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INCIDENCE
Lower urinary tract disease occurs commonly in cats, but the incidence is un-
known. Previous estimates of the incidence in the United States and United
Kingdom have been 0.85% to 1.0% per year [1,2]. These estimates were based
on the presence of clinical signs only, and therefore did not consider actual di-
agnoses. The proportional morbidity rate, defined as the frequency with which
cases are seen at veterinary hospitals, has been reported to be 10% [3], although
1% to 6% is more commonly reported [3,4]. In a cross-sectional study of 15,226
cats examined at 52 private practices, cats were likely to be examined because
of renal disease, cystitis, feline urologic syndrome, and inappetence [5].

FELINE LOWER URINARY TRACT DISEASE
Any disorder of the lower urinary tract may cause signs of lower urinary tract
disease. In two prospective studies, 1 of 143 cats [6] and 1 of 109 cats [7] with
lower urinary tract disease, idiopathic cystitis was diagnosed most commonly
(Fig. 1). In a retrospective study performed at the University of Georgia and
University of Tennessee of 110 cats older than 10 years of age with lower uri-
nary tract disease, bacterial cystitis was diagnosed most commonly [8]. Thus,
causes of lower urinary tract disease seem to be different in cats of different
ages, although clinical signs are similar.

IDIOPATHIC CYSTITIS
The most common cause of lower urinary tract disease in cats younger than 10
years of age is idiopathic cystitis. Idiopathic cystitis is characterized by signs of
lower urinary tract disease (hematuria, stranguria, pollakiuria, and inappropri-
ate urination) without identifiable cause(s) for the clinical signs. Often, the clin-
ical signs resolve in 3 to 7 days; however, recurrence is variable and
unpredictable. Because no specific cause has been identified, no specific treat-
ment is available that works consistently in all cats.
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The role of a canned diet in managing cats with idiopathic cystitis has been
evaluated in two studies. In one nonrandomized prospective study of cats with
idiopathic cystitis, recurrence of clinical signs occurred in 11% of cats consum-
ing a canned food when compared with 39% of cats consuming a dry food [9].
The diets evaluated in this study were acidifying and formulated to prevent
struvite crystalluria and urolithiasis. In another study, clinical improvement
and decreased recurrence of clinical signs in cats with idiopathic cystitis were
associated with the owners feeding canned foods [10]. Results of these studies
have resulted in the recommendation to feed canned food to cats with idio-
pathic cystitis: however, these studies were not randomized controlled trials.
Furthermore, specific dietary ingredients have not been evaluated in cats
with idiopathic cystitis.

CRYSTAL-RELATED LOWER URINARY TRACT DISEASE
Of the various causes of feline lower urinary tract disease, crystal-related dis-
ease accounts for 15% to 45% of cases. There are many minerals that may pre-
cipitate in the urinary tract to form crystals and stones; however, more than
90% of uroliths from cats are composed of struvite (magnesium ammonium
phosphate hexahydrate) or calcium oxalate monohydrate or dihydrate
(Fig. 2). Struvite is the most common mineral observed to occur in matrix-crys-
talline urethral plugs (Fig. 3).

Urolith and matrix-crystalline plug formation involves complex physiochem-
ical processes. Major factors include (1) urine supersaturation resulting in crys-
tal formation (nucleation); (2) effect of inhibitors of mineral nucleation, crystal
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Fig. 1. Percentage of cats evaluated with lower urinary tract disease in two prospective [6,7]
and one retrospective [8] studies. Cats in the retrospective study were older than 10 years
of age.



1363NUTRITION AND FELINE LOWER URINARY TRACT DISEASE
aggregation, and crystal growth; (3) crystalloid complexors; (4) effects of pro-
moters of crystal aggregation and growth; (5) effects of noncrystalline matrix;
(6) and urine retention or slowed transit for the process to occur [11,12]. Ure-
thral matrix-crystalline plugs have only been identified in male cats and may
represent an intermediate phase between lower urinary tract inflammation
without crystals and urolith formation [13]. The most important driving force

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

Struvite
Calcium
oxalate
Calcium
phosphate

Purine

Matrix
Other

Fig. 2. Mineral composition of 55,418 uroliths retrieved from cats and analyzed at the
Minnesota Urolith Center between 1981 and 2003. (From Kirk CA, Bartges JW. Dietary
considerations for calcium oxalate urolithiasis. In: August JR, editor. Consultations in feline
medicine, vol. 5. St. Louis (MO): Elsevier; 2005. p. 425; with permission.)
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Fig. 3. Mineral composition of 1901 matrix-crystalline urethral plugs retrieved from male cats
and analyzed at the Minnesota Urolith Center between 1981 and 1997. (From Osborne CA,
Lulich JP, Albansan H, et al. Mineral composition of feline uroliths and urethral plugs: current
status. In: Managing urolithiasis in cats: recent updates and practice guidelines. Topeka (KS):
Hill’s Pet Nutrition Inc.; 2003. p. 26; with permission.)
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behind urolith formation is urinary supersaturation with calculogenic sub-
stances [14]; however, as mentioned previously, other factors are important.
The goal of urinary crystal-related disease is to promote a reduced state of uri-
nary saturation.

