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Abstract

The submission rates of feline uroliths to laboratories and the composition of uroliths have been reported
in studies. The prevalence of uroliths reported on imaging findings has not been published. The objective
of this retrospective study was to use imaging data to investigate the anatomical location and the preva-
lence of macroscopic in situ uroliths in cats. Radiographs, sonograms and imaging reports from two
cohorts of cats (from New Zealand (n = 497) and the United States (n = 693)) from 2004-2013 were
reviewed for the presence of in situ uroliths. Uroliths were categorized by their location in the lower or
upper urinary tract. Radiographic studies were performed on 43% (212/497) of the cats from New Zealand
and 50% (349/693) of the cats from the USA. Sonographic studies were performed on 57% (285/497) of
the cats from New Zealand and 50% (344/693) of the cats from the USA. The total prevalence of uroliths
was 3% in the New Zealand cohort and 13% in the USA cohort. Lower tract urolith prevalence in the
New Zealand cohort was 2.4% (5/212) in cats ≤ 6y and 1.1% (3/285) in cats >6y. Upper tract urolith
prevalence in the New Zealand cohort was 0.5% (1/212) in cats ≤ 6y and 1.8% (5/285) in cats >6y. Lower
tract urolith prevalence in the United States cohort was 6.0% (11/183) in cats ≤ 6y and 2.9% (15/510) in
cats >6y. Upper tract urolith prevalence in the United States cohort was 2.7% (5/183) in cats ≤ 6y and
10.2% (52/510) in cats >6y. The prevalence of uroliths in the upper tract or lower tract was low in
the New Zealand cohort compared to that of cats in the USA cohort, irrespective of age category.
Geographical location may be important when evaluating risk factors for feline urolithiasis.
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Introduction

A urolith or calculus is a macroscopic concretion of

mineral salts located within the urinary tract.

Urolithiasis refers to the causes and effects of uro-

liths located at any site in the urinary tract (Osborne

et al. 2009a). ‘Upper tract’ uroliths include nephro-

liths and ureteroliths, whereas ‘lower tract’ uroliths

include cystoliths and urethroliths. It is important to

note that uroliths are distinct from the more com-

monly diagnosed urethral plugs consisting of variable

amounts of mineral in proportion to large quantities

of matrix (Osborne et al. 1992, 2009a; Lund et al.

2013).

During the last 30 years, studies from many coun-

tries, mostly from diagnostic laboratories, have

reported submission rates of feline uroliths, their

composition and risk factors for their formation

(Cannon et al. 2007; Picavet et al. 2007; Houston &

Moore 2009; Osborne et al. 2009a).Recent reports

draw attention to an increase in feline upper tract

urolithiasis (Kyles et al. 2005; Lekcharoensuk et al.
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2005; Palm & Westropp 2011; Zaid et al. 2011; Shi-

pov & Segev 2013). In the last 30 years, only two

reports on uroliths in cats living in New Zealand

have been published; both analysing urolith composi-

tion (Jones et al. 1997, 1998). Additional unpub-

lished data show the number of New Zealand cats

from which uroliths were submitted for analysis

declined recently (Beban 2014). The authors’ experi-

ence of feline urolithiasis in New Zealand is that

macroscopic lower tract uroliths remain uncommon

and upper tract uroliths are rare. This observation

is of interest in light of the high rate of feline

ownership and high numbers of feline patients in

New Zealand receiving regular veterinary care

(inc. NZCAC 2011). It is possible that urolithiasis

may be an overlooked cause of morbidity in cats

in New Zealand due to lack of presentation for

care. Alternatively, the prevalence of uroliths in

cats in New Zealand may be low. The first possi-

bility is important as occult uroliths, particularly

those in the upper tract, can be associated with

significant morbidity (Kyles et al. 2005). The sec-

ond possibility is also important as the predisposi-

tion of cats to form uroliths may be lower in New

Zealand than in other countries. Both possibilities

remain speculative as the prevalence of in situ

uroliths has never been investigated in cats in

New Zealand.

