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The objective of the study was to characterize the signalment, clinicopathologic
data, and diagnostic imaging of cats with urate urolithiasis, as well as the salts of
uric acid present in the uroliths. A retrospective analysis of feline urate uroliths
submitted to the GV Ling Urinary Stone Analysis Laboratory between 2000 and
2008 was included. From these data, records were assimilated from referring
veterinarians (143); furthermore, all recorded cases from within the William R
Pritchard Veterinary Medical Teaching Hospital (16) were included. Median
values for the complete blood count and chemistry panels available were within
the reference intervals, when provided, with only a few outliers present. Of all
cases evaluated, seven had a portosystemic shunt (PSS). Cats with urate uroliths
and a PSS were younger than cats without a PSS (2 years vs 7 years). The
pathogenesis of urate uroliths in cats is poorly understood. Most cats were not
completely evaluated for a PSS, however, clinicopathologic parameters
indicating hepatic dysfunction were seldom noted; more sensitive diagnostics
such as serum bile acids were rarely performed to confirm or negate the presence
of a shunt. Studies are warranted to evaluate pathogenesis of urate uroliths to
tailor proper management and breeding strategies.
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U
rolithiasis is a common and often recurrent
problem in cats. Surgery or other tech-
niques1,2 are usually necessary to remove

uroliths so they can be submitted for quantitative
crystallographic analysis. The two most common min-
eral types reported in cats are calcium oxalate (CaOx)
and struvite.3 Urate-containing calculi account for ap-
proximately 10% of the uroliths from cats that are sub-
mitted to the GV Ling Urinary Stone Analysis
Laboratory (UC Davis Stone Lab) each year.3

Although a slight increase in urate-containing calculi
was detected in the late 1980s compared to subse-
quent years, no significant trends in urolith submis-
sions were detected. In cats, we have reported that
urate stones submitted to our laboratory occurred
equally in female and male cats; the Siamese breed
was overrepresented.3 In addition to the Siamese
breed, Appel et al also noted a strong association be-
tween urate urolithiasis and the Egyptian Mau and
Birman breeds.4

In dogs with urate urolithiasis, Dalmatians and
other breeds5 have been reported to be at risk for de-
velopment of urate uroliths because of a genetic defect
that results in hyperuricosuria caused by a defect in
uric acid transport in the kidneys and liver.6,7 In addi-
tion to the genetic defect, other breeds typically de-
velop urate-containing uroliths as a result of liver
disease, namely portosystemic shunts (PSSs). In
most dogs with urate-containing calculi the calculi
are 100% ammonium hydrogen urate (AHU), how-
ever, other salts of uric acid can occur. To date, studies
in cats with urate urolithiasis are rare. The aim of this
retrospective study was to evaluate the clinicopatho-
logic data from cats whose urate stones were submit-
ted to our laboratory. Because it is reported that cats
with urate stones may have a PSS,8 liver function pa-
rameters and imaging studies were also recorded if
available. Finally, because the salt(s) of uric acid cal-
culi in cats has not been reported, we analyzed these
stones by infrared spectroscopy (IR) whenever possi-
ble and analyzed a subset with powder X-ray diffrac-
tion (XRD) to accurately report the salt(s) of uric acid
present in these calculi.*Corresponding author. E-mail: jddear@ucdavis.edu
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Materials and methods

Case selection

A computer-assisted search of records from the UC
Davis stone lab from January 2000 to December
2008 was used to compile information regarding
urate-containing urinary calculi from cats that had
stones submitted from practices other than the Wil-
liam R Pritchard Veterinary Medical Teaching Hospi-
tal (VMTH) at UC Davis (population A). The
signalment, stone location, and any previous urolith-
iasis episodes were recorded. Furthermore, the vet-
erinarians who submitted these cases were then
contacted and asked to submit the entire record per-
taining to that cat. From that record, the following
information was recorded if available: complete
blood count, biochemical profile, urinalysis and
urine cultures obtained at the time the stone was re-
moved. Because not all veterinarians used the same
commercial laboratory, data were grouped according
to which laboratories were utilized. Serum bile acids,
liver biopsies and imaging studies including ultra-
sound and technetium scans were recorded if
performed.

