Case Report

Primary portal vein hypoplasia and SLC2A9 mutation associated with urate

urolithiasis in a Spanish water dog

Laura Cosgrove, Gawain Hammond, Gerard Mclauchlan

Abstract — This report describes a Spanish water dog with an ammonium urate urethrolith which was diagnosed

with primary portal vein hypoplasia and was found to be homozygous for the mutated SLC2A9 gene. This is the

first Spanish water dog described with the SLC2A9 mutation and the first case of concurrent portal vascular

abnormalities and SLC2A9 mutation.

Résumé — Hypoplasie de la veine porte primaire et mutation SLC2A9 associée a I'urolithiase d’urate chez

un Chien d’eau espagnol. Ce rapport décrit un cas d’uréthrolithes d’'urate d’ammonium chez un Chien d’eau

espagnol pour lequel un diagnostic d’hypoplasie de la veine porte primaire a été posé et qui a été déclaré comme

étant homozygote pour la mutation du géne SLC2A9. C’est le premier Chien d’eau espagnol dont la mutation

SLC2A9 est décrite et le premier cas d’anomalies portes vasculaires concomitantes et la mutation SLC2A9.
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U rate urolithiasis occurs when the urine is supersaturated
with uric acid (hyperuricosuria). In dogs this is reported
secondary to either metabolic defects or hepatic dysfunction
(1,2). Metabolic hyperuricosuria has been documented in
several breeds including dalmatians, black Russian terriers,
and bulldogs (1,3). The condition is due to a defect in the
uric acid transporter in both the kidney and liver, altering the
ability to metabolize uric acid. Mutation of the SLC2A9 gene
has been identified as the cause of the defect in the transporter
and the resultant predisposition for urate urolithiasis in these
breeds (1,3).

Dogs with primary hepatic disease, most commonly congeni-
tal portal vasculature anomalies, can have reduced conversion of
uric acid to allantoin and ammonia to urea (4). This can lead to
hyperuricemia and hyperammonemia resulting in hyperuricuria
and hyperammonuria and development of urate urolithiasis (4).

The case described in this report represents a novel presenta-
tion of both primary portal vein hypoplasia (PPVH) and hyper-
uricosuria mutation in a dog causing urate urolithiasis and is the
first Spanish water dog to be diagnosed with SLC2A9 mutation.
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(Traduit par Isabelle Vallieres)

Case description

A 19-month-old male neutered Spanish water dog was pre-
sented to the University of Glasgow Small Animal Hospital
with a 2-week history of dysuria, stranguria, and hematuria.
On physical examination the dog had a markedly distended
urinary bladder and was painful on caudal abdominal palpation.
Through the initial consultation, the dog was noted to be drib-
bling a constant stream of urine. The remainder of the physi-
cal examination was unremarkable and vital parameters were
within normal limits. Complete blood cell count did not reveal
any abnormalities. Serum biochemical abnormalities included
hypoalbuminemia and increased alkaline phosphatase (ALP)
(Table 1). All other parameters, including electrolytes, serum
ammonia levels, and pre- and post-prandial bile acids were
within normal limits (Table 1). An abdominal ultrasound exami-
nation revealed a distended bladder, with echogenic sediment
and suspected cystoliths (Figure 1). Bilateral pyelectasia was
noted, most likely secondary to partial or complete obstruction
of the lower urinary tract. The ureters were not distended. There
was subjective mild microhepatica with normal parenchyma.
Assessment for congenital or acquired portosystemic shunts
was performed; however, no evidence of an anomalous vessel(s)
was detected. Plain abdominal radiographs revealed no evi-
dence of radiopaque uroliths. Mild microhepatica was also
detected. The dog was sedated with medetomidine (Domitor
1 mg/mL; Elanco Animal Health, Basingstoke, Hampshire, UK),
0.01 mg/kg body weight (BW), IV, and butorphanol (Torbugesic
10 mg/mL; Zoetis, London, UK) 0.2 mg/kg BW, IV. The distal
urethra was catheterized (Mila 10 Fr X 90 cm Foley catheter;
Mila international USA, Erlanger, Kentucky, USA) and retro-
grade positive contrast urethrography showed a small polygonal
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Table 1. Results of significant biochemical tests

