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Abstract

Background: Urolithiasis is an important upper and lower urinary tract disease in cats

that results in morbidity and mortality.

Objective: To describe trends in composition of uroliths in cats and evaluate risk fac-

tors related to age, breed, sex, urolith location, and bacterial urolith cultures.

Sample Population: A total of 3940 uroliths and the cats from which they were

obtained.

Methods: The database of the UC Davis Gerald V. Ling Urinary Stone Analysis Labo-

ratory was searched for all urolith submissions from cats between January 2005 and

December 2018. Mineral type, age, breed, sex, and urolith location and culture

results were recorded. Trends were evaluated and variables compared to evaluate

risk factors.

Results: A significant decrease in the proportion of calcium oxalate (CaOx)-containing

uroliths occurred over time (P = .02), from 50.1% (204/407) of all submissions in 2005

to 37.7% (58/154) in 2018. In contrast, the proportion of struvite-containing uroliths

increased significantly (P = .002), from 41.8% (170/407) in 2005 to 54.5% (84/154) in

2018. The proportion of CaOx-containing uroliths in the upper urinary tract was signif-

icantly higher compared to the proportion of other urolith types in the upper urinary

tract. Urate-containing uroliths were the third most common type (361/3940, 9.2%).

Overall, sex and age predispositions were similar to those reported previously.

Conclusions and Clinical Importance: The decrease in the proportion of CaOx-

containing uroliths and increase in the proportion of struvite-containing uroliths war-

rants investigation. Further education regarding the efficacy of medical dissolution of

struvite-containing uroliths is recommended.
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1 | INTRODUCTION

Urolithiasis is an important disease in cats, particularly because of its

occurrence within both the lower and upper urinary tract, which can

result in clinically important morbidity and mortality. Calcium oxalate

(CaOx) and struvite historically have been the most common mineral

types reported in cats, but the relative proportion of these uroliths

has varied over time. The proportion of CaOx-containing uroliths was

higher than the proportion of struvite-containing uroliths from 1993

to 2004 at the Gerald V. Ling Urinary Stone Analysis Laboratory at

the School of Veterinary Medicine, University of California, Davis, but

a gradual increase in struvite-containing uroliths was noted in the later

years of that study.1 Calcium oxalate uroliths also were the most com-

mon type reported from the Canadian Veterinary Urolith Centre

between 1998 and 2014.2 A report from the Minnesota Urolith Cen-

ter (MUC) identified struvite as the most common urolith type submit-

ted to that laboratory in 2007 (49% struvite compared to 41% CaOx)

and 2019 (52% struvite compared to 35% CaOx).3

An increasing number of veterinary therapeutic diets for the man-

agement of urinary disease in cats has become available and could

impact the numbers and types of uroliths ultimately submitted for

analysis because dissolution or urolith prevention is feasible, but

affected by urolith type. Dietary influences on urine composition also

may result in shifts in urolith risk and composition that can be docu-

mented at the population level. Breed, age, and sex are recognized as

predisposing factors to certain types of uroliths in cats. For example,

CaOx urolithiasis occurs more commonly in male than in female

cats.1,2

Trends in submission also can be influenced by changes in treat-

ment approaches to urolithiasis, particularly because just over 70% of

2445 nephroureteroliths in cats were composed of CaOx between

1981 and 2003.3 The number of CaOx-containing uroliths from the

upper urinary tract increased significantly in submissions to our labo-

ratory between 1985 and 2004.1 However, the development of renal

decompressive procedures for ureteral obstruction in which

ureteroliths are not removed (eg, ureteral stent and subcutaneous ure-

teral bypass system placement) could affect this trend.4,5

These changing trends in urolithiasis emphasize the importance

of ongoing evaluation, including evaluation of risk factors for specific

urolith types. Our study aimed to describe the composition of uroliths

from cats submitted to the Gerald V. Ling Urinary Stone Analysis Lab-

oratory between 2005 and 2018. We also aimed to evaluate risk fac-

tors for urolithiasis in cats, including age, breed, sex, urolith location,

and bacteria cultured from submitted uroliths.

