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Abstract | The most common cause of urinary obstruction in ruminants is urinary calculi, also known as uroliths,
which leads to a condition commonly referred to as obstructive urolithiasis. It is a frequently encountered,
often fatal, urinary tract disease in small ruminants, with significant production and economic impact. The
interplay of multiple etiological factors triggers the formation of uroliths, which ultimately prevent normal
outflow of urine, thereby triggering a cascade of effects observed as clinical signs. Diagnosis should be made
based on a comprehensive history, clinical signs and symptoms, physical examination, and the use of several
available diagnostic tools. Treatment aims to establish a normal urine outflow and prevent complications
and future recurrence. Surgical tube cystostomy concurrently with acidification of urine appears to be the
most feasible option for the management of acute obstructive urolithiasis in goats. Preventive measures for
obstructive urolithiasis should focus on maintaining hydration and urinary pH, feeding a balanced diet,
optimizing housing and herd health management, and adequate husbandry practice. In Nepal, there has
not been any epidemiological study of this disease, nor is the burden of this disease known, despite some
documented individual cases in large ruminants. This study aims to provide a background and importance of|
agriculture and livestock farming in Nepal while highlighting the epidemiology and prevalence of obstructive
urolithiasis in small ruminants in this region with emphasis on etiology and pathophysiology, clinical signs,
diagnosis, treatment, limitations and complications, and preventive measures.
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Introduction farming. The total contribution of the agriculture
sector, including livestock, fisheries, and forestry, is

Nepal is an agricultural country with the majority ~ 23.95 % of the national GDP, of which the livestock
of people involved in agriculture and livestock sector contributes 6.23% of the overall national
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GDP. Among the livestock species reared, the goat
population holds 13.44 million, with a third major
contribution of 3.16 % in AGDP after buffalo
meat and raw milk of buffalo and cattle. The recent
livestock products statistics show 70,755 metric tons
of Chevon meat were produced in the year 2020/21
(MoALD, 2021). Small ruminants are one of the
major livestock species reared, which comprises a
crucial part of the sustainable agricultural and
livestock farming system practiced in Nepal. Goat
farming is practiced in a typical mixed crop-livestock
integrated system, particularly in the hilly and terai
regions. Goats are reared particularly for meat, milk,
and wool, while serving as a major source of income
and savings for rural families (Khanal e o/, 2022).
'The popular terminology “poor man’s cow” has been
implicated in goats and goat husbandry practice due
to their peculiar characteristics such as docile nature,
smaller size, production efliciency, adaptation to
harsh environmental and climatic conditions, ease
of husbandry practice and management as well as
health and nutritive values of goat and goat products
as compared to other livestock species (Bhattarai,
2014; Clark and Garcia, 2017; Lyngset, 1968). Thus,
goat farming has commenced, particularly in rural
and hilly areas, in mixed livestock-crop integrated
agriculture practice in Nepal.

Disease results from the multifactorial interplay of
biotic and abiotic components between the individual
and the environment. The sustained, harmful alteration
of an organism’s normal structure, function, or
metabolism is manifested as clinical signs, symptoms,
and laboratory findings (Fritz ez o/, 2008). In food
production animals, especially ruminants, animal
health intervention has been mainly focused on the
prevention and control of infectious and zoonotic
diseases, while little emphasis is given to those diseases
(metabolic, nutritional, and non-communicable
diseases) that directly hinder livestock production and
productivity, thus disrupting the overall sustainability
of smallholder farmers (Alemu ez /., 2019). There is a
significant economic impact of disease in goats,leading
to hindrance in goat production, husbandry, and
practice, consequently hampering the sustainability of
smallholder farmers in rural communities. The various
factors affecting animal productivity in the livestock
industry include weather changes, livestock disease,
grazing resource availability, security and conflict, and
access to veterinary services (Nuvey ¢z a/., 2023). In
small ruminants, surgical diseases are major reasons

for fatality if not addressed on time; thus, surgical
affections are considered a major threat to economic
value, leading to a reduction in productivity and huge
economic loss (Farghali ez a/., 2020). It is estimated
that by 2050, the population will rise by 2 billion,
leading to increased demand for livestock products,
thus stressing food systems (Alexandratos, 2009;
United Nations, 2017). This rising demand leads
to the intensification of livestock farming, which
requires animals to be finished in large feedlots with
high-concentrate diets, thus ultimately increasing the
occurrence of diseases of nutritional and metabolic
origin (Buarque ez a/.,2023).

Obstructive urolithiasis is one such disease of
nutritional and metabolic origin that is considered to
occur mainly due to poor husbandry and management
practices in ruminant livestock species (Simoes and
Gutiérrez, 2017). It is one of the most frequently
encountered urinary tract diseases of small ruminants
worldwide, with significant production and economic
impact (Mejia e al, 2022; Saritha, 2024). It is
regarded as the most common cause of death in
teedlot animals, resulting in heavy economic loss to
the livestock industry (Makhdoomi and Gazi, 2013).

Epidemiology and prevalence

Studies have shown that urolithiasis is a common
occurrence worldwide, and animals under diverse
climatic conditions and in a variety of locations are
affected (Singh ez a/.,2008). They may occur wherever
sheep and goats are raised and have no specific
geographic distribution (Kimberling and Arnold,
1983).The disease may be sporadic, or clusters of cases
in the herd or flock might be observed (Underwood
et al.,2015). Previous studies in India and Bangladesh
have shown that among domestic animals, in this
region, the incidence of urolithiasis is notably high
in young castrated male goats (Ahamed ez a/., 2022;
Amarpal e al., 2013; Kumar ez al., 2024; Sarker ez
al., 2020; Sen et al., 2018; Sheikh ez al., 2018; Singh
et al., 2008). Urolithiasis was found to be the most
prevalent condition in goats among various lower
urinary tract affections, accounting for 50 % of cases,
followed by bacterial cystitis (25%), bacterial UTI
(23.21 %), and patent urachus (1.79%) (Kumar ez o/,
2024).'There has not been any documented prevalence
and epidemiological study of obstructive urolithiasis
in small ruminant animals in Nepal, but Pokharel
and Sharma (2019) and Shrestha ez a/. (2019) have

recorded individual cases of obstructive urolithiasis
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and its management in buffalo calves.

