plane allows the sonographer to evaluate 
the size and shape of the kidney along with visualization of 
the corticomedullary definition. The transducer is then 
rotated counterclockwise to produce a transverse image of 
the kidney. The transverse plane of the kidney is the most  
sensitive image for detecting renal pelvic dilatation.

In the dog the best way to visualize the right kidney is 
to place the transducer directly medial to the 13th rib and 
direct the sound beam cranially and perhaps a little later -
ally. In the cat the right kidney is usually easily seen and 
can be imaged directly from the right side without the 
interference of the ribs and the associated costal arch. 
Complete evaluation of the right kidney consists of both 
the longitudinal and transverse views. Transducer pressure 
should be moderate for evaluation of the kidney, because 
the overlying small intestine needs to be displaced to limit 
imaging artefacts secondary to intestinal gas.

In both dogs and cats, ultrasonography allows evalu -
ation of the peri-renal tissues, cortex, medulla, hilus and 
blood vessels. Kidneys can be evaluated for size, shape, 
location, number, echogenicity and architecture. In the  
cat, kidney length ranges from 3 to 5 cm when measured  
in the longitudinal imaging plane (DeBruyn et al., 2012). 

Considerably more variability exists in the dog. There is a 
loose linear relationship between renal length and body -
weight (see Chapter 4) but a large standard deviation  
exists and there is marked variation in kidney length among 
normal dogs of similar size (Barr et al., 1991). The renal  
cortex in dogs is close in echogenicity to that of the liver 
and slightly less than that of the spleen. Renal cortical 
echogenicity is variable in the cat and can be similar to that 
of liver or spleen, with entire male cats frequently having 
subjectively hyperechoic renal cortices as a normal finding. 
The renal medulla is less echogenic than the cortex in both 
cats and dogs. In some animals, a thin hyperechoic line is 
seen at the interface of the cortex and the medulla. This 
line, known as the ‘medullary rim sign’ represents mineral 
material in the proximal tubules and, in the absence of 
other renal changes, is typically incidental (Mantis and 
Lamb, 2000) (Figure 7.2).

The renal hilus contains fat and fibrous connective  
tissue so that it appears ultrasonographically bright. The 
thick-walled interlobar and arcuate arteries are easily visu -
alized and may result in mild acoustic shadowing, which 
should not be confused with parenchymal mineralization. 
The renal pelvis and ureters are typically not seen unless 
they are distended. It is important to note that anything 
that causes increased urine production can cause mild 
renal pelvic dilatation (up to 2 mm) so that a hypoechoic 
sliver of urine is visible displacing the renal hilus from the 
papilla. If a tubular structure is visible exiting the kidney, 
travelling through the retroperitoneal space and/or dorsal 
to the urinary bladder, colour Doppler may be useful to 
determine whether it is vascular or ureteral in origin.

Doppler techniques can be useful for evaluating blood 
flow to the kidneys. Colour or power Doppler can be used 
to confirm the presence of blood flow when renal infarc  -
tion or vascular avulsion is suspected, or to evaluate  
solid lesions to distinguish vascular from avascular masses. 
Pulsed-wave Doppler is occasionally used to measure 
resistive index (RI) as a specific (but not very sensitive)  
indicator of renal disease. Resistive index is measured from 
the interlobar or arcuate arteries and calculated by the 
ultrasound machine as follows:

RI = Peak systolic velocity – End diastolic velocity
 Peak systolic velocity

This unitless measure is considered elevated when 
>0.70, which is most commonly seen in acute interstitial 
disease, ureteral obstruction and rejection of a trans -
planted kidney (Figure 7.3).

(a) Sagittal ultrasound image of the left kidney from a healthy 7-year-old neutered female Golden Retriever. The outer cortex (C) is more 
echogenic than the inner medulla (M). There is a thin hyperechoic line (arrowed) near the corticomedullary junction, representing an incidental 

medullary rim sign. (b) Sagittal ultrasound image of the left kidney of a healthy 5-year-old West Highland White Terrier allows comparison of the renal 
�…�‘�”�–�‡�š�����������™�‹�–�Š���–�Š�‡���ƒ�†�Œ�ƒ�…�‡�•�–���•�’�Ž�‡�‡�•���������á���…�‘�•�¤�”�•�‹�•�‰���–�Š�ƒ�–���–�Š�‡���•�’�Ž�‡�‡�•���‹�•���•�‘�”�‡���‡�…�Š�‘�‰�‡�•�‹�…�ä�����…�������Š�‡���–�”�ƒ�•�•�˜�‡�”�•�‡���‹�•�ƒ�‰�‡���‘�ˆ���–�Š�‡���Ž�‡�ˆ�–���•�‹�†�•�‡�›���ˆ�”�‘�•���–�Š�‡���•�ƒ�•�‡���†�‘�‰���ƒ�•���‹�•�����„����
�•�Š�‘�™�•���–�Š�ƒ�–���–�Š�‡���”�‡�•�ƒ�Ž���’�ƒ�’�‹�Ž�Ž�ƒ�����������‹�•���‹�•���…�‘�•�–�ƒ�…�–���™�‹�–�Š���–�Š�‡���Š�›�’�‡�”�‡�…�Š�‘�‹�…���ˆ�ƒ�–���ƒ�•�†���¤�„�”�‘�—�•���…�‘�•�•�‡�…�–�‹�˜�‡���–�‹�•�•�—�‡���‹�•���–�Š�‡���Š�‹�Ž�—�•�����ƒ�”�”�‘�™�‡�†���ä�����Š�‡���•�’�Ž�‡�‡�•�����������‹�•���‹�•���–�Š�‡���•�‡�ƒ�”���¤�‡�Ž�†�ä
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In recent years, ultrasound contrast agents have been 
developed and used for the evaluation of parenchymal 
organs. Ultrasound contrast agents are microbubbles 
encapsulated in a synthetic shell that are injected intra -
venously (Chomas et al., 2001). They result in a marked 
increase in sound reflection and therefore make vascular 
structures appear bright. Although there is very little infor -
mation on the use of ultrasound contrast agents for the 
evaluation of veterinary patients, the enhancement pattern 
of the normal canine kidney has been reported (Waller  
et al., 2007). Preliminary data exist to support that  
quan titative ultrasound contrast techniques can identify 
changes in renal blood flow in dogs with hypercortisolism 
and after renal biopsy (Haers et al., 2010; 2011). The role 
of ultrasound contrast agents in veterinary urology 
remains to be established.

Computed tomography
While ultrasonography plays a significant role in the evalu -
ation of the upper urinary tract, there are a number of limi -
tations that can be overcome with other cross-sectional 
imaging techniques. Most notably, visualization of the  
terminus of the ureters can be nearly impossible, partic -
ularly if they reside within the pelvic canal or they are of 
normal diameter. Moreover, ultrasonography is incapable 
of assessing renal function. For these reasons, contrast-
enhanced computed tomography (CT) has a place in eval-
uation of the kidneys and ureters. CT image generation 
follows the same principles as conventional radiography  
in that X-rays and iodinated contrast media are used  
to acquire images. One can evaluate renal size, shape,  
density, location and number. Once contrast medium has 
been administered, ureteral diameter, thickness, location, 
peristalsis and termination can be visualized. With the 
superior anatomical detail and contrast resolution that CT 
can offer, sensitivity and specificity of lesion detection is 
improved over conventional radiography.

In general, animals are anaesthetized for the CT exam-
ination. The animal is placed in dorsal recumbency on a 
moving table within the CT unit. The X-ray source and 
detectors rotate around the animal in either a helical or  
single slice configuration. As with conventional radio -
graphy, ionizing radiation is the basis for image acquisi -
tion, so radiation safety precautions are required for the 
protection of the personnel involved in the procedure. 
Collimator settings determine the slice thickness such that 
thinner slices provide superior image resolution but deliver 

a higher total radiation dose. Within limits, the table move -
ment can be increased while maintaining a given collima -
tion thickness to increase the volume of anatomy imaged. 
The relationship of table travel to X-ray tube rotation is 
termed the ‘pitch’. As pitch increases, a greater length of 
the patient’s anatomy can be imaged with a given number 
of images of fixed collimation thickness.

Both pre- and post-contrast images are obtained for 
comparison. This is of particular importance when urinary 
tract calculi are suspected because contrast media will 
appear of similar density to radiodense uroliths and may 
mask their visualization if pre-contrast images are not 
available for comparison. As with EU, non-ionic iodinated 
contrast medium is recommended at a dose of 880 mg 
iodine per kilogram of bodyweight to minimize the risk of 
untoward effects. Contrast medium should be adminis -
tered into a peripheral indwelling catheter as rapidly as 
possible and ideally with a pressure injector. Post-contrast 
images are obtained immediately following the administra -
tion of contrast medium and then every few minutes until 
ureteral opacification and visualization are satisfactory.

Should information regarding renal function be desired, 
sequential images of the kidneys can be obtained during 
contrast media injection. As with EU, CT image acquisition 
can be timed to evaluate the initial vascular enhancement, 
nephrogram and pyelogram phases. Qualitative assess-
ment of renal function can be made by evaluating the 
rapidity and degree to which the kidneys contrast enhance 
and by evaluating transit to and through the collecting sys -
tem. Quantitative estimates of glomerular filtration rate 
(GFR) can also be obtained, although CT has been shown 
to underestimate GFR when compared with nuclear scinti -
graphy and plasma clearance tests, and is therefore not 
the test of choice for evaluating GFR (O’Dell-Anderson  
et al., 2006). Furthermore, if renal function is severely 
impaired (e.g. with a complete ureteral obstruction), ade -
quate pelvic and ureteral opacification will not be obtained 
and GFR cannot be estimated.

Image post-processing allows the user to manipulate 
the three-dimensional CT dataset in all directions. Image 
reformatting in the dorsal and sagittal planes can allow 
multiplanar assessment of organs. Three-dimensional sur-
face or volume rendering and maximum intensity projection 
reconstruction facilitate surgical planning and allow for 
improved understanding of complex anatomical details.

Magnetic resonance imaging
There is very little information in the literature regarding 
the use of magnetic resonance imaging (MRI) for evalua-
tion of the upper urinary system. This is probably the 
result of the greater expense, limited availability and long 
acquisition times associated with MRI. Given the utility of 
radiography, ultrasonography and contrast CT for imaging 
the urinary system, the limitations of MRI mostly outweigh 
its advantages.

That said, MRI is a high-contrast cross-sectional imag -
ing technique that can be used to obtain both anatomical 
and functional information about the urinary system. The 
animal must be anaesthetized and is placed within the core 
of the unit. A strong magnetic field aligns the hydrogen 
atoms within the patient, and then temporary disruptions of 
the proton alignment are induced using radiofrequency 
waves. The radiofrequency waves are pulsed in predefined 
sequences intended to emphasize different types of tissue. 
The most common predefined sequences result in T1- and 
T2-weighted images. As the protons in the animal realign, 
they generate their own radiofrequency signal that is 
recorded and mapped so as to yield a three-dimensional 

The resistive index is being measured from a transplanted 
kidney in a 4-year-old neutered male German Shorthaired 

Pointer. The callipers are placed over the arcuate arteries of the kidney 
and the resistive index is calculated from the Doppler waveform.

7.3
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image of the area of interest. The intensity of each pixel is 
related to proton density and the chemical properties of the 
tissue. Intravenous contrast agents can be administered to 
evaluate the vascularity of tissue. The most common MRI 
contrast agents are small molecular gadolinium agents that 
increase the signal intensity on T1-weighted images. While 
ionizing radiation is not used, there are still risks associated 
with the powerful magnetic field so that safety precautions 
are imperative.

As with CT, magnetic resonance images can provide 
multiplanar and three-dimensional reconstruction to  
facilitate surgical planning and accurately represent com -
plex anatomical regions. Dynamic magnetic resonance 
sequences can be performed during intravenous contrast 
agent administration to evaluate renal function in the dog 
(Fonseca-Matheus et al., 2011).

Nuclear scintigraphy
Nuclear scintigraphy refers to the use of radioactive  
elements or radionuclides for diagnostic purposes. The  
radio  nuclide is bound to another compound to create a  
radiopharmaceutical that will travel throughout the body 
and concentrate in the area of interest. The detection of 
radiopharmaceutical uptake is performed by a gamma  
camera that counts radioactive emissions. If a dynamic 
study is performed, the change in uptake over time can  
be measured.

Nuclear scintigraphy has limited application in veter -
inary patients because very few facilities have access to  
a gamma camera. Moreover, the handling and storage  
of radiopharmaceuticals and monitoring of radioactive  
animals are heavily regulated and can only be performed 
by licensed operators.

In veterinary nephrology, nuclear scintigraphy is  
typically used to assess renal function because ana  - 
tom ical reso lution is poor. The GFR can be estimated 
using plasma clearance of radionuclides (e.g. technetium 
99m-diethylene-triaminepentaacetic acid; Tc 99m-DTPA). 
This technique can estimate global as well as individual 
kidney GFR; however, global GFR evaluations are not 
considered reliable and this technique is most often per -
formed prior to unilateral nephrectomy to assess the 
function of the apparently healthy kidney.

Congenital absence of a kidney
Unilateral absence of a kidney is an occasional finding, with 
the right kidney being more frequently absent than the left.

Radiography
• Absence of one kidney with compensatory hypertrophy 

of another (should be confirmed by EU, contrast CT or 
nuclear scintigraphy).

• The remaining kidney is enlarged with normal 
architecture.

Ultrasonography
• Changes as for radiography.
• Absence may be further confirmed by showing that the 

renal artery and vein are not present.

Renal dysplasia and juvenile nephropathies
Familial nephropathies are present in certain breeds such 
as the Alaskan Malamute and Miniature Schnauzer, and 
typically affect both kidneys (Figure 7.4).

(a) Ventrodorsal radiograph of a 1-year-old female Siamese cat 
with renal azotaemia. The kidneys are bilaterally small, 

measuring less than two lengths of L2. (b) Right lateral radiograph of the 
same cat as in (a). The caudal margin of the left kidney (arrowed) and the 
cranial margin of the right kidney (arrowheads) are irregular. (c) Sagittal 
ultrasound image of the left kidney of a 4-year-old neutered female 
Yorkshire Terrier with renal dysplasia. The kidney (between callipers) is 
small and irregular with reduced corticomedullary distinction and 
increased cortical echogenicity in comparison with the adjacent spleen 
�������ä�����Š�‡�•�‡���¤�•�†�‹�•�‰�•���ƒ�”�‡���•�—�‰�‰�‡�•�–�‹�˜�‡�á���„�—�–���•�‘�–���’�ƒ�–�Š�‘�‰�•�‘�•�‘�•�‹�…�á���ˆ�‘�”���”�‡�•�ƒ�Ž��
dysplasia.
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Radiography
• The kidneys are small and have either a smooth or 

irregular contour.
• Excretory urography can confirm kidney size and 

shape and there will be delayed or poor opacification.
• Renal secondary hyperparathyroidism may manifest as 

demineralization of the skull and dystrophic 
calcification of soft tissues such as gastric rugae and 
major blood vessels (see Chapter 11).

Ultrasonography
• Findings do not allow differentiation from other chronic 

or endstage renal diseases, although young age and 
breed may be suggestive.

• The kidneys are small and may be smooth or irregular, 
have reduced corticomedullary differentiation, 
parenchymal hyperechogenicity (fibrosis and 
mineralization) and/or small parenchymal cyst formation.

Acute kidney injury
The kidneys may be affected unilaterally or bilaterally 
depending upon the underlying disease.

Radiography
• Usually normal or slightly enlarged. Retroperitoneal 

detail may be reduced owing to regional inflammation.
• Excretory urography may show poor or absent 

opacification, depending on functional ability.

Ultrasonography
• May appear normal.
• May see an increase in size with cortical 

hyperechogenicity, mild pelvic dilatation and perinephric 
effusion or hazy retroperitoneal fat (suggestive for 
inflammation)

• Specific aetiologies may have distinct changes, as 
follows:
• Ureteric obstruction will yield hydronephrosis and 

hydroureter along with peri-renal fluid accumulation 
and a hazy appearance to regional fat due to 
inflammation

• Leptospirosis typically causes renomegaly with 
mildly increased cortical echogenicity, renal pelvic 
dilatation and perinephric effusion (Figure 7.5). A 
broad distinct well marginated hyperechoic band in 
the medulla is strongly suggestive of this disease

• Aspergillus nephritis often results in moderate renal 
pelvic dilatation with thickening of the collecting 
system and echogenic debris in the renal pelvis 
(Figure 7.6). Granulomas may be seen affecting the 
renal parenchyma.

Chronic kidney disease
Most commonly a bilateral disease process although the 
degree of change may be asymmetrical (Figure 7.7).

Radiography
• May be normal.
• May see small, irregular or misshapen kidneys with 

mineralization or calculi.
• Excretory urography confirms kidney size and shape, 

along with poor opacification.

Sagittal ultrasound image of the left kidney of a 1-year-old 
neutered male Labrador Retriever with leptospirosis. There is 

�’�‡�”�‹�•�‡�’�Š�”�‹�…���ª�—�‹�†�����	�����ƒ�•�†���–�Š�‡���”�‡�•�ƒ�Ž���…�‘�”�–�‡�š�����������‹�•���•�—�„�Œ�‡�…�–�‹�˜�‡�Ž�›���Š�›�’�‡�”�‡�…�Š�‘�‹�…�á��
�™�Š�‹�…�Š���™�ƒ�•���…�‘�•�¤�”�•�‡�†���„�›���…�‘�•�’�ƒ�”�‹�•�‘�•���™�‹�–�Š���–�Š�‡���•�’�Ž�‡�‡�•�����•�‘�–���•�Š�‘�™�•���ä

7.5

Ultrasound images of the left kidney of a 3-year-old neutered 
male German Shepherd Dog with systemic aspergillosis.  

(a) The sagittal image shows reduced corticomedullary distinction and 
dilatation of the renal pelvis (between callipers). (b) The transverse 
�‹�•�ƒ�‰�‡���…�‘�•�¤�”�•�•���†�‹�Ž�ƒ�–�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���”�‡�•�ƒ�Ž���’�‡�Ž�˜�‹�•�����ƒ�”�”�‘�™�‡�†�����™�‹�–�Š���‡�…�Š�‘�‰�‡�•�‹�…��
�ª�—�‹�†���ƒ�•�†���ƒ���„�Ž�—�•�–�‡�†���ƒ�’�’�‡�ƒ�”�ƒ�•�…�‡���–�‘���–�Š�‡���”�‡�•�ƒ�Ž���’�ƒ�’�‹�Ž�Ž�ƒ���������ä

7.6

(a)

(b)
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7.7
(a) Ventrodorsal 10-minute excretory urogram of an 11-year-old 
neutered female Domestic Shorthaired (DSH) Cat with chronic 

right-sided nephritis. The right kidney (arrowed) is small with an irregular 
outer margin. Contrast medium is seen in the small intestine (arrow-
head), which is the alternative method of excretion when renal function 
is compromised. (b) The right lateral radiograph of the same cat as in (a) 
again shows the irregular and small right kidney (white arrows). Some 
contrast medium is seen in the urinary bladder and there is a central 
�¤�Ž�Ž�‹�•�‰���†�‡�ˆ�‡�…�–�����„�Ž�ƒ�…�•���ƒ�”�”�‘�™�����…�‘�•�•�‹�•�–�‡�•�–���™�‹�–�Š���ƒ���”�ƒ�†�‹�‘�Ž�—�…�‡�•�–���•�–�‘�•�‡���‘�”���„�Ž�‘�‘�†��
clot. (c) Sagittal ultrasound image of the left kidney of an 8-year-old 
neutered female DSH with chronic kidney disease. There is reduced 
corticomedullary distinction and the outer margin of the kidney is slightly 
irregular (arrowed). The kidney is small, measuring 2.2 cm in length.

(a)

(b)

(c)

(a) Ventrodorsal 20-minute excretory urogram of a 5-year-old 
neutered male Pyrenean Mountain Dog with pyelonephritis. 