2 | MATERIALS AND METHODS

2.1 | Study population

A computer-assisted search of the records of the Gerald V. Ling Uri-

nary Stone Analysis Laboratory at the University of California, Davis

was performed to identify all urolith submissions from cats between

January 1, 2005 and December 31, 2018. Information in the database

was obtained from a standard form submitted with each urolith. Year

of urolith submission, mineral composition of the urolith, age, breed,

sex, and location of the urolith within the urinary tract were recorded.

Individual cats may have had >1 urolith submission during this time

period and each urolith submission was considered separately.

2.2 | Mineral analysis

To determine the mineral composition of uroliths, each visibly distinct

layer of each urolith was initially analyzed by use of the oil immersion

method of optical crystallography, with polarizing light microscopy

and infrared spectroscopy as previously described.1 X-ray diffractom-

etry and high pressure liquid chromatography were utilized if neces-

sary. For each urolith, each mineral present in any amount was

recorded. The percentage of each mineral within each layer was esti-

mated by calculating a mean value for the crystal counts obtained by

microscopic examination of 5 to 10 microscopic slide preparations by

use of the oil immersion method of optical crystallography. The

amount of specific minerals in the individual uroliths varied from 1%

to 100%. For uroliths with distinct layers and variations in the thick-

ness of each distinct layer, it was not possible to accurately designate

a single mineral as being predominant. For the purpose of consistency

in the reporting technique for our laboratory, uroliths composed of a

mixture of ≥2 minerals, whether multiple mineral components were

contained in distinct layers or uniformly distributed throughout the

urolith, were reported as containing that mineral component. In our

study, they were counted once for each mineral detected in the uro-

lith and as a result, totals of minerals detected in uroliths is higher

than the number of uroliths.

In our study, CaOx included CaOx monohydrate, dihydrate, or

both, and urate included uric acid and its salts (eg, ammonium urate).

For location, the upper urinary tract was considered to include the

kidney and ureter and lower urinary tract included the bladder and

urethra. Voided uroliths were considered separately. Because uroliths

were retrieved from >1 location in some cats, totals of location may

be higher than the total number of uroliths containing each

mineral type.

Urolith cultures were performed as previously described when

requested by the submitting veterinarian.6 Briefly, uroliths were

washed 4 times with 50 mL of sterile saline for 10 seconds. The uro-

liths then were cracked using sterile rongeurs and the core was

scraped into a sterile mortar. One milliliter of sterile saline was added

to this sample and a 0.2 mL aliquot was cultured for aerobic bacteria.

2.3 | Statistical analysis

Descriptive statistics were used for individual urolith types for age

group, breed, sex, location, and urolith culture results. Age groups

were determined a priori based on a previous publication from our

laboratory to enable comparisons.1 Because totals of minerals
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detected in uroliths were higher than the number of uroliths submit-

ted, the totals for age, sex, and breed sum to >100% when all mineral

types are considered. The χ2 test was used to compare association

between categorical variables (age group, breed, sex, urolith location,

and urolith bacterial culture) for each urolith type. For breed analysis,

domestic shorthair (DSH) was used as the reference breed. Cats for

which breed was unknown or listed as mixed were excluded from

breed analysis. Breeds for which there were <10 cats of that breed in

the database over the time period evaluated were not reported

because of small numbers. The χ2 tests for trend were used to evalu-

ate trends in urolith composition over time and trends in age groups

for individual urolith types. Results were reported as odds ratios (ORs)

and 95% confidence intervals (95% CIs). P values <.05 were consid-

ered significant.

3 | RESULTS

A total of 3940 urolith submissions from cats were analyzed at the

Gerald V. Ling Urinary Stone Analysis Laboratory between January

2005 and December 2018. Submissions were from various academic

and private veterinary practices almost exclusively within the Unit-

ed States. Of 3940 uroliths from cats, 3187 (80.9%) uroliths were

composed of a single mineral type.

