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 Chronic kidney disease (CKD) is a highly prevalent 
disease and a common cause of morbidity and 
mortality in older cats. It is estimated to aff ect up 
to 30–40% of cats over the age of 10 years (Lulich, 

1992) and is the cause of death of over 13% of cats (O’Neill et al, 
2015). Th ere are thought to be a number of potential underlying 
aetiologies contributing to disease, but the risk factors, other 
than age (Sparkes et al, 2016), and causes associated with the 
development of CKD are still not well elucidated, and most 
cases are classifi ed as idiopathic in origin. However, there is an 
increasing awareness that early diagnosis and management of 
CKD can slow the progression of disease and have a signifi cant 
impact on longevity as well as quality of life. Th is has a number of 
challenges and controversies associated with it. 

 Dietary management, ideally with a therapeutic renal diet, 
is arguably the most important aspect of treatment for cats 
diagnosed with CKD in International Renal Interest Society 
(IRIS) stage 2 onwards (Polzin and Churchill, 2016); this is 
generally accepted by most veterinarians. However, given that 
until relatively recently veterinarians have not been able to 
identify early CKD (IRIS stage 1 disease), and that there are 
a limited number of studies looking at management of cats 
at this early stage of disease, the best diet for these cats is still 
unknown. Th is article explores the diagnostics currently available 
to identify early renal disease. A second article looks at current 
understanding of therapeutic strategies and the impact this can 
have on progression of the disease, with a particular focus on 
dietary management. 

 CKD can be defi ned as an alteration in kidney structure 
and/or function, present for a sustained duration (for example 
over 1–3 months) (Sparkes et al, 2016). Th is has superseded the 
previous terminology of ‘chronic renal failure’, since it is now 
recognised that renal insuffi  ciency as well as renal failure can be 
classifi ed as CKD (  Box 1  ). 

 Diagnosis of chronic kidney disease 
 CKD is primarily diagnosed by a history, physical examination 
and clinical signs (  Box 2 ,  Figure 1  ) compatible with CKD, 
alongside identifi cation of azotaemia and a urine specifi c gravity 
<1.035. Note that in IRIS stage 1 and early IRIS stage 2 there may 
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 Box 1.    The term ‘chronic kidney disease’ 
incorporates a spectrum of disease 
(International Renal Interest Society, 
 2019 )    
z  Sustained alteration in kidney structure and/or function, 

e.g. present for over 1–3 months   
z  Renal insuffi ciency: a loss of concentrating ability (urine 

specifi c gravity <1.035) 
— occurs when 67% of functional nephrons are lost   

z  Renal failure: glomerular fi ltration rate no longer adequate 
to maintain normal excretory function (azotaemia + urine 
specifi c gravity <1.035) 
— occurs when >75% functioning nephrons are lost   
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to assess the success of treatment interventions. All of these 
diagnostics can present challenges for early diagnosis, some of 
which are discussed below.

Since CKD is a progressive disease, clinical signs become 
increasingly evident as disease advances. IRIS stage 1 disease may 
often present with no or few identifiable clinical signs. Further 
challenges in recognition of clinical signs include the fact that 
subtle changes such as a decrease in coat quality or appetite 
may be missed or interpreted to be ‘normal’ signs of ageing by 
owners, rather than arousing concern of disease, and polyuria and 
polydipsia may not be noticed until quite advanced if a cat has 
outdoor access.

Direct measurement of glomerular filtration rate (GFR) is 
the most accurate way to evaluate functional renal mass, but no 
practical method to assess this in companion animals currently 
exists (Polzin and Churchill, 2016). No single biomarker correlates 
with GFR, but biomarkers can be taken as an indirect indicator 
of it. Urea and creatinine are the conventional markers for renal 
function on blood tests, but they are insensitive markers of GFR and 
do not start to rise above the reference range until 75% of nephron 
function has been lost (Polzin and Churchill, 2016). They can also 
be affected by other factors (Table 2). Creatinine is preferred to 
urea as a marker of GFR, but its exponential relationship with GFR 
means substantial early declines in GFR may be accompanied by 
only small changes in creatinine levels, whereas later in disease a 
large change in creatinine levels may represent only a small change 
in GFR (Sparkes et al, 2016) (Figure 2).