In addition to a general search of the stone lab da-
tabase, a second group of cats with urate calculi sub-
mitted from the VMTH from 1982 to 2008 were also
analyzed (population B). All cases from the VMTH,
a tertiary care facility, were evaluated separately
from those cats that presented to their primary care
veterinarians.

Calculi analyses

Two methods were implemented to identify the type
of urate present in the calculi: IR and XRD. For IR,
the KBr disc method was used. The IR spectra were
collected immediately after the discs were prepared
using a Nicolet Impact 410 (Nicolet Instrument Corpo-
ration, Madison, WI) or Nicolet iS10 spectrometer
(ThermoFisher Scientific, Madison, WI) as previously
described.9 All sample spectra obtained were com-
pared with that of a reagent grade AHU (ICN Phar-
maceuticals, Plainview, NY) which was confirmed to
be AHU by XRD. For each sample that was analyzed
by XRD as previously described,10,11 the obtained dif-
fraction patterns were compared with the reference
pattern for AHU from the International Center for Dif-
fraction Data (ICDD) #52-2414.

Results

Population A cases

Three-hundred-and-fourteen urate-containing calculi
from cats were submitted to our laboratory from
2000 to 2008, of these, records were obtained from
143 (45%) and were included for further analysis in
this study.

Signalment

Of the 143 cases where records were available for re-
view, the majority of stones were submitted from
mixed breeds: domestic shorthair cats (99, 69%), do-
mestic longhair cats (21, 15%) and domestic medium
hair cats (nine, 6%). There was one submission from
an unidentified breed, the remainder were from pure-
bred cats including Siamese (five, 3%), Ocicat (two,
1%), Persian (two, 1%), Birman (two, 1%), Himalayan
(one, 1%), and Manx (one, 1%). The median age was 7
(range 1e14 years) and weight was 5.5 kg (range
1.8e9.1 kg). Sixty-nine cats (48%) were male and 74
cats (52%) were female.

Presentation and physical examination

Seventy-five cats presented for hematuria, the remain-
der presented for other lower urinary tract signs
(n¼ 45, eg, pollakiuria, stranguria, dysuria, urinary
incontinence) or systemic signs (vomiting (four), an-
orexia (two), lethargy (two), other systemic signs
(two)). No presenting complaints or medical histories
were reported for 13 cats. Twelve cats had physical
exam findings consistent with urethral obstruction
(large, turgid, painful bladders). Forty-eight cats had
small undetectable bladders, while five cats had pal-
pable cystic calculi. There was no mention of bladder
size in the remaining records (78). Within this time pe-
riod six cats had recurrence of urate-containing stones
(all 100% urate); all six cats were domestic shorthair.

Clinicopathologic data

Complete blood counts were reported in 97/143 (68%)
records available for review. All median values were
within the reference intervals provided by outside
commercial laboratories. However, of the 85 cats
with recorded mean corpuscular volume (MCV), 10
cats did have microcytosis; the most severe being
from an in house laboratory analyzer (Fig 1). Biochem-
ical profiles were available from 112/143 (78%) re-
cords. The median values for liver enzymes and
liver function tests were in the reference interval;
two cats were hypoalbuminemic (89 reported), six
were hyperbilirubinemic (85 reported), and one was
hypocholesterolemic (76 reported) (Figs 2e4, respec-
tively). Of the hypoalbuminemic cats, one was hypo-
cholesterolemic. None of the hyperbilirubinemic cats
had other clinicopathologic evidence of liver dysfunc-
tion. In 22 cats, bile acids were analyzed; five were in-
creased. Three of these five cats also had microcytosis.
Two of these cats were diagnosed with a PSS (Table 1).

Urinalyses

Urinalyses were reported from 116/143 (81%) cats; of
the 71 samples that reported collection method: 60
samples were collected by cystocentesis, four were ob-
tained by catheterization, and seven were voided sam-
ples. Crystalluria was identified in 30 cats; seven had
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urate crystals, 18 had struvite crystals, and five had
CaOX crystals. No crystals were reported in the re-
maining in 87 cats. Urine culture was performed in
75/143 cats (52%); 63 were negative. Escherichia coli
(two), unidentified cocci (seven), Clostridium species
(one), Corynebacterium species (one), and Pseudomonas
species (one) were isolated from the remaining 12
cases. Of those with positive cultures, only one was
obtained by a voided sample.

