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Key points:

Etiology - Uroabdomen in dogs and cats is most often associated with vehicular or blunt trauma. The urinary bladder is the most common site of rupture.
This condition may also result from urinary tract obstruction, traumatic bladder expression or catheterization, neoplasia, and postoperative leakage following abdominal or urogenital surgery.


Diagnosis – Disruption to the urinary tract should be considered when a patient is diagnosed with azotemia, hyperkalemia, and abdominal effusion. By comparing the creatinine concentration of the abdominal fluid to the serum or plasma creatinine concentration, a diagnosis of uroabdomen can be made if the creatinine ratio is ≥2:1. In most patients imaging studies with contrast are necessary to identify the exact source of urine leakage and to determine therapeutic options.
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· In a retrospective study evaluating creatinine and potassium concentration ratios of abdominal fluid to peripheral blood in dogs with uroperitoneum, a creatinine ratio greater than 2:1 was predictive of uroabdomen with a specificity of 100% and sensitivity of 86%
· When comparing potassium concentration ratios, a ratio of greater than 1.4:1 was also consistent with uroabdomen with both the specificity and sensitivity being 100%
· In the same study all dogs had a creatinine concentration of their abdominal effusion that was at least 4 times that of peripheral blood

Therapy – Uroabdomen is a medical emergency, not a surgical emergency. Acute management involves stabilization of the patient with IV fluid therapy and treatment of hyperkalemia. Urinary diversion and, in some cases, peritoneal dialysis are necessary to stabilize the patient until life-threatening conditions such as hyper kalemia or concomitant injuries such as pulmonary contusions resolve. Once the patient is stable for anesthesia, surgical repair, if indicated, may be performed.

Prognosis – The prognosis of patients with uroabdomen depends on the extent of urinary and nonurinary injuries as well as the development of complications. Potential complications include dehiscence or urine leakage following surgical repair of the urinary tract, urosepsis, unresolving azotemia secondary to renal damage or underlying renal insufficiency, or stricture formation in the urinary tract.


Summary:
· Uroperitoneum generally develops from disruption of the distal ureters, bladder, or proximal urethra whereas uroretroperitoneum results from injury to a kidney or proximal ureter with the peritoneum remaining intact.
· The probability of bladder injury correlates directly with the degree of bladder distention at the time of trauma
· The rapid rise of intraperitoneal pressure caused by the traumatic event may cause rupture of a distended bladder with a thin wall and stretched muscle fibers.
· Male dogs are at an increased risk of bladder rupture because their long, narrow urethra cannot easily adapt to a rapid rise in intra- vesicular pressure
· Patients that incur pelvic fractures also have an increased likelihood of uroabdomen due to deformation of the pelvic canal in addition to laceration of the bladder or urethra from sharp bone fragments.
· Rupture of the prostatic or membranous portion of the urethra is the most common site of injury in dogs with pelvic fractures.
· If a ureteral rupture does occur, it most often occurs in the proximal portion
· Types of renal injuries include contusions, fissures, or lacerations of the renal parenchyma, or vascular pedicle injuries
· Fractures of the spine or last 3 ribs in a dog or cat with uroabdomen should raise concern for a ruptured kidney

· Complications of Uroabdomen
· In patients with uroabdomen, potassium-containing urine accumulates in the abdominal cavity and is reabsorbed into the systemic circulation down a concentration gradient, resulting in hyperkalemia.
·  In an attempt to maintain homeostasis, renal excretion of potassium is increased through the effects of the principal cells and aldosterone on the Na+/K+-ATPase pumps in the distal tubule and collecting ducts.
· Because potassium cannot be absorbed across the peritoneal membrane as quickly as it is excreted into the peritoneal cavity, the concentration of potassium in the abdominal fluid remains higher than that of peripheral blood
· Hyperkalemia increases the resting membrane potential of cells in the body, which reduces the gradient between the resting membrane and threshold potential, and subsequently causes an increase in cell membrane excitability. 
· In cardiac myocytes, this increased excitability can result in life-threatening cardiac arrhythmias progressing from bradycardia to ventricular fibrillation or asystole. 
· Cardiac conduction disturbances may be seen and usually depend on the degree of hyperkalemia in addition to concurrent abnormalities such as metabolic acidosis, hypocalcemia, and hyponatremia, which can exacerbate the detrimental effects of hyperkalemia on cardiac electrical conduction

· Guidelines for TX of hyperkalemia:
· If the patient is mild to moderately hyperkalemic with a serum potassium concentration >5.5 mmol/L but <7.5 mmol/L, fluid therapy alone may promote potassium excretion by improving glomerular filtration rate (GFR).
· In patients with serum potassium exceeding 7.5 mmol/L, additional therapies may be necessary to reduce serum potassium or protect the heart from hyperkalemia-induced electri- cal disturbances
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· Ventricular pacing can also be used in people with severe bradycardia or asystole secondary to hyperkalemia.