Etiology and pathophysiology

The etiology and pathophysiology behind the
occurrence of urolithiasis in goats are multifactorial
and complex (Bamal ¢z a/., 2023). This disease has a
multifactorial cause with several known risk factors,
including anatomic configuration, genetic factors,
dietary composition, urine pH, and water intake
(Cook, 2023). Some of the major factors thought
to be responsible for urolithiasis in animals are a
protein-rich diet, concentrated feeding, early age of
castration, changes brought about by weaning, lower
water consumption, high water loss during summer,
and deficiency of vitamin A during the winter
season (Kinjavdekar ez a/., 2013). There have been
numerous studies in small ruminants showing several
predisposing factors such as biological factors (breed,
age, sex, genetic makeup, hormone levels, castration
status,urine pH, etc.), physical factors (climate, season,
environment, soil, water, etc.), and husbandry and
teeding practices, etc., for the occurrence of obstructive
urolithiasis (Kinjavdekar ez a/., 2005; Schregel ez al.,
2022). The occurrence of urolithiasis in castrated
male ruminants has been related to several factors
such as physiological, nutritional, environmental,
managemental, and husbandry practices (Bamal ez /.,
2023). It may, however, occasionally occur unusually
in any male ruminant animal, even in the absence
of obvious predisposing factors (Parkinson and

McGowan, 2019).
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Figure 1: Some predisposing and risk factors associated with
obstructive urolithiasis in small ruminants.

Urinary calculi or wuroliths are solid crystalline
structures or concretions composed of an organic
matrix, and organic and inorganic crystalloids formed
in the supersaturated urine (Jones and Miesner, 2009).
Crystalluria is the abnormal microscopic precipitates
in urine, whereas uroliths are macroscopic concretions

(Samal ez a/., 2011). Urine, being a highly saturated
solution, involves a complex physiological and
metabolic pathway for the crystallization of solutes
and forms a urolith. A single metabolic or physiological
pathway is rarely involved in the formation of urinary
calculi, but a single metabolic factor might be critical
to initiate the formation and growth of urinary calculi
in the urinary tract (Bamal ez 2/.,2023). The formation
of calculi and the development of urolithiasis occur
through a series of phases starting from nidus
formation, leading to the precipitation of various salts
present in a saturated urine (Ahamed e o/, 2022).
Uroliths form in different shapes and sizes, and when
they become too numerous or too large, they can
obstruct the urethra at the neck of the bladder, ischial
arch, or vermiform appendage (Salisi and Saad, 2011)
or can lodge anywhere along the urinary tract, leading
to disease of the urinary system, either due to direct
trauma to the urinary tract or due to the obstruction
in total or partial outflow of urine (Kalim and Tiwari,
2011). Although urolithiasis is considered one of the
most common urinary problems in ruminant animals,
affecting both sexes, males are mostly affected by the
obstructive form of the disease, leading to urinary
blockage due to the narrow and tortuous route of
the urinary tract (Sutradhar ez 4/, 2018). Due to the
anatomical confirmation, obstruction due to calculi
often occurs in the urethral process (vermiform
appendage) and distal sigmoid flexure, predisposing
to this condition in small male ruminants (Jacobs and
Fecteau, 2019; Mejia ez al., 2022).
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Figure 2: Etiopathogenesis of obstructive urolithiasis in small
ruminants.

Generally, the uroliths found in animals are struvite,
calcium phosphate, calcium carbonate, calcium
oxalate, and silica, while the crystals of uric acid,
hippuric acid, cysteine, and tyrosine may also
be found (Samal er 4/, 2011). The formation of
struvite, phosphate, and carbonate calculi is favored
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by the alkaline pH of urine (pH< 7.0), while acidic
pH (pH>8.0) favors the formation of urate and
silicate calculi in animals (Raza er 4/, 2012). The
common uroliths reported to be occurring in goats
are struvite (magnesium ammonium phosphate),
calcium carbonate, and apatite (calcium phosphate)
(Jones et al., 2017; Parkinson and McGowan, 2019).
Since these types of uroliths share a similar mode
of formation in supersaturated and alkaline urine,
preventive measures and medical treatment have
been focused on acidification and dilution of urine
through dietary modification (Jones ¢z a/., 2018). A
study involving analysis of ninety urolith samples to
determine the chemical composition of uroliths in
sheep and goats found calcium carbonate to be the
most frequent type of urolith, followed by silica and
calcium phosphate (Eicher ¢ a/., 2023). In animals
kept exclusively on a grain diet, the most common type
of urolith found is struvite, while calcium carbonate is
observed in animals consuming lush, rapidly growing
leguminous pasture (Kannan and Lawrence, 2010).
High silica content in forage combined with Zn
and Cu deficiency led to the development of silica
urolithiasis, while predisposition to phosphate calculi
(struvite or apatite) is due to feeding pelleted rations,
reducing salivary excretion of phosphorus (Halland ez
al.,2002). The analysis of the mineral composition of
uroliths in 49 sheep and goats resulted in the majority
of uroliths being amorphous magnesium calcium
phosphate (AMCP) in combination with struvite
(39 %) or pure (11 %), followed by pure form calcium
carbonate (31 %) and pure struvite (2 %). Although
phosphate-containing uroliths are common in
male goats, it is crucial to understand that calcium-
containing uroliths (calcium-containing AMCP and
calcium carbonate) are also frequently noticed (Jones
et al., 2017). Similarly, a study to identify risk or
protective factors associated with calcium carbonate
urolithiasis involving urolith samples from 354 goats
with calcium carbonate urolithiasis showed neutered
male goats, >1 year of age, and African descent were at
increased risk of calcium carbonate urolithiasis. These
goats primarily received alfalfa and grass hay (having
a high Ca: Mg concentration ratio, rich in oxalate,
and low phosphorus) as well as grain, associated with
alkaline urine production, probably leading to calcium
carbonate urolithiasis (Nwaokorie ¢7 /., 2015).