The left renal pelvis is mildly dilated and the pelvic diverticuli are blunted 
(arrowhead). The left ureter is slightly greater in diameter than the right 
(RU), suggesting ureteritis. UB = urinary bladder. (b) Transverse 
ultrasound image of the left kidney of a 12-year-old neutered female 
Beagle with pyelonephritis. The renal pelvis is mildly dilated and the renal 
papilla is invaginated (arrowed), indicative of necrosis.

7.8

(a)

(b)

Ultrasonography
• May appear normal.
• Parenchymal mineralization or collecting system calculi 

may appear as hyperechoic foci with acoustic 
shadowing.

• May see reduced corticomedullary differentiation.
• Reduced or increased cortical thickness relative to the 

medulla.
• Diffuse uniform or patchy increased cortical 

echogenicity often combined with wedge-shaped 
hyperechoic regions of chronic infarction.

• May see reduced renal size with smooth or irregular 
margination.

• Mild renal pelvic dilatation may result from polyuria.
• Endstage kidneys may be difficult to identify as renal 

tissue. Location aids in organ identification.

Pyelonephritis
One or both kidneys may be affected (Figure 7.8). This  
disease may be seen concurrently with ureteral ectopia or 
other causes of hydroureter.
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Radiography
• The kidneys may appear normal, enlarged or small and 

irregular depending upon severity and chronicity.
• Renal calculi may also be present.
• Excretory urography will show mild dilatation of the 

renal pelvis and proximal ureter with filling defects that 
represent clumped debris.

Ultrasonography
• May appear normal.
• Acute pyelonephritis may cause mild renomegaly and 

pelvic dilatation.
• Reduced corticomedullary differentiation with uniform 

or patchy cortical hyperechogenicity in the more 
chronic stage.

• Focal hyperechoic regions may be seen in the renal 
crest and medulla.

• Mild renal pelvic dilatation may accompany flattening 
or invagination of the renal crest and visible echogenic 
debris in the pelvis.

Renal calculi
Most renal calculi in companion animals (Figure 7.9) are 
composed of struvite or calcium oxalate and are radio  - 
 dense. Urate and cystine calculi, while less common,  
are radiolucent (see Chapter 26), depending upon their 
size and precise composition. All mineral material (and 
therefore all calculi) creates a hyperechoic interface with 
varying levels of acoustic shadowing when assessed 
ultrasonographically. Nephroliths are frequently seen in 
animals with other renal diseases such as pyelonephritis 
or chronic kidney disease.

Radiography
• Mineralized opacities seen in the renal pelvis on 

orthogonal views.
• Large calculi may extend into the diverticuli and down 

the proximal ureter (stag-horn calculi are often 
composed of struvite).

• Calculi may be present elsewhere in the urinary tract.
• Excretory urography may obscure radiodense calculi 

but radiolucent calculi will appear as filling defects.

Ultrasonography
• Nephroliths have a hyperechoic interface with distinct, 

clean (hard) acoustic shadowing.
• Calculi may be difficult to differentiate from 

parenchymal mineralization. Calculi often accompany 
pelvic dilatation and can be definitively differentiated 
from parenchymal mineralization when they are 
surrounded by pelvic fluid.

Feline infectious peritonitis
One or both kidneys may be affected by feline infectious 
peritonitis (FIP) (Figure 7.10). It is important to look for 
changes in other organs and lymph nodes, and for free 
fluid in the abdomen.

Radiography
• The kidneys may be enlarged and irregular.
• An uneven nephrogram may be seen on EU.

An 8-year-old neutered female Domestic Shorthaired Cat 
�™�‹�–�Š���”�‡�•�ƒ�Ž���…�ƒ�Ž�…�—�Ž�‹�ä�����ƒ�������Š�‡���˜�‡�•�–�”�‘�†�‘�”�•�ƒ�Ž���”�ƒ�†�‹�‘�‰�”�ƒ�’�Š���…�‘�•�¤�”�•�•��

that calculi are in the region of the pelves (arrowed) and are not likely 
to be parenchymal. The left kidney appears rounded, suggestive of 
hydronephrosis. (b) The right lateral radiograph shows that calculi are 
superimposed over the kidney shadows in the region of the pelves. 
Calculi are seen elsewhere in the urinary tract including the ureters 
(arrowed) and urinary bladder (UB). (c) The sagittal ultrasound image 
of the left kidney shows severe hydronephrosis with minimal 
remaining cortex (C). Hyperechoic structures (arrowed) with acoustic 
shadowing (arrowheads) are seen in the dependent aspect of the 
pelvis, consistent with calculi.

7.9

(b)

(c)

(a)
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Dorsally reconstructed post-contrast computed tomography 
image of the kidneys of a 2-year-old neutered female Domestic 

Shorthaired Cat with right renal rupture. Note that contrast has 
accumulated around the right kidney (arrowed) and very little contrast is 
located within the right renal pelvis (P) when compared with that of the 
�Ž�‡�ˆ�–���•�‹�†�•�‡�›�����������ä�����‹�‰�Š�–���”�‡�•�ƒ�Ž���’�ƒ�”�‡�•�…�Š�›�•�ƒ�Ž���‡�•�Š�ƒ�•�…�‡�•�‡�•�–���…�‘�•�¤�”�•�•���–�Š�ƒ�–��
the vascular supply has not been compromised.

7.11

Sagittal ultrasound image of the left kidney of a 6-month-old 
neutered male Domestic Longhaired Cat with feline infectious 

peritonitis. The corticomedullary distinction is reduced. The kidney is 
�‡�•�Ž�ƒ�”�‰�‡�†�á���•�‡�ƒ�•�—�”�‹�•�‰���Y���…�•���‹�•���Ž�‡�•�‰�–�Š�ä�����Š�‡�”�‡���‹�•���•�…�ƒ�•�–���•�—�„�…�ƒ�’�•�—�Ž�ƒ�”���ª�—�‹�†��
�‹�•�¤�Ž�–�”�ƒ�–�‡�����ƒ�”�”�‘�™�‡�†���ä

7.10

Ultrasonography
• The kidneys may be enlarged and irregular.
• Focal hyperechoic nodules (granulomas) or diffuse 

mottling of the parenchyma may occur.
• Hypoechoic perinephric fluid/infiltrate may be seen.
• Diffuse ultrasonography findings appear similar to 

those of renal lymphoma and the two diseases cannot 
be differentiated without cytological assessment.

Renal trauma
Excretory urography (radiographic or with computed 
tomography) may be superior to ultrasonography for con -
firming renal and ureteral rupture (Figure 7.11).

Radiography
• The kidney may change shape if ruptured, or appear 

enlarged if perinephric haemorrhage/urine 
accumulates.

• Retroperitoneal or peritoneal detail may be reduced 
owing to haemorrhage or urine leakage.

• Excretory urography may show an absent nephrogram 
if the renal artery is compromised. The nephrogram 
may show uneven enhancement with parenchymal 
trauma or contrast extravasation with rupture.

Ultrasonography
• Renal rupture will appear as distortion or loss of normal 

architecture.
• Haematomas may appear as anechoic, hypoechoic or 

complex masses within the renal parenchyma or 
outside the kidney.

• Echogenic or anechoic fluid may reside within the 
retroperitoneal or peritoneal space if haemorrhage or 
urine leakage has occurred.

• Subcapsular fluid may be anechoic or echogenic with 
perinephric haemorrhage.

Renal lymphoma
Most commonly, both kidneys are affected by renal  
lymphoma (Figure 7.12). The kidneys may be the only organs 
affected or widespread lymphoma may occur so that evalu -
ation of other organs and lymph nodes is essential.

Radiography
• The kidneys may be enlarged and irregular or appear 

normal.
• An uneven nephrogram may be seen on excretory 

urography.

Ultrasonography
• The kidneys may be enlarged and irregular.
• Focal, hyperechoic nodules (granulomas) or diffuse 

mottling of the parenchyma may occur.
• Hypoechoic perinephric fluid/infiltrate may be seen.
• Diffuse ultrasonography findings appear similar to FIP 

and the two diseases cannot be differentiated without 
cytological assessment.

Renal neoplasia (other than lymphoma)
Malignant tumours are more common than benign but can -
not be differentiated with imaging (Figure 7.13). Cytology is 
required to determine cell type. Both primary and meta -
static renal lesions are possible. Thoracic radiographs are 
indicated to assess for metastatic disease.

Radiography
• Unilateral or bilateral renal enlargement and/or contour 

irregularity.
• The colon can be displaced ventrally.
• Sometimes only one renal pole is affected.
• Dystrophic mineralization can occur.
• Excretory urography will confirm that the mass is renal 

in origin:
• The nephrogram may be patchy with areas of poor 

enhancement
• The renal pelvis and proximal ureter may be 

distorted or dilated with filling defects that 
represent neoplastic tissue or haemorrhage.

Ultrasonography
• Heterogeneous tissue causes expansile enlargement of 

the kidney(s) with contour irregularity and loss of 
normal shape.

• The entire kidney may be replaced with abnormal 
tissue.
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(a)

(b)

(c)

(a) Ventrodorsal 
radiograph of an 

8-year-old neutered male 
Beagle with a right renal 
carcinoma. The caudal 
margin of the right kidney 
(arrowed) extends all the 
way into the caudal 
abdomen. The left kidney 
(LK) is displaced laterally and 
caudally. (b) The right lateral 
radiograph of the same dog 
�ƒ�•���‹�•�����ƒ�����…�‘�•�¤�”�•�•���”�‹�‰�Š�–��
renomegaly (white arrows) 
with ventral deviation of the 
�ˆ�ƒ�‡�…�‡�•�æ�¤�Ž�Ž�‡�†���…�‘�Ž�‘�•�����„�Ž�ƒ�…�•��
arrows). The left kidney 
(arrowheads) can be seen 
summating with the mass.  
(c) Sagittal ultrasound image 
of the right kidney of a 
15-year-old neutered female 
Domestic Longhaired Cat 
with a right renal carcinoma. 
The cranial pole of the right 
kidney (RK) appears fairly 
normal. However, the caudal 
pole has been replaced by a 
cavitated mass (arrowed), 
resulting in distortion of the 
shape of the kidney. 
���‡�”�‹�•�‡�’�Š�”�‹�…���ª�—�‹�†�����	�����‹�•���•�‡�‡�•��
and may represent 
haemorrhage or urine.

7.13

(a)

(b)

A 14-year-old 
neutered male 

Domestic Shorthaired Cat 
with renal lymphoma.  
(a) The ventrodorsal 
radiograph shows that both 
kidneys (RK and LK) are 
enlarged, measuring 
approximately three lengths 
of L2. Mid-abdominal serosal 
detail is reduced suggesting 
�ƒ�•�…�‹�–�‡�•�á���‹�•�ª�ƒ�•�•�ƒ�–�‹�‘�•���‘�”��
lymphadenomegaly.  
(b) The right lateral 
�”�ƒ�†�‹�‘�‰�”�ƒ�’�Š���…�‘�•�¤�”�•�•��
renomegaly, with the left 
kidney (arrowed) displacing 
the colon (C) ventrally.  
(c) The sagittal ultrasound 
image of the left kidney 
shows that corticomedullary 
distinction is reduced. The 
kidney is enlarged, 
measuring 5.4 cm in length. 
There is scant subcapsular 
�ª�—�‹�†���‹�•�¤�Ž�–�”�ƒ�–�‡�����ƒ�”�”�‘�™�‡�†���á��
which is more echogenic 
near the poles (between 
callipers).

7.12

(c)

• Primary tumours are often solitary complex solid masses 
that cause focal disruption of the normal architecture.

• Renal cystadenomas/cystadenocarcinomas are usually 
bilateral in German Shepherd Dogs, with variable 
anechoic/hypoechoic cysts and nodules.

Contrast CT
• Contrast CT may be useful for surgical planning and 

assessing for invasion of renal tumours into 
surrounding musculature and organs.

• Quantitative assessment of the contralateral kidney using 
nuclear scintigraphy may give a rough estimate of GFR if 
surgical removal of the affected kidney is planned.

Renal cysts
Solitary renal cysts are often incidental in dogs and cats 
but polycystic kidney disease is a progressive bilateral 
process in Persian cats and related breeds (Figure 7.14) 
(see Chapter 14). Incidental renal cysts are often seen  
with contrast CT performed for other reasons.
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(a) Ventrodorsal image obtained 20 minutes post-excretory 
urogram in a 9-year-old neutered female Akita with a solitary 

left renal cyst. The nephrogram phase of the right kidney (RK) and the 
cranial pole of the left kidney (LK) appear normal. The caudal pole of the 
left kidney is enlarged and the parenchyma has been replaced by a 
non-contrast-enhancing lesion (arrowed) consistent with a cyst. The cyst 
is displacing the left ureter (arrowheads) medially and the renal pelvis is 
moderately distorted. (b) Sagittal ultrasound image of the right kidney 
(between callipers) of a 12-year-old neutered male Persian cat with 
polycystic kidney disease. There are multiple variably sized cysts 
throughout the parenchyma, the largest of which (C) shows acoustic 
�‡�•�Š�ƒ�•�…�‡�•�‡�•�–�����ƒ�”�”�‘�™�‡�†���á���–�Š�‡�”�‡�„�›���…�‘�•�¤�”�•�‹�•�‰���–�Š�ƒ�–���‹�–���…�‘�•�–�ƒ�‹�•�•���ª�—�‹�†�ä�����Š�‡��
remaining parenchyma is subjectively hyperechoic, and corticomedullary 
distinction is reduced. The kidney is enlarged, measuring 4.9 cm in length.

7.14

(a)

(b)

Radiography
• May appear normal with small or single cysts.
• Numerous or large cysts can cause renomegaly and 

contour irregularity.
• Excretory urography shows spherical filling defects in 

the renal parenchyma, which may distort the renal pelvis.

Ultrasonography
• Most cysts appear as round thin-walled well defined 

structures with anechoic contents and acoustic 
enhancement.

• Occasionally cysts will contain echogenic debris or 
mineralization (hyperechoic regions with shadowing) 
but should always appear thin walled and well defined.

• Polycystic kidney disease often begins as one or more 
1–2 mm cysts in a kitten a few weeks after birth. Cysts 
enlarge and become more numerous with age and 
eventually efface the normal parenchyma. Lesions may 
be cortical, corticomedullary or medullary. At advanced 
stages, the kidneys are enlarged with irregular outer 
margins.

• Pelvic dilatation may occur if cysts of any kind 
encroach upon the renal pelvis.

Renal abscess/granulomas/haematomas
Lesions may be solitary or multifocal, unilateral or bilateral 
(Figure 7.15).

Sagittal ultrasound image of the right kidney of a 1-year-old 
female Boxer with a renal abscess. The caudal pole of the right 

kidney (RK) is normally shaped but displays reduced corticomedullary 
�†�‹�•�–�‹�•�…�–�‹�‘�•���•�—�‰�‰�‡�•�–�‹�˜�‡���‘�ˆ���…�Š�”�‘�•�‹�…���‹�•�ª�ƒ�•�•�ƒ�–�‹�‘�•�ä�����Š�‡�”�‡���‹�•���ƒ���ª�—�‹�†�æ�¤�Ž�Ž�‡�†��
mass distorting the cranial pole of the kidney (arrowed). Echogenic 
�†�‡�„�”�‹�•���‹�•���•�‡�‡�•���•�—�•�’�‡�•�†�‡�†���™�‹�–�Š�‹�•���–�Š�‡���ª�—�‹�†�á���•�‘�•�‡���‘�ˆ���™�Š�‹�…�Š���Š�ƒ�•���•�‡�–�–�Ž�‡�†���–�‘��
the dependent portion of the abscess cavity (arrowhead).

7.15

Radiography
• Small lesions may be undetectable.
• Numerous or large lesions can result in renomegaly 

and contour irregularity.
• Excretory urography will show enhancement defects 

when haematomas and/or abscesses are present but 
patchy parenchymal enhancement is often present with 
granulomas.

Ultrasonography
• Abscesses appear as focal or multifocal thick-walled, 

fluid-filled lesions with echogenic contents. Peri-renal 
fluid may be seen, and regional fat is often hazy if 
inflammation is present. Evidence of pyelonephritis 
may also be present (see above).

• Haematomas may appear similar to abscesses and be 
difficult to differentiate without cytological assessment.

• Granulomas appear as solid focal or multifocal 
heterogeneous or hyperechoic nodules.

• Systemic aspergillosis in German Shepherd Dogs often 
causes hyperechoic multifocal renal nodules with 
fungal pyelonephritis (see above).

Contrast CT
Differentiation of renal abscesses, granulomas and haema - 
tomas from renal tumours may be challenging. Contrast 
CT can provide superior images of the lesions without 
super imposition of overlying structures, and thereby facili -
tates differentiation of these lesions. Cytology is often  
still necessary.
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Perinephric pseudocysts
Accumulation of modified transudate in the subcapsular 
space often occurs in association with chronic kidney dis -
ease (CKD) and is often bilateral (although not always sym-
metrical) (Figure 7.16). Older male cats are predisposed.

A 13-year-old neutered Domestic Shorthaired Cat with bilateral 
perinephric pseudocysts. (a) The ventrodorsal radiograph 

shows severe enlargement of the right renal silhouette (RK), which has 
resulted in displacement of the bowel cranially and medially. The left 
kidney (LK) is small but appears round and is displaced caudally. Note 
�–�Š�ƒ�–���–�Š�‡���•�ƒ�”�‰�‹�•�•���‘�ˆ���„�‘�–�Š���•�‹�†�•�‡�›�•���”�‡�•�ƒ�‹�•���•�•�‘�‘�–�Š���ƒ�•�†���™�‡�Ž�Ž���†�‡�¤�•�‡�†�ä�����„����
���Š�‡���”�‹�‰�Š�–���Ž�ƒ�–�‡�”�ƒ�Ž���”�ƒ�†�‹�‘�‰�”�ƒ�’�Š���…�‘�•�¤�”�•�•���•�‡�˜�‡�”�‡���”�‹�‰�Š�–���”�‡�•�ƒ�Ž���‡�•�Ž�ƒ�”�‰�‡�•�‡�•�–��
with ventral displacement of the colon (C). (c) The sagittal ultrasound 
�‹�•�ƒ�‰�‡���‘�ˆ���–�Š�‡���”�‹�‰�Š�–���•�‹�†�•�‡�›���•�Š�‘�™�•���ƒ���Ž�ƒ�”�‰�‡���ƒ�…�…�—�•�—�Ž�ƒ�–�‹�‘�•���‘�ˆ���ª�—�‹�†�����	�����ˆ�‘�…�ƒ�Ž�Ž�›��
located around the kidney. The kidney has reduced corticomedullary 
distinction and an irregular outer margin (arrowed) suggestive of chronic 
kidney disease.

7.16

(a)

(b)

(c)

(a) Transverse ultrasound image of the right kidney of a 6-year-
old neutered male Swiss Mountain Dog with hydronephrosis. 

���Š�‡���”�‡�•�ƒ�Ž���’�‡�Ž�˜�‹�•�����������‹�•���•�‘�†�‡�”�ƒ�–�‡�Ž�›���†�‹�Ž�ƒ�–�‡�†���™�‹�–�Š���ƒ�•�‡�…�Š�‘�‹�…���ª�—�‹�†�ä�����Š�‡���”�‡�•�ƒ�Ž��
papilla is blunted (arrowed). The remaining cortex (C) appears normal.  
(b) Sagittal ultrasound image of the left kidney of an 11-year-old neutered 
female Domestic Shorthaired Cat with hydronephrosis. There is a large 
�“�—�ƒ�•�–�‹�–�›���‘�ˆ���ƒ�•�‡�…�Š�‘�‹�…���ª�—�‹�†���‹�•���–�Š�‡���”�‡�•�ƒ�Ž���’�‡�Ž�˜�‹�•�����������ƒ�•�†���˜�‡�”�›���Ž�‹�–�–�Ž�‡���•�‘�”�•�ƒ�Ž��
cortex (C) remains. Hyperechoic linear structures extend into the centre 
�‘�ˆ���–�Š�‡���ª�—�‹�†�æ�¤�Ž�Ž�‡�†���’�‡�Ž�˜�‹�•�����ƒ�”�”�‘�™�‡�†�����ƒ�•�†���”�‡�’�”�‡�•�‡�•�–���–�Š�‡���•�—�’�’�‘�”�–���ˆ�‘�”���–�Š�‡��
arcuate arteries.