For 9 urolith submissions, data regarding sex of the cat were

missing. For 63 urolith submissions, data on the age were missing. For

33 urolith submissions, data regarding breed were missing.

3.1 | Calcium oxalate- and struvite-containing
uroliths

Of 3940 urolith submissions from cats, 1820 (46.2%) were CaOx-

containing uroliths and 1856 (47.1%) were struvite-containing uro-

liths. Of 1820 CaOx-containing uroliths, 56.6% were composed of

CaOx monohydrate only, 0.9% of CaOx dihydrate only, and 42.6%

contained both CaOx monohydrate and dihydrate. A significant

nonlinear decrease in the proportion of CaOx-containing uroliths

occurred over time (P = .02) from 50.1% (204/407) in 2005 to 37.7%

(58/154) in 2018. In contrast, the proportion of struvite-containing

uroliths increased significantly in a nonlinear fashion over this period

(P = .002) from 41.8% (170/407) in 2005 compared to 54.5% (84/

154) in 2018 (Figure 1).

Of CaOx-containing uroliths, 64% (1168/1814) were from male

and 36% (646/1814) were from female cats. The proportion of

CaOx-containing uroliths among male cats (1168/2344; 49.8%) was

significantly higher compared with the proportion of CaOx-containing

uroliths among female cats (646/1587; 40.7%; OR, 1.5; 95% CI,

1.3-1.7: P < .001). Of cats with struvite-containing uroliths, 47.1%

(873/1852) were submitted from female cats and 52.9% (979/1852)

were from male cats. The proportion of struvite-containing uroliths

among female cats (873/1587; 55.0%) was significantly higher

than the proportion of struvite-containing uroliths among male cats

(979/2344; 41.8%; OR, 1.7; 95% CI, 1.5-1.9; P < .001).

Approximately 2/3 of CaOx-containing uroliths (1180/1775;

66.5%) were submitted from cats between 7 and 15 years of age. The

proportion of CaOx-containing uroliths was significantly higher in cats

≥7 years of age (1289/2280; 56.5%) compared to the proportion of

CaOx-containing uroliths in cats <7 years of age (486/1557; 31.2%;

OR, 2.9; 95% CI, 2.5-3.3; P < .001). Struvite-containing uroliths most

often were submitted from cats between 4 and 10 years of age

(63.1% of 1821). The proportion of struvite-containing uroliths among

cats <7 years of age (954/1557; 61.3%) was significantly higher com-

pared to the proportion of struvite-containing uroliths from cats

≥7 years of age (867/2280; 38.0%; OR, 2.6; 95% CI, 2.3-3.0; P < .001)

(Figure 2).

Breeds at higher risk of developing CaOx-containing uroliths

compared to the DSH were Burmese (OR, 5.3; 95% CI, 1.1-35.7;

P = .02) and Persian (OR, 1.7; 95% CI, 1.06-2.9; P = .02). The domestic

medium hair (DMH) was the only breed at significantly higher risk of

developing struvite-containing uroliths compared to the DSH (OR,

1.4; 95% CI, 1.1-1.7; P = .003). Several breeds were at lower risk of

F IGURE 1 Proportion of calcium
oxalate- and struvite-containing uroliths
(of all urolith types) each year from 2005
to 2018. There was a significant nonlinear
decrease and significant nonlinear
increase in the proportion of CaOx-
containing (P = .02) and struvite-
containing (P = .002) uroliths respectively
over time
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developing struvite-containing uroliths compared with the DSH,

including Bengal (OR, 0.2; 95% CI, 0.02-0.7; P = .004), Ocicat (OR, 0.2;

95% CI, 0.02-0.7; P = .02), and Persian (OR, 0.6; 95% CI, 0.3-

0.9; P = .02).