Previous studies in the USA, have reported the

prevalence of urinary tract disorders in hospital pop-

ulations of cats presented to veterinary teaching hos-

pitals. From these cats with lower urinary signs or

renal disorders the occurrence of urolithiasis was

reported as a prevalence of feline urolithiasis (Kirk

et al. 2001a) and nephrolithiasis (Kirk et al. 2001a)

to be 0.3% and 0.01%, respectively. There are no

studies to determine the prevalence of urolithiasis in

all cats or hospitalized cats presented for imaging

studies. Unless the background prevalence of uro-

liths in imaging studies is known, it will remain

unclear as to whether the reported rates of feline

urolithiasis reflect changing numbers of cats with

uroliths or changing rates of detection, removal and

submission of uroliths.

The aim of this retrospective study was to investi-

gate the anatomical location and prevalence of

uroliths in situ in two cohorts of hospitalized cats–

one cohort from New Zealand, the other from the

USA. Both study groups were composed of cats that

underwent abdominal radiography or abdominal

ultrasound examinations for a variety of reasons. We

hypothesized that in cats with diverse clinical signs

that led to imaging, the prevalence of uroliths, partic-

ularly that of upper tract uroliths, would be lower in

a cohort of cats in New Zealand than in a cohort of

cats in the USA.

Materials and methods

Cohort formation

A cohort of New Zealand cats was acquired by

searching the veterinary hospital records for radiol-

ogists’ reports and accompanying images of all cats

that underwent abdominal radiography or abdomi-

nal ultrasound imaging from 2004 to 2013 inclusive.

Veterinary hospital medical records contained the

only available source of the radiologists’ reports for

cats in New Zealand. For the same period, a cohort

of cats from the USA was then acquired by system-

atic random sampling (Dohoo et al. 2010; Kalton

1983) of imaging studies from a USA teleradiology

company. Imaging reports on the teleradiology ser-

ver were accessed by checking drop-down boxes for

‘Feline’, ‘Date’ and either ‘Radiology’ or ‘Ultra-

sound’. For each date and imaging modality, multi-

ple screen pages, each with a list of 20 individual

cases, were accessible. The third case from the third

screen page of each month was selected. If the case

met the inclusion criteria, the available images were

reviewed, followed by review of the radiologist’s

report. If the case did not meet the inclusion crite-

ria, the next listed case that did was reviewed. The

process was repeated for a date in the middle of

the month and again 10 days later to distribute

cases evenly through the study period.

Inclusion criteria

Cats were required to have a complete signalment

and a radiologist’s report that included findings for

both kidneys and the urinary bladder based on
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orthogonal abdominal radiographs or an abdominal

ultrasound examination. Individual cats that were

imaged multiple times were included once based on

the first imaging method used. The age, sex, breed,

presenting clinical signs and imaging modality used

for each included cat were recorded.

Review of radiologist reports

The report for each included cat was reviewed for

the finding of urolith(s). If a urolith was described,

we classified it as either ‘nephrolith’, ‘ureterolith’,

‘cystolith’ or ‘urethrolith’ and classified its location

as ‘upper tract’, ‘lower tract’ or ‘both’. On the basis

of presenting clinical signs, we categorized cats with

uroliths into one of five groups: ‘abdominal’ (e.g.

vomiting, diarrhoea, abdominal mass, hepatobiliary

disease), ‘pain’ (e.g. pain of unknown origin,

abdominal pain, trauma pain), ‘respiratory’ (e.g.

dyspnoea, cough), ‘urological’ (e.g. pollakiuria,

haematuria, dysuria, or screening for renal disease,

pregnancy or uterine pathology) and ‘unwell’ (e.g.

anorexia, lethargy, depression, or unspecified pre-

senting signs). The five categories were formed by

author consensus (PW, KH, JB, RG) based on con-

sideration of the variety of presenting reasons for

imaging. One author (PW) then categorized cases,

with equivocal cases categorized by consensus (PW,

KH, RG).

