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Calcium oxalate (CaOx) urolithiasis in both cats
and dogs has become a frustrating problem for
veterinary practitioners. This frustration arises

from the lack of knowledge about the reasons for
CaOx urolith formation—and hence, the inability to
develop specific therapies to prevent their formation.
In addition, there is no known therapeutic protocol to
cause these stones to dissolve.

The incidence of different types of uroliths has
changed significantly over the past two decades. The
incidence of struvite (magnesium ammonium phos-
phate) uroliths has decreased and that of CaOx uroliths
has increased. This shift has been especially dramatic
in cats; CaOx uroliths have increased from less than
5% to approximately 65% of all uroliths analyzed. Part
of this difference may be related to the fact that some
struvite stones are dissolved by medical therapy and
therefore are not analyzed; however, it is also clear
that there has been a true shift in the percentage of
each type of urolith.

In cats, one postulated reason for the shift to CaOx
urolithiasis is the feeding of diets formulated to prevent
struvite crystalluria. These diets are generally restricted in
magnesium, may contain supplemental sodium chloride
to increase water consumption and decrease urine con-
centration, and are formulated to produce acidic urine.
The amount of acidifying agent in the diet may result in
some degree of metabolic acidosis. Excess hydrogen ions
are buffered by several mechanisms, including exchange
of calcium ions from bone for hydrogen ions. The mobi-
lized calcium may then be excreted in the urine. In rats
and humans, magnesium is an inhibitor of CaOx crystal
formation. It has been suggested that low-magnesium
diets result in decreased urinary magnesium levels, re-
ducing the effect of this inhibitor.

Increasing numbers of animals, especially cats, are
being diagnosed with nephroliths and ureteroliths. The
vast majority of these uroliths are composed of CaOx.
Nephroliths usually do not pose a medical emergency,
although they can result in destruction of renal
parenchyma as they enlarge or if they are associated
with infection or obstruct urine outflow. Ureteral
stones can cause obstructive uropathy. Unilateral
obstruction often goes unrecognized because function
in the contralateral kidney prevents azotemia and ure-
mia. Bilateral ureteroliths, or unilateral stones associ-
ated with renal dysfunction in the contralateral kidney,
can cause acute uremia. Chronic ureteral obstruction
can result in hydronephrosis and/or destruction of
renal parenchyma. Urethral obstruction can cause blad-
der distention, anuria, postrenal azotemia, and death if
urine output is not restored.

DIAGNOSTIC CRITERIA

Historical Information
Gender Predisposition
• Dogs: Castrated males. Male dogs are more likely to

be affected than females and are more likely to
develop urethral obstruction because of decreased
distensibility of the penile urethra.

• Cats: Males and neutered cats.

Age Predisposition
• Dogs: Older dogs (mean age at diagnosis, 8 years).
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KEY TO COSTS
$ indicates relative costs of any diagnostic and treatment regimens listed.

$ costs under $250
$$ costs between $250 and $500

$$$ costs between $500 and $1,000
$$$$ costs over $1,000

• Cats: Middle-aged to older cats; most commonly diagnosed in cats 4 to 7
years of age.

Breed Predisposition
• Dogs: Miniature and standard schnauzers, Lhasa apso, Yorkshire terrier,

bichon frise, shih tzu, and miniature and toy poodles.
• Cats: British shorthair, Burmese, exotic shorthair, foreign shorthair,

Havana brown, Himalayan, Persian, Scottish fold, and ragdoll.

Owner Observations
• Nephroliths: Hematuria; signs of uremia, including depression, anorexia,

vomiting, and dehydration; occasionally, renal, abdominal, or lumbar
pain. Often asymptomatic.

• Ureteroliths: Hematuria; signs of uremia, including depression, anorexia,
vomiting, and dehydration; renal, abdominal, or lumbar pain. 

• Cystic calculi: Hematuria, stranguria, pollakiuria, inappropriate urination,
abdominal discomfort. 

• Urethral calculi: Hematuria, stranguria, pollakiuria, inappropriate urination.
• Urethral obstruction: Abdominal pain; signs of uremia, including depres-

sion, anorexia, vomiting, and dehydration.

Other Historical Considerations/Predispositions
• Dogs: Hypercalcemia, hyperadrenocorticism, obesity. 
• Cats: Hypercalcemia, obesity.

