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AB ST RAC T

Ureteral obstructions in dogs and cats have been recognized as a common cause of acute uremia. The
diagnosis and management of this disorder is challenging, often necessitating special diagnostic and
treatment modalities as well as special surgical skills. Recently, with the development of interventional
radiology in veterinary medicine, minimal invasive treatment options emerged for dogs and cats with
ureteral obstruction. This review provides medical and surgical guidelines for the diagnosis and management
of dogs and cats with ureteral obstruction, and introduces new therapeutic options such as interventional
radiology and endoscopy.
Key Words: ureterolith, calcium-oxalate, stent, hydroureter, hydronephrosis, chronic kidney
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Introduction

The ureters are fibromuscular ducts carrying urine from the
kidney to the urinary bladder by peristaltic activity, which is
transmitted from one muscle cell to the next (1). The ureters
originate in the renal pelvices and travel retroperitoneally
along the aorta and vena cava towards the urinary bladder.
Near the pelvis they join the lateral ligament of the bladder
and insert into the dorsolateral aspect of the urinary bladder (2).
Ureteral obstructions can be classified as intraluminal,
intramural and extramural. Ureteral obstructions can also be
classified as acute or chronic, static or dynamic, unilateral or
bilateral, and as partial or complete. Correct classification is
crucial, because the nature of the obstruction along with the
patient’s medical condition are the major determinants of
the treatment plan.
Although congenital ureteral obstructions have been described in the veterinary literature, these are relatively rare
and acquired ureteral obstructions occur more frequently (27). Cats are predisposed to ureteral obstruction due to their
small ureteral lumen (0.4 mm in diameter) (8).
The incidence of ureteral obstructions in cats has inIsrael Journal of Veterinary Medicine  Vol. 68 (2)  June 2013

creased dramatically over the past decades all over the world,
and became the leading cause of acute uremia in North
America (9). The incidence of ureteral obstruction in Israel
is unknown but is seems to be increasing as well (personal
observation). As any emerging disease, it is possible that the
disorder is initially not recognized by clinicians unfamiliar
with it, and thus the perceived incidence is lower than the
actual incidence.
Intraluminal obstruction is the most common cause for
ureteral obstruction in dogs and cats, thus most of the discussion in the review will focus on intraluminal ureteral obstruction. Nevertheless, the guidelines for the management
of intramural and extramural obstruction follow the same
principles. Intraluminal obstructions are usually caused by
ureteral calculi, which in cats are almost exclusively composed of calcium oxalate (6), however, blood clots and inflammatory debris may also obstruct the ureter, particularly
in cats (6). Intramural ureteral obstruction can result from
a stricture, neoplasia (primary or metastatic), ureterocele, fibroepithelial polyp and proliferative ureteritis. Among those,
ureteral strictures seem to be the most common cause of
intramural ureteral obstruction. Strictures can be associated
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with various causes including previous ureteral surgery, calculi embedded in the ureteral mucosa, but some are classified
as idiopathic, possibly in association with circumcaval ureter (5). Extramural obstructions result from retroperitoneal
space occupying lesions, inadvertent ureteral ligation or from
urinary bladder pathology (2).
Ureteral obstruction is a challenging disorder, often necessitating advanced diagnostic and therapeutic measures as
well as advanced surgical skills.

Pathophysiology of ureteral obstruction

Ureteral obstruction in most cases is initially unilateral, however animals often present for medical care with a bilateral
ureteral obstruction or with a unilateral obstruction and concurrent contralateral kidney dysfunction due to a previous
ureteral obstruction (6,10).
When intraluminal ureteral obstruction occurs, local inflammation, swelling and spasm of the ureteral muscle may
aggravate the mechanical obstruction. Damage to the ureter, such as rupture and urine leakage, may occur but is not
common (2,6). The obstruction results in increasing hydraulic
pressure along the obstructed ureter and renal pelvis and is
transmitted to the renal tubuli and Bowman’s space. When
the pressure is high enough, glomerular filtration may stop
altogether. If the contralateral kidney has normal function,
the patient is not expected to become azotemic and thus
clinical signs are mostly pain related due to stretching of the
renal capsule. Due to the non-specific clinical signs, these
episodes of unilateral ureteral obstruction often go unnoticed
by owners (6). The fate of the obstructed kidney will be determined by the nature of the obstruction. If the obstruction
is complete and static, the kidney will undergo cystic atrophy or, more commonly fibrosis. If the obstruction is partial
or dynamic, subsequent kidney damage will be determined
by the time and severity of the obstruction. Therefore, the
affected kidney may have normal to minimal residual function after the obstruction has been relieved. Recurrent obstructions may lead to progressive renal damage and further
decrease in renal function based on the above criteria (6).
When partial or complete loss of one kidney function
occurs, the contralateral kidney will undergo compensatory
hypertrophy, which results in kidney enlargement. Since the
affected kidney is small due to chronic changes, the end result
is one big kidney (due to compensatory hypertrophy) and one
small kidney (due to fibrosis) and thus the syndrome is often

