Title :Urolithiasis in ruminants

Introduction: urolithiasis in ruminants is described as a series of cases. Treatments are different for each case and are described in detail in the discussion, giving the reader all the options for treatment, along with their pros and cons.

Case 1. 
A castrated, 7 y.o.,  Saanen-cross goat. Presented with colic like symptoms. On clinical examination “Clarence” was tachycardic with slight abdominal distension and pain on abdominal palpation. All other parameters were normal. On discussion with the owner it was established that his frequency of urination had decreased and the owner could not recall whether he had urinated that day or not. Clarence was given a NSAID and Buscopan and was kept inside overnight to observe for urination. On re-examination the following morning Clarence was still in abdominal pain and there was no sign of urination. On a presumptive diagnosis of obstructive urolithiasis Clarence was sedated with xylazine (xxx mg/kg IV) and cystocentesis attempted via ultrasound guidance but due to his high condition score this was unsuccessful. He was referred to the Liverpool University Farm Animal Hospital for further investigation. He underwent a cystotomy and perineal urethrostomy  and was started on a four week course of ammonium chloride orally. Two years later his urethrostomy is still functional.

Case 2. 

An entire male 10 w.o. texel ,intended to be sold for breeding.  Presented with dysuria, tachycardia and a tense abdomen. B mode linear ultrasonography revealed a distended bladder  with hyperechoic (echodense) areas indicating uroliths/silt; the vermiform appendage was swollen and necrotic. Removal of the vermiform appendage did not elicit urine flow. 

The ram underwent percutaneous placement of a foley catheter  through the ventral abdominal wall into the bladder , under ultrasound guidance (FUBINI) . Blood tests revealed normal levels of BUN and creatinine. Daily oral  NH4Cl (5g) and infusion of walpole’s into bladder were commenced. (REFJ Am Vet Med Assoc. 2009 Jan 15;234(2):249-52.)  After 7 days the catheter was closed for short periods daily to observe whether there was any urethral urine flow.
After 14 days intermittent blockade of catheter, urine flow was judged to be normal and the foley catheter was removed. Oral ammonium chloride was administered for a further 4 weeks.

Case 3.

A 2 y.o Limousin bull was “off colour”, demonstrating a reduced appetite and lethargy; there were no significant clinical abnormalities detected upon initial examination and he was treated by the referring vet using broad -spectrum antibiotics and a nsaid.  48 hours later there had been no improvement and he was referred for further investigations. On examination the bull was subdued ,rectal temperature was 101.5,  heart rate 116 bpm (no arrhythmias) , respiratory rate was 30/min,  there were no audible gut sounds, scanty faeces on rectal exam, and a grapefruit sized mass was palpable per rectum , rumen fill was poor,  and rectal ultrasound showed normal accessory sex glands . The straw bedding was constantly dry and clean throughout the initial 12 hours the bull was hospitalised, as had been the trailer in which he was transported.  Abdominal and thoracic ultrasonography using a B-mode 7.5MHz probe  simply showed the soft tissue layers of the body wall. Twelve hours later the only change was that the rectal mass was no longer palpable. Exploratory laparotomy through the left flank was performed and immediately on entry into the peritoneal cavity approximately 100 litres of fluid poured out, containing strands of fibrin and multiple solid calculi, each approx 1 cm diameter. A large hole in the ventral bladder was palpable. 

The decision was made to euthanase , given that:

1.the bladder defect would only be accessible via a midline celiotomy under general anaesthesia. 
2. the size of the bull and inacessibilty of the bladder precluded placement of a foley catheter for percutaneous drainage 

3. urethrostomy would interfere with breeding ability.

Case 4

A group of Greyfaced Dartmoor breeding males, in overfat body condition, on lush pasture with high clover content, being fed concentrates daily. One exhibited signs of dysuria with a slightly inflamed vermiform appendage (all other clinical parameters were normal). Removal of the vermiform appendage produced a urine stream. Oral ammonium chloride was commenced and supplied to the whole group (10g/day/tup for one month). The owner was advised to cease concentrate feeding and monitor condition score as grass quality and availability altered and to follow strict management guidelines as described in the following discussion. Analysis showed the calculi to be calcium carbonate.
Discussion

Ruminant urolithiasis is usually a subclinical condition, clinical signs of obstruction only presenting in castrated animals due to narrowing of the urethra. It is most common in feedlot cattle or fattening lambs fed high levels of concentrates. The primary risk factors are the formation of a nidus in the bladder (often clumping of desquamated or necrotic cells following a urinary tract infection) and/or concentration and precipitation of solutes in the urine which bind with protein and form calculi.