3.2 | Urate-containing uroliths

Urate-containing uroliths represented 361/3940 (9.2%) of all urolith

submissions from cats. Of urate-containing uroliths, 186/361 (49.3%)

were composed solely of urate. Of mixed urate-containing uroliths

(118/175; 67.4%), the following minerals were also noted: struvite

(57/175; 32.6%), CaOx (10/175; 5.7%), apatite (3/175; 1.7%), silica

(3/175; 1.7%), and dried solidified blood (DSB; 1/175; 0.6%). No sig-

nificant change in the proportion of urate-containing urolith submis-

sions was found over time (P = .6; Figure 3).

No sex predisposition was found for urate-containing uroliths,

with 44.6% (161/361) from female and 55.4% (200/361) from male

cats (P = .09). Urate-containing uroliths most often were submitted

from cats between 4 and 10 years of age, representing 217/352

(61.6%) of urate-containing uroliths (Figure 2). No significant differ-

ence was found in the proportion of urate-containing uroliths

between cats <7 years of age and ≥7 years of age (P = .1). The Ocicat

was the only breed at significantly higher risk of urate-containing uro-

liths compared to the DSH (OR, 8.3; 95% CI, 2.5-27.8; P < .001).

3.3 | Apatite-containing uroliths

In total, 293 apatite-containing uroliths were submitted, representing

7.4% of 3940 urolith submissions from cats. Of these, 12 (4.1%) were

pure and the remainder mixed. Coprecipitates in mixed apatite-

containing uroliths were struvite (202/281; 71.9%), CaOx (83/281;

29.5%), urate (10/281; 3.6%), DSB (8/28; 2.8%), and silica (2/281;

0.7%). A significant nonlinear increase in the proportion of apatite-

containing uroliths was observed between 2005 and 2018 (P < .001),

with apatite-containing uroliths constituting 3.4% of all urolith sub-

missions in 2005 and 12.3% in 2018 (Figure 3).

F IGURE 2 Age distribution of cats
with struvite-, calcium oxalate-, and urate-
containing uroliths submitted for analysis
from 2005 to 2018. Proportions represent
the proportion of cats with each the
mineral type within the age grouping

F IGURE 3 Proportion of urate-,
apatite-, and dried solidified blood-
containing uroliths in cats between
January 2005 and December 2018
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Of 290 cats with apatite-containing uroliths for which sex was

known, 144 (49.7%) were females and 146 (50.3%) were males. The

proportion of apatite-containing uroliths in female cats (144/1587;

9.1%) was significantly higher compared with the proportion of

apatite-containing uroliths in male cats (146/2344; 6.2%; OR, 1.5;

95% CI, 1.2-1.9; P = .001). The proportion of apatite-containing uro-

liths in cats ≥7 years of age (189/2280, 8.3%) was significantly higher

than the proportion of apatite-containing uroliths in cats <7 years of

age (93/1557; 6.0%; OR, 1.4; 95% CI, 1.1-1.9; P = .007). Apatite-con-

taining uroliths most often were submitted from cats between 7 and

10 years of age (99/282; 35.1%). No breed predispositions were

identified.

3.4 | Dried solidified blood-containing uroliths

Seventy-two uroliths (1.8% of 3940 submissions from cats) were com-

posed of DSB. No significant change in the proportion of DSB-

containing urolith submissions over time was observed (P = .2;

Figure 3).

Of all cats with DSB-containing uroliths, 15.3% (11/72) were

female and 84.7% (61/72) were male. The proportion of DSB-

containing uroliths in male cats (61/2344; 2.6%) was significantly

higher compared with the proportion of DSB-containing uroliths in

female cats (11/1587; 0.7%; OR, 3.8; 95% CI, 2.0-7.7; P < .001). The

mean age of cats with DSB-containing uroliths was 10.6 (±4.3) years;

45.6% (31/68) of submissions were from cats between 10 and

15 years of age, followed by cats between 7 and 10 years of age

(14/68; 20.6%). The proportion of DSB-containing uroliths in cats that

were ≥7 years of age (54/2280; 2.4%) was significantly higher than

the proportion of DSB-containing uroliths in cats that were <7 years

of age (14/1557; 0.9%; OR, 2.7; 95% CI, 1.4-5.0; P = .001).