7.17

(a)

(b)

Radiography
• Smooth and often severe enlargement of the renal 

shadow(s) is seen.
• The enlarged renal shadow exerts a mass effect on 

regional organs.
• Excretory urography demonstrates that the kidney itself 

is only a small part of the renal shadow.

Ultrasonography
• Circumscribed anechoic fluid is seen surrounding the 

kidney(s) in varying quantity. A thin hyperechoic 
capsule is seen surrounding the fluid. Occasionally 
septations are present attached to the renal surface.

• The kidney(s) often show imaging signs of CKD (see 
above).

Hydronephrosis
Hydronephrosis (Figure 7.17) can be unilateral or bilateral 
and results from pyelonephritis or partial or complete 
obstruction of the ureters (ureteroliths, trigonal neoplasia). 
It is often seen with ureteral ectopia.
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Nephrocalcinosis
Nephrocalcinosis has various causes including CKD, 
hyperadrenocorticism, hypercalcaemia and hypervitamino -
sis D. Ultrasonography is more sensitive than radiography 
for detecting subtle mineralization.

Radiography
• Patches and lines of mineralization are superimposed 

over the renal silhouettes on both views.
• If associated with CKD, the kidneys may be small and 

irregular (see above).
• May be difficult to differentiate from small calculi.

Ultrasonography
• Hyperechoic foci are present within the renal 

parenchyma with varying degrees of acoustic 
shadowing depending on size (small lesions may not 
have significant shadowing).

• Often seen in association with CKD (see above).

Renal infarcts
Renal infarcts (Figure 7.19) may be single or multiple and  
are often seen with CKD. Care should be taken to search for 
a source for the infarcts. Incidental renal infarcts are often 
seen with contrast CT performed for other reasons.

Radiography
• Kidney size may be normal, enlarged or small (in cases 

of chronic partial obstruction).
• The renal outline may be rounded with loss of the hilar 

notch (bean shape).
• Excretory urography of mild and moderate 

hydronephrosis shows distension and rounding of the 
pelvis and diverticuli. Renal opacification may not 
occur or may appear as a thin rim of peripheral 
enhancement with severe hydronephrosis. Dilatation of 
the ureter is often present depending on the cause of 
the hydronephrosis. Contrast may not be taken up by 
the kidney if complete obstruction is present.

Ultrasonography
• Anechoic fluid resides within the renal pelvis, resulting 

in displacement of the renal crest away from the 
hyperechoic fat in the hilus (seen best in the transverse 
plane).

• Diverticuli are widened and cortical thinning occurs in 
varying degrees depending upon the severity and 
duration of disease.

• Ureteral dilatation often accompanies hydronephrosis 
and the dilated fluid-filled ureter can be seen exiting the 
renal hilus. Ultrasonography can be used to trace the 
ureter distally toward the bladder in search of obstruction.

Ethylene glycol intoxication
Radiography
• The kidneys may appear normal.
• Renomegaly and/or diffuse increased opacity results 

from mineral deposition in the kidney.

Ultrasonography
• Increased cortical echogenicity (at 4 hours) is followed 

by increased medullary echogenicity. Echogenicity may 
equal or exceed that of spleen (Figure 7.18). A relatively 
less increased echogenicity at the corticomedullary 
junction may result in a hypoechoic band (halo sign) at 
the corticomedullary junction, which is reported to be a 
poor prognostic indicator.

Sagittal ultrasound image of the left kidney of an 8-year-old 
neutered female mixed-breed dog with a known history of 

ethylene glycol ingestion. The renal cortex (C) is seen to be substantially 
more echogenic than the adjacent spleen (S). The kidney is enlarged, 
measuring 8.5 cm in length.

7.18

(a) Sagittal ultrasound image of the left kidney of a 
12-year-old Domestic Shorthaired Cat with a renal infarct 

secondary to hypertrophic cardiomyopathy. There is a hyperechoic 
wedge-shaped lesion (arrowed) in the cranial pole of the kidney 
�…�‘�•�•�‹�•�–�‡�•�–���™�‹�–�Š���¤�„�”�‘�•�‹�•�‰���…�Š�ƒ�•�‰�‡���‘�ˆ���ƒ���…�Š�”�‘�•�‹�…���‹�•�ˆ�ƒ�”�…�–�ä�����„�������‘�”�•�ƒ�Ž�Ž�›��
reformatted post-contrast computed tomography image of the 
kidney of a 10-year-old neutered female Labrador Retriever with renal 
infarcts. The outer margin of the kidneys is irregular bilaterally and 
there are wedge-shaped regions of reduced parenchymal contrast 
�‡�•�Š�ƒ�•�…�‡�•�‡�•�–���•�‡�‡�•���ƒ�¡�‡�…�–�‹�•�‰���–�Š�‡���Ž�‡�ˆ�–���•�‹�†�•�‡�›�����ƒ�”�”�‘�™�‡�†���ä

7.19

(a)

(b)
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Radiography
• The kidneys usually look normal. Occasionally contour 

defects will be seen with large infarcted regions.
• Excretory urography shows wedge-shaped areas 

lacking opacification during the nephrogram phase.

Ultrasonography
• Wedge-shaped lesions with the apex towards the 

medulla.
• Acute infarcts are hypoechoic and visible within 24 

hours of occurrence.
• Subacute and chronic infarcts are hyperechoic and 

often associated with a depression in the surface of the 
kidney.

• Chronic infarcts are a common finding in older animals 
and may be incidental.

Idiopathic renal haemorrhage
This is a rare condition with no findings on radiography or 
ultrasonography. Imaging is used to rule out other causes 
of haematuria.

Amyloidosis
Radiography
• The kidneys may be small, normal or enlarged.

Ultrasonography
• The kidneys may be small, normal or enlarged.
• Cats often have increased medullary echogenicity.
• Dogs often have increased cortical echogenicity and 

irregular cortical margins (Figure 7.20).

Ureteral ectopia
Ectopic ureters (Figure 7.21) are usually congenital and can 
be unilateral or bilateral (see Chapters 9 and 30). Ectopic 
ureters usually terminate in the urethra or bladder and may 
tunnel through the bladder and urethral wall. Secondary 
changes such as hydronephrosis, hydroureter and evi -
dence of pyelone phritis may be seen and are circumstan -
tial evidence for ectopia even if the ureteral opening is not 
clearly identified.

Sagittal ultrasound image of the right kidney of a 3-year-old 
neutered male Shar Pei with amyloidosis. The renal cortex (C) 

is thick and hyperechoic in comparison with the adjacent liver (L).

7.20

Sagittal reformatted contrast-enhanced computed 
tomography image of the caudal abdomen of a 6-month-old 

neutered female Welsh Corgi with right-sided ectopic ureter. The right 
ureter (RU) is severely enlarged and the terminal aspect of the ureter 
(arrowed) bypasses the urinary bladder (UB).

7.21

Radiography
• Usually normal, although severe ureteral enlargement 

can sometimes be seen as a linear soft tissue dense 
tube in the retroperitoneal space.

• Excretory urography with pneumocystography 
highlights the ureters and allows the best visualization 
of the ureteral terminus:
• Peristalsis may necessitate multiple radiographs in 

order to view the terminus. In dogs, the ureters may 
appear to have the normal terminal ‘hook’ but then 
continue caudally, tunnelling through the wall of the 
bladder and urethra

• Ectopic ureters are frequently dilated as a result of 
strictures at the opening or chronic infection

• Absence of contrast accumulation in the bladder 
indicates bilateral ectopia. However, the presence 
of contrast medium in the bladder does not rule out 
bilateral ectopia because urine can leak forwards 
into the bladder.

• Reterograde (vagino)urethrography can be used to 
define ureteral openings.

Ultrasonography
• Ectopic ureters can be visualized if hydroureter exists.
• Terminal ureters are most easily visualized as thin-

walled tubes residing dorsal to the urinary bladder in 
the retroperitoneal space. Peristalsis can often be seen.

• If the ureter can be seen to terminate in an abnormal 
location then a definitive diagnosis can be made. In 
some cases, the exact terminus is too far caudal in the 
pelvic canal or is difficult to visualize owing to regional 
gas. Additional imaging is then warranted.

• Visualization of ureteric jets arising from two discrete 
normally positioned ureterovesicular junctions makes 
ureteral ectopia unlikely.

Contrast CT
• Contrast CT (as well as cystoscopy, see Chapter 8) may 

be the best way definitively to identify ureteral 
termination prior to correction of the ectopic ureter. 
Multiple post-contrast sequences with three-
dimensional reformatting are often necessary to 
identify the exact location of the terminal ureter.

Ch07 Nephrology.indd   97 01/08/2017   08:40



BSAVA Manual of Canine and Feline Nephrology and Urology

98

Ureterocele
Ureteroceles (Figure 7.22) are defined as regions of con-
genital localized ureteric dilatation, usually located in the 
bladder wall. They may be seen with ureteral ectopia.

Sagittal ultrasound image of the urinary bladder of a 
3-month-old female Beagle with a right-sided ureterocele. 

There is anechoic urine in the urinary bladder (UB) and a mural 
ureterocele (UC). The wall of the ureterocele is visible (arrowed), 
separating the two compartments.

7.22

Radiography
• Often unremarkable.
• Excretory urography shows focal ureteral dilatation, 

occasionally with secondary hydroureter and 
hydronephrosis.

• Cystography may show a filling defect arising from the 
bladder wall in the trigone region.

Ultrasonography
• Focal, cystic dilatation of the ureter is present, which 

may be within the bladder wall or adjacent to the 
bladder neck.

• Hydronephrosis and hydroureter may also be present.

Hydroureter
This is ureteric dilatation (Figure 7.23) due to partial or  
complete obstruction (ureteral calculi, trigonal tumour)  
or ascending infection.

Radiography
• If dilatation is severe, a tubular soft tissue opacity is 

seen in the retroperitoneal space.
• Excretory urography shows the ureter to be enlarged, 

tortuous and lacking in peristaltic breaks.
• Hydronephrosis often accompanies hydroureter.
• Depending on the cause, other radiographic features 

(e.g. ureteral calculi) may be seen.

Ultrasonography
• A fluid-filled thin-walled tube is visible and can be 

traced between the kidney and the bladder. Peristalsis 
is often present.

• Colour Doppler can be useful to ensure the structure is 
not actually a blood vessel.

(a) Right lateral radiograph following a bilateral 
nephropyelogram in a 1-year-old neutered male Boxer with 

bilateral hydronephrosis and right-sided hydroureter of unknown cause. 
The proximal right ureter (arrowed) is moderately enlarged while the 
distal ureter (curved arrow) is of a more normal diameter. (b) Sagittal 
ultrasound image of the right ureter of a 10-year-old neutered male 
Domestic Shorthaired Cat with hydronephrosis secondary to obstructive 
calculi. Echogenic debris (between callipers) is seen within the lumen of 
the dilated ureter (arrowed). Obstruction must be present further distally 
because ureteral dilatation is present caudal to the echogenic debris.

7.23

(a)

(b)

• Hydronephrosis often accompanies hydroureter.
• Assessment for luminal contents (e.g. calculi) and 

trigonal bladder lesions (e.g. neoplasia) is indicated 
when hydroureter is seen.

Ureteric calculi
Calculi (Figure 7.24) may also be present elsewhere in the 
urinary tract (kidneys, bladder).

Radiography
• Radiolucent calculi may not be visible.
• Small, mineralized opacities are seen in the region of 

the ureters. Orthogonal views are necessary to localize 
and lateralize the calculi.

• Excretory urography confirms the ureteral location of 
the density and can identify hydronephrosis and 
hydroureter proximally.

• Radiolucent calculi can only be seen following 
intravenous contrast administration.

• Calculi may accompany or result in stricture of the 
ureters (see below).
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Ureteric rupture
Rupture of a ureter (Figure 7.25) can occur with trauma or 
iatrogenically at laparotomy.

An 11-year-old neutered female Domestic Shorthaired Cat with 
ureteral calculi. (a) The ventrodorsal view shows a large 

number of calculi in the right ureter (arrowheads) and calculi in the renal 
pelvis (arrowed). The left kidney (LK) is small and irregular, indicating 
�…�Š�”�‘�•�‹�…���•�‹�†�•�‡�›���†�‹�•�‡�ƒ�•�‡�ä�����„�������Š�‡���”�‹�‰�Š�–���Ž�ƒ�–�‡�”�ƒ�Ž���˜�‹�‡�™���…�‘�•�¤�”�•�•���–�Š�‡���’�”�‡�•�‡�•�…�‡��
of calculi in the ureter (arrowheads) and the right renal pelvic region 
(white arrow). Calculi can also be seen at the ureterovesicular junction 
(black arrow) and in the urinary bladder (UB).

7.24

(a)

(b)

Ultrasonography
• Calculi of all mineral compositions are seen as 

hyperechoic structures with acoustic shadowing distally.
• Hydronephrosis and hydroureter can be identified and 

ultrasonography used to trace the dilated ureter in 
search of obstructive luminal contents.

• Perinephric urine accumulation (urinoma) may occur 
with chronic or complete ureteral obstruction.

• Care should be taken to continue tracing the ureter if 
dilatation continues past the first calculus because 
multiple calculi may be present within the same ureter.

Contrast CT
• Contrast CT can be useful to differentiate complete 

from partial ureteral obstruction because very small 
amounts of contrast in the ureter distal to the calculus 
may be visible with CT but not with radiography.

Ventrodorsal view following a right-sided nephropyelogram in 
an 8-month-old neutered male Domestic Shorthaired Cat with 

a traumatic ureteral rupture. Contrast medium can be seen in the renal 
pelvis and proximal ureter (arrowed). Contrast medium can also be seen 
outside the collecting system (arrowheads) and around the kidney. A 
peritoneal drain is in place (D).

7.25

Radiography
• Increased opacity and reduced retroperitoneal detail 

may be present from urine or blood accumulation.
• Excretory urography shows leakage of contrast into the 

retroperitoneal space:
• The distal ureter may fail to opacify
• The ureter proximal to the site of rupture may be 

dilated as a result of ureterospasm.

Ultrasonography
• Fluid may be seen in the retroperitoneal space.
• Urinomas may be present, appearing as septated 

cystic masses containing anechoic fluid in the 
retroperitoneal space.

• Hydronephrosis and hydroureter proximal to the site of 
rupture, due to ureterospasm, may be visible.

• The exact site of rupture is rarely seen.

Contrast CT
• Contrast CT can detect leakage of small amounts of 

contrast from the ureter and may be the best way to 
detect ureteral rupture. The exact location of the 
rupture can be determined using contrast CT.
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Bladder and urethra
Radiography
Indications
Radiographs provide an efficient overall evaluation that 
includes the presence or absence of the urinary bladder, 
the surrounding peritoneal detail and osseous structures of 
the spine and pelvis. Radiographs provide information 
regarding the size, shape, position and opacity of the  
urinary bladder. The big picture overview that radiographs 
provide is valuable for assessing multi  systemic disease 
processes such as poly-trauma and osseous metastases 
from urogenital carcinomas (Figure 7.27). Plain radiographs 
are often thought to be limited in evaluating the urinary 
bladder, because they do not allow evaluation of the  
bladder wall. This is because soft tissue and fluid are  
the same radiographic opacity, making the bladder wall 
indistinguishable from fluid within the lumen. However, the 
serosal (outside) margin of the urinary bladder can normally 
be identified if the urinary bladder is surrounded by fat. The 
urinary bladder may not be radiographically detectable if  
it is empty, surrounded by peritoneal fluid causing border 
effacement or if there is a lack of intra-abdominal fat. 

Ureteral stricture (following trauma, 
calculus or tumour)
Radiography
• Severe or chronic stricture may result in renomegaly 

due to hydronephrosis; a small kidney may be present 
when the disease is endstage.

• The kidney may appear normal.
• A soft tissue dense tubular structure may be seen in 

the retroperitoneal space, representing a dilated ureter 
proximal to the stricture, if severe.

• Excretory urography will confirm a stricture (Figure 
7.26) but multiple images may be necessary to 
differentiate stricture from peristalsis:
• The ureteral lumen may be smooth or irregular at 

the site of narrowing, with the latter suggesting 
mucosal proliferation or infiltration.

• Depending on the cause, other findings such as 
ureteral calculi may be seen.

Ventrodorsal view following right-sided nephropyelogram in a 
7-year-old neutered male Siamese cat with a ureteral stricture. 

A needle (arrowed) is seen passing through the abdominal wall and into 
�–�Š�‡���”�‡�•�ƒ�Ž���’�‡�Ž�˜�‹�•�ä�����Š�‡���”�‡�•�ƒ�Ž���’�‡�Ž�˜�‹�•���‹�•���†�‹�Ž�ƒ�–�‡�†���ƒ�•�†���¤�Ž�Ž�‡�†���™�‹�–�Š���…�‘�•�–�”�ƒ�•�–��
medium. There is blunting of the pelvic diverticuli (arrowhead) 
consistent with hydronephrosis. The ureter can be seen to terminate 
abruptly (curved arrow) at the level of L4.

7.26

Ultrasonography
• Hydronephrosis and hydroureter proximal to the 

stricture may be seen.
• Depending on the cause, other findings such as 

ureteral calculi may be seen.

Contrast CT
• Contrast CT can determine the exact location of a 

stricture and will occasionally identify small stones that 
are difficult to see radiographically.

Lateral radiograph of a 10-year-old neutered male Labrador 
Retriever with transitional cell carcinoma of the urethra and 

prostate. There is an irregular margin along the ventral margin of the 
ilium and L7, representing polyostotic aggressive bone lesions 
(arrowheads). The undulating soft tissue structure in the caudodorsal 
retroperitoneal region (arrowed) is consistent with sublumbar 
�Ž�›�•�’�Š�ƒ�†�‡�•�‘�’�ƒ�–�Š�›�ä�����Š�‡�•�‡���¤�•�†�‹�•�‰�•���ƒ�”�‡���…�‘�•�•�‹�•�–�‡�•�–���™�‹�–�Š���•�‡�–�ƒ�•�–�ƒ�–�‹�…��
transitional cell carcinoma.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.27

Techniques
The urinary bladder is best seen on lateral radiographs, 
where there is the least superimposition. However, ortho -
gonal radiographs will alter superimposition and help to  
triangulate structures, which can be valuable because 
cutaneous debris such as dirt or cat litter can be incon -
veniently superimposed over the urinary tract. Two or more 
radiographs should always be obtained unless there is a 
reason, such as possible spinal instability, which dictates 
that the patient should not be manipulated.

Small intestinal loops in the caudal abdomen can be 
superimposed on the urinary bladder and obscure small 
cystic calculi. Gentle external compression with the use of 
a wooden spoon or air-filled paddle can be used to  
displace the intestinal loops and help to separate these 
structures (Figure 7.28).
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(a) Lateral radiograph of a 5-year-old neutered male Miniature 
Schnauzer. (b) External compression applied using a wooden 

spoon when taking a lateral radiograph helps to displace structures of 
the caudal abdomen, so that the cystoliths (arrowed) are not obscured 
by overlying bowel loops.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.28

(a)

(b)

When using radiographs to evaluate for urinary calculi 
it is important to image the entire urinary tract, including 
the penile urethra, with as little superimposition as pos -
sible. In male dogs this requires an additional lateral view 
that is centred caudally with the pelvic limbs moved  
cranially so that the femurs are not superimposed on the 
penile urethra (Figure 7.29).

Normal bladder and urethra
The size of the urinary bladder varies greatly within normal 
physiological limits. Thus, the size of the urinary bladder 
should be assessed in conjunction with the clinical signs. 
Severe bladder distension can indicate an inability to  
urinate due to mechanical (e.g. urethroliths) or functional 
(e.g. reflex dssynergy) obstruction or increased production 
of urine as with diuresis.

