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New, minimally invasive techniques for removing 
uroliths have been developed or have become more 
readily available in veterinary medicine. TABLE 

1 summarizes the advantages and disadvantages of each 
method, the number and type of uroliths for which each is 
appropriate, and necessary equipment for each. 
 Uroliths can be eliminated by physical removal, and cer-
tain types can be dissolved. Indications for physical removal 
include obstruction of the urethra, renal pelvis, or ureters; 
failure of dissolution therapy; and unacceptable clinical 
signs associated with urolithiasis, such as recurrent urinary 
tract infections or pollakiuria.1–3 The benefits of physical 
removal of cystic calculi include rapid resolution, definitive 
diagnosis of urolith type (via quantitative urolith analysis), 
and reduced risk of urinary obstruction.4 In asymptomatic 
patients, removal of cystic calculi is not mandatory, particu-
larly if there are relative contraindications to anesthesia or 
surgery.5 If a urolith is suspected to be composed of struvite, 
urate, or cystine, medical dissolution can be attempted if 
no indication for more immediate removal is present. There 
are no effective medical dissolution protocols for calcium 
oxalate uroliths.
 The decision to remove nephroliths or ureteroliths is 
more complicated than the decision to remove cystic or 
urethral calculi. Nephroliths are commonly detected in cats 
with chronic kidney disease, but in most cases, they do not 
cause progression of renal dysfunction, and nephrotomy is 
generally not recommended.6 Nephroliths and ureteroliths 
should be physically removed if they are causing obstruc-
tion to urine flow, progressive deterioration in renal function, 
or recurrent urinary tract infection or are enlarging despite 

preventive measures.7 Surgical removal of partial or com-
pletely obstructing ureteroliths that do not pass within 24 
hours may be prudent.8 A staged approach to surgery can be 
considered if uroliths are found at multiple sites in the upper 
urinary tract. The reversibility of renal dysfunction depends 
on completeness and duration of obstruction. Studies in 
dogs have shown variable and permanent decreases in renal 
function after 7 days of acute ureteral obstruction, with no 
improvement after 40 days of obstruction,8 although there 
are reports of improvement after 70 days in people,9 and we 
have observed improvement in cats after 70 days.
 All methods of stone removal should be followed by imag-
ing to confirm complete urolith removal. Appropriate man-
agement to prevent regrowth of uroliths is recommended. 

Nonsurgical Techniques 
Voiding urohydropropulsion is used to evacuate small uro-
cystoliths by flushing them out through the urethra (BOX 

1).10–12 A general guideline is that this technique can be used 
to remove uroliths <5 mm in diameter from male and female 
dogs weighing more than 8 kg, uroliths <3 mm from female 
cats and small dogs, and uroliths ≤1 mm in diameter from 
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TABLE 1   Comparison of Various Methods of Urolith Removal

Technique
Urolith 

Location
Urolith Size/ 

Number
Urolith 
Type Advantages Disadvantages Anesthesia Equipment

Upper Urinary Tract

Extracorporeal shock 
wave lithotripsy

Kidney, 
ureter

Small to 
moderate size

All No surgery Limited availability Yes Extracorporeal 
shock wave 
lithotripter

Percutaneous 
nephrolithotomy

Kidney, 
proximal 
ureter

Moderate size 
to large 

All Less invasive than 
open surgery

Limited availability Yes Lithotripter; rigid 
cystoscope

Pyelotomy Kidney Any All Less renal damage 
than nephrotomy

Renal pelvis must be 
distended

Yes Surgical

Ureterotomy Ureter Any size, 
small number

All Rapid resolution of 
obstruction

Risk of urine leakage; 
postoperative swelling 
or stricture may cause 
obstruction; multiple 
uroliths increase risks

Yes Surgical; 
magnifying loupes 
or operating 
microscope in cats

Nephrotomy Kidney Any All No special 
equipment

Temporary decrease in 
renal function

Yes Surgical 

Ureteral stent Ureter Large number All May be only option Stents not readily available, 
difficult to place

Yes Surgical; 
intraoperative 
fluoroscopy

Lower Urinary Tract

Voiding 
urohydropropulsion

Bladder, 
urethra

Small size, 
any number

All No surgery Risk of obstruction with 
larger uroliths

Sedation or 
anesthesia

Catheter 

Retrograde 
hydropropulsion

Urethra Small size All Avoids urethrotomy Does not remove uroliths Sedation or 
anesthesia