Urolithiasis
Calcium oxalate
Calcium oxalate urolith formation occurs when urine is oversaturated with cal-
cium and oxalate [14]. In addition to these alterations in activities of ions, large-
molecular-weight proteins occurring in urine, such as nephrocalcin, uropontin,
and Tamm-Horsfall mucoprotein, influence calcium oxalate formation [15].
We have a limited understanding of the role of these macromolecular and ionic
inhibitors of calcium oxalate formation in cats. Certain metabolic factors are
known to increase the risk of calcium oxalate urolith formation in several spe-
cies, including cats. Medical and nutritional strategies for stone prevention have
focused on amelioration of these factors.

Hypercalcemia is associated with an increased risk of calcium oxalate urolith
formation. In cats with calcium oxalate uroliths, hypercalcemia was observed in
35% of the cases [16]. Conversely, uroliths developed in 35% of cats with idi-
opathic hypercalcemia [17]. Hypercalcemia results in increased calcium frac-
tional excretion and hypercalciuria when severe.

Hypercalciuria is a significant risk factor but not necessarily the cause of cal-
cium oxalate urolith formation in human beings, dogs, and cats [18]. Hypercalciu-
ria can result from excessive intestinal absorption of calcium (gastrointestinal [GI]
hyperabsorption), impaired renal reabsorption of calcium (renal leak), or exces-
sive skeletal mobilization of calcium (resorptive) [12]. In Miniature Schnauzers,
GI hyperabsorption seems to occur most commonly, although renal leak hyper-
calciuria has also been observed [19]. Hypercalciuria has not been well defined
in normocalcemic cats with calcium oxalate uroliths but is thought to occur.

Metabolic acidosis promotes hypercalciuria by promoting bone turnover (re-
lease of calcium with buffers from bone); increasing serum ionized calcium con-
centration, resulting in increased urinary calcium excretion; and decreased
renal tubular reabsorption of calcium. Consumption of diets supplemented
with the urinary acidifier ammonium chloride by cats has been associated
with increased urinary calcium excretion [20]. Significant aciduria (urine pH
<6.2) may represent a risk factor for calcium oxalate formation because of acid-
emia and hypercalciuria. In addition, acidic urine alters the function and con-
centration of crystal inhibitors. Low urine pH decreases the urinary citrate
concentration by increasing renal proximal tubular citrate reabsorption. Acidic
urine is known to impair the function of macromolecular protein inhibitors.

Inhibitors, such as citrate, magnesium, and pyrophosphate, form soluble
salts with calcium or oxalic acid and reduce the availability of calcium or oxalic
acid for precipitation. Other inhibitors, such as Tamm-Horsfall glycoprotein
and nephrocalcin, interfere with the ability of calcium and oxalic acid to com-
bine, minimizing crystal formation, aggregation, and growth.
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Oxalic acid is a metabolic end product of ascorbic acid (vitamin C) and sev-
eral amino acids, such as glycine and serine, derived from dietary sources. Ox-
alic acid forms soluble salts with sodium and potassium ions but a relatively
insoluble salt with calcium ions. Therefore, any increased urinary concentra-
tion of oxalic acid may promote calcium oxalate formation. Dietary increases
of oxalate and vitamin B6 deficiency are known factors increasing urinary ox-
alate. Hyperoxaluria has been observed experimentally in kittens consuming
vitamin B6–deficient diets [11] but has not been associated with naturally occur-
ring calcium oxalate urolith formation. Genetic anomalies may increase urine
oxalic acid concentration. Hyperoxaluria has also been recognized in a group
of related cats with reduced quantities of hepatic D-glycerate dehydrogenase,
an enzyme involved in the metabolism of oxalic acid precursors (primary hy-
peroxaluria type II) [21]. Hyperoxaluria has also been associated with defective
peroxisomal alanine/glyoxylate aminotransferase activity (primary hyperoxalu-
ria type I) and intestinal disease in human beings (enteric hyperoxaluria).
These have not been evaluated in cats.

