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Chronic kidney disease with three cases of
oxalate-like nephrosis in Ragdoll cats
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Two unrelated Ragdoll cat mothers in Norway were found dead from renal
disease. The histopathology was consistent with oxalate nephrosis with chronic
or acute-on-chronic underlying kidney disease. Both cats had offspring and
relatives with signs of urinary tract disease, including a kitten dead with urethral
gravel. Eleven living Ragdoll cats, including nine relatives of the dead cats and
the male father of a litter with similarly affected animals, were tested for primary
hyperoxaluria (PH) type 1 and 2 by urine oxalate and liver enzyme analysis.
Renal ultrasound revealed abnormalities in five living cats. One of these was
azotaemic at the time of examination and developed terminal kidney disease 9
months later. A diagnosis of PH was excluded in 11 cats tested. The inheritance
and aetiological background of the renal disease present in the breed remains
unresolved at this point in time.
Date accepted: 1 November 2008 � 2008 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
D
uring 2006 two apparently unrelated Ragdoll
cat mothers in Norway died from renal dis-
ease. The autopsy reports described findings

consistent with oxalate nephrosis, suggesting ethylene
glycol poisoning. Both cats were indoor cats not
exposed to antifreeze solutions. Adult offspring of
one mother and a relative of the other mother devel-
oped azotaemia and uraemia. While one cat went
back to non-azotaemic kidney disease IRIS stage 1,
the other cat remained asymptomatic but mildly
azotaemic with non-hypertensive, non-proteinuric
IRIS stage 2 chronic kidney disease (CKD)
(http://www.iris-kidney.com/guidelines/en/staging_
ckd.shtml). Ultrasound screening of related cats by the
local veterinarian revealed variable hyperechoic
ultrasound abnormalities in a few cats.

Ragdolls in Sweden and Finland are enrolled in a vol-
untary ultrasound based screening programme for
kidney disease, and informal web-based discussions
from the USA (www.vin.com) support the concept of
familial renal dysplasia and/or nephrocalcinosis in
eiene@veths.no

� 2008 ESFM a
this breed. The information at this point in time seemed
consistent with an inherited problem, such as primary
hyperoxaluria (PH) type 1 or type 2.

The PHs are genetic disorders leading to accumula-
tion of glyoxalate, a precursor of oxalate, and subse-
quent development of hyperoxaluria. Two types of
PH are well characterised by enzymology and molec-
ular genetics. Type 1 (PH1) arises from mutations in
the AGXT gene affecting the structure and function
of alanine:glyoxylate aminotransferase (AGT). Type 2
(PH2) is the result of mutations in the GRHPR gene
which affect the structure and function of the enzyme
glyoxylate reductase/hydroxypyruvate reductase
(GR/HPR) (reviewed by Danpure and Rumsby1).
The clinical picture in humans is heterogeneous,
with recurrent urolithiasis and/or nephrocalcinosis,
renal failure and reduced life expectancy. The age of
onset and rate of progression of renal pathology are
also variable.2

Both PH1 and PH2 have been described in dogs3,4

and cats,5e7 as well as other inherited conditions af-
fecting the same gluconeogenic pathway although,
in the case of Dþ-glyceric aciduria, without hyperoxa-
luria.8e10 Chronic or acute oxalate nephrosis and renal
nd AAFP. Published by Elsevier Ltd. All rights reserved.

http://www.iris-kidney.com/guidelines/en/staging_ckd.shtml
http://www.iris-kidney.com/guidelines/en/staging_ckd.shtml
http://www.vin.com
mailto:reidun.heiene@veths.no


475Chronic kidney disease in Ragdoll cats
failure were described in cats with PH2 with neuro-
logical involvement.7

Against this background, affected cats and a group
of relatives were referred to the Norwegian School of
Veterinary Science (NCVS) for extensive testing of af-
fected individuals and relatives with complete diag-
nostic workup and specific testing for PH1 and PH2.

The aim of the study was to define the nature of this
disease in the Ragdolls available for study with re-
spect to: (1) whether the observed disease is PH of
a known type and (2) the possible mode of inheri-
tance, based upon histopathological analysis, ultra-
sound and laboratory assessment of family members.
Materials and methods

Cats

The presenting features of the animals used in this
study are given in Table 1.