Radiographic findings

Findings of preoperative imaging studies were avail-
able for 98/143 (68%). Abdominal radiographs were
obtained in 77/143 cases (54%); uroliths were identi-
fied in 69/77 (90%), suspected in three and not identi-
fied in five cases. Thirty-five radiodense stones were
100% urate, the remainder were mixed with either
struvite or a small percentage of CaOx. Abdominal
ultrasounds were performed in 30/143 cases (21%);
uroliths were identified in 26/30 (87%). In six of these
cases, uroliths were also identified on radiographs. In
five cases, a urolith was identified sonographically but
not radiographically. In four cases, uroliths were sus-
pected, but not confirmed.

Liver evaluation

Two cats were diagnosed with a PSS via laparotomy
and liver biopsy. Three other cats had liver biopsies
submitted and mild, diffuse hepatocellular changes
with vacuolar degeneration were revealed histologi-
cally, but no suggestion of portal venous anomaly
was present. The stone in one cat with a PSS was
composed of 100% urate; while urate was present
in the other case, the core of the stone was comprised
of 90% struvite, neither this cat’s urine nor the stone
was cultured. However, of the 62 stones with greater

than 50% struvite within the core layer, 14 had urine
cultures performed, only one of which was positive
for a b-hemolytic Staphylococcus species. Further-
more, 18 of these stones were cultured and again

Fig 1. MCV values obtained from cats at the time a urate
stone was removed. Lab A (Idexx) and Lab B (Antech)
were used most often by veterinarians for lab work submis-
sion. Normal MCV for Lab A: (41e58 fl) and for Lab B
(37e61 fl). Values from the other laboratories were obtained
primarily from use of in house chemistry analyzers; there-
fore, normal reference intervals could not be obtained.

Figs 2e4. Albumin, total bilirubin and cholesterol values
obtained from cats at the time of urate stone removal. Lab
A (Idexx) and Lab B (Antech) were used most often by vet-
erinarians for lab work submission. Normal alkaline
phosphatase (0e62, 6e102 IU/l), albumin (2.3e3.9,
2.5e3.9 g/dl), total bilirubin (0.0e0.4, 0.1e0.4 mg/dl) and
cholesterol (82e218, 75e220 mg/dl) for Lab A and for Lab
B, respectively. Values from the other laboratories were ob-
tained primarily from use of in house chemistry analyzers;
therefore, normal reference intervals could not be obtained.
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only one was positive for a Staphylococcus species.
Liver disease was suspected based on laboratory
values and clinical signs in four additional cases,
however, no liver biopsies or advanced testing for
a PSS were performed. Table 1 displays relevant liver
function parameters for cats with hepatopathies or
a confirmed PSS.

Population B cases

Sixteenurate-containing stoneswere submitted frompa-
tients seen at the UCDavis VMTH from 1982 to 2008. In
this population therewere seven domestic shorthair cats
(44%), three domestic longhair (19%), three Persian
(19%), two Siamese (13%) and one Himalayan. The me-
dian age was 5 years (range <1e10 years) and median
weight was 4 kg (range 2e7.2 kg). Eight of these cats
were female and eight were male.

Presentation and physical examination

Ten of the 16 (63%) cats presented for lower urinary
tract signs (hematuria, pollakiuria or urethral obstruc-
tion), four were referred for evaluation of a PSS, one
was referred for neurologic signs (acute blindness,
disorientation) and one was seen for anorexia. Four
cats had large bladders on physical examination, three
were obtunded and nine cats had no physical exam
findings consistent with lower urinary tract disease.
Three of the stones were collected at necropsy.

Clinicopathologic data

The median values for all hematologic and routine bio-
chemical parameters fell within the reference intervals
of the UC Davis VMTH laboratories. However, four
cats had microcytosis (Fig 5), and three of these cats
were diagnosedwith a PSS. Themedianvalue of all liver

function tests were within the reference interval. Two
cats were hypocholesterolemic (Fig 6); microcytosis
was also present in these two cats and both had a PSS.
Two cats were moderately to severely azotemic (creati-
nine 2.8 and 6.9, blood urea nitrogen 25 and 87, respec-
tively). Furthermore, bile acids were analyzed in six
cats and the median of both the pre- and post-prandial
samples were mildly elevated at 16 and 30 mmol/l
(pre-prandial range 0e133, post-prandial range
15e91). Bile acids were markedly elevated (pre- or
post-prandial greater than 50 mmol/l) in three cats, two
of which were diagnosed with a PSS. The third had he-
patocellular degeneration andnecrosis noted on liver bi-
opsy but no evidence of a shunt.