Review of images

Two investigators (radiology resident and intern)

reviewed all imaging studies accompanying the

veterinary hospital reports, and 525 of the imaging

studies accompanying the teleradiology reports

(imaging studies for 168 reports were no longer avail-

able on the teleradiology server). The images were

reviewed to determine whether any uroliths were

overlooked or misdiagnosed in the original radiolo-

gists’ assessments. If the findings in an original report

differed from the investigators interpretation, one of

two board certified radiologists reviewed the

images to either confirm the original diagnosis or re-

classify the status of the urolith.

Statistical analysis

All statistical tests were selected and performed by

two of the authors. Categorical and binary variables

were described as counts and percentages, and the

median and interquartile (IQR) range were calcu-

lated for non-parametric continuous data. Prevalence

was calculated for each cohort and reported as the

percentage of cats with a positive test result (number

of cats with uroliths divided by the total number of

included cats). The median age of the cats from New

Zealand and the United States was compared using a

Wilcoxon rank sum test. Within each cohort, cate-

gorical variables of interest among cats with uroliths

were compared using appropriate Pearson’s X2 or

Fisher’s exact tests. The variables of interest

included cat age and presenting clinical signs, and

urolith location. The level for statistical significance

was set at P < 0.05 and data were analysed using R v

3.1.0 (R Development CoreTeam, 2014: R Founda-

tion for Statistical Computing, Vienna, Austria).

Results

A total of 1190 cats met the inclusion criteria; 497

from New Zealand and 693 from the USA. Radio-

graphic studies were performed on 43% (212/497) of

the cats from New Zealand and 50% (349/693) of the

cats from the USA. Sonographic studies were per-

formed on 57% (285/497) of the cats from New Zeal-

and and 50% (344/693) cats from the USA. The

yearly proportions of radiographic and sonographic

examinations performed in each cohort were similar

during the study period (Table 1). In each cohort,

the proportion of cats diagnosed with uroliths fluctu-

ated through the study period (Fig. 1a, b). Uroliths

were detected in radiographs from eight New Zeal-

and cats and 36 USA cats, and in sonograms from six

New Zealand cats and 57 USA cats (Table 1). Over-

all urolith prevalence was 3% (14/497) in the New

Zealand cohort and 13% (93/693) in the United

States cohort.

The median age of cats differed significantly

between the two cohorts (Wilcoxon Rank Sum test,

P < 0.001). The median age of cats was 8 years

(range 1–20) in the New Zealand cohort, and
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10 years (range 1–20) in the USA cohort. Because

age of cat did not follow a normal distribution in

both cohorts, age was categorized into two groups

based on previously reported feline age categories

(Lund et al. 2013; Paepe et al. 2013); ≤6y (‘junior to

prime’) and >6y (‘mature to old’). The ≤6y category

included 212 New Zealand cats and 183 USA cats.

The >6y category included 285 New Zealand cats

and 510 USA cats (Fig. 2a, b).

Uroliths were present at a single location in 13/14

cats in the New Zealand cohort and 82/93 cats in the

USA cohort. The most common site was the urinary

bladder in New Zealand cats (8/13; 62%) and the

kidneys in USA cats (50/82; 61%). In the combined

study population more cats had uroliths confined to

the upper tract than the lower tract (Table 2). Sev-

eral cats had uroliths at multiple sites, including; a

New Zealand cat with a nephrolith and a ureterolith,

and 11 USA cats with nephroliths in conjunction

with cystoliths (9 cats), ureteroliths (1 cat) and a sin-

gle urethrolith (1 cat) (Fig. 2a, b). In each country,

the number of cats with uroliths, and the anatomical

location of the uroliths, varied yearly during the

study period.