72

Shipov, A.

referred to as “big kidney little kidney syndrome” (2,11). This
new steady state may last for a long period of time, but is often interrupted when a new obstruction of the hypertrophied
kidney occurs. This scenario is very common in cats with
predisposition to stone formation (6,10). In these instances
the severity of azotemia reflects the nature of the current
obstruction and the residual function of the previously obstructed contralateral kidney. If the new obstruction is complete, the degree of azotemia is a relatively accurate reflection
of the residual function of the previously obstructed kidney,
once steady state has been reached. If the latter has no function and the current obstruction is complete, azotemia may
become severe and is often accompanied by life-threatening
hyperkalemia. Oliguria and anuria may be present, however
their absence does not rule out complete unilateral obstruction, as urine may be produced by the contralateral kidney,
even if the latter does not contribute substantially to overall
glomerular filtration rate (GFR).

Clinical signs and clinicopathologic abnormalities

The presentation of animals with ureteral obstruction varies
substantially from one patient to the other. Many of these
patients present with classical clinical signs of acute uremia,
whereas others present only pain or clinical signs mimicking
the presentation of animals with chronic kidney disease due
to other causes (6). The type of clinical signs at presentation
depends on the aforementioned criteria. The diversity in the
clinical presentation is one of the factors that contribute to
the challenges facing the clinician and the difficulty to provide strict therapeutic guidelines to this heterogeneous population of patients. Thus each animal needs to be assessed and
managed individually (6). Interestingly, many azotemic cats
with ureteral obstruction present a considerably better clinical demeanor compared to cats with similar levels of azotemia of other causes.
Physical examination is a key factor in the diagnosis of
ureteral obstruction in cats. Most of kidney diseases in dogs
and cats (acute and chronic) are symmetrical whereas ureteral obstruction is one of the few exceptions in which one
kidney is small, due to previous obstruction, and one kidney
is firm and enlarged. Therefore asymmetrical kidneys upon
abdominal palpation are suggestive of an obstructive disease.
Nonetheless, ureteral obstruction is not the only rule out for
asymmetric kidneys in cats. The consistency of the kidney
upon abdominal palpation can increase the level of suspiIsrael Journal of Veterinary Medicine  Vol. 68 (2)  June 2013
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cion to the presence of an obstruction. Obstructed kidneys
tend not only to be enlarged, but also to be firm, similar to
the difference between an enlarged and an obstructed urinary bladder.
Common laboratory abnormalities of cats with ureteroliths include normocytic normochromic anemia (~50%), azotemia (80%) and hyperkalemia (35%) (6), whereas in dogs,
leukocytosis (50%) and azotemia (56%) are common (6,12).
The presence of anemia in cats is likely a combination of anemia of inflammation (as some of the cats may have concurrent pyelonephritis), over hydration, and underlying chronic
kidney disease.
Urinalysis often does not provide specific information
in cases of ureteral obstruction but may reveal hematuria,
pyuria, cylinduria and crystalluria. Urine culture is positive
in only 8% of the cats, but is positive in 50% of the dogs
(6,12). Crystalluria is not a sensitive marker of ureteral calculi
because only 6.5% of cats with calcium oxalate ureteroliths
present calcium oxalate crystalluria (6).
Diagnostic approach