Physical Examination Findings
• Nephroliths and ureteroliths: May not cause any abnormal physical find-

ings. Dehydration and/or depression in uremic patients. Renomegaly;
renal, abdominal, or lumbar pain. 

• Cystic calculi: Abdominal palpation may cause discomfort or pain; calculi
may be palpated per abdomen.

• Urethral calculi: If urethral obstruction is present, an enlarged, painful,
turgid urinary bladder may be noted on abdominal palpation; dehydra-
tion; depression in uremic patients. Calculi may be palpated by digital rec-
tal examination or by palpating the urethra through the prepuce.

Laboratory Findings
• Urinalysis:

— pH usually less than 6.5.
— Specific gravity often concentrated (>1.030).
— CaOx crystalluria may be present but is seen in less than 50% of cats

with CaOx uroliths. Crystals can be CaOx dihydrate, which have a
“Maltese cross” or “envelope” appearance (Figure 1A), or CaOx
monohydrate, which have a dumbbell or picket fence appearance
(Figure 1B).

• Uroliths causing urethral or bilateral ureteral obstruction, or unilateral
ureteral obstruction with renal dysfunction of the contralateral kidney, will



result in renal failure and associated laboratory
abnormalities, including elevated blood urea nitro-
gen and serum creatinine concentrations, metabolic
acidosis, hyperkalemia, and isosthenuria.

• Hypercalcemia may be a predisposing factor; the
cause should be determined and corrected.

— Paraneoplastic disorders: Lymphoma, anal sac
adenocarcinoma in dogs, primary hyper-
parathyroidism.

— Idiopathic hypercalcemia in cats.

Other Diagnostic Findings
• Diagnostic imaging: Radiography $, ultrasonogra-

phy $, computed tomography $$$, or magnetic res-
onance imaging $$$ will show discrete, smooth to
irregular, mineral density structures within the uri-
nary system.

• Ureterolithiasis: Intravenous urography $$ or ultra-
sonography $ will assist in determining urine flow
obstruction; dilation of the renal pelvis and/or ureter
will occur proximal to the level of obstruction. Per-
cutaneous antegrade pyelography $$ and computed
tomography $$$ may also be useful if available.

• Cystoscopy: Allows direct visualization of urethral
or cystic calculi and possibly removal of small
stones for analysis. $$

• Although diagnosis is usually straightforward, defin-
itive determination of the stone type requires analy-
sis of a urolith. 

Summary of Diagnostic Criteria 
• Radiographic appearance of the stone: Discrete,

smooth to irregular mineral densities. 
• Visualization of urolith by diagnostic imaging or

cystoscopy.
• Tentative determination of the type of urolith can be

made based on epidemiologic criteria, presence of
CaOx crystalluria, and hypercalcemia if present. 

• Definitive determination of stone type requires
analysis of a urolith.

Diagnostic Differentials 
• Struvite urolithiasis: In cats, promoted by alkaline

urine and diets high in magnesium, phosphorus,
and protein; in dogs, secondary to bacterial urinary
tract infection. Ruled out with stone analysis and/or
microscopic identification of crystals in urine. 

• Urinary tract infection: Ruled out with urine culture. 
• Neoplasia (transitional cell carcinoma): Ruled out

with abdominal ultrasonographic examination.
• Ureterolithiasis: Radiolucent stones seen in dalma-

tians, English bulldogs, and dogs with portosystemic
shunts. Ruled out by identification of ammonium
biurate crystals in urine.
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• Silica, cystine, and calcium phosphate urolithiasis:
Ruled out through stone analysis.

• Functional urethral obstruction (reflex dyssynergia).
• Idiopathic feline lower urinary tract disease.
• Urethral plugs.

TREATMENT
RECOMMENDATIONS

Initial Treatment 
Initial treatment depends on the location of the urolith
and severity of associated clinical signs. CaOx uroliths
cannot be dissolved with medical therapy and must be
removed surgically or manually.

Nephroliths
No treatment is indicated if they are small, do not
obstruct urine outflow, do not cause pain, and are not
associated with infection; otherwise, surgical removal
by nephrotomy or pyelolithotomy is indicated. $$$

Ureteroliths 
• Monitoring and medical therapy can be considered

in animals that are not azotemic or have only mild
renal dysfunction, have unilateral stone(s), and do
not have hydronephrosis. The location of the
ureterolith and renal function should be checked
every few weeks.