Urinalysis plays an important role in diagnosis, with urine 
specific gravity being the chief measurement of significance. Urine 
samples can be obtained by cystocentesis, free catch or a catheter, 
and free catch is adequate for measurement of urine specific 
gravity (Figure 3) (S Caney, unpublished observations, 2019). 
Urine specific gravity must be assessed by a refractometer. Healthy 
cats have highly concentrated urine, although factors such as 
water intake and the water content of their diet means a relatively 

be no clinical signs present, although some cats may have one 
or more signs present. CKD can then be staged, based on blood 
creatinine concentrations, according to the IRIS staging system 
(Table 1). Substaging according to blood pressure and degree 
of proteinuria should be done. With the advent of symmetric 
dimethylarginine measurement (discussed later in the article), 
blood concentrations of symmetric dimethylarginine have also 
been incorporated into the IRIS staging system. Staging influences 
treatment recommendations and prognosis, and can be used 

Table 1. International Renal Interest 
Society (IRIS) staging of chronic kidney 
disease, based on fasting blood creatinine 
levels
IRIS 
stage

Description Fasting blood 
creatinine 
level (μmol/
litre)

Blood [SDMA] 
(μg/dl)

1 Non-azotaemic <140 <18

2 Mild renal 
azotaemia

140–250 18–25

3 Moderate renal 
azotaemia

251–440 26–38

4 Severe renal 
azotaemia

>440 >38

SDMA = symmetric dimethylarginine. See www.iris-kidney.com 
for further information. From International Renal Interest Society 
(2019)

Box 2. Clinical signs associated with 
chronic kidney disease
zz Polyuria
zz Polydipsia
zz Weight loss  

In one study, cats lost a median of 8.9% body weight 
in the 12 months before diagnosis, but weight loss was 
already present 3 years before diagnosis and accelerated 
after diagnosis of chronic kidney disease (Freeman et al, 
2016)
zz Poor muscle condition score
zz Inappetance
zz Lethargy
zz Dehydration
zz Halitosis
zz Vomiting
zz Signs resulting from complications of kidney disease, such 

as retinal detachment as a result of hypertension
zz Changes in kidney size or shape on palpation

Figure 1. Polydipsia is one of the most common signs seen 
with chronic kidney disease, but is generally not present until 
International Renal Interest Society stage 2 of disease.
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important role to play in this. Increased screening of cats in senior 
clinics and suspicious clinical signs or urine samples can prompt 
further investigation and result in diagnosis of early disease (Table 
3). For example, reduction in urine specific gravity (<1.035) —
which may be picked up incidentally on a screening urinalysis —
may be an important early indicator of CKD preceding any blood 
abnormalities.

Veterinarians also now have access to a greater number of 
diagnostic tests, most significantly the advent of a commercially 
available symmetric dimethylarginine (SDMA) assay. SDMA is a 
more sensitive marker than creatinine for early renal disease (Hall 
et al, 2014). Importantly, SDMA levels are not affected by muscle 
mass. SDMA is primarily eliminated by renal clearance, and plasma 
concentrations correlate with GFR (Hall et al, 2014). SDMA levels 

wide range exists. In cats with CKD, a persistently reduced urine 
specific gravity below 1.035 is seen (Figure 4), and this can assist 
in diagnosis of CKD, particularly in the early stages since urine 
specific gravity typically falls below 1.035 before azotaemia is 
measurable (Sparkes et al, 2016). Cats in IRIS stage 1 and 2 disease 
tend to maintain a degree of concentrating ability so urine specific 
gravity remains above 1.015 but it may fall into the isosthenuric 
range later in disease. Urine specific gravity is also important to 
consider in conjunction with any azotaemia found, to determine 
whether any azotaemia found is pre-renal in origin (in which case 
urine specific gravity will be highly concentrated) or renal (in 
which case urine specific gravity <1.035).