Decreased urine volume results in increased calcium and oxalic acid satura-
tion and an increased risk for urolith formation. Cats can achieve urine specific
gravities in excess of 1.065, indicating a marked ability to produce concentrated
urine. Many cats affected with calcium oxalate uroliths have a urine specific
gravity greater than 1.040 unless there is some impairment of renal function
or concentrating ability [18].

Detection of calcium oxalate crystals indicates that urine is supersaturated
with calcium oxalate and, if persistent, represents an increased risk for calcium
oxalate urolith formation. Calcium oxalate crystalluria is present in less than
50% of feline cases at the time of diagnosis of urolithiasis, however [18].

Medical protocols that promote dissolution of calcium oxalate uroliths are
not currently available; therefore, uroliths must be removed physically, surgi-
cally or by voiding urohydropropulsion [22].

Nutritional or medical protocols should be considered to minimize urolith
recurrence or prevent further growth of uroliths remaining in the urinary tract.
A significant number of cats develop recurrent uroliths within 2 years of their
initial episode if prevention protocols are not initiated [23]. If possible, meta-
bolic factors known to increase calcium oxalate risk should be corrected or
minimized. Goals of dietary prevention include (1) reducing urine calcium
and oxalate concentration, (2) promoting high concentrations and activity of
urolith inhibitors, (3) reducing urine acidity, and (4) promoting dilute urine.

Increasing urine volume is a mainstay of preventative therapy for calcium
oxalate urolithiasis in human beings. By increasing water intake, urinary con-
centrations of calculogenic minerals are reduced. In addition, larger urine vol-
umes typically increase urine transit time and voiding frequency, thereby
reducing retention time for crystal formation and growth. Feeding cats a canned
food is the most practical means of increasing water intake and lowering cal-
cium oxalate urine saturation. The goal is to dilute urine to a specific gravity
of 1.030 or lower [24]. Flavoring water, enhancing water access, and adding
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water to dry foods may be used in cats that refuse to eat canned foods. Sodium
chloride should not routinely be added to the diet in an effort to stimulate
thirst. Although cats increase water intake and dilute urine in response to
salt, the consequence of high-sodium foods in cats prone to oxalate uroliths
is unknown. Increased dietary sodium may increase urinary calcium excretion
and can contribute to ongoing renal damage in cats with marginal renal
function [24].

The solubility of calcium oxalate in urine is minimally influenced by pH;
however, epidemiologic studies consistently identify acidifying diets among
the most prominent risk factors for calcium oxalate urolithiasis [25–27]. Persis-
tent aciduria may be associated with low-grade metabolic acidosis, which pro-
motes bone mobilization and increases urinary calcium excretion. In a case
series of five cats with hypercalcemia and calcium oxalate uroliths, discontinu-
ation of acidifying diets or urinary acidifiers was associated with normalization
of the serum calcium concentration [26]. Furthermore, aciduria promotes hypo-
citraturia and functional impairment of endogenous urolith inhibitors. Thus,
feeding an acidifying diet or administering urinary acidifiers to cats at risk
for calcium oxalate is contraindicated. A target urine pH of 6.6 to 7.5 is sug-
gested in cats at risk for recurrence of calcium oxalate uroliths [24].

Although reduction of urine calcium and oxalic acid concentrations by re-
striction of dietary calcium and oxalic acid seems logical, it is not without
risk. Reducing consumption of only one of these constituents may increase
availability and intestinal absorption of the other, resulting in increased urinary
excretion. Conversely, increasing dietary calcium levels in normal cats contrib-
utes directly to an increased urine calcium concentration. Because epidemio-
logic data in cats suggest that marked dietary calcium restriction increases
urolith risk, moderate levels of dietary calcium are advised in nonhypercalce-
mic cats [24].

Urinary oxalate is derived from the endogenous metabolism of oxalate pre-
cursors (ie, glycine, ascorbic acid) and dietary oxalic acid. Most pet food ingre-
dients are low in oxalic acid, with the exception of vegetables, legumes, and
several vegetable-based fermentable fibers (ie, beet pulp, soybean fiber).
Dietary oxalic acid concentrations in foods for cats should be reduced to the
lowest possible level. Suggested levels are less than 20 mg of oxalic acid per
100 g of food (dry matter basis) [25].

Excess intake of vitamin C, a metabolic oxalate precursor, should similarly
be avoided [24]. Although normal dietary vitamin C levels are not considered
a risk in human beings, extremely small increases in urinary oxalate are a con-
cern in urolith formers. Because cats do not have a dietary vitamin C require-
ment, supplementation should be avoided in foods fed to cats at risk for
calcium oxalate uroliths. Cranberry concentrate tablets are also contraindi-
cated. They provide mild acidification and are high in oxalate as well as vita-
min C [28].