FIGURE 1A

FIGURE 1B

Calcium oxalate dihydrate (A) and monohydrate (B)
crystals in urine sediment. (Figure 1B courtesy of Dr.
Gregory Freden, Boston University)
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RETROPULSION OF 
URETHRAL CALCULI

• Pass a urinary catheter to the level of the
obstruction.

• Infuse sterile saline, lactated Ringer’s solution, 
or a mixture of one-third lubricant and two-thirds
crystalloid solution into the urethra to push the
uroliths back into the urinary bladder. 

• If the above is unsuccessful, distend the urethra 
by occluding it with digital rectal pressure while
infusing the solution. Remove the pressure acutely
while continuing infusion to retropulse stones.

• Increasing urine production by parenteral fluid ther-
apy or increasing oral fluid intake may be beneficial. 

Surgical Therapy $$$$
Surgical correction of ureterolithiasis can be techni-
cally difficult and should be performed by an experi-
enced surgeon or specialist. Complications of ureteral
surgery include breakdown of the ureteral incision or
anastomosis and stricture formation.
• Ureteroliths in the proximal third of the ureter can

sometimes be manually advanced back into the
renal pelvis and removed by pyelolithotomy.

• Ureteroliths in the distal third of the ureter can
sometimes be manually advanced into the bladder;
cystotomy can then be performed. Resection of the
distal ureter and reimplantation of the ureter into
the bladder is another option.

• Ureteroliths in the middle third of the ureter or those
that cannot be manually moved require ureterotomy
for removal.

Indications
• Bilateral ureterolithiasis causing uremia or hydro-

nephrosis or obstructing urine flow. 
• Ureterolith that fails to move into the urinary blad-

der with diuresis and time. 
• Renal function worsening with time.
• Nephrectomy and ureterectomy may be indicated if

the obstruction is unilateral, the affected kidney is
severely hydronephrotic or painful, and the animal
is not significantly azotemic. The renal function of
individual kidneys can be determined by measuring
glomerular filtration rate by nuclear scintigraphy,
which is available at some referral hospitals. 

Urethral Calculi 
• Obstruction should be immediately relieved by pas-

sage of a urinary catheter, retropulsion of uroliths
into the urinary bladder (see box, above left), or cys-
tocentesis. Bypassing the stones to empty the blad-

der should be avoided because it can cause severe
damage to the urethra. Every attempt should be
made to retropulse the stones into the bladder
before passing the catheter.

• Postrenal uremia should be treated (see box, above
right).

• Therapy to remove uroliths is indicated once the
animal is stable. 

Cystic Calculi 
• Surgical removal. $$–$$$
• Voiding hydropulsion (see box on page 5).
• Cystoscopy for small stones. $$

Alternative/Optional
Treatments/Therapy 
• Ureteroliths: Administration of glucagon (0.1

mg/cat IV) has been reported to facilitate movement
of ureteroliths in some cats, although side effects
(vomiting, diarrhea, tachypnea, and dyspnea) limit
clinical use.

EMERGENCY MEDICAL
MANAGEMENT OF
OBSTRUCTIVE UREMIA

Intravenous Fluid Therapy

• Usually initiated after the obstruction is relieved,
but may need to be started before that in severely
uremic or hyperkalemic animals.

• Types of fluid:

—For animals that are not hyperkalemic: lactated
Ringer’s solution.

—For animals that are hyperkalemic or when serum
potassium cannot be immediately measured:
0.9% NaCl.

Treatment of Severe Hyperkalemia (>7.5 mEq/L)

• Sodium bicarbonate: 0.5–2 mEq/kg slow IV push
to effect. 

• Insulin and glucose:

—Add 2.2 U/kg regular insulin to a 250-ml bag of
2.5% dextrose; administer at 5–10 ml/hr.

or

—Add regular insulin (0.5–1.0 U/kg) and glucose
(2 g/U insulin) to IV fluids.

or

—Dilute regular insulin (0.25–0.5 U/kg) and glu-
cose (2 g/U insulin) to a 5% to 10% solution
and administer via IV push; follow with 2.5%
dextrose in IV fluids.