Cats with IRIS stage 1 kidney disease, however, do not have 
measurable azotaemia or many or any clinical signs of disease, 
and have thus previously been challenging to diagnose. However, 
more clinicians are now starting to identify non-azotaemic cats 
with early CKD (IRIS stage 1 or early stage 2 disease) as a result of 
several factors. CKD is more common is older cats, so increased 
monitoring of these patients to detect early signs of disease is 
warranted (Sparkes et al, 2016) and senior clinics can have an 

Table 2. A number of extra-renal factors can influence urea and creatinine, making them 
relatively insensitive markers of renal function
Creatinine Filtered in the kidney but not reabsorbed

Constant rate of excretion

Levels inversely proportional to glomerular filtration rate

Extra-renal factors affecting creatinine 
include:

Hydration

Muscle mass 
zz Particularly relevant in poorly muscled older cats, where creatinine may be 

artificially brought down into the reference range (<140 μmol/litre)
zz Muscle condition score should therefore be considered in conjunction with 

blood [creatinine] results in all cats being assessed

Urea Filtered in the kidney and passively reabsorbed

Variable rate of excretion

Levels can rise disproportionately in dehydrated cats as a result of reduced glomerular filtration rate

Extra-renal factors affecting urea 
include:

Increases: post-prandial, gastrointestinal haemorrhage, high protein intake 
(polyphagic cats), catabolic conditions

Decreases: liver disease, low protein diet, non-renal polyuria, anabolic conditions

Adapted from Sparkes et al (2016)

Figure 2. Non-linear relationship between decrease in glomerular 
filtration rate and increase in serum creatinine.

Figure 3. Free catch urine samples can be adequate for urine 
specific gravity measurement.
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increased above the reference range, and up to 48 months before 
serum creatinine concentrations increased above the reference 
range in one case (Hall et al, 2014). These findings also showed 
that non-azotaemic cats with SDMA concentrations >14 μg/dl 
eventually progressed to azotaemic CKD (Hall et al, 2014).

Blood SDMA concentrations have now been incorporated into 
the IRIS staging system and can be helpful in guiding accurate 
staging and management, both in early and later CKD (Tables 1 
and 4). SDMA should not be used to diagnose CKD on the basis 
of a single elevated reading and should always be interpreted in 
the context of the patient. If the SDMA reading is the only finding 
suggesting the presence of CKD, repeat testing is needed. SDMA 
levels can fluctuate from day to day and can be affected by non-
renal factors including diet and medication use. In humans SDMA 
levels have been shown to be increased in non-renal diseases such 
as sepsis, cardiac disease and hepatic disease (Koch et al, 2013) but 
research into this in cats has not been conducted. Further research 
is also needed to assess the specificity of SDMA (Hall et al, 2014), 
and to fully assess its accuracy in the clinical setting, but it is a 
promising biomarker of early renal disease (Hall et al, 2014) and is 
now being increasingly commonly used.

Clinical findings which may increase suspicion of kidney 
disease in non-azotaemic cats — including urine specific gravity 
and SDMA discussed above — are outlined in Box 3. Early 
diagnosis of CKD is important because early intervention, before 
clinical signs become evident, can significantly reduce the rate 
of progression of disease and increase longevity in affected cats 
(Hall et al, 2016). It may also help to identify complications before 
they impact on the patient, helping to support their quality of life. 
However, when early CKD is detected, it can present a challenge 
to the form that these interventions should take, and at what 
point they should be implemented. Note that with the exception 
of genetic testing, all findings should be repeatable over several 
weeks — a single reading is not sufficient to diagnose early CKD.

increase as a result of reduced renal function: they can rise as early 
as once 25% of renal function is lost and on average once 40% of 
renal function has been lost (Hall et al, 2014). SDMA is a useful 
biomarker to identify early CKD in non-azotaemic cats (Hall et al, 
2014), particularly in those with marked muscle loss. In one study, 
SDMA increased above the reference range and helped in detecting 
CKD a mean of 14.6 months before serum creatinine concentrations 

Figure 4. Cats with chronic kidney disease demonstrate a persistently reduced urine specific gravity below 1.035. a. Suboptimally 
concentrated urine specific gravity (1.016). b. Borderline urine specific gravity (1.035).