Potassium citrate is often included in diets designed for calcium oxalate pre-
vention. In urine, citric acid combines with calcium to form soluble complexes,
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thereby reducing the ionic calcium concentration. Citric acid also directly
inhibits nucleation of calcium and oxalate crystals. When oxidized within the
tricarboxylic acid cycle, supplemental citrate results in urine alkalinization
because of the production of bicarbonate. The metabolic alkalinization in-
creases endogenous renal citrate excretion and reduces calcium absorption
and urinary excretion [24]. Commercial products that add citrate but continue
to acidify the urine (pH < 6.5) negate the benefit of citrate therapy.

Consumption of high levels of sodium may augment renal calcium excretion
in human beings. Recent studies in healthy cats did not find increased urine
calcium excretion in response to high dietary salt intake [24]. In cats with mar-
ginal renal function and increased calciuria, sodium exacerbated calcium excre-
tion. No studies have evaluated the effect of sodium in cats prone to calcium
oxalate stones. Epidemiologic evidence suggests that low dietary sodium levels
in cat foods increase the risk for calcium oxalate urolithiasis [29]. Nonetheless,
when fed a food lower in sodium, cats with naturally occurring calcium oxalate
uroliths excreted less urine calcium [23]. Until further data are available, orally
administered sodium chloride or loop diuretics, which promote renal sodium
excretion, for diuresis should be used cautiously and with careful monitoring
because they may increase the risk of calcium oxalate urolith formation in
some patients. Recommended levels of sodium in foods for cats predisposed
to calcium oxalate formation are between 0.3% and 0.5% sodium on a dry
matter basis.

Dietary phosphorus should not be restricted in cats with calcium oxalate uro-
lithiasis. Low dietary phosphorus is a risk factor for calcium oxalate urolith for-
mation in cats [29]. Reduction in dietary phosphorus may be associated with
activation of vitamin D, which, in turn, promotes intestinal calcium absorption
and hypercalciuria. Additionally, phosphate status determines pyrophosphate
urinary concentrations, an inhibitor of calcium oxalate urolith formation in
human beings and rodents. If calcium oxalate urolithiasis is associated with
hypophosphatemia and normal calcium concentration, oral phosphorus supple-
mentation may be considered. Caution should be used, however, because
excessive dietary phosphorus may predispose to formation of calcium phos-
phate uroliths. Whether this occurs in cats is unknown. Phosphorus levels in
the foods for cats predisposed to calcium oxalate formation should not be
excessive. Levels from 0.5% to 0.8% have been recommended [24].

Urinary magnesium forms complexes with oxalic acid, reducing the amount
of oxalic acid available to form calcium oxalate. Studies in cats associate low
dietary magnesium with calcium oxalate risk [26,27,29–32]. In human beings,
supplemental magnesium has been used to minimize the recurrence of calcium
oxalate uroliths; however, supplemental magnesium may increase the risk of
struvite formation in cats. At this time, the risks and benefits of magnesium
supplementation to cats with calcium oxalate urolithiasis have not been evalu-
ated, and it is not advised. It seems logical that magnesium should not be
highly restricted in diets that are consumed by cats with calcium oxalate uro-
lithiasis. Many diets that claim to benefit feline ‘‘urinary tract health’’ are
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reduced in magnesium and promote urinary acidification. These foods are de-
signed for struvite prevention and are not appropriate for cats at risk for
calcium oxalate urolithiasis. Prudent levels of dietary magnesium are from
0.08% to 0.10% dry matter, or approximately 20 mg of magnesium per 100
kcal [24,29].

Consumption of high amounts of animal protein by human beings is associ-
ated with an increased risk of calcium oxalate formation. Dietary protein of an-
imal origin may increase urinary calcium and oxalic acid excretion, decrease
urinary citrate excretion, and promote bone mobilization to buffer the acid in-
take from metabolism of animal proteins. A case-control study showed that
higher protein concentration in cat foods seemed to be protective against cal-
cium oxalate uroliths, however [29]. Protein levels between 8 and 9 g of protein
per 100 kcal seemed most protective. Although several coassociations (eg, high-
er protein in canned foods) might explain this finding, cats are obligatory car-
nivores and dietary protein restriction in the management of calcium oxalate
urolithiasis is not advised.