Eleven Ragdolls (cats 1e11) between 1 and 3.5 years
of age were tested for PH1 and PH2.

Renal tissue was available from five other cats (four
related and one unrelated, cats 13e16). Material was
Table 1. Presenting features in 15 Ragdoll cats

Cat
number
(see Fig 1)

Gender,
age

Clinical
signs

Ultrasound
abnormalities

Serum ur
mmol/

(<10)

1 M, 2 y No No 7
2 M, 1 y No No 9
3 F, 1.5 y No No 6
4 M, 1.5 y No* Yes 10
5 F, 1.5 y No No 8
6 F, 3 y No Yes 9
7 M, 2 y No Yes 12
8 M, 3.5 y No No 8
9 M, 3.5 y No Yes 9
10 F, 3 y No No 8
11x F, 2 y Anorexia Yes 18.4
13 M, 6 wk Urolithiasisy e e
14 F, 3 yk Uraemia Yes 49
15 F, 2 yk Uraemia Yes 46
16 M, 2 yk Intestinal

foreign
body

No 10

M¼male, F¼ female, y¼ years, w¼weeks, HCT¼ haema
values in parentheses. Cat 12: not shown on above table i
PH (Table 3). e ¼ Not examined, or data not available at
*Six months earlier had had clinical depression and azota
yEuthanased at 6 weeks of age due to recurrent obstructiv
zA few renal epithelial cells observed in urine sediment.
xAlive at the time of the testing for PH; euthanased 10 mon
kDead at the time of the study.
available from one control cat; a domestic shorthair
(DSH) treated after head trauma with subsequent
euthanasia for animal welfare reasons (cat 12).

Pathological methods

Autopsy material was available from two mothers
(cats 14 and 15), while a detailed clinical history was
available from a kitten sibling with recurrent urinary
tract obstruction by white gravel at the age of 6 weeks
(cat 13). Cat 6 had a wedge biopsy collected from the
caudal pole of the left kidney during ovariohysterec-
tomy 7 months after testing for PH. One littermate
of the tested cats (cat 16) developed multiorgan failure
after surgery for an intestinal foreign body and was
euthanased; an autopsy made kidney tissue available
for examination. Ten months after testing for PH, one
azotaemic cat (cat 11) developed clinical signs of urae-
mia and was euthanased. A histopathological exami-
nation of kidney tissue was performed. Only a part
of the left kidney was available for histopathological
examination from cats 11 and 15.

Kidney tissue was fixed in phosphate buffered 4%
formaldehyde, dehydrated in graded alcohol, and em-
bedded in paraffin according to standard methods.
ea,
l

Serum
creatinine,

mmol/l (<180)

HCT %
(0.24e0.45)

USG
(<1.035)

Urine dipstick
or sediment

findings

151 0.44 >1.050 Normal
171 0.37 >1.050 Normal
92 0.31 1.048 Normal
123 0.37 1.039 Normal
95 0.31 >1.050 Normal
95 0.23 >1.050 Normal
129 0.32 >1.050 Normal
102 0.37 1.034 Normal
117 0.33 >1.050 Normal
134 0.32 1.047 Normal
212 0.44 1.047 Renal cellsz
e e e White ‘‘gravel’’
640 0.37 1.015 e
741 0.35? e Uroliths
113 e 1.045 e

tocrit, USG¼ urine specific gravity, laboratory reference
s a DSH used as a control. Cats 1e11 were screened for
the time of examination.
emia after jaw fracture (creatinine up to 1061 mmol/l).
e urolithiasis.

ths later; renal histopathological examination available.
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The sections were stained with haematoxylineeosin
(HE), elastin, van Gieson (vG) and periodic acid-Schiff
(PAS). Besides light microscopical examination, the
sections were studied in a Leica DM 2500 microscope
equipped with a polarisation filter.
Clinical and sampling procedures for PH testing