Results
Analyte Day 1 Day 28 Reference range
Total protein 57 62 50 to 78 g/L.
Albumin 27 30 29 to 36 g/L
Globulin 30 32 28 to 42 g/L
Glucose 4.7 3.4 3.3 t0 5.5 mmol/L
Sodium 147.1 143.4 135 to 159 mmol/L
Potassium 5.1 5.6 3.4 to 5.8 mmol/L
Chloride 113.6 109.4 9 to 115 mmol/L
Calcium 2.49 2.64 2.34 to 3 mmol/L
Phosphate 1.58 1.59 1.29 to 2.9 mmol/L
Urea 7.7 7.7 2.5 to 8.5 mmol/L
Creatinine 115 118 45 to 155 wmol/L
Cholesterol 6.46 6.32 2.0 to 7.0 mmol/L
Triglyceride 0.54 0.52 < 0.6 mmol/L
Total bilirubin 1 1 < 10 wmol/L
ALT 20 19 <90 U/L
AST 24 24 < 40 U/L
ALP 247 213 <230 U/L
GGT 0 3 <20 U/L
Bile acids (fasting) 3.2 3 < 10 pmol/L
Bile acids (post-prandial) 3.6 N/A < 15 pmol/L
Ammonia 22 18 < 94 wmol/L

ALT — alanine aminotransferase; AST — aspartase aminotransferase; ALP —
alkaline phosphatase; GGT — gamma-glutamyl transferase; N/A — Not available.

filling defect (5.2 mm X 5.7 mm) in the mid pelvic urethra,
which was most consistent with a urolith (Figure 2). The bladder
neck and proximal urethra were dilated, consistent with partial
urethral obstruction. There were several small radiolucent areas
at the level of the end of the urinary catheter, consistent with
small gas bubbles, although small urethroliths could not be
excluded (Figure 2). The urethrolith was retropulsed into the
bladder. Repeat contrast radiographs confirmed relocation and
the previous radiolucent areas seen at the tip of the catheter were
no longer visible. The catheter was left indwelling to prevent
relocation of the urolith back into the urethra prior to surgery.
Analysis of urine taken via cystocentesis revealed a specific
gravity of 1.030, and a pH of 5.0. Sediment analysis of the
urine revealed erythrocytes and ammonium urate crystalluria.
Aerobically cultured urine was negative for bacterial growth
(Table 2).

The dog was hospitalized, with the indwelling urinary
catheter in place. Given the abdominal pain, buprenorphine
(Vetergesic 0.3 mg/mL; Sogeval, Sheriff Hutton, York, UK),
0.02 mg/kg BW, IV, q6h, was administered. Intravenous fluid
therapy (0.9% NaCl; Vetivex 1, 9 mg/mL, Dechra Veterinary
Products, Shrewsbury, Shropshire, UK), 2 mL/kg BW per
hour was administered and urine production was monitored
(2 to 2.97 mL/kg BW per hour). Based on the radiolucency
of the stones and the urinalysis sediment examination, it was
suspected that the uroliths were likely composed of ammonium
urate. The patient was anesthetised the following day and a dual
phase CT angiogram of the abdomen was performed with the
aim of assessing the portal vasculature, primarily for a single
congenital portosystemic shunt. No obvious decrease in the
size of the portal vein or abnormal extrahepatic or intrahepatic
vessels were detected and there was no evidence of hepatic arte-
riovenous malformations. A mild degree of microhepatica was
detected. Following this a mid-line ceilotomy was performed.
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Figure 1. Saggital ultrasonographic view of the urinary bladder
with a dependent space-occupying hyperechoic object, with
distal acoustic shadowing (white arrow), consistent with a
cystolith.