Catheter

Cystoscopic 
evacuation

Bladder Small size, 
any number

All No surgery Only small uroliths 
removed

Yes Rigid cystoscope

Laser lithotripsy Bladder, 
urethra

Medium 
size; small 
to moderate 
number

All No surgery Limited availability; may 
take longer than cystotomy 
if large urolith burden 

Yes Rigid or flexible 
cystoscope; laser 
lithotripter

Laparoscopic-
assisted cystotomy

Bladder Any All Less invasive than 
standard cystotomy

Same procedure duration 
as standard cystotomy 
with skilled operator

Yes Rigid cystoscope

Cystotomy Bladder Any All Rapid, readily 
available

Bigger incision than 
laparoscopic-assisted 
cystotomy

Yes Surgical 

Urethrotomy Urethra Any All Removes uroliths 
resistant to other 
techniques

Risk of stricture Yes Surgical 

Urethrostomy Urethra Any All Decreases risk of 
future obstruction 
in dogs with 
recurrent urolith 
formation 

Increased long-term risk of 
infection

Yes Surgical 

Upper and Lower Urinary Tract

Dissolution Bladder, 
kidney

Any Struvite, 
urate, 
cystine

No anesthesia or 
surgery

Not applicable to all urolith 
types; takes weeks to 
months for resolution

No None
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male cats.10 Larger uroliths have been removed with this 
technique in some situations; removal is more likely to be 
successful for uroliths with smooth contours than for uro-
liths with irregular contours.10 Voiding urohydropropulsion 
should not be used in patients with a urethral obstruction 
and is not ideal for patients that have recently undergone 
bladder surgery. Anesthesia is not needed in all animals 
but facilitates performing the procedure. Agents that pro-
vide analgesia and muscle relaxation are recommended.10 
Antibiotics should be used for 3 to 5 days after the procedure 
is performed to prevent iatrogenic urinary tract infection. 
 Retrograde urohydropropulsion (BOX 2) does not remove 
uroliths from the urinary tract; rather, it relocates them from 
the urethra to the bladder, where they can be dissolved by 
medical therapy or removed via cystotomy or laser litho-
tripsy techniques.3,13 

 Catheter-assisted retrieval of uroliths through a urinary 
catheter (BOX 3) is mainly used to collect small cystic calculi 
for diagnostic purposes (mineral analysis). Anesthesia may 
not be needed, depending on the patient.3,12 
 Cystoscopic retrieval has been described for small uro-
liths or urolith fragments after lithotripsy; the latter may be 
aspirated through the rigid cystoscope sheath after the tele-
scope has been removed. This technique allows retrieval of 
larger uroliths than does catheter assistance but is limited 
by the inner diameter of the cystoscope sheath. An Ellik 
evacuator (Bard Urologic Division, Covington, GA) aids 

Voiding Urohydropropulsion10–12 

 1. Anesthetize the patient if needed (short-acting 
anesthesia can be used for easily removed, small 
uroliths; consider epidurals to relax the urethra in 
male dogs).

 2. Place a urinary catheter.

 3. Attach a three-way stopcock to the end of the urinary 
catheter to facilitate control of fluid into and out of 
the bladder.

 4. Fill the urinary bladder with sterile saline or lactated 
Ringer’s solution via the catheter until the bladder 
is distended (confirmed by palpation to avoid 
overdistention, approximately 4–6 mL/kg).

 5. Position the patient so that the spine is perpendicular 
to the table or 20° to 25° caudal to perpendicular.

 6. Agitate the bladder to dislodge uroliths loosely 
adhered to the bladder mucosa.

 7. Remove the urinary catheter.

 8. Express the urinary bladder (apply digital pressure 
dorsally and cranially to induce micturition; if the 
bladder is pushed toward the pelvic canal, a kink 
can form in the distal urethra, preventing passage of 
uroliths).

 9. Repeat steps 2 through 8 until uroliths are no longer 
being expelled.

10. Use imaging to evaluate the success of the 
procedure (consider cystoscopy or double-contrast 
cystography to evaluate small uroliths that may 
remain; only a lateral exposure is needed).

BOX 1

Retrograde Urohydropropulsion13 

•	 Chemical	restraint	may	be	necessary	in	some	patients.	
General anesthesia may be required if uroliths cannot 
be dislodged. 

•	 Decompress	the	bladder	by	cystocentesis.