NOTE: As ketamine is excreted unchanged in the urine, its use in animals with uroperitoneum may lead to prolonged sedation and anesthesia because it will be continuously reabsorbed until the uroabdomen is drained

Diagnosis of Uroabdomen:
· The most common abnormalities associated with uroabdomen are azotemia, metabolic acidosis, and electrolyte derangements including mild hyponatremia, hyperphosphatemia, and hyperkalemia
· Unlike azotemia and hyponatremia, which often develop in 24 hours following the onset of uroabdomen, hyperkalemia may not develop for 48 hours or more
· Conditions that have similar clinical signs and laboratory abnormalities to uroabdomen such as hypoadrenocorticism and acute renal failure should be ruled out.
· Evaluation of abdominal effusion:
· Urine within the peritoneal cavity can appear as a transudate, modified transudate, or exudate, with variation caused by hemorrhage or inflammatory cells
· Because urine is a chemical irritant, it can result in nonseptic neutrophilic inflammation with a cell count >5,000 nucleated cells per microliter, a specific gravity of >1.025, and total solids of >3.0 gram/dL
· To confirm that the effusion is originating from the urinary tract, the ratios of creatinine and potassium in the abdominal effusion to peripheral blood can be compared
· Creatinine diffuses slowly across the peritoneal membrane.
· Urea, relative to creatinine, has a smaller molecular weight allowing it to rapidly equilibrate across the peritoneal membrane and yielding a less reliable marker for diagnosis of uroabdomen.
· Because both potassium and creatinine remain in high concentrations in the abdominal fluid, they serve as useful indicators to diagnose uroabdomen
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· In a retrospective study evaluating creatinine and potassium concentration ratios of abdominal fluid to peripheral blood in dogs with uroperitoneum, a creatinine ratio greater than 2:1 was predictive of uroabdomen with a specificity of 100% and sensitivity of 86%
· When comparing potassium concentration ratios, a ratio of greater than 1.4:1 was also consistent with uroabdomen with both the specificity and sensitivity being 100%
· In the same study all dogs had a creatinine concentration of their abdominal effusion that was at least 4 times that of peripheral blood

Imaging:

Note: contrast cystosonography is when they infuse microbubbles into the bladder using agitated sterile saline and ultrasound it at the same time to see if they can see bubbles exiting the rupture site and bubbles in the abdomen

· Because retrograde positive contrast cystography can be easily performed to evaluate the bladder or urethra for rupture, it remains the diagnostic of choice in most clinical settings.
· A 10–20% solution of a water soluble, organic, iodinated contrast medium such as iohexolc is infused into the bladder (~10ml/kg) following aseptic bladder catheterization and removal of residual urine.

· Excretory urography should be considered in patients in which no leakage is noted from the bladder or urethra during retrograde cystography, if urinary catheterization is difficult, or if a urinary tract disruption proximal to the urinary bladder is suspected.

· Contrast media such as iohexol or iopamidold are infused rapidly as an IV bolus through a peripheral catheter at a dose of 425–880 mg iodine per kg of body weight.
· A ventrodorsal abdominal radiograph is performed between 5 and 20 seconds after contrast is injected, and at 5 minutes, 20 min, and 40 min following injection. Oblique views should be obtained at 3–5 min after injection to image the ureteral insertion into the urinary bladder. A lateral radiograph is performed at 5 minutes for general assessment.

Contrast induced nephropathy:
· In people, the pathophysiology of contrast-induced nephropathy is thought to result from:
·  Direct toxicity of contrast medium to nephrons
· Micro-showers of cholesterol emboli to the kidneys
· Contrast-induced intrarenal vasoconstriction. 
· These factors result in hypoxic and ischemic insult to the kidneys with subsequent development of acute renal failure.
· In animals there is controversy regarding whether contrast agents induce vasoconstriction or vasodilation but direct toxicity related to osmolarity of the contrast agents is similar to that seen in people
· In a well-hydrated, normotensive patient producing adequate amounts of urine, excretory urography should not be a contraindication even in the presence of azotemia
· However, in a patient with a known history of chronic kidney disease, there is an increased risk due to reduced GFR and fewer nephrons to clear the contrast. Use of nonionic, water-soluble, iodinated contrast media is recommended in these high- risk patients.
· In human medicine, CT is the imaging modality of choice
· Benefits of CT excretory urography include lack of superimposition of surrounding structures which improves visualization of the ureter, ability to reconstruct 2-dimensional and 3-dimensional images of the ureter, and the allowance for administration of lower concentrations or volume of contrast medium.
· One pitfall of CT excretory urography noted in veterinary patients is peristaltic contractions of the ureter causing loss of visualization due to the disappearance of contrast medium.
· MRI