The normal urinary bladder is ovoid in shape with 
smooth serosal margins. The apex of the urinary bladder 
refers to the cranial margin, while the neck or trigone of  
the urinary bladder indicates the caudal portion where the 
ureterovesicular junctions and urethra are located. In dogs, 
the neck of the urinary bladder gradually tapers into the 
urethra. In the male dog there is a small triangle of fat 

In male dogs, an additional radiographic view with the pelvic 
limbs pulled forward allows complete evaluation of the penile 

urethra. (a) Radiograph centred over the caudal abdomen of an 
�U�U�æ�›�‡�ƒ�”�æ�‘�Ž�†���•�ƒ�Ž�‡�����•�‡�”�‹�…�ƒ�•�����–�ƒ�¡�‘�”�†�•�Š�‹�”�‡�����‡�”�”�‹�‡�”�ä�����„�������Š�‡�•���–�Š�‡���’�‡�Ž�˜�‹�…���Ž�‹�•�„�•��
are pulled forward, a stack of uroliths at the base of the os penis 
(arrowed) are revealed. These were obscured by the femurs in (a).
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.29

(a)

(b)

along the ventral aspect that outlines the neck of the  
urinary bladder and cranial margin of the prostate. The 
transition from the neck of the urinary bladder to the ure -
thra is more abrupt in cats and they have a longer portion 
of the urethra that extends into the caudal abdomen. The 
intra-abdominal segment of the urethra can be visualized  
if surrounded by fat.

The urinary bladder lies between the ventral body wall 
and colon, and in entire female patients it is ventral to  
the uterus. The caudal portion of the urinary bladder can  
lie within the pelvic canal, especially when it is under   - 
dis tended, and will extend further into the caudal abdo  -
men with distension. Displacement of the urinary bladder 
occurs with traumatic body wall hernias, degenerative peri   - 
neal hernias and masses.

The urinary bladder and urethra should be of homo -
geneous soft tissue opacity. A small linear mineralized 
structure in the perineal region of some male cats repre -
sents a normal os penis and should not be mistaken for 
mineralized urethral grit (Piola et al., 2011).

The prostate gland encircles the internal urethral 
sphincter in male dogs. In cats the prostate is small, lies 
just dorsolateral to the urethra, further caudally than in 
dogs, and is not identified radiographically. In dogs the 
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size of the prostate is variable, depending on the age and 
reproductive status of the patient. In patients that were 
neutered at a young age a normal prostate gland will not 
be detected on survey radiography, while the prostate will 
be larger in entire dogs and increase in size with age. A 
normal prostate gland should not exceed 70% of the pubic 
to sacral promontory height (Feeney et al., 1987).

Cystography
Positive-contrast cystography
Indications:  Retrograde positive-contrast cystography is 
an inexpensive and readily available test to determine  
the location and integrity of the urinary bladder. Positive-
contrast cystography is the imaging test of choice to  
evaluate for urinary bladder leakage or rupture and is  
frequently performed in patients with trauma to the caudal 
abdomen. Contrast cystography also provides information 
regarding the thickness of the bladder wall and outlines intra  - 
luminal space-occupying structures such as radio lucent 
cystoliths and mass lesions. Indications for positive-  
contrast cystography include:

• Excellent test to evaluate for bladder leakage or rupture
• Identification of the urinary bladder when not 

visualized, displaced, or to differentiate it from a caudal 
abdominal mass or paraprostatic cyst

• Provides back-pressure for retrograde urethrography
• Outlines the shape and mucosal margin of the urinary 

bladder
• Evaluation for intraluminal space-occupying structures.

Technique:  To optimize visualization of the lower urinary 
tract the descending colon must be evacuated. This can be 
facilitated by withholding food the night before, ensuring 
the patient has been walked and administering enemas 
until the colon is empty. A lateral radiograph of the caudal 
abdomen can be used to ensure complete emptying of the 
descending colon before anaesthetizing the patient. This 
can be done in conjunction with survey radiographs. 
Survey radiographs are acquired and inspected prior to any 
contrast study. If a cause for the clinical signs is identified 
then the contrast study does not need to be performed.

Retrograde contrast studies require catheterization and 
manipulation of the patient to obtain multiple radiographic 
views. General anaesthesia or an appropriate level of 
sedation with adequate analgesia is required to decrease 

discomfort of the patient, prevent repeat catheterizations 
and trauma to the urethra, ease manipulation of the patient 
and decrease radiation exposure to personnel.

Technique for positive-contrast cystography:

1. The external urethral opening is cleaned and a urinary 
catheter is placed using aseptic technique. A Foley 
catheter works well because the balloon can be inflated 
once in the urinary bladder and then moved caudally to 
tuck into the neck of the bladder, preventing leakage of 
contrast media around the catheter.

2. The urinary bladder is emptied, the volume noted and 
samples collected for urinalysis and culture if this has 
not been previously submitted for analysis. It is 
important to obtain these samples before introducing 
contrast media, which will change the specific gravity 
and may alter urine bacterial culture results (Blake and 
Halasz, 1995).

3. Water-soluble iodine-based contrast medium is then 
slowly infused into the bladder. Undiluted contrast 
medium is more opaque than cystoliths and will 
obscure luminal filling defects. It is not necessary to 
have a precise concentration, but approximately 
50–100 mg iodine per millilitre is sufficient. This can be 
achieved by making a 4 parts saline to 1 part iodine 
contrast solution. Barium should never be used in the 
urinary tract.

4. The total volume that is injected into the bladder may 
vary depending on the underlying disease process. In 
healthy animals, the bladder capacity is approximately 
5 ml/kg and therefore this is the volume that should be 
made readily available before the procedure begins. As 
the contrast medium is injected, the clinician should 
carefully palpate the bladder. Instillation of the contrast 
should be discontinued if the bladder becomes turgid 
or if there is rebound in the syringe, to prevent rupture 
of the urinary bladder. The volume of urine that was 
removed at the beginning of the study can serve as a 
reference for a safe volume to instil. Several 
radiographs can be acquired throughout this process 
to ensure that adequate bladder distension is achieved, 
because inadequate bladder distension may lead to an 
inaccurate diagnosis.

5. A lateral, VD and two 45-degree oblique radiographic 
views should be obtained. The oblique views will allow 
more thorough evaluation along the wall of the urinary 
bladder (Figure 7.30).

(a) A positive-contrast cystourethrogram has been performed in a 12-year-old neutered male Domestic Shorthaired Cat. (b–c) Oblique 
ventrodorsal views allow the urinary bladder to be moved away from the spine and provide more thorough detail of the mucosal surface. 

���Š�‹�•���’�ƒ�–�‹�‡�•�–���Š�ƒ�•���ƒ���„�”�‘�ƒ�†�æ�„�ƒ�•�‡�†���¤�Ž�Ž�‹�•�‰���†�‡�ˆ�‡�…�–���ƒ�•�†���‹�”�”�‡�‰�—�Ž�ƒ�”���•�—�”�ˆ�ƒ�…�‡���ƒ�Ž�‘�•�‰���–�Š�‡���Ž�‡�ˆ�–���•�‹�†�‡���‘�ˆ���–�Š�‡���—�”�‹�•�ƒ�”�›���„�Ž�ƒ�†�†�‡�”���–�Š�ƒ�–���™�ƒ�•���…�›�–�‘�Ž�‘�‰�‹�…�ƒ�Ž�Ž�›���†�‹�ƒ�‰�•�‘�•�‡�†���ƒ�•��
transitional cell carcinoma by traumatic catheterization.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.30

(a) (b) (c)
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Negative-contrast cystography
Indications: Negative-contrast cystography uses gas 
rather than positive contrast media. It is an inexpensive 
way to localize the urinary bladder but does not provide as 
much information as other imaging techniques and is 
rarely used alone. Using pneumocystography in conjunc -
tion with an excretory urogram to outline the trigone of the 
urinary bladder greatly improves visualization of the termi -
nal ends of the ureters and gives increased confidence in 
diagnosing ectopic ureters compared with EU alone 
(Mason et al., 1990) (Figure 7.31). If CT or cystoscopy (see 
Chapter 8) is available then a pneumocystogram is usually 
not needed to trace the shape of the caudal ureters.

Insufflating the bladder with gas is not as sensitive for 
detecting bladder leakage as positive-contrast cysto -
graphy, because interpretation of peritoneal gas can be 
confounded by overlying intestine. Rare instances of fatal 
air embolization have been reported in veterinary med -
icine following a pneumocystogram or double-contrast 
cystogram (Zontine and Andrew, 1978). It is hypothesized  
that air can move from the bladder lumen into the  
low-pressure venous capillary system; this is reported 
more frequently in patients with active haemorrhage. For 
this reason, negative-contrast studies are contraindicated  
for patients with haematuria.

• During this procedure the patient should be positioned 
in left lateral recumbency; this will lower the pulmonary 
artery, so that if an air embolism does occur it is less 
likely to become entrapped within the right ventricular 
outflow tract. If an air embolism is suspected the 
patient should remain in left lateral recumbency and 
the head be lowered to encourage the gas to rise away 
from the brain and respiratory system.

• The gas should be injected slowly while the clinician 
carefully palpates the urinary bladder to ensure safe 
and appropriate distension. If CO 2 or N2O is used, a 
pressurized system must not be attached directly to 
the urinary catheter.

Double-contrast cystography
Indications:  Double-contrast cystography provides infor -
mation regarding the lumen and wall of the urinary bladder. 
Although this procedure provides more information about 
the bladder wall than the other contrast studies it has been 
largely replaced by abdominal ultrasonography, which has 
even better resolution and is non-invasive.

Indications for double-contrast cystography:

• Outlines luminal and mural lesions
• Assessment of wall thickness and mucosal irregularities.

Technique:  Following aseptic placement of a urinary cath -
eter, the urine should be removed from within the bladder, 
and a small volume (approximately 1–6 ml) of undiluted 
iodinated contrast medium injected into the bladder. The 
patient is then rotated to help distri  bute the contrast 
medium evenly within the urinary bladder. Finally, the uri -
nary bladder is inflated with gas while palpating the blad -
der from the ventral abdomen to ensure appropriate safe 
filling. The precautions for an air embolism are the same as 
for a pneumocystogram (see above). Lateral, VD and at 
least two oblique radiographs should be obtained.

�5�V�Y�T�H�S���Ä�U�K�P�U�N�Z���P�U���J�`�Z�[�V�N�Y�H�W�O�`
Contrast cystography will delineate the mucosal margin of 
the urinary bladder, allowing evaluation of the overall thick -
ness of the bladder wall. The wall of the urinary bladder 
should be uniformly thin (1–2 mm) and the mucosal margin 
should be smooth and rounded along all margins. The wall 

A pneumocystogram and excretory urogram have been 
performed to identify the terminal ureters in a 1-year-old 

neutered female Labrador Retriever with urinary incontinence. The 
ureters contain contrast medium and have the normal ‘J’ hook shape 
before entering the urinary bladder. The bladder contains gas from the 
pneumocystogram and contrast medium from the ureters.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.31

Indications for negative-contrast cystography:

• In conjunction with an excretory urogram to determine 
the location of the terminal ureters

• Localization of the bladder.

Technique:  Negative-contrast cystography is performed 
in the same way as positive-contrast cystography but the 
iodinated contrast media is replaced with gas.

• This procedure should not be performed in patients 
with haematuria owing to the increased risk of a fatal 
air embolism (Figure 7.32).

• Room air is most commonly used for this procedure, 
however there are gases that are more soluble in blood 
and thus safer to use, such as carbon dioxide (CO 2) or 
nitrous oxide (N2O).

Lateral radiograph of a Domestic Shorthaired Cat following a 
double-contrast cystogram. The abdominal caudal vena cava 

�‹�•���¤�Ž�Ž�‡�†���™�‹�–�Š���‰�ƒ�•���ƒ�•�†���•�–�”�‡�ƒ�•�•���‘�ˆ���‰�ƒ�•�����ƒ�”�”�‘�™�‡�†�����”�ƒ�†�‹�ƒ�–�‹�•�‰���–�Š�”�‘�—�‰�Š���–�Š�‡���Ž�‹�˜�‡�”��
represent gas within the intrahepatic veins.

7.32
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of the urinary bladder can appear artefactually thickened if 
the bladder is underdistended. An underdistended bladder 
will appear flaccid, because the margins will not be 
rounded and filled out.

Gas bubbles introduced during catheterization or in 
double-contrast cystography can appear similar to filling 
defects and complicate interpretation. Multiple small gas 
bubbles will tend to accumulate around the margins,  
similar to froth along the edges of a coffee cup. Large gas 
bubbles are more likely to reside centrally, have rounded 
margins and remain in the most independent portion of  
the urinary bladder as the patient is repositioned.

Contrast media refluxing retrograde into the distal ure -
ters can imply ureterovesicular sphincter incompetency, 
however this can also occur in normal patients when using 
a pressurized system. This makes interpretation of uretero -
vesicular reflux more difficult, but the size of the distal  
ureters and degree of distension of the urinary bladder can 
aid in interpretation because normal ureters are very thin 
and reflux should only occur when the bladder is under 
maximal distension.

Urethrography
Indications
Urethrography uses positive-contrast media to examine 
the integrity, location, mucosal margin and lumen of the 
urethra. It is frequently used to evaluate for a rupture or 
tear of the urethra following pelvic trauma or a difficult  
urethral catheterization. As urethrography highlights the 
diameter of the urethra, it can also be used to identify 
regions of compression by adjacent masses, or focal  
stricture. Likewise, luminal filling defects or regions of 
obstruction will be further anatomically localized.

Indications for urethrography include:

• Identify tears or rupture of the urethra
• Localize luminal filling defects such as urethroliths, 

urethral plugs and mass lesions
• Evaluate luminal diameter
• Outline the urethral mucosal margin.

Technique
Patient preparation is similar to that for cystography. Any 
overlying faeces within the descending colon and rectum 
will hinder interpretation and should be evacuated by defe -
cation or cleansing enemas. Survey radiographs including 
the entire urethra should be acquired and examined prior to 
any contrast studies. A plan should be made to minimize 
personnel radiation exposure while maintaining an aseptic 
urinary catheter. Extension sets allow increased distance 
from the radiation, and shielding can be applied using 
sheets of lead. This, combined with careful collimation, is 
recommended in order to decrease radiation exposure to 
personnel. Patients should be sedated or anaesthetized. 
Catheterization of female patients is more challenging and 
general anaesthesia is usually required.

1. Aseptic technique should be used when handling 
urinary catheters. Foley catheters or red rubber 
catheters can be used in dogs and red rubber or 
tomcat catheters can be used in cats.

2. Only water-soluble iodinated contrast media should be 
used for urethrography. Negative-contrast (air) should 
be avoided owing to the possibility of urethrocavernous 
reflux (Figure 7.33).

A retrograde urethrogram was attempted and there has been 
�—�”�‡�–�Š�”�‘�…�ƒ�˜�‡�”�•�‘�—�•���”�‡�ª�—�š���‘�ˆ���…�‘�•�–�”�ƒ�•�–���•�‡�†�‹�—�•���‹�•�–�‘���–�Š�‡���’�‡�•�‹�Ž�‡��

venous drainage and caudal vena cava (black arrows). The patient 
sustained previous pelvic limb trauma and the limbs cannot be 
extended, thus they are superimposed on the caudal abdomen. The 
urinary bladder is severely distended (white arrows).

7.33

3. A more concentrated contrast medium is used for 
urethrography than for cystography, because the 
urethra is a much smaller structure. The concentration 
of the contrast medium should be approximately 150 
mg iodine per ml. The concentration does not need to 
be exact because it is a retrograde study and the most 
convenient way to prepare it is to mix a 50:50 solution 
of 240 or 350 mg I/ml commercially available iodinated 
contrast medium with sterile saline.

4. The urinary catheter should be primed prior to injecting 
the contrast material to minimize gas bubbles. This can 
be done by combining the procedure with a cystogram 
or by filling the catheter with contrast medium or saline 
before passing it into the urethra.

5. A distended bladder will provide mild back pressure to 
help distend the urethra. A cystogram is often 
performed first and therefore the bladder is distended 
before the urethrogram is performed.

6. In both male and female patients, small aliquots of 
contrast medium can be injected as the catheter is 
incrementally retracted through the urethra, with multiple 
radiographs acquired throughout the procedure. The 
volume of contrast medium will vary, based on the 
length of urethra that needs to be opacified, but should 
range from 2 to 10 ml. Radiographic images should be 
acquired as the injection is ending. This is challenging in 
female patients because of their shorter urethras and 
requires tiny movements of the catheter.
• Alternatively, in male patients, a retrograde contrast 

urethrogram can be obtained by placing the tip of 
the catheter in the distal urethra, and a Foley 
balloon can be gently inflated for a short period of 
time to prevent backflow as contrast medium is 
injected into the urethra. Normograde 
urethrography has been described in female 
patients but is infrequently performed because it is 
challenging to time the acquisition of radiographs 
while the urethra is distended. It also increases 
personnel radiation exposure as the bladder is 
manually expressed by abdominal compression 
while the images are acquired.

• In female patients, the urethra can also be evaluated 
using a retrograde vaginocystourethrogram, which 
is described below.
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7. The majority of this examination and the images 
obtained will be in lateral recumbency (right or left) 
because this is the view with the least superimposition. 
Orthogonal views can be obtained, especially with 
male patients. For male dogs, slightly oblique 
ventrodorsal views are valuable to prevent the urethra 
from being superimposed on itself.

Vaginocystourethrography
Indications:  Vaginocystourethrography is another way to 
evaluate the female urethra because it outlines part of the 
vestibule, the vagina, urethra and urinary bladder.

Technique:  To perform a vaginocystourethrogram the 
patient must be anaesthetized and the rectum devoid of 
faeces. Multiple absorbent pads should be stacked under 
the perineal region of the patient so they can be removed 
as they become contaminated by refluxed contrast media 
and not obscure the image. The tip of a Foley balloon-tip 
catheter should be cut off just beyond the inflatable cuff. 
The catheter is then passed just beyond the vulvar lips and 
the balloon is inflated within the vestibule. The vulvar lips 
are closed around the balloon to prevent backflow of con -
trast medium using atraumatic forceps such as Doyens or 
Allis tissue forceps. A tighter seal can be obtained by posi -
tioning the catheter in the ventral commissure of the vulva 
and retracting the catheter so that the balloon fits snugly 
against the vulvar lips. Despite all of this, some contrast 
medium will leak during this examination and will need to 
be cleaned intermittently from the perineal region of  
the patient and the workspace. As contrast medium is 
injected, the vagina will fill first and, as pressure increases, 
the urethra and bladder will act as a ‘pop-off valve’ and 
contrast will then pass into the urethra. As the pressure 
builds within the vagina, the contrast medium must be able 
to move into and fill the urethra. This is why the tip of the 
catheter is cut short to prevent it from extending too far 
into the vagina and occluding the external urethral orifice. 
Serial radiographs can be obtained throughout the proce -
dure to ensure proper catheter placement and appropriate 
distribution of contrast medium.

Normal appearance on urethrography
The male urethra is divided into three radiographic ana -
tomical regions: the prostatic urethra from the bladder 
through the prostate; the membranous urethra through the 
pelvic canal; and the penile urethra caudal to the ischium. 
In cats, the penile urethra is very narrow compared with 
the membranous and prostatic urethra. A thin longitudinal 
filling defect along the dorsal border of the prostatic ure -
thra is normal and represents the colliculus seminalis in 
dogs and the urethral crest in cats. Occasionally, small 
amounts of contrast medium will reflux into normal pros -
tatic ducts and will appear as a thin arborizing pattern of 
contrast medium branching off from the prostatic urethra.

A vaginocystourethrogram will outline the vestibule,  
the urethral papilla between the vagina and urethra, the 
vagina, cervix and urethra. A small narrowing at the junc -
tion of the vestibule and vagina is normal and focal  
stricture or perforate hymen is present in some bitches at 
this site.

Gas bubbles introduced during catheterization can 
confound interpretation but will easily move with subse -
quent injections. If a filling defect is identified, repeating 
the process with an additional aliquot of contrast medium 
will help eliminate any false-positive findings caused by 
gas bubbles (Figure 7.34).