•	 Pass	a	urethral	catheter	to	the	point	of	obstruction.

•	 Mix	aqueous	lubricant	with	an	equal	amount	of	saline	
and inject via the urethral catheter to lubricate the 
urolith and urethral mucosa.

•	 Attempt	to	retropulse	the	urolith	into	the	bladder	by	
gentle palpation (vaginally or rectally).

Males
•	 Two	people	are	needed	to	perform	retrograde	

urohydropropulsion in males.

•	 With	rectal	palpation,	occlude	the	proximal	urethra	by	
pressing a finger against the ventral pelvic bone.

•	 Occlude	the	urethral	opening	by	compressing	the	tip	
of the penis around the catheter.

•	 Inject	saline	through	the	catheter	until	resistance	is	felt	
by the person performing the injection. This dilates the 
section of urethra between the two sites of occlusion.

•	 Rapidly	release	the	pressure	in	the	pelvic	urethra	(but	
not distal urethra) while continuing to inject saline. 
This flushes the urolith into the bladder.

Females
•	 With	rectal	palpation	or	vaginal	palpation	(preferred),	

occlude the distal urethra around the catheter.

•	 Inject	saline	through	the	catheter.

•	 Gently	manipulate	the	urolith	to	move	it	toward	the	
bladder lumen.

•	 Repeat	as	needed	to	move	all	uroliths	into	the	bladder.

•	 Monitor	bladder	size	during	the	procedure	to	prevent	
overdistention. 

BOX 2
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in removal and collection of small uroliths for analysis.12 
During cystoscopy, a urolith basket can be used to snare 
urocystoliths smaller than the diameter of the distended 
urethra (FIGURE 1). The cystoscope and basket with uro-
lith are then slowly withdrawn while visualizing the ure-
thra to ensure that the urolith does not become lodged 
in the urethra.12 Transurethral rigid cystoscopy is generally 
limited to female patients or male patients with a perineal 
urethrostomy.

Laparoscopic-Assisted Cystotomy
Calculi too large to be removed via voiding urohydropropul-
sion can be removed with laparoscopic-assisted cystotomy, 
also called percutaneous cystolithotomy. An incision just 
large enough for urolith removal is made in the abdominal 
wall, and with the assistance of a laparoscope, the bladder is 
positioned in the abdominal wall incision and incised. The 
uroliths are then removed with graspers or a urolith basket4 
(FIGURE 2). After cystoscopy or radiography to ensure com-
plete urolith removal, the bladder is closed outside the body, 
and then the abdominal incision is closed. 

Lithotripsy
Lithotripsy has the goal of fragmenting uroliths into pieces 
small enough to pass out of the body spontaneously or be 
removed by noninvasive methods. Intracorporeal therapies 
involve direct contact of the lithotripter with the urolith, 

either in the bladder via cystoscopy or in the kidney via a 
percutaneous nephrolithotomy. Laser lithotripsy has gener-
ally replaced electrohydraulic lithotripsy for intracorporeal 
techniques. Extracorporeal techniques are applied exter-
nally to fragment nephroliths and ureteroliths.

Laser	Lithotripsy
Laser lithotripsy involves using cystoscopy to place a laser 
in direct contact with uroliths for fragmentation (FIGURE 3). 
Holmium:yttrium-aluminum-garnet (YAG) laser energy is 
absorbed in minimal volumes of fluid with limited risk of 
damage to the urothelium.14,15 After lithotripsy, cystoscopic 
evacuation or voiding urohydropropulsion is performed to 
remove fragments.15,16 Urolith composition does not influence 
the efficacy of laser fragmentation.17 In one report of treat-
ment of cystic and urethral calculi, all female dogs and cats 
and approximately 80% of male dogs were rendered urolith 
free by holmium:YAG laser lithotripsy. Some male dogs were 
too small for the procedure, and some dogs had to have fol-
low-up cystotomy to remove larger uroliths.15 Laser lithotripsy 
is limited by procedural time. With large uroliths or large 
urolith burdens, the time required for this procedure may be 
lengthy, and cystotomy may be a better approach.15,18 
 Intracorporeal lithotripsy can be applied to nephroliths 
and proximal ureteroliths via percutaneous nephrolithotomy. 
Under fluoroscopic guidance, a guidewire is passed percu-
taneously into the dilated renal pelvis, followed by place-
ment of a sheath that allows introduction of the endoscope 
and lithotripsy probe (ultrasonic, electrohydraulic, or laser). 
After the urolith is fragmented, the fragments are removed 
through the sheath using a basket. When the fragments 
have been removed, a temporary stent (nephroureteral stent 
or double pigtail ureteral stent) is usually placed, extending 
into the renal pelvis, down the ureter, and into the blad-
der. The stent remains in place for 2 to 4 weeks and can be 
removed cystoscopically. Because urolith fragments do not 
pass through the ureter for removal, this technique may be 
superior to extracorporeal shock wave lithotripsy (ESWL) 
for large nephroliths.19 