Three breeds of cats were at significantly higher risk of DSB-

containing uroliths than the DSH: Bengal (OR, 9.6; 95% CI, 1.5-47.1;

P < .001), Persian (OR 3.9, 95% CI, 1.1-11.8; P = .007) and domestic

longhair (OR, 2.1; 95% CI, 1.1-4.0; P = .02). No cat breed had a

decreased risk of DSB-containing uroliths.

3.5 | Silica-containing uroliths

Only 20 (0.5%) submitted uroliths contained silica. Of these, 6 (30%)

were from female and 14 (70%) were from male cats. No significant

differences were noted with respect to sex and age when comparing

the proportion of silica-containing uroliths to other urolith types. This

mineral most often was present in uroliths submitted from DSH cats

(13/20, 65%). Because of the limited number of silica-containing uro-

liths, too few breeds were available to perform statistical comparisons.

The breeds represented included 13 DSH, 2 DMH, 2 Persian, 1 Hima-

layan, 1 Siamese, and 1 Burmese.

3.6 | Others

The following minerals were noted infrequently: potassium magne-

sium pyrophosphate (8), xanthine (6), brushite (5), cystine (2), and

newberyite (1). Mineral type could not be identified in 5 instances.

3.7 | Urolith location

Table 1 describes urolith location. The proportion of CaOx-containing

uroliths in the upper urinary tract was significantly higher compared

to the proportion of other stone types in the upper urinary tract (OR,

11.0; 95% CI, 6.3-20.0; P < .001). The mean age of cats with CaOx-

containing uroliths removed from the upper urinary tract was 8.7

(±3.8) years and from the lower urinary tract was 8.9 (±3.6) years. In

addition to CaOx-containing uroliths, the proportion of DSB-

containing uroliths from the upper urinary tract was significantly

higher than for other urolith types (OR, 4.5; 95% CI,

2.1-9.1; P < .001).

3.8 | Urolith bacterial culture results

Of all submissions, aerobic bacterial culture was performed on 1007

uroliths (25.6%), of which 89 (8.8%) were positive. The most fre-

quently cultured bacteria were Staphylococcus spp. (44/89; 49.4%),

Enterococcus spp. (21/89, 23.6%), and Escherichia coli (17/89,

19.1%). Struvite-containing uroliths were more likely to have posi-

tive culture results (55/503; 10.9%) compared with all other mineral

types (OR, 1.7; 95% CI, 1.1-2.7; P = .02). Of 55 struvite-containing

uroliths with a positive urolith culture, 30 (54.5%) cultured Staphylo-

coccus spp. Other urease-producing bacteria cultured in association

with struvite-containing uroliths were Proteus spp. (2/55) and Cory-

nebacterium urealyticum (3/55). Of CaOx-containing uroliths

TABLE 1 Proportion of upper
(kidney and ureter), lower urinary tract,
and voided uroliths in cats for each
mineral type

Urolith type Upper urinary tract (%) Lower urinary tract (%) Voided (%)

Calcium oxalate 140/1996 (7.0) 1834/1996 (91.9) 22/1996 (1.1)

Struvite 2/1929 (0.1) 1909/1929 (99.0) 18/1929 (0.9)

Urate 3/372 (0.8) 368/372 (98.9) 1/372 (0.3)

Apatite 11/292 (3.8) 278/292 (95.2) 3/292 (1.0)

Silica 0/19 (0) 15/19 (89.5) 2/19 (10.5)

Dried solidified blood 10/73 (13.7) 60/73 (82.2) 3/73 (4.1)
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cultured, 34/468 (7.3%) were positive. Of urate-containing and

DSB-containing uroliths that were cultured, 1/84 (1.3%) and 2/15

(13.3%), respectively, were positive .