• Calcium gluconate: 0.5 ml 10% calcium glu-
conate/kg slow IV push. Use only in very severe
cases; avoid in animals with hypercalcemia.



risk of CaOx urolithiasis. However, CaOx solu-
bility is not greatly influenced by urine pH.
Feeding a strongly acidifying diet increases cal-
ciuria and should be avoided. 

— Feeding a reduced-protein diet to reduce acid
load has been recommended.

— Reduced-calcium diets should not be fed: Mul-
tiple studies have shown such diets to be a risk
factor for formation of CaOx uroliths unless
dietary oxalate is also reduced.

— Vitamin C, which is metabolized to oxalate and
promotes calciuresis through acidification,
should not be administered.

— Vitamin D should not be administered.
— Sodium chloride supplementation should be

considered to aid in diuresis, especially if a dry
diet is fed. The benefit should be weighed
against the increased calciuresis that can result
from sodium chloride administration. Sodium
chloride studies were short-term and performed
on healthy animals, and results have not docu-
mented efficacy.

— Administration of potassium citrate (an inhibitor
of CaOx crystal formation in humans) should
be considered. The initial dose is 50 to 75
mg/kg PO q12h; the dose is then adjusted to
achieve urine pH of 7.0 to 7.5. Studies docu-
menting the efficacy of potassium citrate in pre-
venting CaOx urolithiasis in dogs and cats have
not been published to date.

• Urethral calculi: Temporary tube cystostomy can
be performed if catheterization or retropulsion of
uroliths fails. With the animal sedated and local
analgesia administered, a Foley catheter (cats, 8–10
Fr; dogs, 12–14 Fr) or a mushroom tip catheter is
inserted percutaneously through the ventral body
wall and secured with nylon suture in a Chinese 
fingertrap pattern. This allows stabilization of the
animal before definitive therapy. $

• Permanent urethrostomy (perineal in cats; prepu-
bic or scrotal in dogs) may be indicated in cases
with recurrent cystic or urethral calculi to minimize
the possibility of urethral obstruction. This option
should be weighed against the long-term complica-
tion of increased risk for bacterial urinary tract
infections. Peritoneal dialysis or hemodialysis ($$$$;
see Resource List) can be used to treat uremia and
stabilize animals with ureteral obstruction before
surgical removal of ureteroliths.

Supportive Treatment 
• Animals with a predisposing cause, such as hyper-

calcemia or hyperadrenocorticism, should have ap-
propriate diagnostic tests to identify and treat the
condition.

• Prophylactic measures should be instituted; none,
however, has been shown to prevent all recurrences.

— Water consumption should be increased to
maintain relatively dilute urine.

— A canned diet should be fed to increase water
intake.

— It has been suggested that urine be maintained
at an alkaline pH to decrease calcium excre-
tion. This recommendation appears to have
been extrapolated from studies in which feed-
ing a dry, strongly acidifying diet that produced
acidic urine was associated with an increased
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VOIDING HYDROPULSION

This procedure has been suggested as an option to
remove cystic calculi <5 mm in female cats, 1 mm in
male cats, <10 mm in female dogs, and 1–3 mm in
male dogs:

• With the animal anesthetized, the urinary bladder
should be distended by passing a catheter and
infusing with sterile saline if necessary. 

• The urinary catheter is removed, and the animal is
held in a vertical position so that gravity helps the
cystic calculi fall into the neck of the bladder. 

• The bladder is then expressed so that the calculi
are expelled with urine.

• Complications include urethral obstruction with a
stone and rupture of the urinary bladder, espe-
cially in males. If such complications occur,
immediate treatment and/or surgery is required.