No anomalous vessels or abnormalities consistent with acquired
portosystemic shunting were detected. A hepatic biopsy from the
left medial liver lobe was obtained using a guillotine technique
with 3 metric Polydioxanone (PDS®; Ethicon, Norderstedt,
Germany). This was submitted for histopathological assess-
ment. The upper and lower urinary tracts were grossly normal
on inspection. Three cystoliths were removed through a stab
incision on the ventral aspect of the bladder and were submit-
ted for quantitative analysis. The dog received buprenorphine
(Vetergesic), 0.02 mg/kg BW, IV, q8h after surgery and was
observed urinating normally 6 h later. Intravenous fluid therapy
(NaCl 0.9%, Vetivex), 2 mL/kg BW per hour was continued
for a further 16 h. Ultrasound examination following a normal
urination confirmed that the bladder had emptied. The dog
was discharged the following day on meloxicam (Metacam
1.5 mg/mL, Bochringer Ingelheim, Bracknell, Berkshire, UK),
0.1 mg/kg BW, PO, q24h, for 5 d.

The uroliths were submitted to the Minnesota Urolith
Center, University of Minnesota, USA. Quantitative analysis
(polarizing light microscopy and/or infrared spectroscopy)
indicated that the urolith was comprised of ammonium urate
(100%). Histopathological evaluation of the liver revealed that
approximately 25% of the portal triads had no discernible
portal vein, and some were expanded by immature vascular
structures which extended into the parenchyma. Larger portal
triads were surrounded by mildly increased fibrous connective
tissue. Scattered Kupffer cells and clusters of macrophages with
intracytoplasmic hemosiderin accumulation were also noted.
In the absence of detectable intra- or extra-hepatic portosys-
temic shunting or hepatic arteriovenous malformations on
CT angiography and at surgical exploration, these findings
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Figure 2. Radiograph of right lateral abdomen — retrograde
positive contrast urethrogram. A polygonal filling defect is seen
within the lumen of the pelvic urethra (white arrow) consistent
with a urethrolith.

were consistent with PPVH (previously termed microvascular
dysplasia). Given these findings, the dog was managed with
a commercially available hepatic diet (Canine hepatic; Royal
Canin, Castle Cairy, Somerset, UK), ampicillin (Ampicare
250 mg capsule; Animalcare, Nether Poppleton, York, UK),
20 mg/kg BW, PO, q8h, and lactulose (Lactulose oral solution
3.3 g/5 mL; Resolution Chemicals, Stevenage, Hertfordshire,
UK), 0.25 mL/kg BW, PO, q8h. An ethylenediamine tetraacetic
acid (EDTA) blood sample was submitted to Genetic Services,
Animal Health Trust, Newmarket, Suffolk, UK, to determine
whether the dog had the SLC2A9 gene mutation.

Follow-up consultation 28 d post-surgery revealed complete
resolution of the dysuria, stranguria, and hematuria. Physical
examination was unremarkable. Serum biochemistry, elec-
trolytes, ammonia, and fasting bile acids were within normal
limits. Analysis of a urine sample taken via free catch revealed
a specific gravity of 1.046 and a pH of 8. Sediment analysis of
the urine was unremarkable, as was repeat ultrasonography of
the urinary tract. The results of the genetic test were available
at this stage and indicated that the dog was homozygous for the
mutated SLC2A9 gene.

The dog’s diet was changed to a commercial restricted protein
and low purine diet (Urinary U/C low purine, Royal Canin,
UK). Ampicillin and lactulose were discontinued. Future follow-
up was performed by the referring veterinarian. Repeat urinalysis
performed 343 d after initial presentation was unremarkable.
No signs of urinary tract disease had developed at the time of
writing (420-day follow-up period).