Urinalyses

Urinalyses were performed in 11 cats. Crystalluria
was identified in four samples (one ammonium biu-
rate, one CaOx and two amorphous crystals). Urine
cultures were performed on 13 samples, all of which
were negative. Antibiotic history of these cats was
not recorded.

Radiographic findings

In five cases radiographs were obtained and uroliths
were identified; uroliths were seen sonographically
in eight cases. No clear urolith was identified in two
cases, but evidence of ureteral obstruction was noted
in both. Shunts were confirmed via either technetium
(two) or ultrasound (one) in three cases.

Liver evaluation

Five of 16 cats (31%) from population B were diag-
nosed with a PSS (three via imaging, two at necropsy).

Table 1. Biochemical parameters from cats with confirmed hepatopathy. No clinicopathologic data were
recorded for two cats with hepatopathies in population B as it was performed at the primary veterinarian
(cat 4) or the urolith was found at necropsy and no clinical evaluation was performed (cat 5). Values in
bold indicate results outside of the reference ranges provided.

MCV
(fl)

Bile acids
(pre, post e mg/dl)

Albumin
(g/dl)

t. Bili
(mg/dl)

Dx

Population A
Cat 1 e 16, 22 e e PSS
Cat 2 41 10.5, 108 2.5 0.1 PSS
Cat 3 35.5 e 2.3 0.1 Hepatopathy
Cat 4 38 18.4, 111 2.5 0.1 Hepatopathy

Population B
Cat 1 42.7 0, 61.2 2.4 0 Hepatopathy
Cat 2 37 10, 17 2.7 0.3 PSS
Cat 3 44.5 133.3, 59.8 2.7 0 PSS
Cat 4 e e e e PSS
Cat 5 e e e e Hepatopathy
Cat 6 39.2 e 2.8 0.2 PSS
Cat 7 41.9 73.8, 91.4 2.4 0.1 PSS
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Histologic evidence of portovascular anomalous ves-
sels (portal arteriolar hyperplasia) was present in
three cases and evidence of hepatic fibrosis and in-
flammation was identified in four cases. Three of the
cats with a PSS had stones composed of 100% urate
while the other two contained 10e40% struvite in
either the core or outer layer. The median age of cats
diagnosed with a PSS in population B was 3 years
old. Two other cats in population B were diagnosed
with hepatopathy. Two cats with liver abnormalities
(PSS and hepatocellular necrosis) were Siamese.

Crystallographic analysis

Of the stones from referring veterinarians, 125/143
(87%) were analyzed by IR and identified as 100%
AHU. In five of these cases, AHU could not be con-
firmed by IR due to the coexistence of other minerals
in a higher content than urate; in 13 cases IR was not
performed because there was not enough urate pres-
ent within the sample or the stones were too small
to obtain IR results. Fifteen out of 16 (94%) of the
stones from population B were identified by IR as
100% AHU. AHU could not be confirmed in one of
the 15 stones due to the coexistence of other minerals.
Figure 7 compares the IR spectrum of a representative
sample composed of only AHU to that of the reference
standard for AHU confirming that the calculus speci-
men is composed of AHU.

XRD was implemented as an additional methodol-
ogy in 20 stones to confirm the IR identification of
AHU in the calculus samples. The urate in these sam-
ples was identified as AHU by XRD. Figure 8 com-
pares a representative diffraction pattern (from the
same calculus depicted in Fig 7) showing the match-
ing peak positions and relative intensities of AHU
(reference material from the ICDD database) confirm-
ing by XRD that the calculus is composed of AHU.