The presenting clinical signs of all cats in the New

Zealand and USA cohorts, respectively, were catego-

rized as ‘abdominal’ in 28% (141/497) and 38% (266/

693), ‘pain’ in 13% (63/497) and 5% (33/693), ‘respi-

ratory’ in 3% (16/497) and 4% (30/693), ‘urological’

in 12% (60/497) and 16% (112/693) and ‘unwell’ in

44% (217/497) and 36% (252/693) (Table 2).

Lower tract urolith prevalence in the New Zealand

cohort was 2.4% (5/212) in cats ≤6y and 1.1% (3/285)

in cats >6y. Lower tract urolith prevalence in the

Table 1. Distribution of imaging studies used in cohorts of cats hospitalized between 2004 and 2013 from the imaging study investigating

in situ uroliths in hospitalized cats in New Zealand and in the United States

New Zealand cats imaged

Year Total imaged

per year

Radiographs

(% of total per year)

Radiographs with uroliths

(% of total radiograph)

Ultrasound

(% of total per year)

US with urolith

(% of total US)

2004 21 7 (33.3) 0 14 (66.7) 0

2005 47 19 (40.4) 0 28 (59.6) 0

2006 47 21 (44.7) 2 (9.5) 26 (55.3) 2 (7.7)

2007 47 19 (40.4) 2 (10.5) 28 (59.6) 0

2008 42 11 (26.2) 0 31 (73.8) 2 (6.5)

2009 49 13 (26.5) 0 36 (73.5) 2 (5.5)

2010 79 34 (43.0) 2 (5.9) 45 (57.0) 0

2011 59 25 (42.4) 0 34 (57.6) 0

2012 56 26 (46.4) 2 (7.7) 30 (53.6) 0

2013 50 37 (74.0) 0 13 (26.0) 0

Total 497 212 (43.0) 8 (3.8) 285 (57.0) 6 (2.1)

United States cats imaged

Year Total imaged

per year

Radiographs

(% of total per year)

Radiographs with uroliths

(% of total radiograph)

Ultrasound

(% of total)

US with urolith

(% of total US)

2004 63 31 (49.2) 0 32 (50.8) 1 (3.1)

2005 70 35 (50.0) 2 (5.7) 35 (50.0) 5 (14.3)

2006 71 35 (49.3) 3 (8.6) 36 (50.7) 6 (16.7)

2007 69 35 (50.7) 9 (25.7) 34 (49.3) 6 (17.6)

2008 68 33 (48.5) 2 (6.1) 35 (51.5) 8 (22.9)

2009 73 38 (52.1) 4 (10.5) 35 (47.9) 9 (25.7)

2010 71 36 (50.7) 0 35 (49.3) 4 (11.4)

2011 70 36 (51.4) 6 (16.7) 34 (48.6) 4 (11.8)

2012 70 35 (50.0) 5 (14.3) 35 (50.0) 8 (22.9)

2013 68 35 (51.5) 5 (14.3) 33 (48.5) 6 (18.2)

Total 693 349 (50.0) 36 (10.3) 344 (50.0) 57 (16.6)
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United States cohort was 6.0% (11/183) in cats ≤6y

and 2.9% (15/510) in cats >6y. Upper tract urolith

prevalence in the New Zealand cohort was 0.5% (1/

212) in cats ≤6y and 1.8% (5/285) in cats >6y. Upper

tract urolith prevalence in the United States cohort

was 2.7% (5/183) in cats ≤6y and 10.2% (52/510) in

cats >6y (Table 3).

In cats with uroliths, the main presenting clinical

signs were categorized as ‘urological’ 64% (9/14) in

the New Zealand cohort and either ‘abdominal’ 28%

(26/93), ‘urological’ 28% (26/93) or ‘unwell’ 27%

(25/93) in the USA cohort (Tables 2, 4). In each

cohort, a significant association was present between

a cat’s clinical signs and the location of a urolith in

(a) (b)

Fig. 1 (a, b) Number of cats with uroliths at different anatomical locations year-by-year from the imaging study investigating in situ uroliths in

hospitalized cats in New Zealand and in the United States.