The diagnosis of ureteral obstruction is based on the history,
physical examination, clinicopathologic abnormalities and is
confirmed by various imaging modalities (6,10). The aim is
to identify the disease as early as possible, establish its severity, and to classify the obstruction as partial or complete and
as static or dynamic. The potential of the kidney to return
to normal function once the obstruction has been relieved
should also be assessed as part of the diagnostic evaluation
(2). Recent kidney function prior to the obstruction, when
known, is extremely useful information when assessing the
potential of the obstructed kidney to return to normal function and the likelihood for a successful outcome, once ureteral patency has been restored. If the kidney function was
normal prior to the obstruction and the obstruction is acute,
and irreversible kidney damage has not occurred, short and
long term prognosis are expected to be good once the obstruction has been relieved (13,14). This information can be
used to encourage owners to pursue diagnosis and therapy,
which may be cost prohibitive. Conversely, if azotemia was
present before the acute exacerbation, long term prognosis is
considered less favorable. Unfortunately, this information is
not always available and the assessment should be based on
other criteria. The overall GFR and the relative contribution
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of each kidney to the GFR are also vital information that can
guide therapy, however these are difficult to assess as long as
the obstruction is present (2,15).
Imaging modalities are often used to diagnose ureteral
obstruction, but may have moderate sensitivity. The latter
results from lesions that cannot be identified using routine
imaging techniques (e.g., strictures) or when ureteroliths are
small (common in cats). The sensitivity of survey radiographs
and ultrasonography to ureteral obstruction in cats is estimated to be ~80%, namely 20% of the cats with ureteral obstruction due to ureteroliths will not be identified as such
using these tests (12). In dogs, due to the nature of ureteroliths, sensitivity is higher. In one study 88% and 100% of
ureteral calculi were identified using survey radiographs and
ultrasonography, respectively (12). The above sensitivities are
reported from referral centers that have advanced equipment
and in which the evaluation is made by board certified radiologists. Therefore these are expected to decline even further
in other clinical settings. Each one of the imaging modalities has its advantages and disadvantages, thus they are often
used in conjunction.
The combination of ultrasonography and radiography has
been shown to increase the sensitivity for detection of ureteroliths in cats to 90% (6). Radiographs are extremely useful
to follow ureteroliths’ location and to determine whether the
obstruction is static or dynamic. Ultrasonography is another
useful tool to detect the obstruction and to assess renal geometry and architecture, but it is highly operator dependent (2,
6, 10). Typically, on ultrasonography, a shadowing hyperechoic structure consistent with an ureterolith is identified with a
proximally torturous and dilated ureter and hydronephrosis
(6). Hydronephrosis and dilatation of the collecting system
may take days to develop, thus, their absence should not rule
out an obstruction (6). The dilatation of the collecting system occurs from proximal to distal and may not reach the
obstruction site. Ultrasonographic examination can also aid
in the overall assessment of the kidneys’ potential to return
to normal function, once the obstruction has been removed;
however, this should be done cautiously. If advanced chronic
changes or marked hydronephrosis accompanied by massive
parenchymal loss are documented in the obstructed kidney,
the prognosis for renal recovery is poor (10).
When the suspicion for ureteral obstruction is high but
the obstruction cannot be documented using radiography or
ultrasonography, contrast studies or computerized tomograUreteral Obstruction
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phy should be considered. Intravenous urography is not used
often since GFR reduction, subsequent to the obstruction,
decreases contrast elimination through the kidneys, and thus
enhancement along the collecting system of the obstructed kidney may not be sufficient for a diagnostic study (16).
Alternatively, antegrade pyelography can be utilized. This
procedure is performed under ultrasonographic or fluoroscopic guidance (16,17). The dilated renal pelvis is punctured
and urine is collected for urinalysis and culture. A contrast
material is then injected into the renal pelvis and followup radiographs are obtained. Normally the contrast material
should move down the ureter and reach the urinary bladder immediately. This procedure assures sufficient amount of
contrast material within the collecting system and it eliminates the risk for nephrotoxicity. Contrast computerized tomography is less invasive than antegrade pyelography and its
high sensitivity allows the use of a small amount of contrast
material (18), however, it is cost prohibitive in some patients.