Extracorporeal	Shock	Wave	Lithotripsy	
Two types of lithotripters are used for ESWL: wet and dry. A 
wet lithotripter requires partial submersion of the patient in 
a water bath. A dry lithotripter couples the shock waves to 
the patient through a water-filled cushion.14 Dry lithotripters 
are less efficacious than wet lithotripters, but they also cause 
less damage to surrounding tissue.14 
 Shock wave lithotripsy is better suited for immobile uro-
liths (nephroliths and ureteroliths) than cystic calculi, which 
tend to shift out of the focus of the shock wave path. Urolith 
composition does affect shock wave fragmentation; struvite 
is the easiest to fragment, followed by calcium oxalate, urate, 
and cystine, in order of increasing resistance.20 Feline cal-

Catheter Retrieval3 

1. Sedation may be needed in dogs and is required in 
cats.

2. Select the largest catheter that can easily be inserted 
into the urethra (8 Fr usually works for dogs).

3. Cut the end of the catheter to make it open ended.

4. Measure catheter length to ensure that at least the 
tip reaches the trigone (using radiography to assist 
measurement).

5. Using sterile technique, place the well-lubricated 
catheter transurethrally with the animal in lateral 
recumbency.

6. Fill the urinary bladder with normal saline or lactated 
Ringer’s solution until moderately distended. 

7. Place your hand between the table and the patient’s 
caudal abdomen so that the bladder is readily palpable. 
Agitate the bladder with your hand while aspirating 
fluid and small uroliths through the catheter.

8. Repeat steps 6 and 7 several times.

BOX 3
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cium oxalate uroliths are more difficult to fragment than 
canine calcium oxalate uroliths.21 
 Using a wet lithotripter, successful fragmentation of 
nephroliths was achieved in 90% of dogs after one or two 
treatments in one study.20 Retreatment was necessary in 
about 30% of these patients, compared with a retreatment 
rate of about 50% after lithotripsy using a dry lithotripter.14,20 
Fragments begin to move out of the renal pelvis within 24 

hours but may take several weeks to months to clear the 
upper urinary tract.14 The amount of renal damage induced 
in cats by wet lithotripters causes an unacceptable decline 
in renal function, but successful resolution of ureteroliths in 
cats has been accomplished with dry lithotripters.20,22,23 
 Transient hematuria is common after ESWL.22 Transient 
increases in creatinine occurred in half of dogs treated with 
ESWL but remained within the normal range in one report.14 

Percutaneous cystolithotomy. 

FIGURE 1

The bladder is pulled up to a small incision in the abdominal wall using a stay suture. The cystoscope sheath is placed into the blad-
der, and a basket forceps is placed through the working channel of the scope to grasp and remove the stones.

The cystoscope sheath being placed into the bladder through the small abdomi-
nal incision. (Courtesy of Dr. Allyson Berent, Animal Medical Center, New York 
City. Used with permission of the Journal of the American Veterinary Association 
[JAVMA])

View of bladder via cystoscope with stone bas-
ket in view. (Used with permission of JAVMA)
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Urolith fragments can obstruct the ureter; this situation may 
spontaneously resolve or require additional lithotripsy treat-
ment.20,22 Other complications include abdominal pain, renal 
or perirenal hemorrhage, diarrhea, and pancreatitis.14,22 

 Shock wave therapy has been used for cystic calculi, 
albeit less successfully than for fixed uroliths. One study 
reported a success rate of 80% for urethral passage.14 Repeat 
procedures may be necessary in some patients. This proce-
dure can be used to complement voiding urohydropulsion 
in patients that are too small for transurethral procedures.