Two lateral 
radiographs obtained 
during positive-
contrast 
urethrography in a 
7-year-old neutered 
male Akita with 
stranguria. (a) This 
image shows a 
�”�ƒ�†�‹�‘�Ž�—�…�‡�•�–���¤�Ž�Ž�‹�•�‰��
defect in the urethral 
contrast at the level of 
the ischium (arrowed). 
(b) A second contrast 
injection demonstrates 
that the radiolucent 
�¤�Ž�Ž�‹�•�‰���†�‡�ˆ�‡�…�–���™�ƒ�•��
transient indicating 
that it was actually a 
gas bubble.

7.34

(a)

(b)

Ultrasonography
Ultrasonography is non-invasive, readily available and  
provides superb resolution of the urinary bladder. Ultra-
sonography allows the bladder to be imaged in conjunc -
tion with the remainder of the urinary system, including  
the kidneys, sublumbar lymph nodes, the proximal portion 
of the urethra and the prostate.

The highest frequency probe available that allows  
visualization of the structures of interest should be 
selected. The urinary bladder is easily imaged from either 
the ventral or lateral abdomen. When trying to discern 
whether a structure is associated with the bladder wall or 
simply adjacent to the wall, changing the patient’s position 
to take advantage of gravity can be beneficial. This tech -
nique is also useful in overcoming near-field artefacts, 
when the resolution of the bladder wall in the far field is 
better than that of the bladder wall in the near field. The 
urethra is a challenge to image as it courses through  
the pelvic canal. As much as possible of the proximal por -
tion of the urethra should be imaged by angling the probe 
caudally from a transabdominal window. The distal portion 
of the urethra can be evaluated from a perineal window 
and by tracing the penile urethra as the urethra lies within 
a groove along the ventral aspect of the os penis (Figure 
7.35). Despite this additional window, a short segment of 
the urethra remains incompletely evaluated. A caudodorsal 
approach from between the sacrum and ischium can be 
used to gather crude information regarding the pelvic 
canal but gas within the more dorsally located rectum  
typically obscures the urethra.

Ultrasonography allows excellent evaluation of the wall 
of the urinary bladder and with a high-frequency probe 
this includes discernible wall layering. The mucosal and 
serosal layers should appear as thin hyperechoic lines 
sandwiching a hypoechoic muscular layer. The normal 
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bladder wall is thin (1–3 mm) but the thickness of the blad -
der wall changes with distension and can appear artificially 
thickened owing to underdistention. If the bladder is under -
distended at the time of evaluation, examine the remainder 
of the abdomen and return to the urinary bladder at the  
end of the procedure. Alternatively, evaluate the patient 
later in the day, but this can be difficult in patients that  
are pollakiuric.

Another artefact that can be incorrectly interpreted is 
caused by refraction of the ultrasound beam along the  
cranial curvature of the bladder wall, resulting in what 
appears to be discontinuity of the bladder wall. This typi -
cally occurs in patients with peritoneal effusion and can  
be incorrectly interpreted as bladder rupture. This artefact 
can be minimized by using compound imaging, where 
structures are imaged from multiple angles of insonation 
and data compounded to form the image.

The ureteral papillae can be identified as two focal 
mounds of tissue at the trigone of the urinary bladder. 
Ureteral jets of urine can often be seen periodically on grey-
scale images; this is due to a difference in the specific  
gravity of the ureteral jet compared with the luminal con -
tents of the bladder. Colour Doppler can be used to en-
hance detection of these ureteral jets.

The prostate is located at the pelvic inlet, and the 
majority of prostate can be imaged in most dogs from a 
transabdominal window by angling the ultrasound probe 
caudally. There is great variability in the size of the pros-
tate gland but it should be symmetrical in shape. In 
patients neutered at a young age the prostate will appear 
as a small bulge along the proximal urethra. In entire dogs, 
the prostate will appear as two symmetrical lobes that are 
hyperechoic compared with the spleen and renal cortices 
and will be noted on either side of a hypoechoic urethra. 
Small intraparenchymal cysts can be seen in older patients 
as benign prostatic hyperplasia results in epithelial cell 
hyperplasia and hypertrophy of the ductal space. These 
prostatic cysts can become quite large and the normal 
columnar epithelium can undergo squamous metaplasia, 
predisposing the patient to abscesses (see Chapter 25).

Computed tomography
Ultrasonography is typically utilized for imaging the urinary 
bladder prior to more invasive techniques such as com -
puted tomography (CT). However, the pelvic canal limits 
ultrasonography of the urethra. Contrast-enhanced CT is 
an excellent modality to evaluate the structures within  
the pelvic canal, including the trigone of the urinary  
bladder and urethra. The axial imaging of CT allows visual-
ization of these structures without superimposition. The 
excellent contrast resolution of CT provides visualization of 
small structures such as the terminal ureters. Intravenous 

contrast administration improves visualization of these 
structures and can be used as an excretory urogram to 
evaluate for ectopic ureters with minimal patient prepara -
tion and without performing a simultaneous pneumocysto -
gram (Rozeard and Tidwell, 2003). CT has decreased the 
number of retrograde contrast studies that need to be per -
formed, but all of the previously described contrast studies 
can still be performed with CT rather than radiography if 
further characterization is needed. The lack of superimpo -
sition makes these studies easier to interpret and more 
sensitive for the detection of small lesions. For retrograde 
CT contrast studies of the urinary tract, the iodinated  
contrast medium must be very dilute. Therefore, approx -
imately a 5% (1 in 20) dilution of commercially available 
240–350 mg I/ml iodinated contrast medium is used. The 
increased contrast resolution of CT will allow visualization 
of this very dilute contrast solution and will minimize arte -
facts caused by strongly attenuating substances.

Patient preparation and positioning will vary, based on 
the case. CT allows rapid and complete evaluation for 
poly-trauma cases, and in these instances the patient may 
be strapped to a board in lateral recumbency. The isovolu -
metric acquisition allows post-processing and multiplanar 
reconstructions that can overcome crooked positioning 
and aid in surgical planning. For non-emergent cases, 
patient preparation is standard for an anaesthetic pro -
cedure and similar to radiographic studies in that the 
descending colon should be evacuated. The pelvic limbs 
should be extended to minimize beam-hardening and 
edge artefact. To help separate out structures, the patient 
can be imaged in sternal recumbency with the pubis ele -
vated by a pad so that the caudal abdomen has room to 
drape ventrally without compression.

Cystoliths
Radiography
• Struvite, calcium oxalate and calcium phosphate calculi 

are radiopaque and visible on plain radiographs (see 
Chapters 26 and 27).

• Cystine and urate calculi are often radiolucent (variability 
in radiodensity exists, depending on the size of the 
urolith as well as other minerals that may be present 
within the calculus).

• Compound or mixed composition uroliths will have 
variable radiodensity and visibility on plain radiographs 
will depend upon the predominant mineral present.

• Urate urolithiasis is a frequent finding in patients with 
portosystemic shunts (Figure 7.36) and may be seen in 
dogs with genetic hyperuricosuria.

Transverse ultrasound image from the ventral aspect of a 
normal os penis in a 14-year-old male terrier cross. The penile 

urethra runs through the shallow trough along the ventral aspect of the 
os penis (arrowed).
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.35

Radiographs allow overview of the whole patient. In this 
single lateral radiograph of a 2-year-old neutered female 

Yorkshire Terrier there is a large cystolith within the urinary bladder, 
bilateral renomegaly and severe microhepatia with cranial displacement 
of the gastric axis. This patient has a congenital portosystemic shunt and 
has developed an ammonium urate cystolith.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.36
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• If cystoliths are detected or suspected, radiographs 
that include the entire urinary tract (including the distal 
urethra) should be obtained.

• Radiographs are recommended to ensure complete 
removal of all calculi that may be within the urinary 
tract after the chosen procedure for calculus removal 
(using either surgery or other minimally invasive 
techniques).

• External compression using a wooden spoon can be 
helpful to visualize cystic calculi by displacing overlying 
small intestinal loops.

• Non-diluted contrast medium is so opaque that it can 
obscure cystoliths. Contrast media should be diluted with 
sterile water or saline to approximately 20% (1 in 5) solution.

Ultrasonography
Mineral appears as a hyperechoic interface at its margin 
and creates a distal acoustic shadow.

• Ultrasonography is sensitive for evaluation of small 
cystoliths and mineralized debris.

• All types of calculi are detectable ultrasonographically, 
including radiolucent calculi.

• Typically cystoliths are gravity-dependent and will 
move as the patient changes position; however, small 
calculi can be adhered to the bladder wall.

• Evidence of cystitis can occur as a sequela to 
cystoliths, or bacterial cystitis can be a concurrent or 
predisposing factor for calculi.

• Twinkle artefact creates a mosaic of colour when 
colour Doppler is applied over areas of mineralization.

Urethroliths
Radiography
• Well defined calculi or mineralized debris is seen along 

the urethra.
• Superimposition of osseous structures such as the 

pelvis and femurs can inhibit detection. Orthogonal 
radiographs and an additional view with the femurs 
moved off the penile urethra in dogs should be acquired.

• Calculi tend to accumulate at the ischial arch and the 
base of the os penis

• Urethrography can outline intraluminal filling defects 
and any strictures that may have developed secondary 
to urethroliths.

Ultrasonography
• Urethroliths are hyperechoic and create a distal 

acoustic shadow (Figure 7.37).
• They can be detected along the intra-abdominal and 

penile urethra.
• The urethra may be distended secondary to 

obstruction (Figure 7.38).
• Urethritis may occur secondary to abrasive trauma 

caused by a urethral calculus.

Haematomas
Blood clots can create large filling defects within the uri  - 
nary bladder. This finding is typically seen in conjunction 
with gross haematuria. The haemorrhage may originate 
from either the urinary bladder, as with cyclophosphamide-
associated sterile hemorrhagic cystitis, the kidneys or sys -
temic coagulopathy.

Radiography
• Haematomas are not detected on plain radiographs.
• Cystography will reveal a filling defect with poorly 

delineated margins.
• The blood clot may be broken up during the 

examination and change shape throughout the study.

Ultrasonography
• An echogenic structure is seen within the lumen of the 

urinary bladder (Figure 7.39).
• Needs to be distinguished from a mural mass:

• Change the patient’s position to determine whether 
the structure moves with gravity or whether a stalk 
attaching it to the mucosal wall can be identified

• No blood flow is detected with Doppler interrogation.

Computed tomography
• The blood clot will not contrast enhance.
• Will create a luminal filling defect after intravenous 

contrast medium collects within the urinary bladder.

Longitudinal ultrasonographic view of the penile urethra in a 
9-year-old neutered male Miniature Poodle. A stack of four 

urethroliths is present at the base of the os penis (arrowed).
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.37

Longitudinal ultrasonographic image at the trigone of the 
urinary bladder. The patient is an 8-year-old neutered female 

Pyrenean Mountain Dog that was presented for stranguria. A distended 
�—�”�‹�•�ƒ�”�›���„�Ž�ƒ�†�†�‡�”���‹�•���’�”�‡�•�‡�•�–���ƒ�•�†���‹�•���…�‘�•�ª�—�‡�•�–���™�‹�–�Š���ƒ���†�‹�•�–�‡�•�†�‡�†���’�”�‘�š�‹�•�ƒ�Ž��
urethra. This is consistent with a distal urethral obstruction.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.38
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Cystitis
Radiography
• Can be normal.
• Thickening of the urinary bladder wall cannot be 

identified on plain radiographs because the wall of the 
bladder silhouettes with fluid in the lumen of the 
bladder.

• Contrast cystography can demonstrate thickening of 
the bladder wall and irregularities along the mucosal 
surface.

• Intramural accumulation of contrast medium may be 
caused by mucosal lifting and subsequent dissection 
of contrast medium into the bladder wall, which is more 
common in cats with cystitis. More common in cats 
with idiopathic cystitis. Typically no long-term ill 
effects.

Ultrasonography
• Can be normal.
• Echogenic debris may be present within the lumen that 

includes punctate echoes that swirl with agitation. The 
debris may eventually settle with gravity along the 
dependent portion of the bladder wall. Blood clots can 
be present, especially with cyclophosphamide-induced 
haemorrhagic cystitis.

• The most common finding is thickening of the bladder 
wall.

• Cystitis can be diffuse or focal. Focal cystitis is usually 
seen at the apex of the urinary bladder, in contrast to 
bladder wall tumours, which are typically located at the 
trigone of the urinary bladder.

• The thickness of the bladder wall changes in response 
to distension of the urinary bladder, and under-
distension will artefactually thicken the wall of the 
urinary bladder.

• Ultrasonography facilitates sampling of urine via 
ultrasound-guided cystocentesis.

Emphysematous cystitis
Emphysematous cystitis is gas within the wall of the urin -
ary bladder. It is often associated with diabetes mellitus  
as glycosuria provides a medium for bacterial growth 
(Figure 7.40).

Radiography
• Streaks of gas may run along the margin or completely 

outline the urinary bladder.
• If present on survey radiographs, there is no indication 

for subsequent contrast studies.

Ultrasonography
• Gas in the wall of the urinary bladder will create a 

hyperechoic margin and reverberation artefact that 
obscures deeper structures.

• Reverberation artefact appears as multiple repeating 
hyperechoic lines deep to the gas interface.

Polypoid cystitis
Polypoid cystitis is a form of severe chronic cystitis with 
mucosal proliferation.

Radiography
• The condition is not detectable on plain radiographs.
• Contrast cystography will outline the irregular mucosal 

margin and filling defects, usually at the apex of the 
urinary bladder.

Longitudinal ultrasonographic image of the urinary bladder in 
a 12-year-old neutered female American Eskimo Dog with 

renal haematuria. There is a large blood clot within the lumen of the 
urinary bladder.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.39

Emphysematous cystitis. Streaks of gas are evident along the 
margin of the urinary bladder both (a) radiographically and  

(b) ultrasonographically (arrowed). Ultrasonographically, gas within the 
wall of the bladder creates a hyperechoic interface with reverberation 
artefact deep to the surface along both the near and the far wall of the 
urinary bladder.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.40

(a)

(b)
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Ultrasonography
• Thinly stalked fronds extend from the mucosa into the 

lumen of the urinary bladder (Figure 7.41).
• These are seen typically at the apex or body of the 

urinary bladder, in contrast to bladder wall neoplasms 
which occur more frequently at the trigone of the 
bladder.

• Can be very prolific and fill a large portion of the lumen.
• Requires biopsy to differentiate from bladder wall 

neoplasia.

Prostatitis
Radiography
• Acute prostatitis may cause mild prostatomegaly, while 

chronic prostatitis may result in fibrosis and a small 
prostate with an irregular shape (see Chapter 25).

• In severe cases there can be decreased serosal detail 
of the caudal abdomen caused by regional peritonitis.

Ultrasonography
• May be normal.
• The prostate may be mildly enlarged, heterogeneous in 

echogenicity, and the capsule may be unclear.
• If regional inflammation is present, steatitis will appear 

as hyperechoic surrounding fat and there may be small 
amounts of fluid in adjacent facial planes.

• Punctate mineralization of the prostate may represent 
dystrophic mineralization from chronic prostatitis if 
seen in entire male dogs or dogs recently neutered.

Prostatic abscess
Radiography
• May cause prostatic enlargement and asymmetry.
• If the abscess has ruptured there will be regional 

peritonitis.

Ultrasonography
• Cystic structures of varying echogenicity are noted in 

the prostate; they may contain echoic sediment to very 
hypoechoic fluid.

• The cystic structures within the prostate may be thin 
walled or have thick capsules. They can be surrounded 
by parenchyma or bulge beyond the margin of the 
prostate.

• Diffuse or focal heterogeneous parenchyma, with 
asymmetrical enlargement, may be seen.

• Regional inflammation is frequently but not necessarily 
present.

• Ultrasound-guided drainage of the abscess is 
diagnostic as well as therapeutic.

Benign prostatic hyperplasia
As the animal ages there is a natural alteration in andro -
gen ratios; a relative increase in oestrogen sensitizes the 
prostatic cells to testosterone. This increased sensitivity to 
testosterone results in benign prostatic hyperplasia (BPH).

Radiography
• Variable degrees of prostatomegaly may be seen.
• When severely enlarged the prostate may cause cranial 

displacement of the urinary bladder and dorsal 
displacement of the colon.

• The margins of the prostate remain smooth and it 
maintains a bilobed shape.

Ultrasonography
• The prostate maintains a normal bilobed shape with 

the urethra centrally located.
• The capsule remains intact and the margins clearly 

defined.
• Small parenchymal cysts are often present within the 

prostate.
• The prostatic parenchyma may be hyperechoic and 

slightly mottled.

(a–b) Longitudinal ultrasound images of a 9-year-old neutered 
male English Cocker Spaniel. Polypoid cystitis appears as 

stalks of proliferative mucosa extending into the lumen of the urinary 
bladder. Polypoid cystitis typically occurs at the apex of the urinary 
bladder. The cranial aspect of the urinary bladder (the apex) is on the left 
of the image with the caudal aspect on the right.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.41

(a)

(b)

Urethritis
Radiography
• Survey radiographs will be normal.
• Urethrography may demonstrate an irregular mucosal 

margin.

Ultrasonography
• Can be normal.
• The most common finding is urethral wall thickening. 

The differential diagnosis is urethral neoplasia or 
proliferative urethritis.

• The surrounding fat may be hyperechoic, representing 
regional steatitis.
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Squamous metaplasia
Squamous metaplasia occurs secondary to excess 
androgens and oestrogen, which leads to metaplasia of 
normal columnar epithelium into squamous epithelium. 
This metaplasia predisposes the patient to cysts and 
abscess formation.

Radiography
• Prostatomegaly is most notable when the patient is a 

neutered male.
• Gynaecomastia – enlargement of the mammary chain 

– may be seen.
• There may be an abdominal mass representing a Sertoli 

cell tumour in a retained testicle or an adrenal mass.

Ultrasonography
• Ultrasonography can be used to search for the source 

of excess androgens; for example, an adrenal mass or 
retained testicular mass.

Paraprostatic cysts
Cysts form within the prostate as part of the spectrum of 
benign prostatic hyperplasia as the ducts increase in size. 
Once these cysts become so large that they are no longer 
surrounded by prostatic tissue they are called parapros -
tatic cysts. These cysts are usually sterile but are prone  
to infection and an abscess may be present.

Radiography
• Paraprostatic cysts may become quite large, extending 

into the abdomen, and can be difficult to differentiate 
from the urinary bladder because they can look like a 
rounded mass in the caudal abdomen (Figure 7.42).

• Paraprostatic cysts may have a thin-walled shell of 
mineralization (Figure 7.43).

• Contrast cystography may be used to differentiate the 
cyst from the urinary bladder:
• The cysts become large when they do not 

communicate with the prostatic ducts and urethra, 
therefore contrast medium from retrograde studies 
does not typically fill paraprostatic cysts.

Lateral radiograph of a 9-year-old male mixed-breed dog. 
There are two rounded soft tissue structures in the caudal 

abdomen. One is the urinary bladder and the other represents a 
�’�ƒ�”�ƒ�’�”�‘�•�–�ƒ�–�‹�…���…�›�•�–�ä�����Š�‡�•�‡���•�–�”�—�…�–�—�”�‡�•���…�ƒ�•�•�‘�–���„�‡���†�‹�¡�‡�”�‡�•�–�‹�ƒ�–�‡�†���™�‹�–�Š�‘�—�–��
additional imaging, such as ultrasonography or a cystourethrogram.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.42

A 10-year-old male Golden Retriever with several thin-walled 
mineralized paraprostatic cysts. One of the paraprostatic 

cysts extends into the caudal abdomen, dorsal to the urinary bladder 
(black arrows), while several additional mineralized cysts extend 
caudally into a perineal hernia (white arrow). Entire male patients are 
more prone to perineal hernias than neutered dogs.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.43

Ultrasonography
• Differentiated large cysts can be difficult to visualize, 

because the cysts may only have thin stalks connecting 
them to the prostate.

• When in conjunction with a perineal hernia these cysts 
can be caudally located between the pelvic canal and 
the perineum.

• The contents of the cysts may vary as there can be 
some echogenic sediment.

• The prostate is typically simultaneously enlarged with 
benign prostatic hyperplasia.