Table 3. Recommended routine screening 
for healthy older cats
Age (years) Recommended screening

Frequency Parameters

Up to 7 Annual Health check: physical 
examination, weight check

7–10 Annual Health check: physical 
examination, weight check

Annual Blood pressure

Annual Urinalysis

11–14 Every 
6–12 months

Health check: physical 
examination, weight check

Every 
6–12 months

Blood pressure

Annual Urinalysis

Annual Bloodwork

>15 Every 3–6 months Health check: physical 
examination, weight check

Every 6 months Blood pressure

Every 6 months Urinalysis

Annual Bloodwork

From Sparkes et al (2016)
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The method of urine collection (free catch from a clean tray or by 
cystocentesis) does not have a significant effect on protein content. 
If urine protein:creatinine >0.4, treatment with telmisartan or 
benazepril as anti-proteinuric therapies should be started.

If systolic blood pressure is persistently over 160 mmHg 
then anti-hypertensive treatment should be commenced with 
amlodipine or telmisartan to minimise the risk of end target 
organ damage (Sparkes et al, 2016). If treated, the presence of 
systemic hypertension in itself does not suggest a worse prognosis 
(Syme et al, 2006) and one study found that hypertensive cats 
with CKD treated with amlodipine did not have a significantly 
different survival time to cats with CKD that were normotensive 
at presentation (Syme et al, 2006). The clinician is referred to the 
IRIS guidelines for further discussion of such treatments.

Conclusions
CKD is a very common disease in older cats. In the majority of 
cases the primary cause is unknown, and the kidney damage at 
the time of diagnosis will be irreversible. However, early diagnosis 
and appropriate treatment can slow down disease progression 
and have a very significant positive effect on both quality of life 
and longevity. Until relatively recently the majority of cases of 
CKD were not identified until at least IRIS stage 2 of disease. 

Recommended initial approach for 
International Renal Interest Society stage 
1 feline patients — blood pressure and 
urinalysis
In confirmed cases of feline IRIS stage 1 kidney disease, urine 
protein:creatinine ratio and blood pressure measurements should 
be obtained if not already performed during diagnostic work 
up (Figure 5). If both are within normal limits, current advice 
recommends monitoring the patient, at least every 6–12 months 
dependent on case, to check for azotaemia or development of 
proteinuria or hypertension (Sparkes et al, 2016). These are also 
important considerations for IRIS sub-staging.

Proteinuria can develop as a consequence of CKD and 
renal proteinuria is associated with more rapid progression 
of disease and significantly shorter survival time (Syme et al, 
2006), so screening of all cats with CKD for renal proteinuria is 
recommended. Since even small increases in levels of urine protein 
can be significant, a sensitive test should be used, with urine 
protein:creatinine measured, rather than urine dipsticks. When 
measuring urine protein:creatinine, consideration of factors which 
increase proteinuria, including lower urinary tract inflammation 
and/or bacterial infection, is required. Thus, evaluation of urine 
sediment in conjunction with urine protein:creatinine is needed. 

Table 4. Symmetric dimethylarginine (SDMA) interpretation in International Renal 
Interest Society (IRIS) staging system of chronic kidney disease (CKD)
If blood SDMA concentrations are known, some modification to the guidelines may be considered

Patients with creatinine 
<140 μmol/litre

SDMA persistently increased over 14 μg/dl suggests reduced renal 
function

Consider classifying cat as IRIS 
CKD stage 1

Patients with creatinine 
140–250 μmol/litre

Patients with low body condition scores and SDMA ≥25 μg/dl may 
indicate the degree of renal dysfunction has been underestimated

Consider treating patient as IRIS 
CKD stage 3

Patients with creatinine 
251–4400 μmol/litre

Patients with low body condition scores and SDMA ≥45 μg/dl may 
indicate the degree of renal dysfunction has been underestimated