Cystotomy/Urethrotomy
Cystotomy is commonly used to retrieve uroliths from 
the bladder. Complications with cystotomy are rare; how-
ever, urine leakage is possible. Two studies reported 
that uroliths were left behind in 20% of dogs after cysto-
tomy was performed; therefore, postoperative imaging is 
recommended.24,25

 If urethroliths cannot be retropulsed into the bladder 
or removed via voiding urohydropropulsion, a temporary 
urethrotomy may be required. In male dogs with frequent 
obstruction from small uroliths despite medical manage-
ment (i.e., Dalmatians with urate urolithiasis), a permanent 
urethrostomy may be performed. The main complication of 
urethrotomy is hemorrhage, which may persist up to 7 days 
postoperatively. Urethral stricture is uncommon.26

Nephrotomy/Pyelotomy/Ureterotomy
Although nephrotomy can be used to remove nephroliths, 
concerns exist about the long-term effects on renal function 
from this procedure. In healthy dogs, single-kidney glom-
erular filtration rate (GFR) has been shown to remain stable 
4 to 7 weeks after nephrotomy.27,28 One report on the effect 
of nephrotomy in healthy cats showed no change in single-
kidney GFR after 12 weeks,29 while another report found a 
10% to 20% decrease in single-kidney GFR after 52 weeks.30 
The authors of both studies caution that effects on a kidney 
with preexisting damage may be different. 

 Pyelotomy, an incision into the renal pelvis, may be 
performed if the renal pelvis and proximal ureter are suf-
ficiently dilated. This procedure avoids trauma to the renal 
parenchyma associated with nephrotomy.31 
 Ureterotomy may be considered for ureteroliths in the 
proximal ureter. Distal ureteroliths may be flushed into the 
bladder and retrieved through a cystotomy. The distal ure-
ter may also be excised and reimplanted into the bladder. 
Major complications associated with ureterotomy include 
strictures at the surgical site and surgical dehiscence with 
subsequent urinary leakage. A recent study evaluating 16 
cases in dogs noted that ureterotomy was associated with 
a low risk of postoperative complications and was tolerated 
well.32 In a study of cats with ureteral calculi, 31% had post-
operative complications, and 18% died. However, in the cats 
surviving more than 1 month, 88% were still alive 2 years 
after surgery.33 If the ureter is not dilated enough to make 
ureterotomy technically feasible, if multiple ureteroliths are 
present and would require multiple ureterotomy sites, or if 
a cat is prone to recurrent ureterolithiasis, a ureteral stent 
extending from the renal pelvis to the bladder can be placed 
surgically or, in some cases, via cystoscopy.

Conclusion
Urolithiasis is a common disease in dogs and cats, and the 
lower urinary tract is affected more commonly than the 
upper urinary tract. A variety of removal methods exist, 
varying in their invasiveness, availability, and suitability for 
individual patients.

References
1. Seaman	R,	Bartges	JW.	Canine	struvite	urolithiasis.	Compend Contin Educ Pract 
Vet 2001;23:407-420.
2. Bartges	JW.	Diagnosis	of	urinary	tract	infections.	Vet Clin North Am Small Animal 
Pract 2004;34:923-933.
3. Lulich	JP,	Osborne	CA,	Bartges	JW,	et	al.	Canine	lower	urinary	tract	disorders.	In:	
Ettinger SJ, Feldman EC, eds. Textbook of Veterinary Internal Medicine. 4th ed. Phila-
delphia:	WB	Saunders;	1995:1833-1861.
4. Rawlings CA, Mahaffey MB, Canalis C. Use of laparoscopic-assisted cystoscopy 
for removal of urinary calculi in dogs. JAVMA 2003;222:759-761.
5. Lulich JP, Osborne CA. Compound uroliths: treatment and prevention. In: Bonagu-
ra JD, ed. Kirk’s Current Veterinary Therapy XIII: Small Animal Practice. Philadelphia: 
WB	Saunders;	2000:874-877.
6. Ross SJ, Osborne CA, Lekcharoensuk C, et al. A case-control study of the effects 
of nephrolithiasis in cats with chronic kidney disease. JAVMA 2007;230:1854-1859.

Holmium:YAG laser lithotripsy. The laser probe (blue) has 
partially fragmented a urolith.

FIGURE 3

C
ou

rte
sy

 o
f D

r. 
B

er
en

t

Cystoscopic removal of urolith using a stone basket. 