The cats were sedated by simultaneous subcutaneous
injections of medetomidine at 75 mg/kg and bupreno-
phine 25 mg/kg before blood sampling and installa-
tion of intravenous catheters. An ultrasound
examination of the abdomen was performed. The kid-
neys were scanned in longitudinal, transverse, and
dorsal planes. Urine was collected by ultrasound
guided cysteocentesis. Under brief propofol anaesthe-
sia, liver biopsy was collected by a semi-automatic
biopsy needle (Temno Evolution biopsy needle, 16 G
10 mm, Cardigan Health, Ohio, USA). Biopsies were
not obtained from three cats for the following reasons:
one was pregnant (cat 6), in another the liver was
located too deep within the thoracic cavity for safe
biopsy (cat 9) and the third was azotaemic (cat 11).
In eight cats one biopsy was collected, producing
2e8 mg liver tissue per cat. If the sample was small
a second attempt was not performed for safety rea-
sons. The amount of tissue was sufficient for enzyme
analysis in 5/8 cats (cats 2, 4, 5, 7, 8 and control cat, cat
12). Two cats bled from the biopsy site after the biopsy
and were followed by ultrasound until recovery from
4

6

5

7

8

9

10

13

Family 1 

† † † † 

16

Fig 1. Pedigree of cats. Open circle¼ healthy female, closed
Open square¼ healthy male, closed square¼male with abn
animal. y Dead following caesarean section.
anaesthesia, which was uneventful without any
detectable compromise in clinical condition.

Blood was submitted for biochemistry and haema-
tology on the same day. Routine urinalysis was per-
formed in all cats. Urine was titrated to pH 3 with
HCl and frozen immediately, and stored at �20 �C.
Liver tissue was frozen dry in aluminium foil within
30 min, stored at �80 �C and shipped on dry ice by
overnight courier together with the urine samples.

Laboratory analysis for PH

Urine oxalate was measured using an oxalate oxi-
dase method (Trinity Biotech) on the Cobas Bio
centrifugal analyser. Reference ranges were estab-
lished in 10 cats using urine samples collected
from healthy cats that during sedation for castration
or ovariohysterectomy.

AGT, GR and HPR were measured in liver biopsies
as previously described.11,12
Results

Familial relationships

The familial relationship between the animals is
shown in Fig 1. The litters which are offspring of cat
8 and cat 10 were only a few months old and thus
are below the age that renal disease is commonly
observed in these animals.
1

3

2

11

14 15 

Family 2 

circle¼ female with abnormalities on ultrasound or biopsy.
ormalities on ultrasound or biopsy. Overlaid /¼ deceased



477Chronic kidney disease in Ragdoll cats
Clinicopathological findings

The presenting features of all cats are given in Table 1.
Further details regarding the cats with azotaemia
and/or histopathologically confirmed kidney disease
or ultrasound abnormalities are as follows: The two
probands (cats 14 and 15) developed weight loss
during lactation and clinical depression 2e3 months
after gestation. Both animals had small and irregular
kidneys and abnormalities on ultrasound. Blood
samples revealed azotaemia (IRIS stage 4). Intensive
treatment failed to produce an improvement in clin-
ical condition and the animals were euthanased. The
texture of the renal cortex was moderately increased
Table 2. Ultrasound and histopathological findings o

Cat Ultrasound findings

Size Appeara

1 Normal Normal
2 Normal Normal
3 Normal Normal
4 Normal Distinct corticomedulla

Medulla appeared norm
hyperechoic patchy are
in both poles.

5 Normal Normal
6 Normal Reasonable distinct cor

definition. Cortical thic
cranial renal pole varie
Mild hyperechoic patch
in the right cranial pol

7 Left kidney within
normal range in size.
Right kidney was smaller
than normal.

Both kidneys were mil
shape. Corticomedullar
significantly reduced in
especially right kidney

8 Normal Normal
9 Normal Distinct corticomedulla

Mild hyperechoic patch
the renal poles.

10 Normal Normal
11 Small Irregular kidneys e co

Absence of corticomed
Hyperechoic patchy ar
both kidneys e mainly
cortex.

13 ND ND
14 Small Irregular kidneys e co

Hyperechoic patchy ar
both kidneys e mainly
cortex.

15 ND ND

16 ND ND

ND¼No data.
in cat 14, and mildly increased in cat 15. Cat 15 also
had a dilated pelvis with several uroliths (Table 2,
Fig 2).