(a) (b)

Fig. 2 (a) Histogram of the ages of a cohort of cats hospitalized between 2004 and 2013 in New Zealand, plus age distribution of cats with

uroliths, from the imaging study investigating in situ uroliths in hospitalized cats in New Zealand and in the United States. (b) Histogram of the

ages of a cohort of cats hospitalized between 2004 and 2013 in the United States, plus age distribution of cats with uroliths from the imaging

study investigating in situ uroliths in hospitalized cats in New Zealand and in the United States.
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either the upper or lower urinary tract [New Zealand

P = 0.03, USA P = 0.001 Fisher’s Exact Test for

Count Data (for both)].

In cats with uroliths in the New Zealand cohort,

the association between age group and urolith loca-

tion was not significant (P = 0.138). In cats with uro-

liths in the USA cohort, the association between age

group and the urolith location was strong

(P = 0.001), with upper tract uroliths being more

common in cats >6y (52/57) than in cats ≤6y (5/57).

Urolith classification in the original radiologists’

reports correlated with the review of accompanying

images in 496/497 of the cats from New Zealand and

524/525 cats with available images from the United

States. Small nephroliths reported in one New Zeal-

and cat were judged to be foci of dystrophic mineral,

and a single ureterolith reported in a United States

cat was reclassified as a urethrolith.

In each cohort, a wide range of breeds was repre-

sented with domestic cats predominating which is in

accordance with the breed distributions in other

studies of feline uroliths (Lekcharoensuk et al. 2000;

Cannon et al. 2007; Picavet et al. 2007; Houston &

Moore 2009) The distribution of male to female cats

was almost identical between our two study cohorts

and resembled feline gender distributions reported

previously (Jones et al. 1997; Allan et al. 2000; Lund

et al. 2005).

Discussion

Our finding that urolith prevalence was 3% in a hos-

pital cohort of cats from New Zealand and 13% in a

multi-hospital cohort of cats from the USA supports

clinical impressions that the prevalence of uroliths in

cats in New Zealand is relatively low. It also suggests

there may be variance in feline urolith prevalence

between countries–despite prevalence patterns for

feline urolith composition being reported to be glob-

ally similar (Kirk & Bartges 2014).

This study is the first to determine the prevalence

of uroliths in hospitalized cats presented for imaging

studies at veterinary hospitals. The proportion of

radiographic studies performed was slightly lower,

and the proportion of sonographic studies performed

was slightly higher, in the New Zealand cohort than

in the USA cohort (Table 1). However, the propor-

tion of cats detected with uroliths by either modality

was lower in the New Zealand cohort than in the

USA cohort. Accordingly, it appears unlikely that

the prevalence difference we report between the

cohorts resulted from differences in the proportions

of studies performed with each imaging modality.

To the authors’ knowledge, this study is also the

first to use data from a veterinary teleradiology com-

pany to investigate disease prevalence. The

Table 2. Total number of cats with imaging studies from each country, and number of cats with uroliths, stratified by their anatomical location

and the cats presenting category in the imaging study investigating in situ uroliths in hospitalized cats in New Zealand and in the United States

New Zealand United States

Presenting group Cats (N) Upper tract (N) Lower tract (N) Both (N) Cats (N) Upper tract (N) Lower tract (N) Both (N)

Abdominal 141 1 1 0 266 21 5 4

Pain 63 0 0 0 33 1 2 1

Respiratory 16 0 0 0 30 2 0 1

Urological 60 2 7 0 112 10 16 3

Unwell 217 3 0 0 252 23 3 1

Total 497 6 8 0 693 57 26 10

Overall prevalence NZ 3% (14/497) United States 13% (93/693)

Table 3. Number of cats in each age group with uroliths in the

upper tract, lower tract or both sites from the imaging study investi-

gating in situ uroliths in hospitalized cats in New Zealand and in the

United States

Age

category (N)