A study to determine the prevalence of urolithiasis
in goats concerning sex, age, breed, castration status,
teeding, and urinary pH, showed that castrated male

goats of Jamunapari breed below 6 months of age,
kept on a concentrated feeding system and alkaline
urinary pH are more susceptible to urolithiasis (Sen
et al., 2018). Cystic calculi were one of the reasons for
kid mortality in a study involving necropsy of 52 dead
kids out of 551 live kids born during nine months
(Muthukumar ez a/., 2020). The higher prevalence
of urolithiasis in goats below 2 years might be due
to feeding a high proteinaceous diet during early
age, changes brought about by weaning, or due to an

underdeveloped urethral process (Sheikh ez a/.,2018).

Dietary risk factors such as a high-grain, low-roughage
diet, decreased formation of saliva, increased amount
of phosphorus excreted in urine, and increased level
of dietary magnesium play important roles in the
occurrence of urolithiasis (Rankins and Pugh, 2012).
The dietary Ca: P ratio less than 1.5:1 in the diet
increases the excretion of phosphate ions in urine
as calcium opposes phosphate absorption, thus
increasing urinary phosphate level. Thus, ruminants
ted with rations high in phosphorus commonly
develop struvite calculi (Ramankutty ez /., 2018). In
a study involving 6 goats, the urinary pH was lower
with the presence of triple phosphate crystal in goats
ted with wheat and rice meal, while the alkalinity was
higher in goats fed with citrus pulp, with no crystal
tormation, thus suggesting high phosphorous content
in urine to be the determining factor for crystal
formation. Acidification of urine couldnt prevent
crystal formation in urine with high phosphorus
concentration (Antonelli e7 a/.,2012). In a systematic
review, a 67% and 17% prevalence of obstructive
urolithiasis was found in small ruminants kept on
sorghum-based and corn-based diets, respectively
(Sickinger and Windhorst, 2022). The occurrence
of phosphate uroliths has been correlated with the
presence of high concentrations of trace elements
(Mn, Fe, Cu, and Zn) in the urine of 8 male goats
suffering from urolithiasis (Bamal ez a/., 2023).

There is a significant effect of season and imbalance
of vitamins on the occurrence of urolithiasis. In peak
winter occurrence of urolithiasis in feedlot animals
is attributable to the decreased water intake and
deficiency of vitamin A due to the lesser availability
of green forage, while excess sunlight and vitamin D
might play an important role in urolithiasis during
the summer season (Gugjoo ¢7 a/l., 2013). Vitamin A
is essential for the maintenance of the epithelial lining
and also helps balance the vitamin D concentration.
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Desquamation of epithelial cells may be due to a
deficiency of vitamin A and infection. For the initiation
of calculi formation, desquamated epithelial cells can
act as a nidus for the precipitation of ions in urine
(Tamilmahan ez /., 2014). An increase in urinary pH
and sodium excretion was found in goats subjected to
heat exposure (Augustinsson ¢z a/., 1986). This might
be one of the reasons for the higher incidence of
urolithiasis in goats during the summer season, along
with high exposure to sunlight and an imbalance in
vitamin D (Ahamed ez a/., 2022). Similarly, the water
imbalance due to reduced water intake during winter
and increased water loss in heat during summer leads
to the production of concentrated urine in animals,
thus initiating crystallization in saturated and
concentrated urine (Singh ez a/., 2014).

Castration is performed on young male goat kids for
better meat production (goaty smell free with more
intramuscular fat), enhancing the growth of animals
(tall animal with short body), and to make animals
docile while the procedure is less traumatic and
could be easily performed at an early age (Kibria 7
al., 2016). The peculiar odor obtained in the meat of
uncastrated male goats is produced due to the action

of testosterone in the sebaceous gland of mature male
goats (Nagamine and Sunagawa, 2017). Leydig cells
in the testes secrete the principal male androgen
testosterone, which shows both the androgenic and
anabolic effects involving the growth, development,
and maintenance of male reproductive organs as well
as non-reproductive organs such as muscles, liver, and
kidney, respectively (Gofur, 2019). Androgens, mainly
testosterone, influence the development, growth, and
maintenance of urogenital organs in goats (Kibria ez
al.,2016). Early castration leads to poor development
of the urinary passage (reduced penile weight, penile
length, penile circumference, and urethral lumen
perimeter), clogging of the urethra, making the
animal more prone to urinary calculi and dysuria, thus
predisposing the animal to obstructive urolithiasis
(Gofur, 2019; Kibria ez al., 2016). The reduction
of testosterone may also decrease the protective
hydrophilic colloids in urine, increasing the incidence
of urolithiasis (Ahamed e¢7 a/., 2022; Tamilmahan ez
al., 2014). There has been a documented report of
faulty castration causing caseous deposition in the
urethra and scrotum, leading to complications of
urine retention in a goat (Lai ez a/., 2016).