Uterus masculinus
Uterus masculinus is a true form of a paraprostatic cyst 
that occurs occasionally as a persistent vestigial remnant 
of the Müllerian ducts. It is a bi-horned or unilateral tubular 
structure, resembling a uterus, that passes through the 
cranial margin of the prostate and opens into the urethra 
through the colliculus seminalis (Lim et al., 2014). The 
uterus masculinus may be cystic, providing a reservoir for 
urinary tract infections.

Radiography
• Cystic uterus masculinus can fill with contrast medium 

during retrograde cystourethrography:
• It will appear as two blunt-ended thin projections of 

contrast medium extending cranially from the 
prostatic urethra.

Ultrasonography
• Uterus masculinus appears as a thin-walled tubular 

structure extending cranially from the prostate gland.
• It may be cystic and fluid-filled or appear as thin 

cylindrical structures with no discernible lumen.
• The wall is isoechoic to the urinary bladder wall.
• Can be bi-horned with similar shape to a uterus.
• Variable length.
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Diverticula
Several congenital urachal anomalies may occur along the 
median umbilical ligament. These include: a complete fail -
ure to close, resulting in a patent urachus, a small persis -
tent opening at the apex of the urinary bladder; resulting in 
a vesicourachal diverticulum or urachal remnant (Figure 
7.44); and a urachal cyst along the vestigial ligament.

Pathologies causing increased pressure in the bladder 
can lead to the opening of a microscopic or previously 
closed vesicourachal diverticulum (Figure 7.45). Traumatic 
acquired diverticula can also occur as a result of tearing of 
the serosal and muscular layers with herniation of the 
bladder mucosa (Figure 7.46). Diverticula are of clinical 
importance because they create areas of urostasis that 
may not empty completely when voiding.

Radiography
• Frequently not detected on plain radiographs; however, 

they may be apparent if the urinary bladder is 
distended and surrounded by fat.

• Urachal diverticula will appear as cone-shaped 
extensions along the cranioventral margin of the urinary 
bladder.

• Traumatic diverticula are seen as a change in the shape 
of the urinary bladder.

• Contrast cystography will outline diverticula. Multiple 
views may be needed so that the diverticulum is 
oriented along the margin of the urinary bladder.

�����•�ƒ�‰�•�‹�¤�‡�†���˜�‹�‡�™�á��
obtained during a 
positive-contrast 
cystogram, showing 
a small congenital 
vesicourachal 
diverticulum 
���ƒ�”�”�‘�™�‡�†�����¤�Ž�Ž�‡�†���™�‹�–�Š��
iodinated contrast 
medium at the apex 
of the urinary 
bladder in a young 
male cat.
(Courtesy of North Carolina 
State University College of 
Veterinary Medicine)

7.44

Longitudinal ultrasound image at the apex of the urinary 
bladder in a 13-year-old neutered female Shih Tzu. There is a 

urachal diverticulum that extends from the apex of the urinary bladder 
towards the ventral body wall. In this example the urachal diverticulum 
contains both a cystolith and accumulated echogenic debris. The urachal 
diverticulum opened over time as a large mass developed at the trigone 
of the urinary bladder and caused partial urethral obstruction.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.45

Traumatic diverticulum in a 9-year-old neutered female 
Pekingese. (a) Positive-contrast cystography was performed 

by injecting iodinated contrast medium through a pre-existing 
cystotomy tube (C). The contrast medium outlines a traumatic 
diverticulum (arrowed) as a rounded outpouching of the bladder mucosa 
through a tear in the muscular layer of the bladder. (b) Ultrasound image 
of the same traumatic diverticulum (arrowed) at the apex of the urinary 
bladder.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.46

(a)

(b)

Ultrasonography
• Vesiculourachal diverticula will appear as an extension 

of the lumen from the apex of the urinary bladder 
towards the subcutaneous tissues of the umbilicus.

• Traumatic diverticula will vary in appearance depending 
on size, but typically appear as an outpouching that 
balloons beyond a focal concentrically smaller opening.

Bladder rupture
Bladder rupture is a frequent sequel to caudal abdominal 
or pelvic trauma and should always be ruled out in cases 
of pelvic fracture. The remainder of the lower urinary tract 
is also subject to traumatic rupture, including the urethra 
and distal ureters, although this occurs less frequently 
because these structures are not under pressure at the 
time of trauma. Lacerations of these structures can result 
in uroabdomen if the laceration is at the insertion of the 
urinary bladder (Figure 7.47). Bladder rupture can also 
occur secondary to urethral obstruction or a diseased 
bladder wall.
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• The echogenicity of the peritoneal fluid can be 
confounding and cytological sampling is 
recommended:
• Ultrasound guidance can facilitate diagnostic 

abdominocentesis.
• The urinary bladder is typically small and may be 

collapsed and difficult to identify.
• A specific defect in the bladder wall may not be 

identified.
• Agitated sterile saline can be injected into a urinary 

catheter, which can be used to confirm bladder rupture 
if bubbles appear in peritoneal fluid outside the urinary 
bladder.

Urethral rupture
Radiography
• Urethrography is an ideal way to identify small urethral 

tears or ruptures as extravasation of contrast medium 
can be seen in the surrounding tissues.

• Urethral tears may occur all along the urethra, including 
at the trigone of the urinary bladder.

Ultrasonography
• Tears or ruptures are often not identified 

ultrasonographically.
• Regional pockets of fluid dissecting through tissue 

planes may be identified.
• Ultrasonography can facilitate collection of fluid for 

cytology and culture.

Transitional cell carcinoma
Transitional cell carcinoma (TCC) is a type of urothelial  
cell carcinoma and is the most common bladder wall neo -
plasm. Urothelial cell carcinomas typically occur at the  
trigone of the urinary bladder, and approximately half  
the cases have urethral involvement. Owing to the location 
at the trigone, disease can extend into or cause obstruc -
tion of the ureterovesicular junctions or the urethra. If  
a mass is found in the urinary bladder, complete staging  
is recommended because 37% of patients with TCC  
have metastatic disease at the time of diagnosis (Norris  
et al., 1992).

Radiography
• The appearance may be normal, or the tumour may 

distort the margins of the trigone or cause thickening of 
the urethra (Figure 7.49).

• The mass may be partially mineralized.
• Sublumbar lymphadenopathy may be present and 

cause soft tissue masses in the caudal retroperitoneal 
space.

• Aggressive bone lesions from metastatic disease may 
be present, which are usually haematogenously 
distributed and consequently often polyostotic. The 
caudal lumbar spine may be involved where there is 
slow vertebral venous blood flow and there can be 
reactive periostitis adjacent to affected sublumbar 
lymph nodes.

• Cystography will demonstrate focal thickening of the 
bladder wall.

• TCC usually occurs at the trigone of the urinary 
bladder, in comparison with cystitis, which is typically 
at the apex (Figure 7.50).

An excretory urogram and cystourethrogram were 
�•�‹�•�—�Ž�–�ƒ�•�‡�‘�—�•�Ž�›���’�‡�”�ˆ�‘�”�•�‡�†���‹�•���–�Š�‹�•���V�æ�›�‡�ƒ�”�æ�‘�Ž�†�����‹�…�Š�‘�•���	�”�‹�•�‡��

following a traumatic event. There is extravasation of contrast medium 
from a laceration at the junction of the trigone and the proximal urethra. 
The ureters are normal.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.47

Radiography
• Small defects of the urinary bladder wall may be 

overlooked on plain radiographs, if the rupture has not 
led to a detectable volume of peritoneal fluid.
• Peritoneal fluid will obscure the normal serosal 

margins of the urinary bladder. Plain radiographs 
cannot be used to determine the type of peritoneal 
fluid, and thus cannot help to differentiate 
uroabdomen and haemoabdomen.

• Urine peritonitis disrupts normal gastrointestinal 
peristalsis and can result in either spastic bowel 
with a corrugated appearance or functional ileus 
with distended intestinal loops (Figure 7.48).

• Positive-contrast cystography is an excellent way to 
evaluate for bladder rupture.

Ultrasonography
• Peritoneal fluid may be seen in the caudal abdomen 

adjacent to the body wall, small intestines and serosal 
margin of the urinary bladder.

���‡�–�”�‘�‰�ƒ�†�‡���’�‘�•�‹�–�‹�˜�‡�æ�…�‘�•�–�”�ƒ�•�–���…�›�•�–�‘�‰�”�ƒ�’�Š�›���…�‘�•�¤�”�•�•���ƒ���”�—�’�–�—�”�‡�†��
bladder in this 1-year-old neutered female German Shepherd 

Dog. The small intestinal loops are spastic and appear corrugated 
secondary to the uroabdomen.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.48
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Lateral radiograph of the caudal abdomen of a 10-year-old 
neutered female Labrador Retriever that presented for 

stranguria. The intra-abdominal portion of the urethra is severely 
thickened (arrowed), creating an abnormal shape at the junction of the 
bladder and urethra. The patient was cytologically diagnosed with 
transitional cell carcinoma.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.49

A lateral radiograph of a positive-contrast cystourethrogram 
in an 8-year-old neutered female Scottish Terrier. There is an 

undulating mass at the trigone and proximal urethra. The mass has 
�†�‹�•�–�‘�”�–�‡�†���–�Š�‡���—�”�‡�–�‡�”�ƒ�Ž���’�ƒ�’�‹�Ž�Ž�ƒ���ƒ�•�†���–�Š�‡�”�‡���‹�•���—�”�‡�–�‡�”�‘�˜�‡�•�‹�…�—�Ž�ƒ�”���”�‡�ª�—�š���™�‹�–�Š��
contrast medium extending into the left ureter and renal pelvis. A 
measuring device is present within the colon.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.50

Longitudinal ultrasound image of the proximal urethra in a 
7-year-old neutered female Rat Terrier. There is a transitional 

cell carcinoma of the urethra, causing thickening of the urethra with 
multiple hyperechoic foci representing regions of mineralization 
(between callipers).
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.51

Transverse ultrasound image of the bladder. Colour Doppler 
�…�ƒ�•���„�‡���—�•�‡�†���–�‘���†�‹�¡�‡�”�‡�•�–�‹�ƒ�–�‡���•�—�”�ƒ�Ž���•�ƒ�•�•�‡�•���–�Š�ƒ�–���‡�š�–�‡�•�†���‹�•�–�‘���–�Š�‡��

lumen and debris or blood clots adherent to the wall of the urinary 
bladder.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.52

Ultrasonography
• Broad-based mural thickening is observed, with an 

undulating margin that extends into the lumen of the 
urinary bladder.

• Subtle thickening of the bladder or urethral wall can be 
present.

• TCC may arise from the urethra and not be seen along 
the bladder wall (Figure 7.51).

• TCC may be pedunculated on a thin stalk or have 
multiple fronds protruding into the lumen but will have 
blood flow, seen on Doppler interrogation (Figure 7.52).

• Typically, TCC are heterogeneously hypoechoic; they 
often have a thin hyperechoic mucosal margin.

• Cystic TCC is usually confluent with or involving the 
muscular (central hypoechoic) layer of the urinary 
bladder wall (Hanazono et al., 2014).

• Possible hydroureter and/or hydronephrosis may be 
present if the mass is obstructive at the trigone area.

Botryoid rhabdomyosarcoma
Botryoid rhabdomyosarcoma is a rare juvenile tumour that 
carries a poor prognosis and arises from the urinary blad -
der wall.

Radiography
• As it is a soft tissue mass, the margins will be effaced 

by fluid within the lumen of the urinary bladder.
• Contrast cystography may outline a mass with multiple 

round undulating margins.

Ultrasonography
• Botryoid means ‘grape-like’. The tumour appears as  

a multinodular mass with clusters of cystic structures 
extending into the lumen of the urinary bladder  
(Figure 7.53).

Prostatic carcinoma
Prostatic carcinoma can appear very similar to TCC and 
histopathology is often needed to differentiate them if  
the lesion is confined to the prostate. Often the disease 
has progressed by the time of diagnosis, and pulmonary, 
sublumbar lymph node and/or osseous metastases can be 
present at diagnosis.
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Radiography
• When the urinary bladder is markedly displaced, 

contrast cystography or ultrasonography may be 
needed to identify its location.

• Rounded masses in the caudal abdomen may be difficult 
to distinguish from the urinary bladder. Large paraprostatic 
cysts can displace the urinary bladder in any direction.

• Twenty percent of patients with perineal hernias have 
caudal displacement and retroflexion of the urinary 
bladder (Thrall, 2013).

Ultrasonography
• Ultrasonography is useful to help locate the urinary 

bladder, however it can be difficult to determine the 
origin of large masses within the pelvic canal.

• A perineal window can be utilized to evaluate a caudally 
displaced bladder.

Urethral strictures
Strictures can occur at sites of previous mucosal trauma or 
result from compression of the urethra by external structures.

Radiography
• Urethrography is the ideal way to identify urethral strictures 

because the contrast column will narrow (Figure 7.55).
• Strictures will be consistent on multiple views and must 

be differentiated from peristalsis or urethral spasm that 
will cause transient narrowing.

• Compression from adjacent masses will cause 
deviation of the urethra or more broad-based 
narrowing of the urethra with tapering on either end, 
when compared with primary urethral strictures due to 
previous mucosal damage.

Ultrasound image of a 10-month-old neutered male Scottish 
Terrier. Botryoid rhabdomyosarcoma is a bladder tumour of 

young dogs that has the appearance of a cluster of grapes.
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.53

Radiography
• Large prostate detected in a neutered male patient or 

prostate >90% of the pubic to sacral promontory ratio.
• Prostatic mineralization in neutered male dogs has an 

extremely high positive predictive value for neoplasia 
(Bradbury et al., 2009).

• Pulmonary metastatic disease, enlarged sublumbar 
lymph nodes causing displacement of the descending 
colon and/or polyostotic aggressive bone lesions may 
be present.

Ultrasonography
• The prostate may be enlarged, asymmetrical and is 

often irregularly marginated.
• The parenchyma can be diffusely heterogeneous with 

course echotexture or there may be a focal nodule.
• There may be areas of extensive mineralization.
• The sublumbar lymph nodes should be evaluated for 

malignancy.

Malpositioning of the urinary bladder
The urinary bladder may be displaced by adjacent masses 
or secondary to body wall hernias (Figure 7.54).

Lateral radiograph of a 4-year-old neutered male Persian cat. 
There is a traumatic body wall hernia with ventral herniation 

of the urinary bladder (arrowed).
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.54

(a–b) Sagittal computed tomography images of a retrograde 
contrast cystourethrogram of a 2-year-old neutered male 

Miniature Poodle. A very focal circumferential narrowing of the 
membranous urethra persists on multiple scans of the same region, 
representing a urethral stricture (arrowed).
(Courtesy of North Carolina State University College of Veterinary Medicine)

7.55

(a)

(b)
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Cystoscopy

Larry Adams

The principal form of endoscopy for the urinary tract in vet -
erinary medicine is transurethral cystoscopy. Although it 
has been underutilized, transurethral cystoscopy is an 
integral part of the diagnostic evaluation of dogs and cats 
with recurrent or persistent lower urinary tract disease 
(Cannizzo et al., 2001; McCarthy, 2005; Messer et al., 
2005). Cystoscopy allows visualization and biopsy of any 
lesions in the bladder and urethra. The most common indi -
cations for cystoscopy are listed in Figure 8.1.

Endourology refers to an area of human medicine 
involving closed urological surgical procedures (diagnostic 
and therapeutic) performed using instruments such as  
cystoscopes, nephroscopes and ureteroscopes. Veterinary 
surgeons (veterinarians) have also progressed from the use 
of cystoscopes primarily for diagnostic evaluation of the 
lower urinary tract to more advanced diagnostic and thera -
peutic endourological techniques (Berent, 2015).

Equipment
Several rigid and flexible endoscopes designed for use in 
humans may be used for transurethral cystoscopy in dogs 
and cats. Figure 8.2 shows the tips of flexible and rigid cysto  - 
scopes used in small animals. The size of the patient’s  
urethra dictates the size of cystoscope to be used. Because 

Problem Use of cystoscopy Comments

Urinary 
incontinence

• Examine for ectopic ureters or other 
developmental abnormalities

• Injection of peri-urethral bulk-enhancing agents 

• More sensitive than contrast radiography
• Equally sensitive to contrast computed tomography (CT)
• Treatment of refractory urinary incontinence due to urethral sphincter 

mechanism incompetence

Haematuria • Determine source of haematuria • Treatment also possible for idiopathic renal haematuria (sclerotherapy)

Recurrent 
urinary tract 
infection (UTI)

• Examine for anatomical abnormalities or uroliths 
that might contribute to UTI

• Obtain mucosal biopsy sample for culture

• Abnormalities of the lower urinary tract are readily detected; more 
�†�‹�¥�…�—�Ž�–���–�‘���†�‡�–�‡�…�–���•�‹�†�•�‡�›���‹�•�˜�‘�Ž�˜�‡�•�‡�•�–���‘�ˆ��������

• Cultures of mucosal samples are more sensitive than urine culture alone

Urinary tract 
trauma

• Examine integrity of the lower urinary tract
• Assist in placement of indwelling catheter past 

urethral tears

• Cystoscopy is able to detect small perforations or tears of the urinary tract
• Placement of guide wire through the cystoscope past urethral tears 

facilitates catheter placement without enlarging tears

Urolithiasis • Removal of uroliths via basket retrieval or voiding 
urohydropropulsion

• Obtain uroliths for quantitative analysis or culture 
via basket retrieval

• Fragment larger uroliths via laser lithotripsy

• Cystoscopy is sensitive for detection of small uroliths before and after 
voiding urohydropropulsion

• ���ƒ�•�•�‡�–���”�‡�–�”�‹�‡�˜�ƒ�Ž���ƒ�Ž�Ž�‘�™�•���”�‡�•�‘�˜�ƒ�Ž���‘�ˆ���‹�”�”�‡�‰�—�Ž�ƒ�”���•�–�‘�•�‡�•���–�Š�ƒ�–���•�ƒ�›���„�‡���†�‹�¥�…�—�Ž�–���–�‘��
remove by urohydropropulsion

• See Chapter 27 regarding laser lithotripsy

Neoplasia • Determine extent and location of neoplasia
• Obtain biopsy samples for cytology and 

histopathology

• Cystoscopy is sensitive for detecting bladder and urethral involvement
• Stone baskets may be used to biopsy polyp-like projections of masses

Indications for cystoscopy.8.1

���Š�‡���–�‹�’�•���‘�ˆ���”�‹�‰�‹�†���ƒ�•�†���ª�‡�š�‹�„�Ž�‡���…�›�•�–�‘�•�…�‘�’�‡�•���—�•�‡�†���ˆ�‘�”���…�›�•�–�‘�•�…�‘�’�›�ä��
From left to right: 4 mm rigid cystoscope within 19 Fr 

cystoscopy sheath (5 Fr cup biopsy instrument in working channel); 2.7 
mm diameter rigid cystoscope with 14.5 Fr sheath; 1.9 mm diameter 
�…�›�•�–�‘�•�…�‘�’�‡���™�‹�–�Š���]���	�”���•�Š�‡�ƒ�–�Š�â���ƒ�•�†���V�ä�\���•�•���†�‹�ƒ�•�‡�–�‡�”���ª�‡�š�‹�„�Ž�‡���—�”�‡�–�‡�”�‘�•�…�‘�’�‡��
with stone basket in the working channel.

8.2

the urethras of male dogs are long, with small diameters, 2.7 
mm diameter (8 Fr), 65–70 cm long flexible ureteroscopes 
may be utilized for trans urethral cystoscopy (Figure 8.2). 
Rigid cystoscopes used for diagnostic cystoscopy typically 
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have a 30-degree upward angle view. For bitches weighing 
5–20 kg, 2.7 mm diameter (8 Fr), 18 cm long rigid paediatric 
cystoscopes allow transurethral cystoscopy. For bitches of 
<5 kg bodyweight and queens, a 1.9 mm diameter (6 Fr), 18 
cm long paedi  atric cystoscope is small enough to pass 
through the urethra in most animals. For larger bitches, 4 
mm diameter (12 Fr), 30 cm long cystoscopes allow access 
to the cranial aspect of the urinary bladder.