On histological analysis, cat 14 showed large areas
of interstitial fibrosis and scattered occurrence of
lymphocytic cells (Fig 3a). A few dilated tubules
with degenerated epithelial cells were also seen in
these areas together with a moderate periglomerular
fibrosis. In the other parts of the cortex the tubules
were dilated with atrophic or degenerated epithelium.
Crystals with radiating striations and others with an
ovoid shape were seen in large numbers in polarised
light in all parts of the cortex, consistent with oxalate
crystals (Fig 3b).
n 15 Ragdoll cats

Histopathological findings

nce

ND
ND
ND

ry definition.
al. Cortical

as e especially

ND

ND
ticomedullary
kness in right
d.
y appearance

e.

No abnormality in biopsy of
left kidney 7 months after
ultrasonography

dly irregular in
y definition was
both kidneys e

.

ND

ND
ry definition.
y areas in

ND

ND
rtical lumps.
ullary definition.
eas in the
related to the

Patchy collagen infiltration in
cortex and medulla, aggregate of
mononuclear cells, crystals and
crystal fragments

ND
rtical lumps.
eas in the
related to the

Severe interstitial fibrosis, scattered
infiltration of mononuclear cells,
atrophic epithelium, crystals

Atrophic epithelium in dilated
tubuli, mild interstitial fibrosis,
crystals
Normal kidney tissue



Fig 2. Characteristic ultrasound findings in affected Ragdolls with CKD: patchy hyperechoic areas and variable findings.
Cat 11: small kidneys, long axis (a) and short axis view (b). The corticomedullary junction is different in different parts of the
kidney, and there is variable cortical thickness. In both kidneys there were few hyperechoic foci located mainly in the renal
pelvis. (c) Cat 6: hyperechoic cranial pole of the kidneys. (d) Cat 4: left kidney, short axis view: hyperechoic regions, mainly
in the renal poles, and a hyperechoic small structure in the pelvic region.
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In cat 15 both the convoluted loops and the loops of
Henle were in most areas dilated to a moderate degree
(Fig 3c). The epithelium in these tubules had an atro-
phic appearance. In few places infiltrates of a small
Fig 3. Histopathological changes in three affected Ragdolls (n
cells and fibrous tissue in the interstitium; (b) cat 14: crystals in
dilated tubules; (d) cat 15: crystal structure from a tubule; (e)
crystals and crystal fragments.
number of mononuclear cells and a moderate infiltra-
tion of fibrous tissue could be seen. Several uroliths
were seen and polarised light revealed similar crystals
to cat 14 (Fig 3d). These findings led to a clinical
umbers as in Table 1). (a) Cat 14, infiltration of mononuclear
polarised light; (c) cat 15: crystals in tubules and moderately
cat 11: collagen infiltration, aggregate of mononuclear cells,
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suspicion of PH and other family members were
reviewed.

The ultrasound and histopathological characteris-
tics of the cats are shown in Table 2. Several had
regions of hyperechogenicity on ultrasound (cats 4,
6, 9 and 11) (Fig 2). In cat 11 the lesions were severe
and extensive, and the same oxalate-like crystals
were abundant in kidney tissue (Fig 3e).

Cat 4 had developed temporary but severe azotae-
mia at 1 year of age after a jaw luxation. With 4 weeks
of treatment he recovered and had been clinically
healthy since then. Cat 6 had been very thin during
the previous lactation, but otherwise clinically
healthy. The other cats among the 11 Ragdolls tested
for PH had never shown signs of disease.

Results of testing for PH

Individual urine oxalate results plus AGT, GR and
HPR activities are shown in Table 3.

All Ragdolls had urine oxalate/creatinine ratios
within the reference range. Liver enzyme activity in
cats 4 and 7, both of which had ultrasound abnormal-
ities, was similar to that seen in cats without ultra-
sound abnormalities (cats 2, 5, 8) and the control cat
(cat 12). Thus there was no evidence to support a diag-
nosis of PH1 or PH2 in these animals.
Discussion
The examination with polarised light revealed an
unusually large number of crystals in two of the
animals raising the suspicion of oxalosis. While occa-
sional oxalate crystals may sometimes be observed in
end stage renal disease of unspecified aetiology, the
large amount of crystals or stones reported here is
Table 3. Clinicopathological findings in 11 Ragdoll c

Analysis
(reference range)

UOx/UCreat (<84 umol/
mmol creatinine)

AGT (hu
19.1e47.9

mg p

Cat
1 3 e
2 <1 36
3 5 e
4* 8 38
5 1 35
6* 10 e
7* 10 23
8 6 33
9 9 e
10 13 e
11* 25 e
12 (control) 8 43