RESOURCE LIST

Veterinary Referral Hospitals Offering Lithotripsy
• Boren Veterinary Teaching Hospital, Oklahoma

State University, Stillwater, OK
• Foster Hospital for Small Animals, Cummings

School of Veterinary Medicine, Tufts University,
North Grafton, MA

• Purdue University Veterinary Teaching Hospital,
West Lafayette, IN 

• University of Minnesota Veterinary Teaching
Hospital, St. Paul, MN

• University of Tennessee Veterinary Teaching
Hospital, Knoxville, TN

Veterinary Hospitals Offering Hemodialysis
• Foster Hospital for Small Animals, Cummings

School of Veterinary Medicine, Tufts University,
North Grafton, MA

• The Animal Medical Center, New York, NY
• University of California at Davis Veterinary

Medical Teaching Hospital, Davis, CA
• University of California Veterinary Medical Center

at San Diego, Rancho Santa Fe, CA
• Veterinary Hospital of the University of

Pennsylvania, Philadelphia



— In dogs, administration of hydrochlorothiazide
(2–4 mg/kg PO q12h) to reduce urinary cal-
cium excretion should be considered. There
are no data to evaluate similar use in cats.

— Vitamin B6 supplementation has been sug-
gested based on the fact that B6 deficiency has
been shown to be a predisposing factor to
oxalate crystal formation in rats, kittens, and
humans. However, it has not been shown that
providing B6 in amounts exceeding the normal
daily requirement has any effect in reducing
CaOx crystal formation.

Patient Monitoring
• Animals with renal dysfunction secondary to ure-

thral or ureteral obstruction should have their blood
urea nitrogen, serum creatinine and electrolyte con-
centrations, and acid–base status monitored period-
ically (at least daily initially) until values normalize
or plateau.

• CaOx crystalluria and urine specific gravity should
be monitored periodically (every 2 to 3 weeks ini-
tially, then every 3 months) to assess the effective-
ness of prophylactic therapy.

• Abdominal radiography or ultrasonography is indi-
cated every 3 to 4 months to monitor for recurrence
of urolithiasis. If detected, small uroliths may be
able to be removed by voiding hydropulsion. 

Home Management 
• Frequent urination should be encouraged: in dogs,

by allowing them outdoors or walking them; in cats,
by providing adequate numbers of litterboxes and
changing the litter frequently.

• Water consumption should be encouraged by
always providing a source of fresh water, feeding
canned food, and finding liquids that the animal
likes to drink (such as bouillon or clam juice).

• Animals should be observed for hematuria, stran-
guria, or inappropriate urination, which would indi-
cate recurrence of urolithiasis; veterinary attention
should be sought if these occur.

Milestones/Recovery Time Frames
• Animals without renal dysfunction should be nor-

mal within a few weeks of urolith removal.

• Animals with renal dysfunction due to acute ure-
thral obstruction usually return to normal within
several weeks after therapy for renal failure and
urolith removal.

• Animals with renal dysfunction due to chronic
ureteral obstruction or nephrolithiasis can have
varying degrees of recovery depending on the dura-
tion of obstruction and/or degree of renal damage.
Monitoring renal function over time provides the
best indication of recovery.

Treatment Contraindications
• Water restriction.
• Administration of vitamins D and C.
• Restricted-calcium diets. 
• Diets formulated to prevent or eliminate struvite

urolithiasis. 
• Corticosteroid administration.

PROGNOSIS

Favorable Criteria
• Although animals with cystic and/or urethral CaOx

uroliths without renal dysfunction have a good
prognosis for immediate correction of the problem,
they will always be at high risk for urolith recur-
rence despite appropriate prophylactic therapy.

• Small cystic or urethral calculi.
• Complete removal of cystic or urethral calculi.

Unfavorable Criteria
• Severe hydronephrosis and associated renal failure

due to ureteral obstruction.
• Bilateral ureteral obstruction, especially with asso-

ciated renal failure.
• Hypercalcemia that is unresponsive to therapy,

especially in cats.
• Multiple recurrences.
• Concurrent urinary tract infection.
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— Because the cause of CaOx urolithiasis is
not well characterized, there is considerable
difference of professional opinion regarding
recommended prophylactic measures (see
Supportive Treatment).

— Certain prescription diets are recommended
by the manufacturers for prevention of
CaOx urolithiasis in dogs (e.g., Royal Canin
S/O) and cats (e.g., Eukanuba Moderate
pH/O, Hill’s x/d, Royal Canin Urinary S/O).

C H E C K P O I N T SO N  T H E  N E W S  F R O N T

— Extracorporeal shockwave lithotripsy,
available in a few referral hospitals (see
Resource List), can sometimes be used to
“shatter” uroliths into small fragments that
can then be passed through the urinary
system. $$$$

(continues on page 12)
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