Medical management of ureteral obstruction

Management of ureteral obstruction can be either medical or
surgical (10). The type of therapeutic intervention is determined by the nature of obstruction (i.e., static vs. dynamic),
its location, presence and severity of clinicopathologic abnormalities (e.g., hyperkalemia), presence of renal infection
and the risks associated with each one of the available procedures (10). These parameters will also determine the urgency
of intervention. When intraluminal ureteral obstruction is
diagnosed, medical management may be the only therapy
needed for a subset of patients, however, in other types of
obstruction (e.g., stricture) or when the obstruction cannot
be relieved with medical management, surgical management
should be considered (10).
In non-azotemic patients with unilateral obstruction,
pain management and a close monitoring to assure antegrade
movement of the ureterolith may be the only therapeutic
means needed. The type of stone and its location makes dissolution not possible and even contraindicated. There are no
guidelines in veterinary medicine to assess the likelihood of
antegrade movement of ureteroliths based on their size and
location, therefore follow up imaging studies are required
(10). Unfortunately, there is also no solid evidence to guide
medical management of ureteral obstruction, thus treatment
is often empirical. In theory, administration of fluids and diuretics may increase the hydraulic pressure on the ureterolith
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and promote antegrade movement. Other therapies used in
human patients to facilitate antegrade stone movement and
to decrease local edema and inflammation, such as glucagon,
ureteral muscle dilators, and anti-inflammatory drugs, have
not been evaluated extensively in dogs and cats.
When medical management is attempted the risk for irreversible renal damage during the monitoring period should
be considered. The degree of renal damage depends on the
degree and duration of the obstruction (19-21). In dogs,
complete ligation of the ureter for 4 days results in complete
recovery to normal kidney function (19-21). Ligation of the
ureters for 14 days results in 46% recovery of the original kidney function (19-21). However ureteral ligation for 40 days
or longer is associated with minimal recovery (19-21). Partial
ureteral ligation for 14, 28 and 60 days resulted in 100%, 31%
and 8% return to baseline kidney function, respectively (1921). It is therefore clear that there is only a very short period
of time (i.e. days) in which medical management can be applied before irreversible damage occurs. The aforementioned
period for “safe” medical management may even be shorter
when considering that the obstruction often is present before presentation for medical care. In some cases, ureteral
obstructions may be an incidental finding. When neither
azotemia nor any evidence of pelvic dilation is present, there
is a dilemma whether surgical intervention is warranted, especially in facilities where these surgeries are not being performed routinely. On one hand, the short term consequences
of surgical intervention may be detrimental, but on the other
hand there is no practical way of knowing whether the obstruction is associated with any gradual decrease in kidney
function. Due to the high recurrence of these stones, especially in cats, one may argue that renal function should be
preserved at any cost.
In patients with azotemia the first therapeutic effort is directed towards patient stabilization. The presence of azotemia
after excluding its pre-renal component, attests for decreased
contralateral kidney function. In fact, when the obstruction is
complete, the presence of azotemia is a good reflection of the
residual function of the contralateral kidney, once steady state
has been reached. Management of hyperkalemia and acidemia are crucial before pursuing diagnostic procedures such
as imaging, as some require sedation or general anesthesia.
In severely azotemic and hyperkalemic patients hemodialysis
or peritoneal dialysis will allow patient stabilization prior to
other interventions (22). Renal replacement therapies also
Israel Journal of Veterinary Medicine  Vol. 68 (2)  June 2013

Review articles

enables a longer period of time for dynamic intraluminal
obstructions to resolve spontaneously; however despite the
reduction of uremia toxins, progressive kidney damage continues to occur as long as the kidney is obstructed.
When renal replacement therapies are not available, urine
diversion can be performed using nephrostomy tubes (23).
These can be placed either surgically or under fluoroscopic
or ultrasonographic guidance. Placement of nephrostomy
tubes not only facilitates patient stabilization, but also can
be used to assess the kidney’s potential to return to normal
function, and to predict prognosis once the obstruction is
removed. This information can guide future treatment and
can assist owners, before making cost prohibitive decisions.
Nephrostomy tubes also prolong the window of opportunity for medical management and provide additional time
in which intraluminal obstructions can move antegrade and
reach the urinary bladder. Complications include urine leakage, poor drainage and tube dislodgment (10).

Surgical management of ureteral obstruction

Surgical intervention is indicated when the obstruction is
static, when there is damage to the obstructed ureter (e.g.,
urine leakage), and when the obstructed kidney is infected. Surgical options include ureterotomy, ureteral resection
and anastomosis (mostly in dogs), ureteroneocystostomy
(i.e. re-implantation of the ureter to the urinary bladder)
and renal transplantation when available (10). In cats, due
to the relatively narrow ureteral lumen, resection and anastomosis are rarely applied, as these are likely to result in
narrowing and re-obstruction at the anastomosis site (10).
Ureteroneocystostomy is more commonly applied, but the
ureteral orifice, at the re-implantation site is also prone to
narrowing. This procedure is usually utilized when the obstruction is located in the middle of the ureter or distally, but
it can also be applied in proximal obstructions along with
caudal and cranial displacement of the kidney and the bladder, respectively (renal desensus and psoas cystopexy) (10). A
few methods for re-implantation have been evaluated previously and among those the extra-vesical simple interrupted
technique was considered to have the best outcome (8, 24).
Ureteronephrectomy is considered as a last resort when
the obstruction cannot be eliminated or bypassed (e.g., proximal stricture, neoplasia) and when severe and irreversible
renal infection or damage (e.g. renal abscess) are present.
Renal function (even partial) should be preserved in patients
Israel Journal of Veterinary Medicine  Vol. 68 (2)  June 2013