FIGURE 2

C
ou

rte
sy

 o
f D

r. 
B

er
en

t



 
Methods of Urolith Removal FREE

CE

Vetlearn.com  |  June 2010  |  Compendium: Continuing Education for Veterinarians®    E7

7. Osborne CA, Unger LK, Lulich JP. Canine and feline nephroliths. In: Bonagura JD, 
ed. Kirk’s Current Veterinary Therapy XII: Small Animal Practice.	 Philadelphia:	WB	
Saunders; 1995:981-985.
8. Stone EA, Kyles AE. Diagnosis and management of ureteral obstruction. In: Bo-
nagura JD, ed. Kirk’s Current Veterinary Therapy XIII: Small Animal Practice. Philadel-
phia:	WB	Saunders;	2000:868-871.
9. Whittier	WL,	Korbet	S.	Obstructive	uropathy.	In:	Greenberg	A,	ed.	Primer on Kid-
ney Diseases. 4th ed. Philadelphia: Saunders; 2005:389-398.
10. Lulich JP, Osborne CA, Sanderson SL, et al. Voiding urohydropulsion. Vet Clin 
North Am Small Animal Pract 1999;29:283-291.
11. Lulich JP, Osborne CA. Voiding urohydropulsion: a nonsurgical technique for re-
moval of urocystoliths. In: Bonagura JD, ed. Kirk’s Current Veterinary Therapy XII: 
Small Animal Practice. Philadelphia:	WB	Saunders;	1995:1003-1007.
12. Adams LG, Syme HM. Canine lower urinary tract diseases. In: Ettinger SJ, Feldman 
EC, eds. Textbook of Veterinary Internal Medicine. 6th ed. St. Louis: Elsevier Saunders; 
2005:1850-1874.
13. Osborne CA, Lulich JP, Polzin DJ. Canine retrograde urohydropropulsion. Vet Clin 
North Am Small Animal Pract 1999;29:267-281.
14. Lane IF. Lithotripsy: an update on urologic applications in small animals. Vet Clin 
North Am Small Animal Pract 2004;34:1011-1026.
15. Adams LG. Lithotripsy using shock waves and lasers. 24th Annu ACVIM Forum 
2006:439-441.
16. Lulich JP, Osborne CA. Beyond the stone age: minimally invasive techniques. 25th 
Annu ACVIM Forum 2007:466-468.
17. Wynn	 VM,	 Davidson	 EB,	 Higbee	 RD,	 et	 al.	 In	 vitro	 effects	 of	 pulsed	 holmium	
laser energy on canine uroliths and porcine cadaveric urethra. Lasers Surg Med 
2003;33:243-246.
18. Senior DF. Lithotripsy in companion animals. In: Bonagura JD, ed. Kirk’s Current Vet-
erinary Therapy XII: Small Animal Practice.	Philadelphia:	WB	Saunders;	1995:1002-1003.
19. Berent A. Endourology and interventional radiology of the urinary tract. 25th Annu 
ACVIM Forum 2007:685-686.
20. Adams LG, Senior DF. Electrohydraulic and extracorporeal shock-wave lithotripsy. 
Vet Clin North Am Small Animal Pract 1999;29:293-302.
21. Adams	LG,	Williams	JC	Jr.,	McAteer	JA,	et	al.	 In	vitro	evaluation	of	canine	and	
feline calcium oxalate urolith fragility via shock wave lithotripsy. Am J Vet Res 
2005;66:1651-1654.
22. Lane IF. Dry extracorporeal lithotripsy in small animals. 21st Annu ACVIM Forum 
2003.
23. Lane IF, Labato MA, Adams LG. Lithotripsy. In: August JR, ed. Consultations in 
Feline Internal Medicine. Philadelphia: Elsevier Saunders; 2006:407-414.
24. Lulich JP, Osborne CA, Polzin DJ, et al. Incomplete removal of canine and feline 
urocystoliths by cystotomy [abstract]. J Vet Intern Med 1993;7:124.
25. Grant	DC,	Harper	TAM,	Werre	SR.	Frequency	of	incomplete	urolith	removal,	com-
plications, and diagnostic imaging following cystotomy for removal of uroliths from 
the lower urinary tract in dogs: 128 cases (1994-2006). JAVMA 2010;7(1):763-766. 
26. Smeak DD. Urethrotomy and urethrostomy in the dog. Clin Tech Small Anim Pract 