Upper

tract (%)

Lower

tract (%)

Both

(%)

NZ ≤ 6y (212) 1 (0.5) 5 (2.3) 0

NZ > 6y (285) 5 (1.8) 3 (1.1) 0

USA ≤ 6y (183) 5 (2.7) 11 (6.0) 3 (1.6)

USA > 6y (510) 52 (10.2) 15 (2.9) 7 (1.4)
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teleradiology database had an efficient and robust

search facility, and the images and reports were easy

to view. A drawback was the absence of some images

from the early years of the study period. However,

given the strong correlation between our review of

available images and the radiologists’ reports, the

absent images are unlikely to have contained findings

that would significantly alter the prevalence figures

we report.

Accurate determination of the prevalence of uro-

liths in the general feline population is difficult.

Many studies of feline urolithiasis are based on pop-

ulations of cats with clinical signs that led to the

removal of the urolith. Data obtained from the

laboratory analysis of the submitted uroliths provide

valuable information on urolith composition and on

risk factors for urolith formation. However, limited

information is provided on urolith prevalence in

wider populations as not all cats with uroliths are

diagnosed or treated (Forrester & Roudebush 2007).

In addition, uroliths submitted for analysis are more

likely to be from the lower urinary tract than from

the upper tract (Kyles et al. 2005; Picavet et al.

2007). Accordingly, reports based on urolith submis-

sions may overestimate lower tract urolith preva-

lence, underestimate upper tract urolith prevalence

and inaccurately represent urolith prevalence in the

general cat population.

Table 4. Distribution of uroliths by anatomical location and country, stratified by age category, gender, breed, presenting complaint and imaging

modality from the imaging study investigating in situ uroliths in hospitalized cats in New Zealand and in the United States. The table does not

include cats with multiple site uroliths

Nephrolith Ureterolith Cystolith

Variable New Zealand United States New Zealand United States New Zealand United States

Number of cats 5 50 0 6 8 26

Age (years)

Median 11 12 – 10.5 4.5 7.5

Range 2–14 5–17 – 6–16 1–15 2–15

Age category (years)

≤6 1 4 0 1 5 11

>6 5 46 0 5 3 15

Gender

Female 0 3 – 0 2 2

Female speyed 2 12 – 4 3 12

Male 2 15 – 0 1 2

Male neutered 1 20 – 2 2 10

Breed

Birman 3 0 – 0 0 0

DLH 0 6 – 0 2 3

DMH 0 1 – 1 1 0

DSH 1 34 – 4 4 22

Maine Coon 0 3 – 0 0 0

Persian 0 1 – 0 1 0

Ragdoll 0 1 – 0 0 0

Siamese 1 3 – 0 0 1

Other 0 1 – 1 0 0

Presenting category

Abdominal 1 19 – 2 1 5

Pain 0 1 – 0 0 2

Respiratory 0 2 – 0 0 0

Urological 2 7 – 3 7 16

Unwell 2 21 – 1 0 3

Modality

Ultrasound 1 30 – 3 4 17

X-ray 4 20 – 3 4 9
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This study was based on commonly used imaging

modalities capable of detecting in situ uroliths. Most

feline uroliths are radiopaque (calcium oxalate, cal-

cium phosphate and struvite) and are typically seen

on survey radiographs when greater than approxi-

mately 2–3 mm in diameter (Lulich &Osborne 2009).

Less radiopaque and non-radiopaque uroliths (urate,

silica and cystine) are likely to be missed on survey

radiographs although their detection may be possible

with the enhanced contrast resolution of modern digi-

tal radiography systems (Hecht 2015). Ultrasonogra-

phy typically detects radiopaque and non-radiopaque

uroliths although their detection can be difficult if the

urinary bladder is empty and the urolith is small with

indistinct shadowing. In equivocal situations, urolith

detection can be enhanced by observing for twinkling

artefact during colour-Doppler sonography (Louvet

2006). Use of this artefact was not seen in any of the

reviewed images. With either radiography or ultra-

sonography, intestinal contents superimposing the

urinary tract can obscure uroliths. Small areas of dys-

trophic mineral, or mineral fragments within the

intestine, may be mistaken for uroliths in radiographs,

and dystrophic mineral in the kidneys may be mis-

taken for nephroliths in sonograms. None-the-less,

despite their shortcomings, these imaging modalities

offer practical methods for in situ urolith detection in

hospital populations of cats.