with ureteral obstruction whenever possible. This procedure
should only be considered when there is no alternative, because further reduction in kidney function can be detrimental
for the patient, either at the current episode or in the future.
One should also be extremely cautious in determining that
there is no remaining kidney function based on the ultrasonographic appearance. Presence of azotemia is an indication of substantial decrease in function of the contralateral
kidney and any additional reduction in the overall GFR following nephrectomy may turn a patient to unmanageable
with medical therapy. Even when azotemia is not present,
nephrectomy should be performed as a last resort since patients with ureteral obstructions often develop obstructions
in the contralateral collecting system.
When both kidneys are chronically affected by repeated
obstructions and surgical management is not likely to increase the kidney function, renal transplantation is considered (10). It has been shown that cats with ureteral obstruction may form calculi in the graft as well; however, survival of
these cats is not different from cats undergoing renal transplantation due to other reasons (19).

Minimally invasive procedures and
interventional radiology

Extracorporeal shock can be used for the management of
ureteroliths. Extracorporeal shock wave lithotripsy delivers
external shockwaves directed under fluoroscopic guidance in
2 planes (25). The stone is shocked thousands of times in different energy levels. Ureteral stent placement prior to lithotripsy is recommended to aid in stone passage to the urinary
bladder and decreases the risk for obstruction. Extracorporeal
shock wave lithotripsy has been used successfully in dogs
and cats to fragment ureteroliths, however, feline kidneys are
more sensitive to shock wave induced injury and therefore
this modality is not being applied commonly in cats with
ureteral obstruction.
Interventional radiology and endoscopy can be used also
to facilitate management of ureteral obstruction in dogs and
cats and provide additional therapeutic measures (14). The
most common method to divert urine from the renal pelvis into the urinary bladder is placement of ureteral stents
(14). Stents do not only divert the urine from the renal pelvis to the bladder but also encourage passive dilation of the
obstructed ureter (14, 26). There is a controversy whether
ureteral stents should be recommended as the treatment of
Ureteral Obstruction
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choice in ureteral obstructions. Ureteral stents however bear
many advantages including minimal invasiveness, shorter recovery period, and prevention of future obstructions (13,14).
The double pigtail stent is the stent of choice in cats with
ureteral obstruction (13,14). It has also been used successfully in dogs with malignant ureteral obstructions (26). One
loop of the pigtail is curled in the renal pelvis and the other
is curled in the urinary bladder. Stent placement can be performed under fluoroscopic guidance and with cystoscopic
assistance in dogs and in female cats, but in male cats (and
often in female cats as well) open surgery is required to facilitate stent placement. A description of placement techniques
is beyond the scope of this review and can be found elsewhere
(14). All minimally invasive procedures require special equipment, training and experience.
Recently, subcutaneous ureteral bypass device placement
has been described for the management of ureteral obstruction. In this procedure a nephrostomy and cystostomy tubes
are placed and connected subcutaneously using male to male
adaptors, typically under the skin or, less typically, inside the
abdomen (13). This procedure is performed most commonly
for proximal ureteral strictures, in which stent placement is
less effective as passive ureteral dilation is less likely to occur
and re-implantation is more challenging due to the proximal
location (5). Although the number of procedures performed
to date is relatively small, the procedure seems to be successful and associated with a favorable outcome (13).
Prognosis

The prognosis of ureteral obstruction is highly dependent on
the available therapeutic tools and surgical skills. Outcome
in referral centers with extensive expertise with ureteral surgery is favorable, with a one month survival rate of
75% (10,12). Nonetheless, complication rate is ~30% (10).
Surviving cats have relatively long term survival of ~90%
with surgical management and ~70% with medical management (10). The expected morbidity and mortality is likely substantially higher when special operating equipment
such as operating microscopes and microsurgical experience
are not available. Close to 50% of the cats are expected to
sustain chronic kidney disease and 40% have ureteral stone
recurrence (10). Therefore, patients with ureteral obstruction should be closely monitored periodically for recurrence.
Preventative treatments should be initiated in cats with ureteral calculi due to the high recurrence rate.
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