Numbers are the same as in Table 1.
UOx/UCreat ¼ urine oxalate to creatinine ratio; e ¼ No
*Cats with abnormal findings on ultrasound.
uncommon. The nature of these crystals and the other
findings recorded were in accordance with those
found in cases of inherited hyperoxaluria7 and ethyl-
ene glycol poisoning.13 However, urine oxalate/creat-
inine ratios were similar to control animals and to
those previously reported in cats.10 Catalytic activities
for AGT, GR and HPR were similar to those described
by Danpure6 and values found were similar in one
control and unaffected family members, effectively
excluding PH type 1 and type 2.

The ultrasound findings tended to exclude acute
ethylene glycol toxicity where the renal cortex typically
becomes uniformly hyperechoic within a few hours.14

The medulla then becomes hyperechoic subsequent to
the cortical changes. These changes produce an overall
uniformly hyperechoic kidney e not patchy hypere-
choic areas as observed in the affected Ragdolls.

A recent report on renal failure associated with mel-
amine and cyanuric acid in cats also revealed crystals
but in this case with concentric and radiating stria-
tions in tubules of the kidneys.15 The crystals in the
examined Ragdoll kidneys have features more consis-
tent with oxalate crystals; some are present in proxi-
mal tubules and they lack concentric rings (CA
Brown, personal communication 2007). However,
there was no evidence of either hyperoxaluria in the
animals tested nor was there any abnormality in
AGT and GR activity in those animals on whom tissue
was available for analysis arguing against a specific
inherited disease of oxalate metabolism.

It is not quite clear whether or not the ultrasound
findings are different from what is observed in non-
specific CKD or end stage renal disease in cats as there
is very little is published in the scientific literature on
this topic. Whether or not oxalate deposition is part of
the histological picture, non-specific CKD can also be
ats and one DSH control screened for PH

man liver:
umol/h/

rotein)

GR (human liver:
23e207 nmol/min/

mg protein)

HPR (human liver:
92e876 nmol/min/

mg protein)

e e
.5 91 519

e e
.1 94 700
.0 152 1622

e e
.8 58 537
.9 63 454

e e
e e
e e

.6 131 799

biopsy or insufficient biopsy material for analysis.
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familial. Kidneys in cats with CKD can present with
more variable ultrasound findings than dogs.14 The
nature of mild renal disease observed by ultrasound
in the cats who are still alive cannot be determined
without a kidney biopsy.

The pattern of development of renal disease in the
Ragdolls where azotaemia occurs at 2e3 years of
age, is different to that described for PH2 in DSH
cats5,7 where affected animals developed azotaemia
and neurological disease between 5 and 9 months
of age. This finding may suggest chronic changes in
the kidneys of Ragdolls, predisposing for an acute-
on-chronic episode of kidney disease once a second
trigger is present.

The suspicion of an inherited renal disease in Rag-
dolls is high and a screening regime for animals for
breeding has been implemented in Sweden and Fin-
land through first-line practitioners. A Dutch board-
certified ultrasonographer has also been screening
Ragdolls with familial kidney disease in the Nether-
lands (M Schmidt, personal communication 2007).
The characteristic ultrasound findings are of small, ir-
regular shaped kidneys, sometimes different sizes of
the right and left kidneys, hyperechogenic wedge-
shaped areas in the cortex, reduced corticomedullary
junction, in the patchy/lobular pattern commonly ob-
served in cats. The findings are not necessarily distin-
guishable from non-specific CKD in cats (M Schmidt,
personal communication 2007).

It is not clear from the pedigree presented (Fig 1)
whether the kidney disease is inherited or acquired.
An autosomal recessive inheritance is excluded be-
cause all offspring would be expected to be affected
if both cats 6 and 9 are affected (Fig 1). Similarly
X-linked recessive inheritance does not fit with the
observed picture unless cat 6 has two defective X
chromosomes. Autosomal dominant inheritance can-
not be excluded. However, the disease pattern might
also be consistent with a primary renal disease with
secondary processes of renal tubular crystal retention
or stone formation, as described in recent reviews.16,17

Future studies should aim at including a high
enough number of cats to evaluate the hypothesis of
inherited disease and further characterise the nature
of the disease and its aetiology.
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