Table 1: Some common risk factors for the occurrence of urolithiasis and their effects in goats and sheep, adapted from

(Simaées and Gutiérrez, 2017).
Factors

Effects
Hot, cold, and dry climate

Water loss, water restriction/ reduced intake, water unavailability, concentrated urine,

altered metabolism, and pH

Low water intake
Water hardness
Castrated animals
Urinary pH > 7
Urinary pH < 7

Fed high-grain ration

Pelleted ration

High P and Mg concentration in urine

Calcium and oxalate-rich forages with
low P and Mg at pasture

Vitamin A deficiency

High phytoestrogen intake

Urinary tract infection

Urine mucoprotein and proteins with
polyelectrolytes

Concentrated urine and decreased diuresis

Excessive mineral excretion in urine

Underdeveloped urinary tract, reduced urethral lumen diameter
Apatite, calcium carbonate, and struvite uroliths formation is favored
Silicate urolith formation is favored

Struvite urolith formation is favored

Reduced salivary excretion of phosphorus (increase in urinary phosphorus
concentration, thus favoring struvite or apatite urolith formation)

Increase alkalinity of urine, Favors struvite and apatite crystal formation

Calcium carbonate urolith formation is favored

Desquamation of urinary epithelium, urinary tract infection, and metaplasia of
uroepithelium, nidus formation

Ureteral mucosa alteration

Inflammation due to Ureaplasma spp. (also increase urinary pH), Streptococcus spp.,
Escherichia coli, urinary obstruction/ retention, Nidus formation, and crystallization

Matrix formation, nidus formation, and initiation of crystallization
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Clinical signs

The clinical signs associated with urethral obstruction
include restlessness, tail swishing, colic, dribbling
of urine or anuria, urethral swelling at the site of
obstruction, urethral pulsations without normal urine
flow, crystals and/or blood on the preputial hairs,
and an enlarged bladder on abdominal palpation
or ultrasound (Navarre, 2007). The major clinical
findings observed were apathy and altered posture,
showing signs of pain, such as arching, vocalization,
gnashing of teeth, dehydration, difficulty urinating,
and swollen preputial region, accompanied by
sensitivity to palpation (de Morais ez a/, 2016).
The symptoms observed in obstructive urolithiasis
are due to the release of prostaglandins, adrenaline,
and noradrenaline after urinary stasis and pain
(Maciel e al., 2019). Obstructive urolithiasis might
lead to hypovolemia, tissue hypoxia, and tissue
necrosis (Kretsch and Chigerwe, 2021). Tachycardia,
tachypnoea, and in some cases, mild fever are some
abnormalities typically observed in vital parameters
(Mejia ez al., 2022). Balanoposthitis (inflammation
of the penis and prepuce) could be found in male
animals secondary to obstructive urolithiasis (Abba ¢7

al.,2015).

The clinical signs of obstructive urolithiasis are
different for an intact and/or ruptured urinary bladder.
Clinical signs associated with intact urinary bladder
include anuria, frequent straining as an attempt to
urinate, restlessness, colic, anorexia, sunken eyes,
dull and depressed appearance, reluctance to walk,
tail lifting, engorged urethra, licking of the prepuce,
twitching of penis, pain on palpation of penis/ urethra,
hematuria, respiratory distress, and rectal prolapse
due to continuous straining while anuria and bilateral
distention of abdomen is associated with ruptured
urinary bladder (Khan ez 4/, 2021).

In goats, the clinical signs of urinary retention appear
within 24 hours of complete urethral obstruction
(DN ez al., 2023). Failure to relieve the obstruction
might lead to distention of the bladder and urethra,
eventually leading to rupture (Rakestraw ez a/., 1995).
This causes urine to accumulate in the subcutaneous
tissue and pool ventrally in urethral rupture and/ or
development of uroperitoneum in case of bladder
rupture (Scully, 2021). Initial pain relief occurs when
the urinary bladder ruptures, and clinical signs might
not appear for some days. However, the animal
gradually progresses to severe depression, anorexia,

and dehydration once uremia becomes severe over
the next few days. Due to the accumulation of urine
in the abdominal cavity, ventral abdominal distention
may be noticed, a condition commonly termed water
belly (Singh e a/., 2014). In most cases, the urethra
or bladder ruptures within 72 hours of blockage, and
if untreated, the animal can die in four to five days
(DN ez al., 2023). Thus, obstructive urolithiasis is a
life-threatening condition with a high mortality rate
due to rupture of the urethra or urinary bladder in
affected animals (Kimeli ez a/., 2014).

Diagnosis

The diagnosis of urolithiasis in small ruminant
animals should be correlated and concluded with
the findings obtained from detailed history, clinical
signs and symptoms, physical examination, urinalysis,
hematology and biochemistry, and diagnostic
imaging aids such as radiography, ultrasonography,
etc. In a study, 239 goats showing signs suggestive
of lower urinary tract affection, diagnostic evaluation
confirmed lower urinary tract affections, such as
urolithiasis, bacterial cystitis, bacterial urinary tract
infection, and patent urachus, in 56 goats with an
occurrence rate of 23.43% (Kumar ez a/., 2024). In
the absence of several diagnostic tools, the findings
obtained from detailed history, clinical signs and
symptoms, and physical exams could be of utmost
importance. In small ruminants, the most common
clinical signs observed include anorexia, colic, teeth
grinding, and increased heart rate. Similarly, abnormal
to absent micturition with attempts to urinate is
considered most specific, which is accompanied by
colic, straining, and further expression of pain (Riedi
et al.,2018). The castrated male goat that is anorexic,
dull and depressed, straining or acting constipated,
and anuric should be suspected of having a urinary
obstruction (Perkins ez a/., 2017). The top differential
list should be wurolithiasis in male ruminants,
particularly in sheep and goats, with signs of colic
(Yohannes and Tesfay, 2024). It is also suggested that
any male goat with visible clinical signs of a distended
abdomen, tail-flagging and stretching, and pulsing
urethra on rectal examination should be thoroughly
investigated with suspicion of obstructive urolithiasis
(Kannan and Lawrence, 2010).