Excessive levels of vitamin D (which promotes intestinal absorption of cal-
cium) and vitamin C (which is a precursor of oxalic acid) should be avoided.
Diets with vitamin D levels between 500 and 2000 IU/kg should suffice. As dis-
cussed previously, vitamin C is an oxalate precursor as well as a weak urinary
acidifier. Both features may increase the likelihood of urolith recurrence.

The diet should be adequately fortified with vitamin B6 because vitamin B6

deficiency promotes endogenous production and subsequent urinary excretion
of oxalic acid [33]. There is no evidence that providing increased vitamin B6

beyond meeting the nutritional requirement provides a benefit in cats. Because
most commercial diets designed for cats are well fortified with vitamin B6, it is
unlikely that additional supplementation is beneficial, except in homemade di-
ets. Regardless, vitamin B6 is reasonably safe and sometimes provided to cats
with persistent calcium oxalate crystalluria or frequent recurrences.

Increased dietary fiber intake is associated with a decreasing risk of calcium
oxalate recurrence in some human beings but not in cats unless they are hyper-
calcemic. Certain types of fiber (soy or rice bran) decrease calcium absorption
from the GI tract, which may decrease urinary calcium excretion. Also, higher
fiber diets tend to be less acidifying. In five cats with idiopathic hypercalcemia
and calcium oxalate uroliths, feeding a high-fiber diet with supplemental potas-
sium citrate resulted in normalization of serum calcium concentrations [34];
however, the efficacy of increased fiber intake is unproved at this time.

Although the relation of obesity to urolith formation is not understood, it re-
mains a consistent risk factor in all studies to date. Restricting food intake to
obtain an ideal weight and body condition is encouraged.

Cats that are meal fed, on average, have a more alkaline urinary pH, con-
trolled food intake for obesity prevention, and a lower risk of calcium oxalate
urolith formation. This method of feeding is also the preferred choice for
canned foods. This is a relatively simple step that owners can take to improve
preventative measures.
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At the time of writing, there are three therapeutic foods that are formulated
and marketed for the prevention of calcium oxalate uroliths in cats (Table 1).
These diets contain potassium citrate (as an alkalinizing agent and a source of
citrate) and are designed to induce a higher urine pH compared with standard
foods or are designed to promote a significant increase in water intake. Con-
sumption of Prescription Diet Feline x/d (Hill’s Pet Nutrition, Topeka, Kansas)
and Urinary SO (Royal Canin, St. Charles, Missouri) by healthy cats results in

Table 1
Comparison of diets formulated for prevention of calcium oxalate urolithiasis in cats

Component
x/d
drya

x/d
canneda

pH/O
dryb

pH/O
cannedb

S/O
dryc

S/O
cannedc

Moisture As fed (%) 8 76 10 78 7 79
Protein

As fed (%) 31.3 10.5 32.4 10.6 32.2 8.5
Dry matter (%) 34.0 42.9 36.0 48.3 34.6 40.5
G/100 kcal ME 8.3 8.8 7.7 9.2 7.8 8.3

Fat
As fed (%) 15.3 4.8 16.5 6.9 17.5 9.1
Dry matter (%) 16.6 19.6 18.3 31.2 18.0 43.1
G/100 kcal ME 4.1 4.0 3.9 5.9 4.2 8.8

Fiber
As fed (%) 0.8 0.6 1.7 0.2 3.0 0.51
Dry matter (%) 0.9 2.4 1.9 1.0 3.2 2.4
G/100 kcal ME 0.2 0.5 0.4 0.2 0.7 0.5

Sodium
As fed (%) 0.33 0.09 0.44 0.11 1.3 0.2
Dry matter (%) 0.36 0.37 0.49 0.5 1.4 1.0
G/100 kcal ME 0.09 0.08 .10 0.10 0.32 0.20

Calcium
As fed (%) 0.70 0.17 1.01 0.27 1.0 0.21
Dry matter (%) 0.76 0.69 1.12 1.23 1.1 1.0
G/100 kcal ME 0.19 0.14 0.24 0.23 0.24 0.20

Phosphorus
As fed (%) 0.61 0.13 0.87 0.20 0.8 0.28
Dry matter (%) 0.66 0.53 0.97 0.91 0.86 1.33
G/100 kcal ME 0.16 0.11 0.21 0.17 0.19 0.27

Magnesium
As fed (%) 0.07 0.02 0.08 0.02 0.07 0.02
Dry matter (%) 0.08 0.08 0.09 0.14 0.08 0.09
G/100 kcal ME 0.02 0.02 0.02 0.02 0.02 0.02

Dry matter indicates percentage of nutrient in product after moisture is removed. G/100 kcal ME indicates
intake for every 100 kcal of metabolizable energy consumed.

aPrescription Diet Feline x/d: nutrient information for diets as of November 2004; manufactured by
Hill’s Pet Nutrition, (Topeka, Kansas).

bModerate pH/O/Feline: nutrient information for diets as of July 2003; manufactured by Iams
Company (Dayton, Ohio).

cUrinary S/O: nutrient information for diets as of November 2004; manufactured by Royal Canin (St.
Charles, Missouri).