The imaging appearances of in situ uroliths overlap

to varying degrees making the accurate determination

of their composition difficult. The authors are una-

ware of any studies specifically correlating the imag-

ing appearance of in situ or in vitro feline uroliths with

their chemical composition. Urolith composition may

be predicted by correlating radiographic findings with

knowledge of a patient’s diet and urine ph, sediment

and culture (Osborne et al. 2009b). However, because

the composition of the outer layer of a urolith may

differ from that of the inner nidus, definitive knowl-

edge of urolith composition can only be obtained by

laboratory analysis.

The results of our study provide the first preva-

lence data from imaging data of urolithiasis in cats

from New Zealand and the USA. Previous studies of

hospital populations of cats have reported the preva-

lence of feline urolithiasis (Kirk et al. 2001a) and

nephrolithiasis (Kirk et al. 2001a) to be 0.3 and

0.01%, respectively. Such studies were based on

diagnostic codes and may have underestimated uro-

lith prevalence in asymptomatic cats or in cats with

non-urological signs, leading to different results from

what we report based on imaging data. Our study has

shown that cats with urolithiasis may present with a

variety of clinical signs (Table 2) that are not classi-

fied as urological.

Most feline uroliths are reported to be located in

the lower urinary tract (Bartges & Callens 2015).

Our finding of more cats with uroliths confined to

the upper urinary tract than the lower urinary tract is

a likely consequence of our inclusion of cats with a

variety of clinical signs rather than restricting our

cohorts to cats with clinical signs supporting a diag-

nosis of lower urinary tract disease. This suggestion

is supported by our finding of higher urolith preva-

lence in cats with non-urological signs than in cats

with urological signs.

Despite the age disparity between the two cohorts,

the prevalence of upper tract uroliths in cats >6y was

5.7 times higher in the USA cats than in the New

Zealand cats. In addition, the prevalence of lower

tract uroliths in cats ≤6y was 2.6 times higher in the

USA cats than in the New Zealand cats. The associa-

tion between the location of a urolith and a cat’s age

category was significant in the USA cohort. How-

ever, no association with age was found in the New

Zealand cohort, which may be due to a lack of statis-

tical power to detect a difference.

In both cohorts, cats with uroliths had a broad

range of clinical signs. Most cats with lower tract

uroliths had clinical signs categorized as ‘urologi-

cal’ and it is feasible that uroliths were anticipated

in these cats at the time of imaging. In cats with

uroliths, the significant association between pre-

senting clinical signs and urolith location (P = 0.03

New Zealand, P = 0.001 USA) was likely driven

by the high proportion of cats with urological signs

that had lower tract uroliths. It is noteworthy that

7% (12/172) of cats with urological signs had uro-

liths confined to the upper tract. These uroliths

may have been unexpected or overlooked if the

clinician’s focus was on the lower tract at the time

of imaging.
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Most cats in our study that had upper tract uroliths

had clinical signs that were not specific for urinary

tract disease. Some studies (Palm & Westropp 2011)

report ureteroliths to be frequently associated with

signs of pain whereas others (Kyles et al. 2005)

record nonspecific signs in many cats with uretero-

liths. In our study, no cats with ureteroliths had pain

as a presenting sign. However, because cats are adept

at hiding signs of pain, this finding may represent

either a true lack of pain or an inability of clinicians

to recognize signs of pain in cats at the time of pre-

sentation. Because of the effect of ureteral obstruc-

tion on renal function, it has been recommended that

imaging be performed in cats with chronic nonspeci-

fic clinical signs, or in cats with renal failure, to rule

out ureterolithiasis (Kyles et al. 2005). If such a rec-

ommendation had been followed in the practices that

contributed cases to our study, the occurrence of uro-

liths might have been higher than what we have pre-

sented.