To assess the patient’s condition and prognosis, clinical
and laboratory examinations are critical (de Morais ez
al., 2016). Urinalysis is a significant diagnostic tool
for detecting various diseases and disorders in animals
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without particular signs and symptoms that might go
undetected and unnoticed (Parrah ez 4/, 2013). In
a study of 18 male sheep and goat of 6 months to
3 years age, ruptured urinary bladder or perforated
urethra due to urolithiasis was the major cause of
undisclosed red urine or hematuria (Tharwat e /.,
2024). Urinalysis involves observing and examining
urine color, consistency, transparency, chemical
composition, microscopic examination of urine
sediments, microbes, microbial culture, and sensitivity
tests. It is a safe, readily available, inexpensive, and
minimally invasive procedure that provides potential
clues and pathophysiology behind conditions such as
urolithiasis. Findings from urinalysis could help in
the timely intervention, prevention, early diagnosis,
and treatment of wurolithiasis, thus preventing
complications, morbidity, and mortality (Parrah ¢z a/.,
2013). The formation and growth of a specific type
of urolith could be determined by observation of
crystal formation in concentrated urine samples with
microscopy during urinalysis. A sufficient number of
crystals in urine concurrently with the inflammatory
process indicates that the animal is at risk for calculi
formation and susceptible to urinary obstruction

(Gazi and Makhdoomi, 2016).

In the diagnosis of obstructive urolithiasis and for
the determination of appropriate surgical technique,
diagnostic imaging may act as a useful and cost-
effective diagnostic tool. To differentiate patients with
uroliths from urinary tract infections, granulomatous
urethritis, prostatic disease, and neoplasia, radiography
and ultrasonography may be required (Makhdoomi
and Gazi, 2013). Plain radiography, although being
a potentially underused diagnostic procedure, is
considered an important component for the diagnosis,
surgical management, and postoperative treatment
plan for obstructive urolithiasis due to opaque uroliths
in small ruminants. Survey radiographs provide
valuable guidance on clinical decision-making,
information about the location, number, and size
of radiopaque uroliths, and predict the likelihood
of complications postoperatively and the need for
additional surgical procedures (Kinsley ez a/., 2013).
A radiograph of the caudal abdomen, including
the urethra in lateral recumbency, provides valuable
information in surgical planning. Normograde
cystourethrography via surgical tube cystostomy
could be a helpful tool to monitor urethral patency
and integrity, evaluate the location and extent of
urethral obstruction, and diagnose urethral laceration

if present (Palmer ez 2/.,1998). The use of non-invasive
and inexpensive diagnostic imaging modalities such
as ultrasonography is considered to be superior in the
early diagnosis and prognosis of urinary tract disease
and disorders in sheep and goats (Mahajan e7 a/,
2017; Tharwat, 2021). In small ruminants with an
intact bladder, a distended bladder and hyperechoic
bladder wall are evident on ultrasonography, while
multiple hyperechoic foci considered to be sludge
on the floor of the bladder with visible fluctuations
could be detected when applying a gentle tap along
with transducer movement (Prakash er a/, 2024).
Examining the urethra utilizing a high-frequency
ultrasound probe leads to visualization of the urethra
and urethral lumen, along with determination of
the site and cause of urethral obstruction (Al-
Lugami e# al., 2017). Tharwat ez al. (2024) stated
that ultrasonography of the urinary tract was helpful
for the assessment of the urinary bladder to confirm
urolithiasis, an intact or ruptured urinary bladder, an
intact or perforated urethra, and the development of
uroperitoneum.

'The hematological changes include increased packed
cell volume (PCV) and decreased total leukocyte
count (TLC), and erythrocyte sedimentation rate
(ESR) (Sarker ez a/., 2020). The biochemical changes
include increased alanine aminotransferase (ALT)
and aspartate transaminase (AST) (Sarker er a/,
2020)), increased blood urea nitrogen (BUN) and
Creatinine with electrolyte abnormalities, including
hyponatremia, hypochloremia,and hypophosphatemia
(George e al., 2007; Riedi ef al., 2018). The serum
potassium concentrations could vary, with an increased
prevalence of hyperkalemia in animals with ruptured
urinary systems or uroperitoneum (George ez a/., 2007,
Riedi ez al., 2018). Thus, the most common acid-base
abnormality in goats with uroliths was hyperchloremic
metabolic acidosis (George ez o/, 2007). In a study
involving 20 Barki rams with urolithiasis, the
proinflammatory cytokines, APPs, TAC, and 1L-1
beta were considered to be the sensitive biomarkers
for the diagnosis of urine retention (Darwish, 2023).

Treatment

Obstructive wurolithiasis is a serious, potentially
fatal, and life-threatening condition requiring early
recognition, intervention, and prompt treatment
(George et al., 2007; Makhdoomi and Gazi, 2013;
Navarre, 2007). If left unattended or unable to be
diagnosed and treated promptly, it leads to a ruptured

December 2025 | Volume 11 | Issue 2 | Page 134

o o .
Solt Links
GResearchers



OPEN aACCESS

Veterinary Sciences: Research and Reviews

urethra or urinary bladder, resulting in the death of
an animal due to peritonitis and toxemia (Sheikh 7
al.,2018).