The 8 Fr ureteroscope and 9 Fr paediatric rigid cysto -
scope sheath each have a 1.2 mm working channel which 
accepts 3 Fr working instruments. The larger working 
channels in the 14.5 and 19 Fr cystoscope sheaths accept 
5 Fr working instruments. Laser fibres may be passed 
through the working channel for laser lithotripsy (see 
Chapter 27). Guide wires may also be passed through  
the working channels of rigid and flexible cystoscopes for 
passage proximally in the urinary tract.

Working instruments that are most commonly used 
during cystoscopy include biopsy forceps, graspers and 
stone baskets. These instruments are generally available in 
3–5 Fr sizes, depending on the size of the working channel 
within the cystoscope sheath. Use of the largest biopsy 
forceps that the working channel will accommodate pro -
vides larger biopsy specimens.

Flexible-tipped urological guide wires are available in a 
variety of sizes and designs for endourological proce -
dures. Guide wires may be used as working wires, such 
that scopes or catheters are passed over the guide wire, or 
as safety wires to maintain a pathway into the portion of 
the urinary tract being manipulated. Guide wires may be 
placed past urethral tears or obstructions under visual 
guidance via cystoscopy, and then an indwelling catheter 
can be passed over the guide wire to bypass the tear or 
obstruction. Without visual placement of the guide wire, 
retrograde placement of a catheter using a blind technique 
risks enlarging the urethral tear. Flexible-tipped guide 
wires can also be passed through the cystoscope into the 
ureteral orifice to obtain retrograde ureteral access.

Diagnostic techniques
Routine cystoscopic examination of the 
lower urinary tract
Prior to cystoscopy, the hair around the vulva in bitches 
and around the prepuce in male dogs is clipped and the 
skin surrounding the area is cleaned using standard pre-
surgical techniques. Bitches and queens may be posi -
tioned in dorsal, ventral or lateral recumbency with the 
vulva positioned at the end of the table. Dorsal and lateral 
recumbency are the most useful positions for access to 
the vulva for passage of the cystoscope. Male dogs and 
cats are placed in lateral recumbency and the penis is 
exteriorized to access the urethral orifice.

The cystoscope and all related equipment should be 
sterile. For cystoscopic procedures, aseptic principles are 
observed, including the wearing of sterile surgical gowns 
and sterile gloves. The sterile isotonic irrigation solution 
(e.g. normal saline) should be warmed.

To avoid overlooking any less obvious changes, routine 
cystoscopy should follow a standard protocol to inspect all 
aspects of the lower urinary tract before focusing on any 
obvious abnormalities. In females, the cystoscope may be 
passed blindly with the blunt obturator using a technique 
identical to urethral catheterization, or it may be passed 
under visual guidance with fluid distension of the urethra. 

The disadvantages of blind passage include the potential of 
causing apparent lesions in the urethra or overlooking  
significant urethral lesions until the cystoscope is with -
drawn at the end of the procedure. Therefore, the author 
prefers to inspect the urethra during initial passage of the 
cystoscope under visual guidance. The cystoscope should 
be passed retrograde into the vestibule and into the urethra 
without entering the body of the vagina to avoid contamin -
ation of the scope tip with normal vaginal flora. Once the 
cystoscope is in the urinary bladder, the urine is drained 
and the bladder is lavaged with sterile warm isotonic solu -
tion and then refilled. This process is repeated as often as 
necessary to provide clear visualization of the bladder 
lumen. Overdistension of the urinary bladder should be 
avoided and the irrigation solution allowed to flow by  
gravity, with the fluids positioned no higher than 80 cm 
above the patient. Overdistension may result in bleeding 
from iatrogenic trauma to the mucosa with resultant 
impaired visualization of the urinary tract.

Normal bladder mucosa allows easy visualization of 
submucosal blood vessels (Figure 8.3). Oedema or inflam-
mation of the bladder wall makes the vessels more difficult 
to visualize and may completely obscure the smaller  
vessels. Normal ureteral orifices are C-shaped with the 
opening of the ‘C’ pointing medially (Figure 8.4). In normal 
dogs, the ureteral openings are positioned symmetrically 

Appearance of the bladder mucosa in a bitch with calcium 
oxalate uroliths (uroliths not visible). Note the visibility of the 

large and small blood vessels in the submucosa of the bladder wall in the 
normal portion of the urinary bladder (*). In contrast, the vessels are 
less visible in the cranioventral portion of the urinary bladder owing to 
oedema and mucosal thickening (arrowed) in response to the uroliths. 
Three air bubbles are also visible on the left side of the image.

8.3

Cystoscopic view of normal ureteral openings (arrowed) in a 
bitch placed in dorsal recumbency with minimal bladder 

distention.

8.4
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Calcium oxalate uroliths in the urinary bladder with multiple 
smaller uroliths. A 550 �+�•���†�‹�ƒ�•�‡�–�‡�”���ª�‡�š�‹�„�Ž�‡���“�—�ƒ�”�–�œ���Ž�ƒ�•�‡�”���¤�„�”�‡��

is positioned near the surface of the urolith (see Chapter 27).

8.5

Variable appearance of transitional cell carcinoma (TCC) in dogs. (a) Large haemorrhagic and partially necrotic mass in the urinary bladder.  
(b) Papillary structure of TCC. Note the blood vessel extending to the tip of the papillary structure, which is highly suggestive of TCC.  

(c) Multiple discrete masses in the urethra of a bitch with urethral TCC. Also note that the entire surface of the urethral mucosa is irregular.  
(d) Urethral TCC resulting in complete urethral obstruction in a bitch.

8.6

(a) (b) (c) (d)

in the trigone approximately 1–3 cm from the vesico -
urethral junction, with smoother appearing mucosa 
between the ureters. The ureteral openings appear to be 
closer together if the bladder is less distended. In cats, the  
ureteral orifices are more caudally positioned than in dogs 
and the ureteral orifices appear to be in the proximal  
urethra. The positions of both ureteral orifices are identi -
fied within the trigone region and urine should be seen 
entering the bladder from each orifice.

The bladder mucosa should be visually inspected 
throughout the entire urinary bladder. If a 30-degree view 
cystoscope is utilized with the animal positioned in dorsal 
recumbency, the scope should be rotated 180 degrees 
along the long axis to view the dependent portion of the 
bladder, in order to inspect for uroliths, masses or other 
lesions. Figures 8.5 and 8.6 show images from dogs with 
uroliths and transitional cell carcinoma, respectively.

Masses or polyps
Masses or polyps in the urinary bladder or urethra  
may be visualized and biopsied during cystoscopy. 
Trans itional cell carcinoma (TCC), the most common neo -
plasm of the lower urinary tract in dogs and cats, has a 
highly variable cystoscopic appearance (see Figure 8.6). 
TCC may involve the bladder, urethra or both. Polypoid 
cystitis in dogs is a benign lesion that often occurs  

secondary to urolithiasis and/or chronic urinary tract 
infection (Figure 8.7a). Definitive differentiation of TCC 
from polypoid cystitis requires histopathological evalua -
tion of biopsy samples obtained during cyst  oscopy. 
Placement of the biopsy forceps or a stone basket across 
(or around) the base of pedunculated or papillary lesions 
(Figure 8.7b) often allows removal of larger biopsy  
samples from the lesions (Childress et al., 2011).

Urethral masses may also be evaluated using cyst-
oscopy to determine the location and extent of the mass 
while obtaining specimens for histopathology (see 
Figures 8.6cd and 8.8). Proliferative urethritis is a benign 
prolifer ative lesion that occurs secondary to urinary tract 
infection (UTI) or uroliths and may result in urethral 
obstruction (Hostutler et al ., 2004). Proliferative urethritis 
is commonly characterized by side-to-side bands of  
tissue rather than papillary projections (Figure 8.8). 
Proliferative urethritis must be differentiated from TCC by 
histopathology of multiple biopsy samples.

Polypoid cystitis in a dog. (a) Polypoid cystitis in the apex of 
the urinary bladder of a dog. (b) Basket biopsy of polyps from 

a dog with polypoid cystitis.

8.7

(a)

(b)
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Proliferative urethritis in a bitch with recurrent urinary tract 
infection and urinary obstruction. Note the side-to-side bands 

of tissue, which are more commonly observed with proliferative 
urethritis than with neoplasia.

8.8

Diagnostic evaluation of recurrent urinary 
tract infection
Cystoscopy is useful for diagnostic evaluation of dogs with 
recurrent UTI to evaluate for anatomical defects and other 
comorbidities predisposing to UTI, and to obtain biopsy 
samples for cytology, histopathology and microbiological 
culture. Figure 8.2 shows biopsy forceps used to obtain 
mucosal specimens that have been passed through the 
working channel of a rigid cystoscope. In two studies com -
paring urolith cultures and cultures of mucosal samples 
obtained during cystotomy to routine urine cultures, cultures 
of mucosal specimens or uroliths were able to detect infec -
tions in 18–24% of dogs that were not detected by concur -
rent urine culture (Hamaide et al., 1998; Gatoria, 2006). In 
another study, there was no additional benefit from cultures 
of mucosa obtained by cystoscopy over routine urine cul -
ture (Sycamore et al., 2014). While these studies provide 
contradictory conclusions, the author has observed that 
cultures of mucosal samples obtained via cystoscopy may 
detect aerobic bacteria, including Mycoplasma  spp., not 
isolated on simultaneous urine cultures. Any lesions present 
in the lower urinary tract of dogs with recurrent UTI should 
be also biopsied for culture and histopathology.

Multiple small follicles are often present throughout  
the lower urinary tract of dogs with chronic UTI; this has 
been termed follicular cystitis. Biopsy and culture of one or 
more follicles confirms the chronic nature of the UTI and 
may facilitate identification of the infecting organism(s). 
Follow-up cystoscopy can be used to document regression 
of follicular cystitis after effective management of the UTI, 
although this is not essential. Uroliths may also be retrieved 
from the bladder or urethra aseptically for culture using 
stone baskets.

Ectopic ureters
Recent studies confirm that cystoscopy is more sensitive 
than excretory urography for identification of ectopic  
ureters and associated anatomical defects (Cannizzo  
et al., 2003). Contrast-enhanced computed tomography 
(CT) is comparable to cystoscopy for diagnosis of ectopic 
ureters provided the ureter is associated with a functional 
kidney. The normal ureteral openings should be visualized 
within the trigone of the urinary bladder (see Figure 8.4), 
and ectopic ureteral openings are usually detected in the 
urethra (Figure 8.9a) or in the vaginal vestibule (uncom-
mon). To assist in determining whether ectopic ureters are 
intramural or extramural, flexible-tipped urological guide 
wires may be passed retrograde into the ureteral opening 

Bilateral 
ectopic 

ureters in a bitch.  
(a) The right ureteral 
opening (arrowhead) 
is located in the 
proximal urethra just 
distal to the junction 
with the urinary 
bladder. The left 
ureteral opening is 
visible in the dorsal 
aspect of the 
mid-urethra (black 
arrow). (b) A 
urological guide wire 
is passed through an 
open-ended ureteral 
catheter proximally 
into the left ectopic 
ureter.

8.9

(a)

(b)

under visual guidance (Figure 8.9b) and retrograde uretero - 
graphy may be performed using fluoroscopy. Intramural 
ectopic ureters may be corrected by cystoscopic-guided 
laser ablation (see Chapter 27) (Berent et al., 2012).

Concurrent urethral malformation is common in dogs 
with ectopic ureters (Cannizzo et al., 2003). Urethral con - 
formation is evaluated during initial visual passage of the 
cystoscope, assessing its shape and noting the pres  - 
ence of any ectopic ureteral openings within the urethra. 
The normal urethra in bitches and queens has a single 
prominent dorsal ridge extending most of the length of the 
urethra. In bitches with ectopic ureters, ureteral troughs 
are often seen as ridges that extend down the urethra from 
the edge of the ectopic ureteral openings. Abnormalities  
of the vaginal vestibule such as paramesonephric septal 
remnants (also called vaginal septae) are also common 
concurrent developmental abnormalities seen in bitches 
with ectopic ureters (Cannizzo et al., 2003). These vaginal  
septae may also be corrected by laser ablation using  
cystoscopic guidance (Burdick et al ., 2014).

Localization of haematuria
During cystoscopy, the source of gross haematuria can  
usually be definitively localized to the genital tract, urethra, 
bladder, or the left or right kidney and ureter. This approach 
is more accurate than predicting the location of haematuria 
on the basis of when blood is noted during voiding. 
Haemorrhagic lesions in the lower urinary tract can be con -
firmed and sometimes treated, depending on the nature of 
the lesion (e.g. uroliths, neoplasia). Diagnosis of upper tract 
(kidneys, ureters) haematuria can be determined by direct 
visualization of gross haematuria from the ureteral orifice 
(Figure 8.10). Recently, cystoscopic-guided sclerotherapy 
has been reported as an option for treatment of idiopathic 
renal haematuria in dogs, as opposed to performing 
nephrectomy (Berent et al., 2013). Nephrectomy is not  
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bitch with unilateral idiopathic renal haematuria.8.10

Urolith trapped in stone basket and positioned near the end 
of the cystoscope prior to removal. Note additional uroliths 

adjacent to stone basket.

8.11

the urolith is too large for basket extraction, it may be 
released and broken into smaller fragments by laser litho -
tripsy using a holmium:YAG (yttrium aluminium garnet) laser 
(see Chapter 27); alternatively, other minimally invasive 
techniques have been recommended (Adams et al., 2008).

Peri-urethral injection of bulk-enhancing 
agents for treatment of urinary incontinence
An alternative therapy for dogs with refractory urinary incon -
tinence due to confirmed urethral sphincter mechanism 
incompetence includes cystoscopic-guided peri-urethral 
injection of bulk-enhancing agents (e.g. glutaraldehyde 
cross-linked collagen) (Arnold et al., 1996; Barth et al., 2005; 
Byron et al., 2011). Peri-urethral injection of collagen  
narrows the urethral lumen and allows more effective  
closure of the urethra by the existing urethral pressure. In 
one study, 68% of dogs remained continent for an average 
of 17 months after peri-urethral collagen injection (Barth et 
al. 2005), although repeat cystoscopic injection of collagen 
is required in some dogs to maintain continence (Byron  
et al. 2011). For further discussion of urethral bulking agents, 
see Chapter 30.

Removal of polyps or tumours
Cystoscopy is useful for documenting the extent and 
location of lower urinary tract neoplasia and for obtaining 
biopsy samples for cytology and histopathology from 
lesions within the bladder or urethra. Biopsy using stone 
baskets placed around the base of the mass (see Figure 
8.7b) results in larger samples, which are more often diag -
nostic than pinch biopsy specimens obtained using cup 
biopsy forceps (Childress et al., 2011). Some polyps or 
tumours with narrow stalks can be removed using biopsy 
instruments, electrocautery snares or with a holmium:YAG 
or diode laser (McCarthy, 2003; Cerf and Lindquist, 2012). 
It is important to avoid full-thickness injury, resulting in 
urethral or bladder perforation and resultant uro  abdomen. 
TCC lesions with a narrow-based stalk may be removed 
using a holmium:YAG or diode laser followed by fulgura -
tion of the base. Benign polyps (e.g. polypoid cys  titis) may 
also be removed from the bladder using a holmium:YAG or 
diode laser.

Urethral stricture dilation
Urethral strictures appear as an abrupt narrowing of  
the urethral lumen during cystoscopy (Figure 8.12a). If the 
stricture is too small to allow passage of the cystoscope, 
a flexible-tipped guide wire may be passed through the 
strictured area via the working channel of the scope 
under fluoroscopic guidance (Figure 8.12b). Next, an 
open-ended catheter may be passed over the guide wire 
and retrograde contrast studies should be performed to 
delineate the extent of the urethral stricture and to obtain 
measurements for interventions to correct the stricture. 
Alternatively, contrast may be injected through the work -
ing channel of a flexible cystoscope to perform retro -
grade contrast studies. Urethral strictures may be dilated 
over the guide wire using an appropriately sized balloon 
dilation catheter (Figures 8.12b–d) (Hill et al., 2014). 
Urethral strictures will re-stricture to some degree after 
balloon dilation and may require re-dilation. If the urethral 
stricture recurrence is severe enough to cause urine 
retention, then placement of a nitinol self-expanding  
urethral stent may be required to resolve the urinary 
retention (Hill et al., 2014).

recommended because 20–30% of dogs with idiopathic 
renal haematuria may bleed from both kidneys at the time  
of initial diagnosis or later in life. Ureteral stent placement  
is recommended following sclerotherapy. If sclerotherapy 
does not resolve the haematuria, then retrograde uretero -
scopy and electocautery may be attempted for direct  
cauterization of the bleeding vessel inside the renal pelvis. 
Ureteroscopy is facilitated by the passive ureteral dilation 
caused by the indwelling ureteral stent.

Therapeutic techniques
Stone baskets
Stone baskets may be used to remove uroliths from the  
lower urinary tract provided the uroliths are smaller than  
the dilated urethra. Stone baskets are usually passed 
through the working channel of the cystoscope (see Figure 
8.2), the basket is opened and, once the urolith is engaged 
in the basket, the basket is closed around the urolith and 
positioned at the end of the cystoscope (Figure 8.11). The 
cystoscope and basket containing the urolith are then 
slowly withdrawn through the urethra (the urethra is dis -
tended by infusing sterile saline) under direct visualization 
to ensure there is no bulging of the urothelium around the 
urolith edges, which may indicate that the urolith is becom -
ing wedged in the urethra. This technique may be safely 
used to remove some uroliths that will not readily pass  
during voiding urohydro  pro pulsion; however, caution is re  - 
quired to avoid getting the urolith wedged in the urethra. If 
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wire (0.025 inch diameter) passed through the stricture. (c) Initial stage of balloon dilation of the urethral stricture using a clear balloon 

catheter passed parallel to the cystoscope over the 0.64 mm guide wire. (d) Complete balloon dilation of the urethral stricture.

8.12

(a) (b) (c) (d)

Risks and complications
Complications from routine cystoscopy are uncommon; 
however, potential complications include iatrogenic UTI and 
trauma to the urinary tract such as perforation or rupture of 
the urethra or urinary bladder. Passage of rigid cystoscopes 
should be done as atraumatically as pos  sible and only 
under visual guidance, to avoid urethral trauma. Insertion of 
too large a cystoscope for the patient’s size is an avoidable 
error that could lead to urethral trauma.

Iatrogenic UTI can be avoided by use of appropriate 
aseptic technique and avoiding mucosal trauma. Addition -
ally, irrigation with large volumes of sterile isotonic solutions, 
normally done to provide clear visualization of the urinary 
tract, further serves to remove any bacteria introduced by 
passage of the cystoscope from the non-sterile distal urethra 
and vaginal vestibule into the urinary bladder. Routine 
administration of prophylactic antibiotics (e.g. amoxicillin  
20 mg/kg orally q12h for 3 days) is not required unless the 
cystoscope is passed up the urethra multiple times during 
the procedure or there are additional predisposing factors  
to the establishment of UTI such as mucosal injury, neo -
plasia or urethral stricture.
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Diagnostic approach to  
the incontinent patient
Julie Byron

Urinary incontinence (UI), the involuntary loss of urine 
through the urethra, is a common problem in small animal 
veterinary practice. Female neutered dogs are most com -
monly affected, with up to 20% of neutered female dogs 
and 30% of those weighing more than 20 kg reported to 
be incontinent. Urinary incontinence is less common in the 
male dog and in cats, but has been reported. Urinary 
incontinence in male dogs, intact bitches and cats is often 
related to congenital defects such as ureteral ectopia or 
urogenital sinus malformations. There is a wide range of 

causes of UI and diagnosis of the underlying disorder is 
important in determining treatment and prognosis. Careful 
attention to the history and physical examination, and a 
systematic approach to diagnostic planning, will ensure 
that unusual or uncommon disorders will not be missed. In 
this chapter, a basic diagnostic algorithm is presented for 
assessment of male dogs and bitches with UI (Figures 9.1 
and 9.2) as well as more detailed information on diagnostic 
imaging and the use of advanced diagnostic techniques in 
small animal patients.