Urinary diversion:
· A urinary catheter should be placed in the bladder to empty the urine that is continually being produced as long as at least 1 kidney and ureter are intact
· If a urethral catheter cannot be passed due to obstruction or damage to the urethra; repetitive cystocentesis or placement of a cystostomy tube should be considered.
· Repetitive cystocentesis carries the risks of bladder rupture, infection, or leakage and placement of a cystostomy tube requires general anesthesia for which the patient may not be a good candidate
· Peritoneal drainage using a needle or peritoneal catheter can be used to drain fluid from the abdomen.
· PD may be used as a presurgical treatment for patients with uroabdomen and severe azotemia and hyperkalemia >7.5 mmol/L (>7.5 mEq/L)
· PD utilizes the peritoneum as a semi-permeable membrane through which solutes equilibrate between plasma and dialysate via osmosis.
· Premixed dialysate can be purchased or it can be made up of isotonic crystalloid fluids such as lactated Ringer’s solution. Dextrose may be added to increase the osmolarity of the dialysate, which will pull additional fluid into the abdomen. If only solute removal with no fluid removal is desired, a 1.5% dextrose solution is adequate. If fluid removal is desired such as in over- hydrated patients, a 2.5% and 4.25% dextrose solution is recommended. Heparin can be added to the dialysate to reduce fibrin formation. Once the solute has had time to equilibrate, usually 30–40 minutes, the dialysate, into which excess solutes and water has equilibrated, is re- moved from the abdomen. The amount of time necessary for equilibration will depend on the volume of dialysate infused and the serum solute concentrations.

· The recommended volume for infusion in small animals is approximately 30–40 mL/kg
· Complications associated with PD, aside from catheter occlusion, can include hypoalbuminemia, septic peritonitis, dialysate leakage, hypothermia, electrolyte derangements and, in rare cases, dialysis disequilibrium.
· Renal replacement therapy such as intermittent hemodialysis or continuous renal replacement therapy is another option for patients with severe electrolyte derangements and azotemia.


Surgical repair:
· See review for surgical repair techniques of various urinary injuries
· Up to 75% of the bladder can be removed and still maintain normal function.
· Patients with ureteral injuries that are unstable can be managed with temporary urinary diversion using a percutaneously placed nephrostomy tube
· Nephrostomy tubes can also be placed in dogs and cats in which there is concern for ongoing urine leakage following ureteral surgery or stenting. Nephrostomy tubes are placed surgically or percutaneously using ultrasound guidance, fluoroscopy, or both. Complications may include poor drainage, tube dislodgement, and urine leakage
· A small number of veterinary specialists have placed indwelling ureteral stents. Polyurethane double-pigtail stents can be placed in retrograde fashion using cystoscopic and fluoroscopic guidance or antegrade following a percutaneous or a surgically assisted pyelocentesis. Ureteral stenting has the benefit of potentially reducing pressure at the site of ureteral damage, fostering repair by diverting urine flow and reducing urine leakage from the surgical site
· Subcutaneous ureteral bypass (SUB) is another alternative used in human medicine in cases in which ureteral stenting is not an option. SUB involves placing locking– loop nephrostomy and cystostomy catheters that are ex- ternalized by tunneling the tubes under the skin and connecting them via a special port. A cystopexy and nephropexy must be performed to prevent tension on the catheters. Although SUB may be a treatment option for ureteral trauma in future veterinary patients, it will likely be limited to very specific patients and, at this time, is only in the investigational stages.
· Urethral lacerations or ruptures may need debridement, suturing, or urethral anastamosis with subsequent placement of a cystostomy tube and/or indwelling urinary catheter for days to weeks.
· Another option for urethral injury is a permanent urethrostomy proximal to the site of injury for which a prescrotal, scrotal, perineal, or antepubic urethrostomy may be indicated.
· A scrotal urethrostomy is the preferred technique in male dogs, prepubic urethrostomy in female dogs, and perineal ure- throstomy in cats. A prepubic (antepubic) urethrostomy is considered a salvage procedure as it is difficult to per- form and urinary continence will depend on adequate innervation of the lower urinary tract.
· For less severe urethral injuries, an indwelling urinary catheter can be placed for 7–21 days to allow for healing of the urethra.
· Complications of urethral trauma include strictures, on- going urinary leakage, and urinary incontinence from damage to the vascular supply or innervation of the urethral sphincter.
· Tube cystostomy is an alternative option for tempo- rary or permanent urinary diversion in patients with se- vere bladder or urethral trauma or neoplasia
· Urinary bladder marsupialization is another repara- tive option, and often salvage procedure, for some patients in which the urethra cannot be repaired due to trauma or neoplasia; however, chronic cystitis and uri- nary tract infections are common sequelae

NOTE: Mortality in people with urosepsis remains around 20–40%
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Questions:


1. What is the physiologic mechanism by which potassium in the abdomen fluid is higher than that of peripheral blood in the case of a uroabdomen?