4 | DISCUSSION

Evaluation of trends in urolith composition over time identified sev-

eral important findings. Between 2005 and 2018, the proportion of

CaOx-containing uroliths decreased and the proportions of struvite-

and apatite-containing uroliths increased. No change in the frequency

of urate-containing uroliths was noted over this time period. Age and

sex predispositions were overall similar to those reported

previously.1,2

The decrease in the proportion of CaOx-containing uroliths with

an increase in the proportion of struvite-containing uroliths is in con-

trast to what our laboratory reported from 1985 to 2004, where

52.8% of uroliths from cats contained CaOx and 43.4% contained

struvite, with the proportion of CaOx-containing uroliths increasing

significantly during that time period. However, we noted a gradual

decrease in the proportion of CaOx-containing uroliths from 2001 to

2004, suggesting an emerging trend,1 which appears to have contin-

ued based on the present study. These findings are similar to data

from the MUC from 2004 to 2007.3 Whereas sex predisposition for

CaOx- and struvite-containing uroliths did not change, some changes

in breed risk were apparent.1 The Persian breed continued to have an

increased risk for CaOx-containing uroliths,1 and an increased risk for

the Burmese breed was also found, in agreement with reports from

several urolith laboratories.1,2,7 Such breed predispositions could sug-

gest an underlying genetic predisposition to CaOx urolithiasis in com-

bination with dietary and environmental factors. Heritability in

humans with CaOx nephrolithiasis has been reported.8 Genome-wide

association and candidate gene studies have identified genes associ-

ated with hyperoxaluria and calcium-based nephrolithiasis.9 Because

breed associations continue to be reported for CaOx, studies evaluat-

ing the genetics in cats with naturally occurring disease could be rele-

vant to other species. The DMH was the only breed at increased risk

of developing struvite-containing uroliths. The Manx and Siamese

breeds were at increased risk based on previous data from our labora-

tory as well as data from the Canadian Veterinary Urolith Centre dur-

ing a more recent time period.1,2

Environmental and dietary influences likely have contributed to

the reciprocal change in trend reported for CaOx- and struvite-

containing uroliths. It is hypothesized that widespread use of highly

acidified diets for cats (target urine pH <6.2) accounted for the

increase in the proportion of CaOx-containing uroliths and decrease

in the proportion of struvite-containing uroliths, particularly in the

early 1990s.10 The solubility of struvite increases with decreasing uri-

nary pH, but acidifying diets can promote release of calcium carbon-

ate and calcium phosphate from bone, possibly resulting in

hypercalciuria.11 Although CaOx uroliths may develop in a wide range

of urinary pH, highly acidic urine can alter concentrations of poten-

tially important inhibitors of calcium oxalate crystallization such as

magnesium, pyrophosphates, and Tamm-Horsfall mucoprotein.12,13

Because of this concern, as well as market demands, most veterinary

therapeutic diet formulations were altered to address both struvite

prevention and dissolution as well as CaOx prevention. As such, some

of these therapeutic diets now promote more moderate urine pH

(up to pH 6.5) and incorporate other strategies such as increased

sodium or moisture content to help achieve a urinary environment

that still remains under the saturation threshold for struvite crystalli-

zation.14 Improved preventative management (possibly including die-

tary strategies) could have resulted in the decrease in the proportion

of CaOx-containing uroliths noted in our current study, although die-

tary and medical histories were not available to enable assessment of

any associations. A recent observational study from cat and dog

owners in 5 countries indicated that feeding unconventional diets

such as raw or homemade diets appears more prevalent.15 The effect

of these diets on mineral types in cats with urolithiasis is uncertain.

Prospective long-term diet studies are needed to fully characterize

the role of diet and risk of CaOx-containing uroliths (or any urolith

type). Despite clinical trial data demonstrating efficacy of struvite dis-

solution with currently available veterinary therapeutic diets,16-19 the

proportion of struvite-containing urolith submissions has increased

over time. Further education regarding noninvasive treatment for

suspected struvite urolithiasis is needed to promote dietary dissolu-

tion as the first therapeutic approach.