Discussion
Urate-containing uroliths in cats account for approxi-
mately 10% of calculi submitted to our laboratory each
year;3 others report a slightly lower incidence.4 It has
been stated and anecdotally reported that many cases
of urate calculi in cats are found in young cats that
have a PSS,8 even though PSS in cats has been re-
ported to be rare.12 Unfortunately, most cats in our
study had very little data regarding liver evaluation.
Although only two cases from population A were di-
agnosed with a PSS, it was impossible to identify
which cats within this retrospective series had an un-
derlying liver disorder because very few cases had
full liver function evaluations such as serum bile acids
and imaging studies. Primary and secondary care vet-
erinarians do not appear to evaluate cats for this issue,
perhaps because most of these cats were reported to
have no history or clinical signs (eg, ptyalism, neuro-
logical signs, or lethargy) suggestive of a PSS as well
as normal physical examinations, biochemical panels.
However, a normal biochemical panel cannot exclude
a diagnosis of a PSS. If one suspects a PSS in a cat, se-
rum bile acids are much more sensitive for the diagno-
sis.13 Post-prandial serum bile acids have been
reported to have the highest sensitivity for evaluating
hepatobiliary disease, including a PSS, in the cat.14

When reviewing the records from earlier cases, no
cats were reported to develop clinical signs related
to liver disease in subsequent years, suggesting that
if an underlying hepatopathy such as a PSS was pres-
ent in these cases, it was not severe enough to warrant
evaluation for it by the owner or primary care
veterinarian.

As mentioned, very few cats had serum bile acids
performed and only 5/21 cats (24%) evaluated had el-
evated pre- or post-prandial bile acids, making hepa-
topathies in the remaining 16 cats unlikely.13 In our
study, only two cats (1.2%) from population A had
confirmed shunts; 7/144 (4.9%) may have had an un-
derlying hepatopathy. Although the median values
for all hematologic and biochemical parameters fell
within chosen reference intervals, there was a small
subset of cats whose values were outside of these
ranges. Although not all of these cats had imaging
or liver biopsy to verify the presence of hepatopathy,
it was suspected by the primary clinician in three
cases. Based on this study, if clinicopathologic find-
ings (eg, microcystosis, or rarely hypoalbuminemia)
are suggestive for liver dysfunction in cats with urate

Figs 5 and 6. MCV and cholesterol values obtained from
cats presenting to the UC Davis VMTH (population B) at
the time of urate stone removal. Reference interval for
MCV (42e53 fl), cholesterol (89e258 mg/dl).
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stones, additional diagnostics such as serum bile acids
and imaging studies should be performed. In a case
series evaluating 23 cats with a PSS, all cats had at
least one variable, excluding electrolytes, on the se-
rum biochemical panel out of the reference range.12

Therefore, if abnormalities are detected, further evalu-
ation of the liver is warranted. We cannot state that
cats with normal complete blood counts and biochem-
ical profiles excluded the diagnosis of a shunt. A com-
bination of clinical signs, history, as well as other
ancillary tests (eg, serum bile acids, and imaging
studies) would be needed to confirm or negate
the presence of a PSS or other hepatopathy in cats
with urate stones and normal laboratory values.

Clinicopathologic data obtained in this study were
from various laboratories and submitted by many dif-
ferent veterinarians. The number of abnormalities
detected needs to be interpreted with caution; the
quality and quantity of the samples submitted were
not reported.

In population B, we found that 31% had a PSS con-
firmed. We examined this population of cats sepa-
rately to evaluate the differences between primary
care veterinary cases and those seen at a tertiary
care hospital. Many of the cats referred to the
VMTH for evaluation had abnormal physical exami-
nations or histories suggestive of a PSS. Overall, the
cats diagnosed with a PSS were generally younger

Fig 8. XRD pattern of the same representative sample in Fig 7 (laboratory number 08-0651). Vertical straight lines depict
peak positions and relative intensity of AHU obtained from a reference diffraction database standard (ICDD 52-2414),
thus confirming the stone to be composed of AHU. CPS¼ counts per second.

Fig 7. Infrared spectra of a representative sample (laboratory number 08-0651) (top) and reagent grade AHU (bottom) con-
firming that the sample is composed of AHU. Abs¼ absorbance.
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(median 2 years vs 7 years), which is similar to what
has previously been reported;12 nine had laboratory
values suggestive of a PSS (eg, microcytosis and ele-
vated bile acids). Lastly, cats with a PSS did not neces-
sarily have stones composed of 100% AHU. While
urate was present, three of these stones had AHU
with other minerals present. Therefore, cats with
mixed urate stones do not exclude the possibility of
a PSS present in that cat.