Consider treating patient as IRIS 
CKD stage 4

Box 3. Clinical findings arousing 
suspicion of kidney disease in  
non-azotaemic cats
zz Documentation of a persistent elevation in symmetric 

dimethylarginine levels on at least two occasions, 3 weeks 
apart (>14 μg/dl)
zz Imaging to examine kidney structure (reduced kidney size, 

reduced corticomedullary definition, renal infarcts or renal 
cysts)
zz Genetic testing for polycystic kidney disease mutations 

(particularly in Persian cats)
zz Persistent proteinuria (urine protein:creatinine ratio >0.4) 

with no urinary tract infection
zz Hypertension
zz Serial monitoring of creatinine over time with an upward 

trend, even if creatinine remains within the reference range 
(particularly true if cat is poorly muscled)
zz Urine specific gravity <1.035

Figure 5. Blood pressure measurements should be taken for all cats 
diagnosed with chronic kidney disease, if not already performed 
during the diagnostic work-up. This can assist with sub-staging and 
guide treatment recommendations.
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Advances in our understanding of the pathophysiology of CKD 
and access to a greater number of diagnostic tests, including a 
commercially available SDMA assay, are now enabling 
veterinarians to identify CKD at an earlier stage than was usually 
previously possible. However, because early CKD detection has 
previously been difficult, only a limited number of studies have 
been done exploring dietary management for IRIS stage 1. Thus, 
while dietary intervention is regarded as a cornerstone of 
management of CKD, there is controversy over the timing of 
renal diet introduction, and the optimal nutritional approach for 
non-azotaemic early feline CKD patients. The second of these 
articles will explore the approach to nutritional support of CKD 
patients and explore the current evidence supporting such 
recommendations. CA

KEY POINTS
zz Chronic kidney disease (CKD) is a common cause of morbidity and 

mortality in older cats, affecting up to 30–40% of cats over the age of 
10 years and the cause of death of over 13% of cats.
zz Early diagnosis and management of CKD can slow down disease 

progression and positively impact quality of life and longevity.
zz Clinicians are increasingly commonly diagnosing ‘early’ feline CKD at 

IRIS stage 1 or early IRIS stage 2, before onset of azotaemia and clinical 
signs.
zz A commercially available symmetric dimethylarginine (SDMA) assay 

is available, which is a more sensitive marker than creatinine for early 
renal disease and a useful biomarker to identify early CKD. Blood SDMA 
concentrations have been incorporated into the IRIS staging system and 
can help guide accurate staging and management.
zz Reduction in urine specific gravity (<1.035) usually precedes azotaemia 

and is an important early indicator of CKD.
zz Once CKD has been identified, further investigations including blood 

pressure and urinalysis are required to identify the treatment needs of 
the individual cat.
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S ince the Pet Travel Scheme (PETS) was relaxed in 2012, making it easier for owners to take their pets abroad when they travel, whether for short or longer periods, pet travel has increased year on year, with 287 016 UK dogs travelling on the Pet Travel Scheme in 2017, up from 164 836 in 2015. This increase has occurred at a time of both increased human migration and climate change, providing favourable conditions for the rapid spread of parasitic diseases and their vectors. Increased travel in the face of increased parasite and vector distribution is likely to increase the risk of pets and their owners encountering these agents while abroad. 
Official Veterinarians (OVs) are in a privileged position of providing pet passports for clients’ pets travelling on PETS. This provides an opportunity for OVs to ensure that appropriate parasite prevention advice is given, based on pet lifestyle and the parasites present in destination countries. Some of these parasites are ‘the usual suspects’, forming the core of pet travel advice, and will be familiar to UK veterinary surgeaons and veterinary nurses involved with pet travel clinics. 

Familiarity must not lead to complacency, however, as the distribution of these parasites in Europe is fluid and rapidly changing. In addition, new parasites are emerging or spreading into Europe from other parts of the world. These will be unfamiliar to most UK veterinary surgeons, with potentially fewer licensed preventative products, but must still be considered when giving pettravel advice. 
Consideration of Echinococcus multilocularis, Dirofilaria immitis (heartworm), Leishmania infantum, and tick-borne diseases forms the basis of pet travel parasite control advice, due to the pathogenicity or zoonotic risk of these parasites, in combination with their wide ranges of distribution. 