From Kirk CA, Bartges JW. Dietary considerations for calcium oxalate urolithiasis. In: August JR, editor.
Consultations in feline medicine, vol. 5. St. Louis (MO): Elsevier; 2005. p. 431.
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low urine saturation with calcium oxalate. Clinical trials using Prescription Diet
Feline x/d in cats with naturally occurring calcium oxalate urolithiasis reduced
calcium oxalate supersaturation by 59% [23]. The reduction in calcium oxalate
formation production seemed to be a function of its ability to lower urine cal-
cium. We have had some success in reducing mild hypercalcemia in certain
calcium oxalate urolith-forming cats by feeding a high-fiber diet (Prescription
Diet Feline w/d; Hill’s Pet Nutrition) and administering potassium citrate.

Struvite
Struvite is another name for crystals or uroliths composed of magnesium
ammonium phosphate hexahydrate. The chemical composition of struvite is
Mg2þ NH4

þ PO4 [3�]*6H2O. For uroliths to form, urine must be oversatu-
rated with respect to the minerals that precipitate to form that type of urolith.
For struvite uroliths to form, urine must be oversaturated with magnesium, am-
monium, and phosphate ions. Urinary oversaturation with struvite may occur
as a consequence of a urinary tract infection with a urease-producing microbe
(infection-induced struvite) or without the presence of a urinary tract infection
(sterile struvite) in cats [35].

Sterile struvite. Sterile struvite uroliths typically form in cats between 1 and 10
years of age. The risk for struvite urolith formation decreases after approxi-
mately 6 to 8 years of age in cats [32]. They occur with equal frequency in
male and female cats. Sterile struvite uroliths form because of dietary compo-
sition as well as innate risks for urolith formation. Experimentally, magnesium
phosphate and struvite uroliths formed in healthy cats consuming calculogenic
diets containing 0.15% to 1.0% magnesium (dry matter basis) [36–38]. These
data are difficult to interpret, however, because the amount of magnesium con-
sumption by cats in these studies may be different than that by cats consuming
commercial diets and spontaneously forming sterile struvite uroliths because of
differences in caloric density, palatability, and digestibility [39]. The influence
of magnesium on struvite formation depends on urine pH [40] and the influ-
ence of ions, minerals, and other components in urine [41]. Alkaluria is associ-
ated with an increased risk for struvite formation [42,43]. In a clinical study
including 20 cats with naturally occurring struvite urocystoliths and no detect-
able bacterial urinary tract infection, the mean urinary pH at the time of diag-
nosis was 6.9 � 0.4 [35]. An additional factor is water intake and urine volume.
Consumption of increased quantities of water may result in lowering concen-
trations of calculogenic substances in urine, thus decreasing the risk of urolith
formation [44]. Consumption of small quantities of food frequently rather than
one or two large meals per day is associated with the production of more acidic
urine and a lesser degree of struvite crystalluria by cats [45,46].

Sterile struvite uroliths can be dissolved by feeding a diet that is restricted in
magnesium, phosphorous, and protein and that induces aciduria relative to
maintenance adult cat foods [35]. In a clinical study including 22 cats with sterile
struvite urocystoliths, urocystoliths dissolved in 20 cats in a mean of 36.2� 26.6
days (range: 14–141 days) [35]. The cats were fed a high-moisture (canned)



1371NUTRITION AND FELINE LOWER URINARY TRACT DISEASE
calorically dense diet containing 0.058% magnesium (dry matter basis) and
increased sodium chloride (0.79% dry matter basis). The diet (Prescription
Diet Feline s/d; Hill’s Pet Nutrition) induced a urine pH of approximately 6.0.

Prevention of sterile struvite uroliths involves inducing a urine pH less than
approximately 6.8; increasing urine volume; and decreasing excretion of mag-
nesium, ammonium, and phosphorous. There are many diets available that are
formulated to be ‘‘struvite preventative.’’

Infection-induced struvite. Infection-induced struvite uroliths occur more com-
monly in cats less than 1 year and greater than 10 years of age. There is no
published information on gender predilection for infection-induced struvite
uroliths in cats. Infection induced-struvite uroliths form because of an infection
with a urease-producing microbe in a fashion similar to that in dogs and human
beings [38]. In this situation, dietary composition is not important, because the
production of the enzyme urease by the microbial organism is the driving force
behind struvite urolith formation.