Discussion

To the authors” knowledge this is the first reported case of a
Spanish water dog diagnosed with the SLC2A9 mutation. It is
also the first reported case of a dog that was homozygous for
the SLC2A9 gene mutation and was diagnosed concurrently
with PPVH.
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Table 2. Results of urinalysis

Results

Test Day 1 Day 28 Day 343
Color Yellow Yellow Yellow
Appearance Clear Clear Clear
Specific gravity 1.030 1.046 1.048
pH 5.0 8.0 6.5
Protein + Trace Trace
Protein to creatinine ratio*  0.77 0.03 0.08
Glucose Negative Negative Negative
Ketones Negative Negative Negative
Bilirubin Negative Negative Negative
Blood/hemoglobin ++ Negative Negative
Red blood cells® 50 to 100 <5 <5
White blood cells® <5 <5 <5
Epithelial cells None seen None seen  None seen
Casts None seen None seen  None seen
Crystals Moderate None seen  None seen

ammonium

urate crystals
Urine culture No bacterial N/A N/A

growth

* Reference range < 0.5.
b Reference range < 5 per high power field.
N/A — Not available.

Primary portal vein hypoplasia is characterized by small
intrahepatic portal vessels and portal endothelial hyperplasia
resulting in abnormal communication between the portal and
systemic circulation (5). This condition is a diagnosis of exclu-
sion, as dogs with macroscopic portosystemic shunts can have
concurrent microscopic hepatic abnormalities, which cannot
be differentiated from PPVH on the basis of histopathological
analysis of the liver alone (6).

It has been long recognized that dogs with portosystemic
shunts, PPVH, and other hepatic conditions are at high risk
of ammonium urate urolithiasis and crystalluria, as they can
develop hyperuricemia and hyperammonemia (4,7). Dogs with
portal vascular abnormalities have a higher incidence of urate
urolithiasis than patients with other hepatic conditions (8). The
hyperuricemia results from incomplete conversion of purine
to allantoin, as this requires the hepatic enzyme uricase (urate
oxidase), which is stored in hepatic peroxisomes (4,7). The
hyperammonemia is a consequence of inefficient conversion of
ammonia to urea, which normally occurs in the mitochondria
of hepatocytes (4,9). Hyperuricuria and hyperammonuria result
and if the saturation of urine ammonia and uric acid exceeds the
solubility product of ammonium urate, then uroliths will pre-
cipitate (4). Up to 50% of dogs with portal vascular anomalies
can develop ammonium biurate crystalluria and between 20%
to 30% can develop urate uroliths (9-11). Dogs with PPVH can
have similar rates of urogenital signs, including urate crystallu-
ria, to dogs with congenital portosystemic shunts, with 29.41%
of dogs with PPVH found to have crystalluria compared with
32% of dogs with a single congenital portosystemic shunt (5).
However in a group of cairn terriers diagnosed with PPVH,
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none were clinically affected and there was no evidence of urate
urolithiasis or crystalluria, suggesting the condition is variable
between individuals and possibly among breeds (12). In general,
dogs with PPVH frequently had less severe clinical signs and
better long-term prognosis compared to dogs with a congenital
portosystemic shunt (6,13).

The mild hypoalbuminemia at presentation may have been
secondary to decreased hepatic synthesis or inflammation associ-
ated with the urinary tract obstruction (14,15). The marginal
increase in ALP detected at presentation may be attributed to
the PPVH; however, although ALP is sensitive for hepato-bilary
disease, it is highly non-specific (16,17). As the case described
had normal bile acids (pre- and post-prandial), and normal
fasting serum ammonia, we suspect the PPVH may have been
subclinical. Alternatively, the bile acid stimulation test may not
have been representative as several factors can influence the
post-prandial serum bile acids (18). Given the normal pre- and
post-prandial bile acids, normal fasting ammonia and minimal
biochemical and hematological abnormalities, the authors
elected to investigate other causes of urate urolithiasis. Whilst
awaiting the results of genetic testing, the dog was treated with
dietary modification (hepatic diet), ampicillin, and lactulose due
to the PPVH. Medical management is the only treatment avail-
able for clinical primary PPVH with the mainstay of treatment
for dogs with this condition being dietary modification (19).