2000;15:25-34.
27. Stone EA, Robertson JL, Metcalf MR. The effect of nephrotomy on renal function 
and morphology in dogs. Vet Surg 2002;31:391-397.
28. Zimmerman-Pope	N,	Waldron	DR,	Barber	DL,	et	al.	Effect	of	fenoldopam	on	renal	
function after nephrotomy in normal dogs. Vet Surg 2003;32:566-573.
29. King	MD,	Waldron	DR,	Barber	DL,	et	al.	Effect	of	nephrotomy	on	renal	function	and	
morphology in normal cats. Vet Surg 2006;35:749-758.
30. Bolliger	C,	Walshaw	R,	Kruger	JM,	et	al.	Evaluation	of	the	effects	of	nephrotomy	on	
renal function in clinically normal cats. Am J Vet Res 2005;66:1400-1407.
31. Rawlings CA, Bjorling DE, Christie BA. Kidneys. In: Slatter D, ed. Textbook of Small 
Animal Surgery. 3rd ed. Philadelphia: Saunders; 2003:1606-1619.
32. Snyder DM, Steffey MA, Mehler SJ, et al. Diagnosis and surgical management of 
ureteral calculi in dogs: 16 cases (1990-2003). N Z Vet J 2005;53:19-25.
33. Kyles	AE,	Hardie	EM,	Wooden	BG,	et	al.	Management	and	outcome	of	cats	with	
ureteral calculi: 153 cases (1984-2002). JAVMA 2005;226:937-944.

Key Points

•	 Medical	dissolution	can	be	used	for	struvite,	urate,	and	
cystine uroliths.

•	 Voiding	urohydropropulsion	can	be	used	to	remove	
small stones.

•	 Retrograde	urohydropropulsion	can	move	uroliths	
lodged in the urethra back to the bladder for surgical 
removal or dissolution.

•	 Cystoscopy-assisted	laser	lithotripsy	is	ideal	for	
nonsurgical removal of a small stone burden in female 
dogs.

•	 Extracorporeal	shock	wave	lithotripsy	is	best	for	
immobile uroliths (nephroliths and ureteroliths).

•	 Surgical	ureterotomy	may	be	the	most	expedient	
method of removing an obstructing ureterolith.

•	 Ureteral	stent	placement	may	be	the	only	option	for	
multiple obstructing ureteroliths.
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1. Effective medical dissolution protocols 
do not exist for ____ uroliths.

 a. struvite
 b. calcium oxalate
 c. urate
 d. cystine
 
2. Removal of cystic calculi is not recom-

mended when
 a. a patient has clinical signs associated 

with cystic calculi.
 b. a patient has urinary tract infection.
 c. a definitive diagnosis of urolith compo-

sition is desired.
 d. cystic calculi are noted incidentally in 

an asymptomatic patient.

3. Voiding urohydropropulsion is ideal for 
removing

 a. a large cystic calculus.
 b. multiple small cystic calculi.
 c. a large number of moderate-sized to 

large calculi.
 d. a urolith lodged in the urethra.

4. Retrograde urohydropropulsion is ideal 
for

 a. a large cystic calculus.

 b. multiple small cystic calculi.
 c. a large number of small to moderate-

sized calculi.
 d. a small urolith lodged in the urethra. 

5. The least invasive way to remove a 
single, large calcium oxalate cystic cal-
culus involves 

 a. voiding urohydropropulsion. 
 b. retrograde urohydropropulsion.
 c. cystoscopy-assisted laser lithotripsy.
 d. surgical cystotomy.

6. Surgical cystotomy may be more rapid 
than cystoscopy with laser lithotripsy for 
removing

 a. a single large cystic calculus.
 b. multiple small cystic calculi.
 c. a large number of moderate to large-

sized calculi.
 d. a urolith lodged in the urethra.

7. Which method of urolith removal would 
be most appropriate for a dog with a high 
anesthetic risk?

 a. voiding urohydropropulsion
 b. laser lithotripsy
 c. ESWL

 d. laparoscopic cystotomy

8. In two studies, after standard surgical 
cystotomy, calculi were inadvertently 
left behind in ____ of dogs. 

 a. 0%
 b. 20%
 c. 50%
 d. 80%

9. In one study, a year after nephrotomy 
in healthy cats, single-kidney GFR was 
decreased by 

 a. 0%.
 b. 10% to 20%.
 c. 50%.
 d. 80%.

10. Based on studies in dogs, complete 
return of renal function becomes less 
probable if an obstructing ureterolith is 
not removed within _____ day(s).

 a. 1 
 b. 7 
 c. 30 
 d. 90 
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