Infection-induced struvite uroliths can be dissolved by feeding a ‘‘struvite
dissolution’’ diet and administering an appropriate antimicrobial agent based
on bacteriologic culture and sensitivity testing. The average dissolution time
for infection-induced struvite uroliths was 79 days (range: 64–92 days) in three
cats reported on in a study [35]. It is important that the cat receives an appro-
priate antimicrobial agent during the entire time of medical dissolution, because
bacteria become trapped in the matrix of the urolith and are released into urine
as the urolith dissolves. If therapeutic levels of an appropriate antimicrobial
agent are not present in urine, an infection may recur and dissolution ceases.

Prevention of infection-induced struvite does not require feeding a special
diet, because the infection causes these struvite uroliths to form. It involves pre-
venting a bacterial urinary tract infection from recurring and treating bacterial
infections as they arise. Dietary manipulation does not prevent infection-
induced struvite uroliths from recurring, because diet does not prevent the
recurrence of a bacterial urinary tract infection.

Purines
Uric acid is one of several biodegradation products of purine nucleotide metab-
olism [47]. In most dogs and cats, allantoin is the major metabolic end product;
it is the most soluble of the purine metabolic products excreted in urine. Purine
accounted for approximately 5% to 8% of feline uroliths submitted to the
Minnesota Urolith Center from 1981 to 2002: 64 (0.14%) were composed of
xanthine and the rest were composed of urate. Ammonium urate is the mono-
basic ammonium salt of uric acid, and it is the most common form of naturally
occurring purine uroliths observed to occur in dogs and cats [48]. Other natu-
rally occurring purine uroliths include sodium urate, sodium calcium urate,
potassium urate, uric acid dihydrate, and xanthine.

Urate. Urate uroliths have been observed in several breeds of cats; male cats
seem to be affected as frequently as female cats. Most urate uroliths occur in
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cats younger than 4 years of age. Urate uroliths may occur as a consequence of
liver disease, specifically a portal vascular anomaly, or without the presence of
liver disease, termed idiopathic urate urolithiasis. Urate uroliths occurring in
association with portal vascular anomalies are most commonly composed of
ammonium urate and are often diagnosed in cats younger than 1 year of age.

Apparently, there have been few studies of the biologic behavior of ammo-
nium urate uroliths in dogs with portal vascular anomalies [49–52] and none in
cats. It is logical to hypothesize that elimination of hyperuricuria and reduction
of urine ammonium concentration after surgical correction of anomalous
shunts would result in spontaneous dissolution of uroliths composed primarily
of ammonium urate. Appropriate clinical studies are needed to prove or dis-
prove this hypothesis. We have occasionally been successful in medically dis-
solving urate uroliths in dogs with portal vascular anomalies but have not
attempted dissolution in cats with ammonium urate uroliths and portal vascu-
lar anomalies. Additional clinical studies are needed to evaluate the relative
value of calculolytic diets, allopurinol, or alkalinization of urine in dissolving
ammonium urate uroliths in cats with portal vascular anomalies. The pharma-
cokinetics and efficacy of allopurinol may be altered in cats with portal vascular
anomalies, because biotransformation of this drug, which has a short half-life,
to oxypurinol, which has a longer half-life, requires adequate hepatic function.
Xanthine uroliths have been observed to form in dogs with portal vascular
anomalies given allopurinol; therefore, allopurinol had an effect on xanthine
oxidase conversion of xanthine to uric acid.

Although no studies have been performed evaluating the efficacy or safety of
medical dissolution of urate uroliths in cats with idiopathic urate urolithiasis,
we have successfully dissolved urate uroliths in cats using a low-protein diet
(Prescription Diet k/d; Hill’s Pet Products) and allopurinol (7.5 mg/kg admin-
istered orally every 12 hours). Until further studies are performed to confirm
the safety and efficacy of medical dissolution, surgical removal remains the
treatment of choice for urate uroliths in cats. Prevention of urate urolith recur-
rence in cats has been greater than 90% successful when using a protein-
restricted alkalinizing diet (Prescription Diet k/d).