2. What effect does hyperkalemia have on resting membrane potential? What are some consequences of this regarding cell membrane excitability?




3. As ketamine is excreted unchanged in the urine, its use in animals with uroperitoneum may lead to prolonged sedation and anesthesia because it will be continuously reabsorbed until the uroabdomen is drained. T or F?




4. Urea, relative to creatinine, has a smaller molecular weight allowing it to rapidly equilibrate across the peritoneal membrane and yielding a less reliable marker for diagnosis of uroabdomen. T or F?



5. Describe the 3 guidelines used for the diagnosis of a Uroabdomen based on evaluation of abdominal effusion, provided in this review.

















Questions with answers:

1. What is the physiologic mechanism by which potassium in the abdomen fluid is higher than that of peripheral blood in the case of a Uroabdomen?

Answer:
· In patients with uroabdomen, potassium-containing urine accumulates in the abdominal cavity and is reabsorbed into the systemic circulation down a concentration gradient, resulting in hyperkalemia.
·  In an attempt to maintain homeostasis, renal excretion of potassium is increased through the effects of the principal cells and aldosterone on the Na+/K+-ATPase pumps in the distal tubule and collecting ducts.
· Because potassium cannot be absorbed across the peritoneal membrane as quickly as it is excreted into the peritoneal cavity, the concentration of potassium in the abdominal fluid remains higher than that of peripheral blood

2. What effect does hyperkalemia have on resting membrane potential? What are some consequences of this regarding cell membrane excitability?

Answer:
· Hyperkalemia increases the resting membrane potential of cells in the body, which reduces the gradient between the resting membrane and threshold potential, and subsequently causes an increase in cell membrane excitability. 
· In cardiac myocytes, this increased excitability can result in life-threatening cardiac arrhythmias progressing from bradycardia to ventricular fibrillation or asystole. 
· Cardiac conduction disturbances may be seen and usually depend on the degree of hyperkalemia in addition to concurrent abnormalities such as metabolic acidosis, hypocalcemia, and hyponatremia, which can exacerbate the detrimental effects of hyperkalemia on cardiac electrical conduction

3. As ketamine is excreted unchanged in the urine, its use in animals with uroperitoneum may lead to prolonged sedation and anesthesia because it will be continuously reabsorbed until the uroabdomen is drained. T or F?

Answer: True


4. Urea, relative to creatinine, has a smaller molecular weight allowing it to rapidly equilibrate across the peritoneal membrane and yielding a less reliable marker for diagnosis of uroabdomen. T or F?

Answer: True

5. Describe the 3 guidelines used for the diagnosis of a Uroabdomen based on evaluation of abdominal effusion, provided in this review.

Answer:
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Table 3: Treatment of severe hyperkalemia

Drug Mechanism of action Dose Comments
Insulin and 50% Insulin-mediated simultaneous Dogs and cats: Give 0.5 units/kg regular
Dextrose movement of glucose and potassium  insuiin IV and, for every unit of insulin
into calls via stmulation of administered, give 2 grams (4 L) of
NaK+ ATPase acivity in skeletal 50% dextrose diluted IV to prevent
muscle' hypoglycemia?
50% Dextrose alone  Same as above™*4 Give 0.7-1 gkg (1.4-2 mLkg) diluted  In people, dextrose alone is not
and given siowly IV over 3-5 recommended because the rise of
minutes? ‘endogenous levels of insulin s less
likely to have a therapeutic benefif*
Terbutaline ‘Stimulation of Na*K*ATPase activity?~* Dogs and cats: Give 0.01 mghkg IV Use of B-adrenergic agonists as a single
slowly? ‘agent treatment for humans with
hyperkalemia is not recommended®”
‘Sodium bicarbonate  Improves extracellular acidosis and Give 1-2 mEghkg IV slowly over 15 Controversial as a firstline therapy. May
indirectly increases activity of minutes? be more efficacious if given with
Na*K*-ATPase causing a shift of ther proven therapies for treatment
potassium into the cellin exchange of hyperkalemia'®-13-18
for hydrogen®'2
10% Calcium Reduces cardiac excitabilty by Give 0.5-1.5 mLikg IV slowly over 510 Calcium antagonizes the effect of
Gluconate reestablishing the norml gradient minutes. An ECG should be hyperkalemia on the myocardium but

between the resting membrane and
threshold potentials'®

monitored during the infusion for
evidence of bradycardia or
exacerbation of the arhythmia®

does ot lower potassium
‘concentration® 17
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