Apatite-containing uroliths significantly increased over the study

period. Because this mineral is often a coprecipitate with other min-

eral types, this change in trend likely is a reflection of the changes in

minerals that coprecipitate with apatite. In the present study, the

change could be related to the increase in struvite-containing uroliths.

Previously, we reported a significant decrease in apatite-containing

uroliths, and not surprisingly a significant decrease in struvite-

containing urolithiasis also was noted.1 Although the presence of apa-

tite within struvite uroliths has been reported to be a reason for disso-

lution failure, particularly in dogs,20 over 1600 struvite uroliths did not

contain apatite in urolith submissions from cats during our current

study. Moreover, studies evaluating struvite dissolution protocols in

cats reported no apatite mineral content in the uroliths from the

majority of nonresponders; apatite content in responders cannot be

evaluated.17-19 Our data suggest that further education regarding

noninvasive treatment for suspected struvite urolithiasis is needed to

promote dietary dissolution as the first therapeutic approach.21 If die-

tary treatment fails, urolith removal and accurate histories should help

elucidate reasons for failure.

Approximately 57% of CaOx-containing uroliths were CaOx

monohydrate, 43% were mixed and rarely were uroliths comprised of

purely the dihydrate form. This finding is in contrast to what has been

reported for dogs in which just under 20% of 6690 uroliths reported

by European urolith laboratories were mixed CaOx monohydrate and

dihydrate.22 In dogs in France, 56.3% of CaOx uroliths were CaOx

monohydrate and 43.7% were CaOx dihydrate, but the proportion of

mixed CaOx monohydrate and dihydrate uroliths was not reported.23

In humans, CaOx dihydrate and CaOx monohydrate may be associ-

ated with various metabolic abnormalities: CaOx monohydrate urolith
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formers have a higher incidence of hyperoxaluria and hypocitraturia

whereas CaOx dihydrate urolith formers tend to be hypercalciuric.24

Calcium oxalate dihydrate can transform into CaOx monohydrate

in vitro25 and shifts between these subtypes could occur as the crystal

lattice is exposed to a changing urine environment.26 Investigating

potential metabolic abnormalities in cats with CaOx urolithiasis could

be considered for further study.

Although CaOx and DSB-containing uroliths were more likely to

be removed from the upper urinary tract compared to other urolith

types, the proportion submitted from this location was lower than

previously reported.1 Between 1985 and 2004, 21.0% of CaOx-

containing urolith submissions were from the upper urinary tract,1

whereas only 7.0% were from the upper tract in the present study.

The proportion of DSB-containing uroliths from the upper urinary

tract also decreased. Between 1986 and 2003, 39.6% of DSB-

containing uroliths submitted from cats were from the upper urinary

tract, whereas only 13.7% were from the upper urinary tract in our

present study.27 Previously, ureterotomy frequently was performed

for ureterolithiasis in cats.28 With newer renal decompressive proce-

dures in which ureteral stents and subcutaneous ureteral bypass sys-

tems are placed without ureterolith removal,4,5 a decrease in the

proportion of CaOx- and DSB-containing uroliths removed from the

upper tract likely has occurred, despite the disease still being preva-

lent. It is unknown whether cats in our study with CaOx-containing

and DSB-containing uroliths submitted from the lower urinary tract

also had these uroliths in the upper urinary tract that were not

removed because this information is not captured on the submission

form, and removal of upper urinary tract uroliths is not recommended

unless clinical abnormalities such as ureteral obstruction or perceived

patient pain are identified.19 Based on the overall proportion removed

from the upper urinary tract, it is unlikely that the decrease in the pro-

portion of CaOx-containing urolith submissions is solely because of

the lack of removal of upper urinary tract uroliths. Uroliths retrieved

from the lower urinary tract also could have formed in the upper uri-

nary tract and developed further in the bladder.