Xanthine. Xanthine uroliths retrieved and analyzed from cats contain pure xan-
thine, although a few contain small quantities of uric acid. Of 64 cats that
formed xanthine uroliths in one report [53], none of the cats had been treated
with the xanthine oxidase inhibitor, allopurinol. Sixty-one xanthine uroliths
were obtained from the lower urinary tract, whereas xanthine uroliths from
3 cats came from the upper urinary tract. Xanthine uroliths occurred in 30 neu-
tered and 8 nonneutered male cats and in 25 neutered female cats (the gender
of 1 cat was not specified). The mean age of the cats at the time of diagnosis of
xanthine uroliths was 2.8 � 2.3 years (range: 4 months to 10 years). Eight of
the 64 cats were less than 1 year of age. Urinary uric acid excretion was similar
between 8 xanthine urolith-forming cats and healthy cats (2.09 � 0.8 mg/kg/d
versus 1.46 � 0.56 mg/kg/d); however, urinary xanthine excretion (2.46 �



1373NUTRITION AND FELINE LOWER URINARY TRACT DISEASE
1.17 mg/kg/d) and urinary hypoxanthine excretion (0.65 � 0.17 mg/kg/d) were
higher (neither are detectable in urine from healthy cats).

No medical dissolution protocol for feline xanthine uroliths exists. Preven-
tion involves feeding a protein-restricted alkalinizing diet. Without preventative
measures, xanthine uroliths often recur within 3 to 12 months after removal. In
10 cats consuming the protein-restricted alkalinizing diet and followed for at
least 2 years, only 1 has had a recurrence.

Cystine
Cystine accounts for less than 1% of feline uroliths. Cysteine uroliths occur
with equal frequency in male and female cats. The mean age at diagnosis of
cats with cystine uroliths is 4.1 years (range: 10 months to 11 years) [39].
Most cats affected with cystine uroliths are domestic short-hair cats.

Cystine uroliths occur when urine is oversaturated with cystine. Cystine is
a disulfide-containing amino acid that is normally filtered and reabsorbed by
proximal renal tubular cells. Therefore, cystinuria occurs when there is a defect
in proximal renal tubular absorption and must be present for cystine uroliths to
form. Evaluation of urine amino acid profiles from four cats with cystine uro-
liths revealed increased concentrations of the amino acids cystine, arginine, ly-
sine, and ornithine [39,54].

Medical protocols exist for dissolution of cystine uroliths in dogs using thiol-
containing drugs, such as N-(2-mercaptopropionyl)-glycine (2-MPG), with or
without dietary modification [55] or urinary alkalinization. Reducing dietary
protein has the potential of minimizing the formation of cystine uroliths by de-
creasing intake and excretion of sulfur-containing amino acids and by decreas-
ing renal medullary tonicity, resulting in a larger urine volume. Many feline
protein-restricted diets are formulated for use with renal failure and have an
added advantage of containing a urinary alkalinizing agent. Solubility of cystine
increases exponentially when the urine pH is greater than 7.2 [56]. If necessary
or if dietary modification cannot be implemented, potassium citrate may be ad-
ministered to induce alkaluria. Although thiol-containing drugs are used in
dogs and human beings, their use has not been evaluated adequately in cats.

Matrix-Crystalline Urethral Plugs
Urethral matrix-crystalline plugs occur in approximately 20% of male cats
younger than 10 years of age that are presented with obstructive lower urinary
tract disease [6]. Urethral plugs have only been observed to occur in male cats.
They are composed of at least 45% to 50% matrix and variable amounts of
mineral; they may be composed entirely of matrix [57]. Struvite is the most
common mineral found in urethral plugs. Multiple factors are thought to be
associated with urethral plug formation. If a mineral is present in the urethral
plug, risk factors associated with that crystal formation, as discussed previ-
ously, are involved, at least in part. Compared with uroliths, urethral plugs
contain large quantities of matrix. Components of matrix that may be impor-
tant in urethral plug formation include Tamm-Horsfall mucoprotein, serum
proteins, cellular debris, and virus-like particles [13,58].
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Management of urethral matrix-crystalline plugs involves relieving the ob-
structive uropathy [59]. Modifying urine composition by feeding a therapeutic
diet may be beneficial if mineral is present in the urethral plug. Increasing urine
volume may help to decrease the concentration of minerals and matrix compo-
nents in urine. Successful prevention of recurrent urethral obstruction using
diets designed to reduce urine pH and urine magnesium and phosphorous con-
centrations has been reported [60]. Perineal urethrostomy may be considered
in cats with recurrent urethral plug formation; however, it is associated with
complications, including recurrent bacterial urinary tract infections and lower
urinary tract disease [60].

Not all feline urinary tract disorders are associated with dietary factors; how-
ever, most benefit from nutritional management. It is important to understand
the pathophysiology of feline lower urinary tract disease and the physiologic
effects of foods and feeding so as to formulate the best nutritional and treat-
ment plan.
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