Treatment options available for urinary obstruction
include procedures such as urethral process
amputation, cystocentesis, bladder irrigation with
an acidic solution, tube cystostomy (percutaneous,
laparoscopic, laparotomy), bladder marsupialization,
urethrostomy  (prepubic, perineal, pre-scrotal),
urethroscopy and laser lithotripsy, vesiculopreputial
anastomosis, and penile amputation (Videla and van
Amstel, 2016). Treatment of obstructive urolithiasis
aims to establish normal outflow of urine and prevent
complications and future chances of recurrence.
The treatment options for obstructive urolithiasis in
goats include medical management, surgery, or both,
but medical management alone is often considered
unrewarding (Mavangira ez a/., 2010). The pursuit of
medical or surgical treatment in animals diagnosed
with urolithiasis depends on the severity, stage, and
frequency of the disease, nature, extent, and location
of uroliths, the intended use of animals in the future,
and, above all, understanding the financial constraints
of the animal owner. Medical management can be
used to dissolve uroliths, while surgical procedures are
performed to remove the blockage and/ or allow urine
to be released through new openings (Pongphitcha ez
al.,2024).

One potential means of preventing and treating
(incomplete or partial obstruction) urolithiasis in
small ruminants includes the chemical dissolution of
uroliths in the urethra (Janke ¢z 4/, 2009). Medical
treatment generally focuses on administering urinary
acidifiers to dissolve uroliths that are soluble in acidic
urine, which might not be therapeutic enough in
complete urethral obstruction, where the uroliths
might not dissolve quickly in acute cases (Neal ¢z
al., 2024). The localization of uroliths in the urinary
tract, i.e., upper or lower urinary tract, is necessary
while considering the dietary modifications for
the dissolution of wroliths. Urolith dissolution
requires sustained contact with the urine that has
been modified and is undersaturated; thus, uroliths
lodged in the ureter or urethra cannot be dissolved by
medical protocols (Nwaokorie ez a/., 2015). Urethral
catheterization is difficult in ruminants because of
the sigmoid flexure and the urethral diverticulum in
the region of the ischial arch; thus, surgery is often
required to relieve urinary outflow obstruction.

Similarly, normograde hydropulsion may pack the
small crystals more tightly into the urethral lumen;
meanwhile, manipulation of the urinary catheter
within the urethral lumen might damage the urethral
mucosa, resulting in stricture formation (Stone ez
al., 1997). Thus, medical management in cases of
urolithiasis in goats is often unrewarding, warranting
surgery due to failure to establish normal urethral
patency, stricture formation, and re-obstruction

(Kretsch and Chigerwe, 2021).

Although medical treatment is described to be
successful in the early stage of the disease, surgical
intervention is needed in case of complete obstruction
(Sharma e al., 2023). Various surgical procedures
have been described for the treatment of obstructive
urolithiasis, including urethral process amputation,
tube cystostomy, bladder marsupialization, prepubic
and perineal urethrostomy, and laser lithotripsy. Each
procedure has its particular complications; the choice
of surgical technique is based on surgeon preference,
intended outcome, intrinsic complications, and
cost of treatment (Kinsley ez o/, 2013). The goal
should be to maintain the normal outflow of urine,
preserve urethral patency, and prevent recurrence and
complicationsin the future while managing obstructive
urolithiasis. Thus, the preference for a specific surgical
technique must be decided by weighing the success
rate of different surgical techniques between studies,
technical difficulties, intrinsic complications,and costs
associated with the specific surgical procedure (Fortier
et al., 2004). Assessing and stabilizing metabolic
derangements such as hyperkalemia, hyponatremia,
and hypocalcemia preoperatively that might occur due
to urolithiasis or uroperitoneum is necessary before
surgical management. This involves intravenous fluid
administration over several hours with repeated
assessment of hydration, acid-base balance, and serum
electrolyte concentrations. However, such treatment
options might lead to bladder rupture, exacerbating
more pressure on an already distended bladder, which
could be managed with preoperative abdominal
drainage and subsequent bladder repair, an option
much preferable to the potential complications that
might be encountered when anesthetizing an unstable
animal (Van Metre and Fubini, 2006).

Urethral process excision in male goats is considered
to be a quick, easy, field-applicable, and reliable
method to relieve distended bladder and urethra
and for the management of obstructive urolithiasis
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if the obstruction is localized only within the
urethral process (Bashir ez o/, 2017; Patel ez al,
2022). Amputation of the urethral process and
medical management might not relieve obstruction
or only provide temporary relief, but the chances of
recurrence of obstruction cannot be ignored, which
is highly likely (Haven ez a/., 1993; Saritha, 2024).
Surgical tube cystostomy, due to its direct access to
the urinary bladder, is considered a gold standard
technique for the treatment of urinary obstruction
and for restoring urethral patency (Venkatesh ez a/,
2024). Reported to have a high success rate (80%)
even after 1 month postoperatively, in this technique,
urine is redirected through a wurinary -catheter
placed in the urinary bladder, which exits through
the abdominal wall (Tamilmahan ez 4/, 2014). In
surgical tube cystostomy, an indwelling Foley catheter
is inserted, inflated, and maintained in the urinary
bladder. The catheter provides diversion for urine flow,
allowing time for urethral inflammation to subside
and urinary calculi to dissolve and pass in response
to medical management (Todhunter e 4/, 1996).
Perineal urethrostomy has been indicated in cases
where other surgical or medical treatment options
have failed or in animals with evidence of urethral
rupture, urethral stricture, or urethral obstruction with
multiple stones that are not conducive to dissolution
with urine acidification (Oman ¢z a/., 2019). Urinary
bladder marsupialization is indicated in cases where
tube cystostomy fails and the animal is not intended
for breeding purposes (Navarre, 2007). In a study
involving 19 goats with obstructive urolithiasis,
urinary bladder marsupialization provided long-
term resolution of urinary outflow obstruction
with acceptable morbidity (May ez a/., 1998). Laser
lithotripsy has been proven to be safe and effective for
clearing distally located calculi refractory to removal

by traditional urethral flushing (Halland ez o/, 2002).