Echinococcus multilocularis 
Echinococcus multilocularis, the cause of cystic echinococcosis, is a severe zoonotic parasite, and cystic echinococcosis is listed in the World Health Organization’s 17 most neglected diseases. The adult tapeworm is carried by both foxes and domestic canids, with foxes acting as a reservoir of infection and microtine voles as intermediate hosts. Dogs and foxes become infected by predation of these voles, with infection in dogs bringing the parasite into close proximity to people. Cats can also act as definitive hosts for E. multilocularis, but have a lower worm burden with lower fecundity than do canids. 

Distribution
The last decade has seen a doubling of disease incidence in humans in France, Germany, Austria and Switzerland, as well as a dramatic increase in the Baltic States. The disease has also become established in the Jutland peninsula of Denmark, Sweden, Norway and the north-western coast of France (Figure 1). Now, only the UK, Ireland, Malta, Finland and Norway have endemic free status in Europe (GOV.UK, ND).

Pathological significance in dogs
Echinococcus multilocularis infections in canids are almost always sub-clinical even when heavy worm burdens are present, and are of no clinical significance in infected pets.

Zoonotic significance
Zoonotic infection occurs through ingestion of eggs passed in the faeces of dogs and foxes. This can occur though association with infected dogs; through contamination of public spaces through dog fouling; or though eating contaminated fruit and 
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The number of pets travelling under PETS increases year on year, with the number almost doubling between 2015 and 2017. In addition to this, climate change is affecting parasite distributions worldwide, including in Europe.  Most notably it is allowing the further expansion of some parasites northwards. The UK is at high risk of many exotic parasites becoming endemic if they are allowed to enter, and a consistent strategy is key in preventing this from happening. A bespoke parasite control plan should be created for each pet travelling abroad and care should be taken by veterinary professionals not to become complacent when dealing with common exotic parasites. This article will consider ‘the usual suspects’ and some lesser known threats that pets may face when travelling abroad in Europe and offer advice and information on their significance and prevention. 10.12968/coan.2019.24.4.175
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The number of pets travelling under PETS increases year on year, with the number almost doubling between 2015 and 2017. In addition to this, climate change is affecting parasite distributions worldwide, including in Europe.  Most notably it is allowing the further expansion of some parasites northwards. The UK is at high risk of many exotic parasites becoming endemic if they are allowed to enter, and a consistent strategy is key in preventing this from happening. A bespoke parasite control plan should be created for each pet travelling abroad and care should be taken by veterinary professionals not to become complacent when dealing with common exotic parasites. This article will consider ‘the usual suspects’ and some lesser known threats that pets may face when travelling abroad in Europe and offer advice and information on their significance and prevention.
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PARASITOLOGY

, the cause of cystic echinococcosis, is a severe zoonotic parasite, and cystic echinococcosis is listed in the World Health Organization’s 17 most neglected diseases. The adult tapeworm is carried by both foxes and domestic canids, with foxes acting as a reservoir of infection and microtine voles as intermediate hosts. Dogs and foxes become infected by predation of these voles, with infection in dogs bringing the parasite into close proximity to people. Cats can also act as definitive hosts 
, but have a lower worm burden with lower 

The number of pets travelling under PETS increases year on year, with the number almost doubling between 2015 and 2017. In addition to this, climate change is affecting parasite distributions worldwide, including in Europe.  Most notably it is allowing the further expansion of some parasites northwards. The UK is at high risk of many exotic parasites becoming endemic if they are allowed to enter, and a consistent strategy is key in preventing this from happening. A bespoke parasite control plan should be created for each pet travelling abroad and care should be taken by veterinary professionals not to become complacent when dealing with common exotic parasites. This article will consider ‘the usual suspects’ and some lesser known threats that pets may face when travelling abroad 
10.12968/coan.2019.24.4.175
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Xylitol is a 5-carbon sugar alcohol. Although o� en 

described as an arti� cial sweetener this is not the 

case, as xylitol occurs naturally in low concentrations 

in fruit and vegetables and is a normal intermediary 

metabolite in glucose metabolism. It was originally made by 

extracting a precursor from hardwoods but is now produced from 

other, cheaper sources, and is most commonly encountered as a 

sweetener in a wide variety of foods. 