The metabolic hyperuricosuria mutation was originally
characterized in the dalmatian dog and was determined to be
caused by a missense mutation of the SLC2A9 gene (1). The
mutation is recessive; therefore, dogs must be homozygous for
the mutation to develop the condition (1). In affected patients
the mutation leads to inefficient transport of uric acid in the
liver and renal proximal tubules (1,20,21). All purebred dal-
matians are homozygous for the mutated gene; however, only
19.6% of 179 individuals assessed were clinically affected by
urate uroliths (1,22). Additionally, most of those affected were
male, most likely due to anatomical reasons (22). Other factors
such as lower concentrations of Tamm Horsfall protein and
concentration of uric acid in the urine may also play a role in
the variation in development of urolithiasis (2,23). The SLC2A9
mutation has also been correlated with urate urolithiasis in
other dog breeds including the black Russian terrier, bulldog,
weimaraner, large munsterlander, and the Parson Russell terrier
(24,25). Similarly, not all black Russian terriers or bulldogs that
were homozygous for the SLC2A9 mutation developed clinical
signs related to urate urolithasis (25). Unlike the Dalmatian,
however, not all individuals within these breeds had the muta-
tion and of those with the mutation, the majority were hetero-
zygous (25). Although clinically unaffected, these carriers have
the potential to transmit to their offspring (24). To the authors’
knowledge, the Spanish water dog had not previously been
tested for the mutation. The dog presented herein was found
to be homozygous for the mutation; however, the frequency of
the mutation in the breed is unknown. Further studies into the
allele frequency in the Spanish water dog could avoid inadver-
tent breeding of affected individuals.

In dogs diagnosed with urate urolithiasis secondary to
SLC2A9 homozygous mutation the mainstay of preventing
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further formation after surgical removal of the uroliths, is to
minimize the urinary concentration of ammonia and uric acid.
This is achieved by feeding a low-protein diet. Allopurinol, a
synthetic isomer of hypoxanthine that inhibits the action of
xanthine oxidase resulting in decreased uric acid production
can be used as adjunctive therapy, but is generally used in cases
in which medical dissolution is preferred over surgical removal
(26). Prophylactic treatment with allopurinol is not routinely
recommended as it carries a risk of xanthine urolith formation
(2). Added to this it should be used with caution in patients
with hepatic dysfunction (27). We therefore elected to use only
dietary modification in this case.

Dogs with cancer, renal disease, and hyperadrenocorticism
have been reported to have increased uric acid to creatinine
ratios compared with healthy dogs (28). There was no evidence
of these conditions in the dog in this case; however, these dis-
eases should be considered in dogs which present with urate
urolithiasis or crystalluria of unknown origin.

In this case it is possible that the 2 diagnosed conditions
together lead to the urate uroliths. The authors elected to proceed
with a commercial low purine diet as opposed to a hepatic diet.
As discussed, dogs with congenital hepatic vascular anomalies and
dogs which are homozygous for the SLC2A9 mutation are at a
similar risk of developing urate uroliths (1,9-11,22). However
in this case, it was felt that given the normal bile acids and
serum ammonia, the degree of contribution to the urate uoliths
by PPVH was less than the SLC2A9 mutation. The low purine
diet is protein restricted as well as specifically purine restricted.
If the PPVH was also contributing to the urate uroliths, this diet
is not contraindicated and in fact may also aid in the reduction
of hyperuricaemia given the purine restriction. We elected not
to continue with ampicillin and lactulose for the same reason;
however, we have recommended ongoing monitoring of clinical
signs, hematology, biochemistry, serum bile acids, ammonia, and
abdominal ultrasound as it is possible that in the future the dog
will require more specific treatment for the PPVH.

This case highlights the importance of examining all pos-
sible differentials for the development of urate urolithiasis as,
although there was a documented PPVH, the dog had normal
bile acids and serum ammonia, leading the authors to pursue
other diagnoses. This is the first case of a Spanish water dog
documented to have the SLC2A9 mutation and therefore this
should be considered a differential in this breed for urinary
tract signs and/or urolithiasis. Further investigation into the
prevalence within this breed should also be considered. v
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