We have previously reported that Siamese cats have
significantly more urate-containing calculi, whereas
Persian cats had significantly less.3 Other laboratories
have reported a higher prevalence of urate urolithiasis
not only in Siamese but also the Egyptain Mau and
Birman breeds.4 Two of the cats from population B
with a confirmed hepatopathy (one PSS, one hepato-
cellular necrosis) were Siamese cats. No Siamese cats
from population A were diagnosed with a PSS, but
not all were fully evaluated for this disorder. It is sug-
gested in some reports that Siamese cats are overrep-
resented when evaluating cats with a PSS15,16 but the
numbers appear too low to draw any conclusions re-
garding risk. Therefore, while the Siamese may be
predisposed to urate stones as we previously re-
ported, the reasons for this risk are still unclear. We
recommend that Siamese be evaluated for liver pa-
thology if clinically indicated.

The pathogenesis of urate stone formation in theDal-
matian has been well described7,17 and a genetic basis
for Dalmatian hyperuricosuria has also been docu-
mented.18 This mutation has been found in other non-
Dalmatian dogs, including the English Bulldog and
Black Russian Terriers.19 To our knowledge, the etiopa-
thogenesis and any genetic studies in cats with urate
stones have not been reported and future studies
should be conducted to evaluate at risk breeds such
as the Siamese, Egyptian Mau, and Birman breeds for
genetic mutations related to purine metabolism.

In this study, only six cats (4%) had recurrent epi-
sodes of urate urolithiasis, which is lower than previ-
ously reported rates of 13.1%.20 The differences
between these two studies are likely due to the fact
that we did not have complete records available to
us for all cats, and we were limited to what was sub-
mitted to us by the referring veterinarian. The recur-
rence rate of urate urolithiasis in Dalmatians has
been reported to be high, with over 22% presenting
with a second episode,21 which is higher than recur-
rence rates reported for cats that had stones submitted
to the Minnesota Urolith Center.20 Further studies are
necessary to document the number of cats with recur-
rent urate urolith formation.

Unlike humans, who primarily form pure uric acid
stones which can precipitate in acidic urine, in this
study the type of urate identified was AHU. Urine
pH can affect crystal formation; depending on which
salt of uric acid is present, the solubility of the urate
stone may be pH dependent.22 Because ammonium
and hydrogen ions may precipitate with uric acid in
urine with a pH approximately <7.0, alkalinization

of the urine (via diet or alkalinizing agents) may be
warranted to help prevent acid metabolites from in-
creasing tubular production of ammonia.23 However,
increasing urine production by increasing water in-
take is still a cornerstone of therapy to dilute solutes
and help prevent recurrence of urate uroliths.

Due to the retrospective nature of this paper, limited
data were available for each cat. The diagnostics were
determined and performed by the various attending
veterinarians and consistent evaluations of liver func-
tion were not performed. Therefore, the exact number
of cats with hepatopathies could not be determined.
Furthermore, different laboratories were used to evalu-
ate the clinicopathologic data. We grouped the data by
laboratory, and reference intervals were similar be-
tween the two laboratories that were primarily utilized.
When we reported abnormalities from these data, ref-
erence intervals were provided from each in-house an-
alyzer. Quality and quantity of all blood and urine
samples were not provided.

To our knowledge, this is the first paper in which the
clinicopathologic data as well as the salt of uric acid
present in stones from cats with urate-containing uro-
liths has been reported. Very rarely, abnormalities re-
lated to liver dysfunction were present on routine
screening blood work in both populations of cats we
evaluated, however, the exact number with underlying
liver pathology could not be determined from our
study because ancillary tests such as serum bile acids
and advanced imaging were not performed on most
cats with urate stones. Specific breeds such as the
Egyptian Mau, Birman, and Siamese have been re-
ported to be at increased risk for urate stones. Prospec-
tive studies are needed to see if full liver evaluations
are warranted in breeds that are predisposed to urate
stones, as well as in cats without a history, clinical signs
and screening blood work suggestive of a PSS.
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