Sources of xylitol
Xylitol is found in numerous products (Box  1). It is used as a 

sweetener and is frequently found in sugar-free chewing gums 

(Figure 1) and confectionary, where it protects against tooth decay. 

It is also present in some toothpastes. It has multiple e� ects on 

oral hygiene, including the inability of oral bacteria to use it as 

an energy source (Nayak et al, 2014). Although xylitol is found in 

some drinking water additives for animals at low concentrations 

to decrease dental plaque and calculus formation by inhibiting 

growth of oral bacteria (Clarke, 2006), this is generally not a source 

of poisoning in pets (Murphy and Coleman, 2012). Xylitol is also 

found as an excipient in some human and veterinary medicines, 

particularly in chewable medicines including supplements, 

nicotine gums and lozenges for smoking cessation. � e ingredients 

of any medicine or product labelled as ‘sugar-free’ should also 

be checked, as it may contain xylitol. Other sweeteners such as 

sucralose, maltitol, sorbitol, saccharin, aspartame and acesulfame 

K may also be present in sugar-free products; these sweeteners do 

not have the same e� ect as xylitol and generally only cause mild 

gastrointestinal upset if eaten in excess. 

Xylitol lowers the calories in products, and the glycaemic 

index, and is found in some ice creams and peanut butters 

(usually speciality brands). Xylitol is not broken down, denatured 

or modi� ed in baking or cooking processes and is available as a 

granulated powder (Figure 2a) for use as a sugar replacement in 

baking, so home-baked cakes (Figure 2b), mu�  ns and biscuits are 

also potential sources of xylitol exposure.

It is important to note that on some food packaging xylitol may 

only be listed by its food additive code, E967. 

In America, xylitol has also been used to lace baits for the control 

of predators such as wolves and coyotes (Talcott et al, 2015). 

Owners are o� en unaware of the risk of xylitol poisoning, and 

xylitol-containing products may be readily accessible to dogs, e.g. 

le�  in handbags, baked goods le�  out to cool, etc. 

Species differences in effects of xylitol

� ere are important species di� erences in the e� ect of xylitol but the 

reasons for these di� erences are unknown.

Cats 
Xylitol-induced hypoglycaemia and liver damage is not seen in 

cats. In an experimental study, oral doses of 100, 500 or 1000 mg/kg 

given to cats did not cause signi� cant changes in haematological or 

biochemical parameters up to 72 hours a� er ingestion. All the cats 

remained well, with only transient salivation reported (Jerzsele et 

al, 2018). 

Rabbits and rodents 

Xylitol is also well tolerated in rabbits and rodents. Acute oral 

administration does not cause hypoglycaemia or severe liver damage 

in rabbits (Wang et al, 1973) or rodents (Truhaut et al, 1977; Ellwood 

et al, 1999). � e oral LD50 of xylitol in rabbits is >2 g/kg (Pool 

and Hane, 1970) and in mice is 21–25.7 g/kg (Kieckebuch et 

al, 1961; Salminen, 1982). Xylitol given to rats at a dose of 

1.25–10 g/kg/day for 14 days did not cause hepatotoxicity or any 

histopathological changes (Truhaut et al, 1977).

Birds 
� ere are no studies on the e� ects of xylitol in birds, but they appear 

Xylitol toxicosis in dogs
Xylitol is toxic to dogs, causing hypoglycaemia and, in some cases, liver failure. This sweetener is found in 

many foods, medicines and confectionary, particularly chewing gums, because it has anticaries properties and 

a low glycaemic index. The most common source of xylitol poisoning in dogs is chewing gum, in which the 

xylitol content can vary enormously. In addition, granulated xylitol is available as a sugar substitute for baking. 