Duration of incontinence

Lifelong Acquired

PU/PD or UTI?Ultrasonography, CTEU,
cystoscopy for ectopic ureters

Evaluate and
treat accordingly

Suspect USMI
Treat accordingly

Contrast urethrogram
to look for an obstruction

Observe urination
Check residual 
urine volume

Appropriate
treatment

Appropriate
treatment

Normal or
urethrospasm

Mass, stricture,
urolith

NoNo

<0.4 ml/kg >0.4 ml/kg

YesYes

Suspect functional urethral obstruction
Treat with skeletal and smooth

muscle relaxants

Diagnostic algorithm for male 
dogs with urinary incontinence.  

CTEU = computed tomographic excretory 
urogram; PU/PD = polyuria/polydipsia; USMI 
= urethral sphincter mechanism 
incompetence; UTI = urinary tract infection.
(© Julie Byron)

9.1
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Diagnostic algorithm for 
bitches with urinary 

incontinence. BP = blood pressure; 
CBC = complete blood count;  
Conj. = conjugated; CTEU = computed 
tomographic excretory urogram;  
DES = diethystilboestrol;  
OHE = ovariohysterectomy;  
PPA = phenylpropanolamine; 
PU/PD = polyuria/polydipsia;  
Tx = therapy; U/A = urinalysis;  
U/S = ultrasonography;  
USMI = urethral sphincter mechanism 
incompetence; UTI = urinary tract 
infection.
(© Julie Byron)

9.2

Duration of incontinence

Pre-OHE

Abnormal Normal

Normal

Post-OHE

PU/PD or UTI?Ultrasonography, CTEU,
cystoscopy for ectopic ureters

Abdominal U/S, cystoscopy,
contrast cystourethrogram

Evaluate and treat accordingly

PPA + oestrogen

Repeat U/A, urine culture

Appropriate treatment

Appropriate
treatment

Urodynamic evaluation���‡�–�”�—�•�‘�”���Š�›�’�‡�”�”�‡�ª�‡�š�‹�ƒ

NoNo Yes

USMI

Yes

���”�–�‹�¤�…�‹�ƒ�Ž���•�’�Š�‹�•�…�–�‡�”���‘�”
urethral bulking

���•�–�‹�…�Š�‘�Ž�‹�•�‡�”�‰�‹�…�����š�ã
Oxybutynin: 0.2 mg/kg q8–12h
Imipramine: 2–4 mg/kg q12–24h

PPA: 1.0–1.5 mg/kg q8–24h; monitor BP
Estriol: 2 mg q24h for 14 days, then 1 mg q24h for 7 days, then 0.5 mg q24h
DES: 0.1–0.2 mg/kg q24h for 5 days, then 1–2 times per week;  monitor CBC
Conj. oestrogen: 20 �+g/kg, q24h for 7 days

���‘�–���‡�¡�‡�…�–�‹�˜�‡���‘�”���”�‡�Ž�ƒ�’�•�‡

Initial evaluation
Diagnostic evaluation of the patient with UI at first present-
ation has several important parts. These include verifying 
the presence of urinary incontinence versus other uro - 
gen ital diseases, assessing the duration of the clinical 
signs, and determining whether the cause is a disorder of 
storage (e.g. urethral sphincter mechanism incompetence, 
USMI) or a disorder of emptying (e.g. functional obstruc -
tion). Routine urinalysis and urine culture may also be  
performed. Additional testing for concurrent disease or to 
monitor for complications is dependent on the patient  
and may be related to initial therapeutic decisions.

Signalment and history
A careful history must be taken when discussing UI with 
pet owners. It must be distinguished from behavioural 
problems, polyuria or pollakiuria, and it is important to 
establish that the animal is unconsciously voiding urine. 

Many owners will use the term ‘incontinence’ when inap -
propriate conscious urination occurs (e.g. pollakiuria). 
Some owners may report finding urine spots in the home, 
but may not have observed how it occurred. In this situ-
ation, it is important to keep in mind the potential for poly -
uria, pollakiuria or behavioural problems, particularly  
if the animal does not respond to empirical therapy.

The timing and situational occurrence of UI can also be 
useful to the veterinary surgeon (veterinarian) in determining 
the cause. Urinary incontinence varies in frequency among 
patients. Some animals have only a few episodes a month, 
while others are persistently leaking urine. Most neutered 
females with USMI leak urine when relaxed, lying down or 
sleeping. Occasionally, UI will occur during vigorous phys-
ical activity. Some animals are reported to be incontinent 
after active urination. Since normal urination nearly empties 
the bladder, this may be a sign of urine retention, either from 
physical or functional obstruction, particularly in male dogs. 
In addition, it is thought that some bitches can have ‘urine 
pooling’ in either the vagina or the vestibule, although this 
can be challenging to document.
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The age of onset of UI is important to establish in 
young dogs, to determine the potential for ureteral ectopia 
or other conformational abnormalities. Breeds such as the 
Soft- coated Wheaten Terrier, Labrador Retriever, Siberian 
Husky, Golden Retriever, Newfoundland and English 
Bulldog have an increased prevalence of ureteral ectopia. 
Animals with ectopic ureters often have clinical signs of UI, 
which start prior to neutering, although this may be mis-
interpreted as poor housetraining by the owners. A small 
number of dogs with ectopic ureters (particularly males) 
may not have significant UI until after neutering, so later 
onset does not rule out the possibility of a congenital  
malformation. Dogs with early onset of clinical signs 
should be evaluated for ectopic ureters, particularly if they 
show little or no response to empirical medical therapy. In 
addition to ureteral ectopia, several other conformational 
abnormal ities can lead to UI from a young age. Hypo-
plastic or short urethra, pelvic bladder displacement, and 
juvenile or ‘hooded’ vulvar conformation in females have 
all been associated with either congenital or acquired UI. 
Dobermanns and Weimaraners have a higher prevalence 
of pelvic bladder, and older obese neutered bitches may 
have hooded vulvas.

General historical information such as water and food 
intake, activity level and evidence of discomfort when  
urinating can provide clues to the cause of the UI. Patients 
where UI has developed along with an increase in water 
intake should be further evaluated for disorders causing 
polyuria and polydipsia. If an underlying cause, such as 
hyperadrenocorticism (see Chapter 2), can be identified 
and treated, it is likely to improve the chances of a 
response to UI therapy by reducing the overall volume of 
urine produced and decreasing the bladder pressure 
exerted on a weak urethral sphincter mechanism. Dogs 
and cats with neurological disease or orthopaedic pain 
may have difficulty posturing to urinate and may have urine 
retention. A history of pain or straining when urinating, or a 
reluctance to urinate, may indicate such a problem. Finally, 
it is also important to note the frequency with which the 
animal is allowed to urinate consciously, and any changes 
in ‘asking to go out’ or use of a litterbox or container. This 
will help to establish bladder capacity expectations or may 
indicate urinary inflammation or retention.

Physical examination and observation of 
urination
While a thorough physical examination should be per -
formed on every patient, there are some areas that are 
particularly important to evaluate in the incontinent animal. 
Palpation of the bladder, assessing for size, position and 
pain, and watching for urine loss during palpation may 
indicate conformational problems, cystitis or severely 
decreased urethral pressure. Many animals with disorders 
of emptying and urine retention have palpably overdis -
tended bladders. Rectal examination will allow the clinician 
to assess the prostate in males and palpate the urethra 
through the rectal wall. The normal pelvic urethra, even in 
patients with USMI, is smooth and does not change much 
in thickness, while irregularity may indicate an obstructive 
process such as an urethrolith or a mass lesion. Anal tone 
should also be assessed during rectal examination.

The external genitalia of the animal should be carefully 
examined. Bitches may have a hooded vulva, leading to 
perivulvar dermatitis or urine pooling in the vestibule 
(Figure 9.3). Male animals may have preputial or penile 
conformational abnormalities, which can impede urine 

flow. Staining of the hair around the prepuce or vulva may 
be further indication of UI or of excessive grooming of the 
perineum to remove leaked urine. Some animals with 
severe long-term UI may have significant urine-induced 
ulcerative dermatitis around the vulva or prepuce.

An orthopaedic and neurological examination should 
be performed, including observation of the gait. Particular 
attention should be paid to the hips and stifles, as well as 
the thoracolumbar and lumbosacral spine. Pain on postur -
ing can prevent an animal from fully emptying the bladder 
and lead to overflow incontinence. Bladder and urethral 
function is impaired with lesions cranial to the first sacral 
spinal segment (cranial to the 5th lumbar vertebra in the 
dog and approximately the 3rd lumbar vertebra in the cat) 
leading to automatic or ‘upper motor neuron’ bladder. 
These patients have difficulty emptying their bladders, due 
to increased urethral sphincter pressure, and may develop 
chronic overdistension of the urinary bladder. This leads to 
overflow UI and is considered a disorder of emptying. 
Alternatively, lesions at the 1st and 2nd sacral spinal seg -
ment (5th lumbar vertebra in the dog and 3rd to 5th lumbar 
vertebrae in the cat) can lead to autonomous or ‘lower 
motor neuron’ bladder. This lesion affects the pudendal 
nerve and decreases urethral, anal and perineal tone. 
These animals may also have tail paresis or paralysis.

Juvenile or ‘hooded’ vulva. (a) This 8-year-old neutered female 
mixed-breed dog had a 3-year history of urinary incontinence 

due to urethral sphincter mechanism incompetence (USMI) and 
recurrent urinary tract infections. (b)There is evidence of perivulvar 
dermatitis when the perineal folds are retracted. The relationship 
between a ‘hooded’ vulva and USMI in neutered bitches is unclear.

9.3

(a)

(b)
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A key point that is often overlooked is the direct obser -
vation by the clinician of the animal’s urination. This can 
clarify the owner’s description of the clinical signs, and 
often reveals subtle changes they may not have observed. 
It is especially important to note the width of the urine 
stream, particularly in males, and any difficulty maintaining 
an adequate flow of urine. Most dogs with USMI and other 
disorders of storage (both male and female) have no diffi -
culty urinating and appear otherwise healthy. However, 
dogs and cats with disorders of emptying will often display 
signs of dysuria such as straining, multiple attempts to 
void and a narrow or ‘intermittent’ urine stream. Male dogs 
with detrusor–urethral dyssynergia and functional obstruc -
tion may be able to start a urine stream which then will 
narrow and diminish into a few drops of urine while the 
patient continues to posture and strain. The urine stream 
can be difficult to assess in bitches that squat very close 
to the ground, but watching the urine volume produced on 
a hard surface may provide the clinician with an estimate 
of the flow rate. The animal’s gait, anxiety level and voiding 
posture can also be assessed at this time.

In conjunction with observation of voiding, quantifi-
cation of residual urine volume may be performed after the 
animal has had an adequate opportunity to urinate. In male 
dogs with UI this is particularly important. The true preva -
lence of detrusor reflex dyssynergia (see Chapter 30) and 
resulting overflow incontinence in males is probably 
underestimated, and the reported poor response of males 
to medical therapy for USMI may be due to misdiagnosis 
of these cases. Residual urine volume should be <0.4 ml/
kg (range 0.2–3 ml/kg). This can be objectively measured 
by catheterization, a relatively easy procedure in the  
male dog, or subjectively evaluated by ultrasonography or 
radiography in the male and female cat and the bitch. 
Palpation of the bladder may also be useful, but only if a 
significant residual volume is present. The author suggests 
measuring residual urine volume in all male dogs with UI 
as part of the initial evaluation. This may be a secondary 
diagnostic test in bitches and in male and female cats, 
particularly if therapy for USMI is unsuccessful, provided 
there are no other indications of urine retention.

Laboratory evaluation
All patients with UI should have a urinalysis with sediment 
examination and an aerobic bacterial urine culture submit -
ted to a laboratory for evaluation. While the leakage of 
urine may be exacerbated by a urinary tract infection, the 
incontinence itself may predispose the patient to bacterial 
cystitis. A complete blood count and serum chemistry 
evaluation are indicated if the patient has decreased urine 
concentration, particularly in the face of dehydration. As 
noted above, the development of polyuria from any cause 
can lead to UI in a previously continent patient with a weak 
urethral sphincter mechanism. If pos  sible, improvement of 
urine concentration and a decrease in volume produced 
may improve the frequency and volume of urine leakage. A 
complete blood count or indirect systolic blood pressure 
measurement may be performed to establish a baseline 
value, depending on the clinician’s initial treatment choice 
(see Figures 9.1 and 9.2).

Empirical therapy
Provided that no additional abnormalities are noted on 
physical examination, urination or laboratory evaluation up 
to this point, most experts would agree that in an other -
wise healthy neutered bitch a tentative diagnosis of USMI 

can be made and empirical medical treatment is accept-
able. Responses to appropriate therapy in male dogs and 
bitches may confirm the diagnosis of USMI, although other 
lower urinary tract disease may also exist.

Advanced diagnostic 
evaluation: imaging
Diagnostic imaging of the lower urinary tract is indicated 
for animals with lifelong UI, abnormal urogenital confor-
mation or poor response to empirical therapy for USMI. 
Imaging to evaluate for ectopic ureters is warranted for 
intact animals, those with UI prior to neutering, and those 
animals where a thorough history cannot be obtained (e.g. 
dogs obtained from shelters and rescue facilities). 
Although ectopic ureters are more often diagnosed in 
bitches, they can occur in males, and may actually be 
underdiagnosed owing to a lack of clinical signs of UI. 
Ectopic ureters have also been reported in the cat.

Radiography
Imaging of the lower urinary tract often begins with radio-
graphy. The ureters, bladder, urethra and prostate or 
vagina are most important to assess in the patient with UI. 
Plain radiography is useful to identify the size and position 
of the bladder, as well as the presence or absence of any 
radiopaque uroliths. The prostate should also be assessed 
in males. The urethra is not usually visible with plain  
radiography unless there are uroliths in the lumen. 
Contrast cystourethrography may need to be performed to 
better identify the details of the lower urinary tract. The 
reader is referred to Chapter 7 for detailed information 
regarding imaging studies for the lower urinary tract.

Excretory urography
Contrast imaging of various parts of the lower urinary tract 
can be accomplished using several types of studies 
(Figure 9.4) (Habing and Byron, 2015). Excretory urography 
has often been used to identify ectopic ureters, with a  
sensitivity of approximately 80% (Cannizzo et al ., 2003; 
Samii et al., 2004). This is lower than the sensitivity of other 
modalities such as cystoscopy or computed tomographic 
excretory urogram (CTEU), but is the most widely available 
technique, and can be performed in most practice set -
tings. To gain the most information from the images, close 
attention should be paid to preparing the patient with an 
enema, adequate sedation, and taking orthogonal views at 
appropriate time points. Risks associated with this proce -
dure include acute vomiting, urticaria, and facial and phar -
yngeal/laryngeal oedema, all of which are related to 
intra venous administration of iodinated contrast media and 
are usually transient. Contrast-induced nephropathy is a 
more serious complication leading to acute kidney injury, 
but is rare in veterinary patients. Reduction of risk is 
accomplished by ensuring adequate hydration, renal per -
fusion and blood pressure prior to the use of iodinated 
contrast. In addition, non -ionic contrast media (240 mg I/
ml) should be used for intravascular studies.

Cystourethrography
Contrast cystourethrography provides an image of the  
distended bladder and urethra. It is most often performed 
in the male, as a counterpoint to the vaginourethrogram in 
the female. It is useful to evaluate the patient for urethral 
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strictures, masses and other obstructive lesions. It also 
allows for precise localization of the bladder and sub-
jective assessment of bladder capacity and compliance 
(Figure 9.5). Occasionally, vesicoureteral reflux can occur 
during the procedure, particularly if ureteral ectopia is  
present, thus identifying their distal openings.

The normal male urethra is smooth and well defined 
with mild distention at the level of the prostate when it is 
maximally distended. The diameter of the remainder of the 
urethra is uniform except for a small amount of tapering 
that may be seen at the ischial arch. Occasionally, a small 
filling defect may be seen at the colliculus seminalis. It is 
important not to misinterpret this as an ectopic ureter.

Vaginourethrography
The vaginourethrogram provides information about the 
vestibule, vagina and urethra in a bitch or queen. This 
allows estimation of urethral length, assessment for 
obstructive processes and, if the bladder is adequately 
filled, an opportunity to determine capacity and compli -
ance sub jectively. There is some evidence that this pro-
cedure is better for viewing the distal portion of ectopic 
ureters than a radiographic excretory urogram. Vesi-
coureteral reflux due to the abnormal ureteral openings 
can send contrast material up the ureter towards the renal 
pelvis, and this leads to more contrast in the ureters than 
with a traditional excretory urogram.

The contrast should fill the vestibule and vagina, with a 
small narrowing at the vaginal entrance (Figure 9.6). This 
is the cingulum and should not be interpreted as a stric -
ture, although narrowed vaginal orifices have been noted 

Procedure Patient 
preparation

Contrast Dose/ volume Technique Additional considerations

���������ª�—�‘�”�‘�•�…�‘�’�›��
radiography)

• 12–24-hour fast
• ± enema
• Sedation/

general 
anaesthesia

• Intravenous 
catheter 

Aqueous 
iodinated 
(non-ionic 
preferred, 240 
mg/ml)

• 600–880 mg/kg
• Increase dose by 

20% if renal 
azotaemia is 
present

1. Survey RT and VD.
2. Rapid intravenous bolus injection.
3. RL and VD; time 0, 5, 20, 40 

minutes.
4. Repeat RT and LT OBL as needed, 

starting at 5 minutes for UVJ.

• Concurrent negative- 
contrast cystogram 
may be performed for 
ectopic ureter 
evaluation

CTEU • 400–880 mg/kg
• Increase dose by 

20% if renal 
azotaemia is 
present

1. Position in sternal recumbency 
with pelvis elevated.

2. Survey CT (cranial to kidneys to 
caudal urethra).

3. Rapid intravenous bolus injection.
4. Repeat scan at time 0, 3 minutes
5. Repeat scans from mid bladder to 

caudal urethra as needed for UVJ.

Cystourethrogram • Sedation/
general 
anaesthesia

• Aseptic distal 
urethral 
catheterization

• ± 2% lidocaine 
(2–5 ml) 
injected into 
urethra to 
reduce spasm

15% aqueous 
iodinated 
(diluted with 
sterile saline or 
sterile water)

• 10–15 ml (dog)
• 5–10 ml (cat)

1. Survey RL and RL with legs pulled 
forward (male dogs).

2. Inject 50% of contrast medium.
3. RL with legs forward (image 

obtained at end of injection).
4. Inject remaining contrast.
5. RL, RL and LT OBL.

• Urinary bladder should 
be fully distended to 
facilitate urethral 
distension

• Terminate injection if 
back pressure is felt on 
the syringe plunger

• Foley catheter is 
preferred in male dogs

• Red rubber or tomcat 
catheter is used in cats 
and female dogs

Vaginourethrogram • General 
anaesthesia

• Aseptic 
vestibule Foley 
catheterization

Aqueous 
iodinated

• 10–15 ml (dog)
• 5–10 ml (cat)

1. Survey RL and VD.
2. Inject 50% of contrast medium.
3. RL (image obtained at end of 

injection).
4. Inject remaining contrast.
5. RL and VD.

• Plastic haemostats are 
used to clamp vulvar 
lips around the 
catheter to prevent 
contrast leakage

• The tip of the catheter 
should be cut to 
prevent it from 
extending into the 
vagina

• Terminate injection if 
back pressure is felt on 
the syringe plunger

Commonly used imaging procedures for diagnostic evaluation of urinary incontinence. CT = computed tomography; CTEU = computed 
tomographic excretory urogram; EU = excretory urethrography; LL = left lateral; LT = left; OBL = oblique; RL = right lateral; RT = right; 

UVJ = ureterovesicular junction; VD = ventrodorsal.
(Adapted from Weisse and Berent, 2015)

9.4

Normal contrast cystourethrogram in a male dog. This 
8-year-old male neutered Golden Retriever was evaluated for 

�†�‹�¥�…�—�Ž�–�›���—�”�‹�•�ƒ�–�‹�•�‰���ƒ�•�†���™�ƒ�•���†�‹�ƒ�‰�•�‘�•�‡�†���™�‹�–�Š���ˆ�—�•�…�–�‹�‘�•�ƒ�Ž���—�”�‡�–�Š�”�ƒ�Ž��
obstruction.

9.5
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