Presenting symptoms are often colic-like; abdominal discomfort or pain, bruxism with straining and reduced or absent urine production. Urine staining, haematuria and dysuria may also be observed.

Serum biochemistry may reveal elevations in BUN and creatinine (these are not pathognomonic), as well as hyperkalaemia which may lead to fatal bradycardia.

If the blockage remains untreated and progresses to bladder rupture then abdominal distension and inappetance may be observed followed by lethargy, recumbency and  death.

The formation of uroliths in ruminants is most commonly associated with dietary imbalances. Animals fed high levels of concentrate tend to have low calcium:phosphorous ratios resulting in struvite crystal formation (combination of ammonium, phosphate and magnesium ions in a protein matrix); animals grazing on a high proportion of legumes such as clover are more prone to calcium carbonate crystal formation due to a proportionate increase of calcium in the diet. Less commonly in the UK are calcium oxalate crystals and silica crystals. 
Diets high in magnesium or relatively high in phosphorous predispose to crystal formation. This tends to be as a result of overfeeding of concentrates or overzealous use of minerals in the feed. There is some evidence that uroliths are more common in hard water areas though the suggestion is that hard water (i.e. high in magnesium and phosphorous) exacerbates a problem which is primarily caused by diet.
Struvite and calcium carbonate uroliths form in alkaline urine. Oral ammonium chloride may be administered orally to acidify the urine (the aim being to achieve a urine pH of 5-5.5). Existing struvite uroliths may dissolve in the newly acidic urine; existing calcium carbonate uroliths will not, although the acidification will prevent further formation.
The most common sites for obstruction are the distal portion of the sigmoid flexure in cattle; the sigmoid flexure and the vermiform appendage in goats and sheep. 

Assuming all other husbandry is equal, castrated males are the most likely to suffer obstructive urolithiasis due to the narrowing of the urethra post castration (entire males are able to pass uroliths up to 40% larger than castrates (RADOSTITS). It is important to appreciate that castrated males are no more likely to develop uroliths than entires or females.
The development of uroliths is surprisingly common, in one study into veal calves by Petersson et al. between 30 and 70% of all calves slaughtered had evidence of urolith formation though none had any obstructive issues.

Treatment options depend upon the site of obstruction and the need to preserve breeding capability; it must relieve the existing obstruction and prevent further urolith formation/ obstruction.
The majority of obstructive urolithiasis cases require some degree of surgical intervention. 
1) Vermiform appendage removal – the simplest surgical treatment involving removal of the urethral process from the tip of the penis in sheep and goats. This is only of  use if that is the sole location of the blockage. It should be carried out under at least local anaesthesia but preferably sedation as well.

2) Urethral catheterisation and drainage under sedation and the use of antispasmodics may be attempted to repel the blockage back into the bladder, remembering that complete catheterisation of sheep and goats is impossible due to the presence of a urethral diverticulum. Excessive force during retropulsion may rupture the urethra. If successful this must be followed up by acidification of the urine to try and dissolve the uroliths in the bladder to prevent re-blockage.

3) If bladder drainage is a matter of urgency percutaneous cystotomy can be performed via ultrasound guidance. This will relieve the distension but not cure the original obstruction.
4) 
5) Exploratory surgery under general anaesthesia to perform cystotomy and flushing of the bladder to remove as many of the crystals as possible.
6) Furthermore if the blockage cannot be dislodged then a urethrostomy can be carried out proximal to the blockage site. 

After all surgical procedures it is vital that dietary changes are undertaken to not only minimise future urolith formation but also to acidify the urine (usually ammonium chloride salts) to dissolve and prevent future crystals.
Pasture should be inspected and high clover content, if present, identified as a risk factor.
Overfeeding, whether forage or concentrates, must be avoided. The animals at risk should be condition scored and the keeper advised as to whether dietary restriction is necessary.
Fresh palatable water must be available ad lib. In the case of small pet flocks or herds it should be appreciated that a large self filling trough may not be emptied, and thus refilled, purely by consumption. If the water becomes stale some animals will not drink from it.
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