Urate urolithiasis continues to be uncommon in cats.1,2,29 Several

purebred cat breeds previously have been associated with predisposi-

tion to urate urolithiasis, but only the Ocicat, a breed previously

reported to be predisposed, was identified as having a higher risk of

urate-containing uroliths in our current study.2,29 This finding differs

from what we reported previously, where the Siamese breed had

increased risk.1 A genetic cause of urate urolithiasis is recognized in

many dog breeds including the Dalmatian and Bulldog,30,31 but little

information regarding the pathogenesis of urate urolithiasis in cats

exists. Portosystemic shunts appear to be uncommon in most cats

with urate urolithiasis, particularly if these uroliths are documented in

a middle-aged cat.32 Genetic evaluation of the Ocicat and other previ-

ously identified predisposed breeds should be considered to evaluate

potential genetic mutations leading to hyperuricosuria and subse-

quent development of urate-containing uroliths. When urate-

containing uroliths occurred as mixed uroliths, they most often were

associated with struvite. The coprecipitation of urate and struvite

could reflect a development of urease producing bacterial infection

secondary to initial urate urolith formation within the urinary tract,

similar to what occurs in some dogs.33

Few DSB-containing uroliths were submitted. Similar to our pre-

vious data, a male predisposition was noted,1,27 but, reasons for this

association remain unclear. The mean age of cats with DSB-containing

uroliths previously has been reported as 9 years.27 This finding is simi-

lar to our current data in which mean age was 10.5 years. Microscopic

or macroscopic hematuria are thought to be predisposing factors in

some cats with DSB uroliths. Although a predisposition for the Persian

and Bengal breeds has not been recognized previously, the Bengal

and Persian breeds are predisposed to other urolith types, and predis-

position to DSB-containing uroliths could reflect a predisposition to

development of urolithiasis in general.1,2,29

Although struvite-containing uroliths were more likely to be associ-

ated with a positive bacterial urolith culture, only 10.9% of all struvite-

containing uroliths that underwent bacterial culture were positive. Of

these, 64.8% yielded urease-producing bacteria. The low proportion of

positive struvite-containing urolith cultures is similar to a prior study6

and consistent with this mineral type most often being sterile in cats

rather than infection-associated, as typically noted in dogs.6,19 Because

the most common bacteria cultured were Staphylococcus spp., struvite-

containing uroliths in cats can be infection-associated. Interpretation of

urolith cultures should be tailored to the individual patient and antimi-

crobials often are not warranted if clinical signs are no longer present

after the urolith is removed.34 Based on the low proportion of positive

cultures associated with struvite-containing uroliths and the need to

improve antimicrobial stewardship, the clinical utility of urolith cultures

in cats is low and not recommended in most cases.

Data for cats in our study were from the Gerald V. Ling Urinary

Stone Analysis Laboratory and, as a result, might not be representa-

tive of all urolith types, ages, breeds, and sex across the United States,

with submissions from various academic and private veterinary hospi-

tals. In addition, because of the reporting methods of the laboratory,

the proportion of each mineral within uroliths varied, and in some

cases, represented <50% of the overall urolith composition. The

advantage of data compilations in which each mineral type is counted,

regardless of the amount contained in the urolith specimen, is that

each mineral component in the calculi, with or without distinct lay-

ering, will be included. The disadvantage of compiling data in this

manner is the possible overlap of different mineral components in a

calculus and inclusion of components that are present in lesser per-

centages. Finally, recurrent urolith episodes could not reliably be

documented and as such, some uroliths included might represent

recurrent uroliths from the same cat.

5 | CONCLUSIONS

The proportion of CaOx-containing uroliths decreased and a recipro-

cal increase in the proportion of struvite-containing uroliths occurred,

which warrants investigation. Further education regarding struvite

dissolution is recommended. Similar to previous studies, urate-

containing uroliths were the third most common mineral type in this
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population and the trends in submission have not changed. Overall,

sex and age predispositions were similar to those reported previously.
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