The most effective surgical method with effective
success of 77% was found with urinary bladder
marsupialization followed by perineal urethrostomy
(71%),laparotomy tube cystostomy (66%),amputation
of the urethral process (41%) and ultrasound-guided
tube cystostomy (15%) but perineal urethrostomy and
laparotomy tube cystostomy was recommended for
surgical treatment options (Sickinger and Windhorst,
2022). Surgical tube cystostomy was found to be more
effective than perineal urethrostomy, as it allowed for
the removal of multiple calculi (Haven ez a/., 1993).
Thus, for the long-term management of obstructive

urolithiasis and as the best option for breeding
animals, surgical tube cystostomy is considered one
of the most commonly preferred surgical techniques
(Tamilmahan ez 4/, 2014), along with urinary
acidification to dissolve the remaining stone (Neal ez
al., 2024).
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Figure 3: Diagnosis and treatment of obstructive
urolithiasis in small ruminants.

Limitations and complications

'The major limiting factor in treating small ruminants
is the cost of treatment. It includes surgical procedures
and anesthetics, which undermine the economic value
of animals compared to the cost of treatment, thus
leading to hesitancy in treatment by the smallholder
farmers. Thus, the treatment is often decided on
an individual basis with the best possible outcome
addressing animal welfare.

Obstructive urolithiasis, due to its recurring nature,
might lead to treatment failure, requiring multiple
surgical interventions, and consequently, morbidity
and mortality in small ruminants. The complications
reported in cases of obstructive urolithiasis were
due to delayed diagnosis as well as treatment only
with analgesics and spasmolytics, resulting in
hyperdistended and ruptured urinary bladder or
hydronephrosis due to extreme urine pressure (Kiimper,
1994).In a study involving 210 sheep and goats, non-
survival in obstructive urolithiasis was associated
with poor clinical condition upon presentation,
obesity, castration, and evidence of uroperitoneum.
Similarly, the changes in blood parameters such as
abnormal PCV, severely increased serum creatinine
concentration, and increased activity of creatine
kinase were also associated with non-survival (Riedi
et al., 2018). Despite medical and surgical treatment,
the severity of lesions in various organs of the urinary
system is responsible for the case fatality rate. The
findings at necropsy in a study of 28 rams and 16
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goats with urolithiasis revealed the location of calculi
on the urethra and urinary bladder, with lesions
such as diffuse purulent urethritis, hemorrhagic
necrotizing urethritis, rupture of the urethra with
urine on subcutaneous tissue space, hydronephrosis,
urinary bladder rupture, necrotizing diffuse nephritis,
pyelonephritis, renal hemorrhage, and renal rupture
(Riet-Correa ez al., 2008). The most serious sequel to
urethral obstruction in a study involving obstructive
urolithiasis in kids was due to rupture of the urethra,
causing diffuse cellulitis, leading to difficulty in
performing tube cystostomy and delayed recovery

after surgery (Rafee and Baghel, 2016).

Several studies have shown the prognosis of
obstructive urolithiasis to be guarded and have a
limited long-term success rate after surgery (Kretsch
and Chigerwe, 2021; Riedi ez al, 2018; Sickinger
and Windhorst, 2022). The short-term successful
outcome following tube cystostomy was highly
associated with timely presentation for treatment
and uncompromised general condition after surgery,
while the reoccurrence rate following initial successful
treatment was high (41.3%) (Eicher ez a/.,,2023). The
potential disadvantages of surgical tube cystostomy
include lengthy hospitalization time from the time
of catheter placement to discharge, risk of anesthesia,
stress in animals already suffering from metabolic
derangements due to urinary obstruction, and the
cost of treatment (Fazili ez 2/., 2010). In surgical tube
cystostomy, the temporary indwelling Foley catheter
placed in the urinary bladder is maintained for around
14 days, increasing the susceptibility of goats to
catheter-associated urinary tract infection (CAUTTI)
with antibiotic-resistant bacteria such as Aerococcus
spp., E. coli, and P, aeruginosa resistant to ampicillin,
ceftiofur, erythromycin, penicillin, or tetracycline
(Chigerwe ez al.,2017). Due to the high concentration
excreted in the urine for up to 36 hrs., the third-
generation fluoroquinolones such as enrofloxacin
and its metabolite ciprofloxacin with broad-spectrum
activity make it a better therapeutic option for
treating urinary tract infections caused by pathogens
resistant to other antibacterial drugs (Elsheikh ez
al., 2002; Hussain ez al., 2014; Raina ez al., 2008;
Rao et al., 2001; Talpade ez al., 2018). Similarly, the
animals that had perineal urethrostomy experienced
short-term complications, including post-operative
hemorrhage, dehiscence of the surgical wound, and
subcutaneous accumulation of urine, and long-term
complications, including urethral stricture (Haven ez

al., 1993). Although perineal urethrostomy provides
an alternative outflow of urine in case of obstructive
urolithiasis due to the complications leading to
stricture of the urethral stoma, urine scalding, and
cystitis, it is not considered an attractive procedure for
long-term management in goats (Oman ¢z a/., 2019).
Urinary bladder marsupialization has been associated
with urine scalding, stoma stricture, and bladder
prolapse through the fistula site (Ewoldt ez a/., 2008).