Xylitol-induced hypoglycaemia may be rapid in onset or, as is often the case with chewing gums, delayed for 

several hours. Elevated liver enzymes may be apparent within a few hours in some cases. Treatment is aimed at 

monitoring blood glucose and correcting hypoglycaemia, and protecting the liver. Dogs can survive high doses of 

xylitol with prompt aggressive treatment. In contrast, xylitol-induced hypoglycaemia and liver failure is not seen in 

cats, rabbits or rodents, but poisoning has been reported in birds.  10.12968/coan.2019.24.4.182
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N eutering is a common surgical procedure performed in domestic rabbits. Both males and females are neutered to prevent breeding and to prevent ‘unwanted’ behaviours. Females are also neutered to prevent the development of uterine pathology. Castration of males and ovariohysterectomy of females may also be used to treat specific medical or behavioural conditions. Castration is a relatively simple procedure, while spaying is more technically challenging, particularly in obese females. Anaesthesia, surgical technique and perioperative management (with particular attention to pain control) are very important factors for the successful outcome of rabbit neutering. Additionally, the veterinary surgeon should discuss with the owner, prior to scheduling the procedure, aspects related to ethics, welfare, indications and outcome, in order to generate appropriate expectations.

Ethical considerations
While routine surgical neutering has been practised for many years without much ethical discussion, controversy may arise now or in the near future about whether it is ethical to surgically neuter rabbits, or on what grounds the procedure should be acceptable. Ethical and welfare considerations that should be taken into consideration when recommending or performing this procedure in rabbits include:
zz Any surgical procedure will induce discomfort/pain/stress in a rabbit, therefore potential costs and benefits should be evaluated and compared to other alternatives, such as pharmacological methods of suppressing fertility, vasectomy of males, behavioural/husbandry modifications (such as keeping males and females separate to prevent breeding), or doing nothing
zz The potential health benefits of neutering rabbits should be properly assessed. Entire does have a high incidence of pathological uterine conditions as they age (Greene and Saxton, 1938; Baba and von Haam, 1972; Bertram et al, 2018). However, there is presently no scientific study available assessing the benefits of leaving an intact reproductive system in females; similarly, there is no study comparing life span 

in neutered vs entire females. In humans, hysterectomy is considered to be a major operation, performed only in cases of severe disease and when other alternatives are not available. Studies have shown that there are undesirable effects of spaying does, such as increased ageing of ligaments (Lemmex et al, 2016), osteoporosis (Wen et al, 2015), urinary incontinence (Bujok et al, 2016) and corneal alterations (Achari et al, 2008. Colonic obstruction (Guzman et al, 2015) and ureteral stenosis (Duhamelle et al, 2017) have also been reported as complications of ovariohysterectomy in does. For male rabbits, castration to prevent testicular tumours does not appear to be justified, due to the low incidence of this type of neoplasia (Hartmann and Kohler, 2001).
zz The potential behavioural benefits of neutering rabbits should be assessed from an ethical perspective. Is it ethical to neuter rabbits (and assuming associated discomfort/pain/stress) in order to prevent behaviours, such as territorial aggression and urine marking, that are normal for the species but undesirable for the owners? The fact that those ‘unwanted’ behaviours will not occur in all animals is another aspect that should be taken into consideration. Treating a behavioural problem may pose different ethical issues than preventing a future clinical disease problem, particularly when not all animals will develop the behavioural problem. The owner should also be made aware that neutering may not completely resolve these behavioural problems. 
zz Neutering induces weight gain in males (Georgiev et al, 2011), and probably also in females (as in other species). Obesity is a common source of health problem in rabbits (urine scalding, uneaten caecotrophs, pododermatitis etc.), therefore the impact of neutering on obesity-related problems should be taken into consideration.

Perioperative management for neuteringThe description of anaesthetic protocols is beyond the scope of this article, but proper anaesthetic monitoring is important to assure success of the whole procedure. Body temperature should be monitored using a rectal temperature probe; supplementary 

Rabbit neutering
Rabbits are commonly presented in clinical practice for neutering. While castrating males and performing ovariohysterectomies in females may be considered routine surgical procedures, the veterinary surgeon should discuss with the owner regarding ethical issues, indications and expectations of the procedure, and possible alternatives, prior to performing the surgery. Pre-operative preparation of the patient, surgical techniques and postoperative care are described in this article.  
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