In this study, the prevalence of feline uroliths var-

ied with geographical location. The primary provi-

ders of commercial cat foods differ between New

Zealand (International E) and the USA (Interna-

tional E), and access to non-commercial food varies

within and between countries. The influence of nutri-

tion on urolith formation has been extensively

described (Osborne et al. 2009b; Bartges & Callens

2015) and it is possible that differences in nutrition

contributed to the variance in urolith prevalence we

report. Differences in the genetic profile of the cats

in each country, or metabolic differences, might have

influenced regional differences in urolith formation.

For example, urinary calcium oxalate excretion in

cats may be related to endogenous calcium oxalate

synthesis rather than to dietary factors involved in

oxalate absorption (Dijcker et al. 2014). In a study of

feline lower urinary tract disease there was a higher

occurrence of uroliths in indoor cats compared with

outdoor cats (Dorsch et al. 2014) and this effect may

also have contributed to the geographical variance in

urolith prevalence we report.

As a retrospective series, this study had several

limitations. First, it was not possible to standardized

image acquisition and quality. The decision to

acquire images will have varied according to the

clinical acumen of the attending clinician, and the

image quality will have varied according to equip-

ment quality and operator experience. Second, mis-

classification of cats’ age, sex, breed or clinical signs,

together with inter-operator variability during imag-

ing, may have influenced the accuracy of data. Third,

the sensitivity for diagnosis of feline ureteroliths is

maximized when radiography and ultrasonography

are performed concurrently (Kyles et al. 2005). In

our study, imaging sensitivity was not maximized as

the cats underwent radiography or ultrasonography

rather than correlative imaging using both modali-

ties. Fourth, bias was added to the study by selecting

for cats whose presenting clinical signs and physical

examination findings warranted abdominal imaging.

Furthermore, detection bias may have been intro-

duced by improved imaging techniques and height-

ened awareness of urolithiasis by clinicians during

the period of the study. Finally, the relatively low

number of cats found with uroliths limited the statis-

tical power of comparisons between each cohort.

Conclusion

In cohorts composed of cats with diverse clinical

signs, we found more cats with uroliths in the upper

tract than in the lower tract. Most cats with upper

tract uroliths had non-urological clinical signs, and

none with ureteroliths had pain as a presenting clini-

cal sign. These findings should remind clinicians to

scrutinize the upper and lower tracts during imaging

and to consider the possibility of urolith-associated

morbidity in cats with non-urological signs.

Despite the morbidity and economic impact of

feline urolithiasis in many parts of the world, reports

documenting the prevalence of uroliths in the feline

population presented to veterinary hospitals are

lacking. In the cohort of cats presented for imaging

at veterinary hospitals in this study, overall urolith

prevalence in cats in New Zealand was less than one-

quarter that of cats in the USA. The prevalence of

uroliths was lower in the New Zealand cohort than

in the USA cohort regardless of the anatomical loca-

tion of the urolith or the age group of the cat. These

findings support the authors’ clinical experience that

urolith prevalence was relatively low in New
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Zealand. Further studies involving cats matched for

age, sex and breed would be useful to determine

whether geographical location is a risk factor for

feline urolithiasis in larger numbers of cats from dif-

ferent countries. Data for such studies could be

acquired through collaboration with teleradiology

companies. Such data would also allow monitoring of

temporal trends in urolith prevalence akin to the

temporal changes in urolith composition shown by

analysis of uroliths submitted to diagnostic laborato-

ries. If geographical variance in the tendency of cats

to form uroliths is confirmed, additional epidemio-

logical investigations would be worthwhile to provide

insight into the factors responsible.
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