Preventive measures

For the prevention of urolithiasis, the prevention and
treatment strategy must be wisely considered while
considering dietary management practices (Jones ez
al., 2017). The prophylactic measures should focus
on the hydration of animals, a balanced diet, and
optimization of housing and herd health measures
(Sickinger and Windhorst, 2022). It is recommended
to provide ad-lib clean drinking water, feeding less
than one-fourth of grain or a high-concentrate diet
with a higher calcium-to-phosphorous ratio greater
than 2:1, adding salt (up to 3%) in diet to promote
drinking water and urine acidifiers such as ammonium
chloride (0.5-2.0%) as a preventive measure to reduce
the occurrence of urinary calculi (Hart and Delaney,
2016). The dilution of calculogenic ions in urine is
of primary importance, and this could be achieved
by encouraging increased water consumption in
ruminants. Some of the methods to increase water
consumption include the availability of ad-lib fresh
and clean drinking water, allowing access to pasture
or browse, and gradually increasing the salt content of
the diet to a final level of 3%-5% of daily dry matter
intake (van Metre, 2015). In male goats, delaying
castration at a later age of 10 and 12 weeks is suggested
to prevent the occurrence of obstructive urolithiasis,
as it did not affect the growth and development of the
urethra and led to better development of the urethral
passage, similar to that of a non-castrated male goat
(Kibria ez al., 2016). A study involving 4-month-old
9 male black Bengal goats showed that the non-
castrated goat (control) and non-castrated goats
receiving exogenous testosterone (excess testosterone)
had significantly larger urethral lumen diameters
than castrated goats (Gofur, 2019). Avoiding faulty
castration and using good hygienic practices during
castration are recommended to avert infection and
associated complications of urine retention and
urinary obstruction in goats (Lai ez a/., 2016).

In small ruminants, because of alkaline urinary pH,
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urinary acidification is cited as an effective alternative
to prevent urolith formation (Maciel ¢z 4/, 2017).
For the effective treatment and acidification of urine
in healthy goats, dietary anion-cation differences
(DCAD) should be considered (Neal ez a/., 2024).
'The concept of DCAD states that increased cations in
the diet lead to alkalotic tendencies, while increased
anions will have acidifying potential (Ewoldt ez 4/,
2008). Ammonium chloride and Walpole solution
are commonly utilized urinary acidifiers to lower
the urinary pH and to prevent and treat urolithiasis.
Ammonium chloride (NH,Cl) has been used in
the prevention of struvite urolithiasis in goats as a
primary preventive measure (Sprake ez a/.,2012) and
is regarded as a mainstay treatment for the dissolution
of struvite and apatite uroliths (Neal ¢ o/, 2024).
The effective minimum dose of ammonium chloride
depends on the difference in dietary anion-cation
ratio of the diet of ruminant animals (Aquilina et
al., 2012). In a study, the dietary supplementation
of ammonium chloride at a dose of 450 mg/ kg bd.
wt. (2.25 % of dry matter intake) was considered
necessary to achieve a urinary pH of <6.5 for 24 hrs
in goats (Mavangira ¢z a/., 2010). Prolonged use of
ammonium chloride might lead to impaired feed
intake, growth, and bone strength while favoring
the formation of some urine crystals due to acidic
urine (Pongphitcha e a/., 2024). Other potential
side effects, such as ruminal acidosis (Augustinsson
and Johansson, 1986; Vagg and Payne, 1970) and
bone resorption with increased excretion of Ca™ in
urine due to decreased tubular reabsorption (Horst
and Jorgensen, 1974; Liesegang, 2008), have also
been reported. Thus, it has been recommended that
periodic administration of ammonium chloride at
an appropriate dose of 350 mg/ kg. bd. wt. force-
feeding is sufficient to acidify urine without potential
complications (Pongphitcha ez a/., 2024). A study to
evaluate the efficacy of continuous and pulsed doses
of ammonium chloride on urinary pH found that
continuous therapy resulted in loss of effectiveness,
while pulsed dose therapy (treatment for 3 days
followed by 4 days without treatment) was effective
in repeatedly producing urine pH < 6.5 (Sprake ez
al., 2012). Generally, the dietary concentration of 1
% and 0.5 % ammonium chloride in complete feed
for 3 months and unlimited time, respectively, is
considered safe in ruminants (Aquilina et al., 2012).

Figure 4: Preventive measures for obstructive urolithiasis
in small ruminants.

Small Ruminant flocks are extremely susceptible to
outbreaks of disease as they are frequently raised in
extensive open systems; thus, quick recognition of
disease is a high priority for farmers and veterinarians
(Farghali ez al., 2020). The accessibility of veterinary
professionals, disease severity on herds, experience
with the disease, peer influence, and drug vendors’
suggestions mainly influence the disease management
strategies generally adopted by farmers (Nuvey ez a/.,
2023). In small ruminants, improved management
practices prevent major disease outbreaks, lead to
long-term disease control, and lower the incidence
of drug residue problems by reducing the need for
pharmaceutical use (Bowen and Snyder, 2009). The
close supervision of animals is essential to recognize
signs and symptoms and prevent disease outbreaks,
which are a part of management and husbandry
practice. Although difficult, in an extensive
production system, adaptation of technologies and
bringing change in management and husbandry
practices could significantly benefit animal health and
welfare while enhancing the farm economy (Temple
and Manteca, 2020). Good management practice has
the potential to increase profit by preventing disease,
reducing expenses for pharmaceuticals, and solving
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ethical dilemmas associated with the treatment of
small ruminants (Bowen and Snyder, 2009).

Conclusion

Obstructive urolithiasis is a common and frequent
finding in small ruminants, affecting their ability to
pass urine through the urinary tract. The interplay of
multiple etiological factors leads to the formation of
uroliths, leading to blockage of the urinary system,
preventing the normal outflow of urine. Poor prognosis
is generally seen in cases of late presentation and
repeat occurrence. Economic loss is due to sporadic
occurrences in herds, which could be prevented
with proper husbandry practices. Surgical treatment
options such as surgical tube cystostomy, along
with urinary acidification, prove beneficial in acute
cases of obstructive urolithiasis. Prevention depends
on husbandry and management practices such as
providing ad-lib water, adequate mineral mixture, low
concentrate and high roughage in feed, castration at
the proper age, acidification of urine, and adequate
or enhanced husbandry practices at certain seasons.
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