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Abstract

Fifty-six healthy Ragdoll cats underwent an ultrasonographical examination of the urinary tract to evaluate if
gender, age, bodyweight and presence of a medullary rim sign had a significant influence on renal length and
corticomedullary ratio (CM). Individual variation percentage was much more pronounced for renal length in
comparison with CM ratio. Mean renal length measured 3.83 + 0.45 cm (range 2.98-5.09 cm), mean cortical
thickness 0.73 £ 0.15 cm (range 0.36-1.18 cm), mean medullary thickness 0.87 + 0.19 cm (range 0.46-1.39 cm)
and mean CM ratio 0.88 + 0.29 (range 0.29-1.78). Renal length showed a significant positive correlation with
bodyweight (P <0.0001), age (P = 0.0073) and male gender (P <0.0001). Therefore, these parameters have to be
kept in mind when evaluating renal length on ultrasound. The CM ratio was solely influenced by the presence of a
medullary rim sign (P <0.0001). Further research, however, is needed to investigate the usefulness of the CM ratio

for the detection of kidney disease by ultrasonography.
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Introduction
Kidney diseases are one of the most common health
problems suffered by cats, particularly as they become
older.! The Ragdoll is a popular cat breed worldwide,
but, according to several Ragdoll breeder organisations,
such as the Scandinavian Ragdoll Club and the Ragdoll
Club Benelux, Ragdoll cats may develop chronic kidney
disease (CKD) due to polycystic kidney disease (PKD) or
chronic interstitial nephritis (CIN).23 In several European
countries Ragdoll cats are therefore screened for PKD
and CIN.# Abdominal ultrasonography is one of the
tests included in this screening programme, and it is con-
sidered to be the reference modality for imaging the
feline kidney because relevant anatomic information
concerning the size, shape and internal architecture can
be obtained.>8

Renal length can be easily measured by ultrasonogra-
phy with a high degree of reproducibility.>!° The normal
size of the feline kidney has been reported.”!-13 Acute
kidney injury (AKI) often results in enlarged kidneys
with a smooth contour, whereas CKD may result in
small, irregularly outlined kidneys.”14-16 Several studies

in humans, dogs and cats have revealed correlations
between renal length and different variables, like age,
gender and bodyweight.1317-22

In humans, cortical thickness instead of renal length is
used to differentiate between CKD and AKI as cortical
thinning is often present in patients with CKD and can
precede changes in renal length.?>?* In addition, Beland
et al** concluded that cortical thickness might be related
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more closely to the estimated glomerular filtration ratio
than renal length in patients with CKD. It is not known if
the same is true for veterinary patients. Similar to renal
length, cortical thickness is influenced by different vari-
ables like age, gender, race and bodyweight/body mass
of the human patient.?'-2325 Only a few studies describe
the cortical and medullary thickness of normal feline
kidneys.>13

The major study aim was to evaluate if gender, age
and bodyweight had a significant influence on renal
length and corticomedullary (CM) ratio within a single
cat breed. A secondary aim was to describe normal kid-
ney morphology and dimensions in healthy Ragdoll
cats, which will help veterinarians to screen Ragdoll cats
for kidney disease.

Material and methods

In this prospective study, 75 Ragdoll cats presented at
our institution for PKD and CIN screening were used.
Most of these cats also participated in a prospective
study, which evaluated the presence of kidney disor-
ders in this particular breed.?® The cats were considered
healthy on the basis of history, physical examination,
routine urinalysis [urine specific gravity (USG), urinary
protein to creatinine ratio, urinary sediment and uri-
nary dipstick], blood examination (complete blood
count and serum biochemistry) and absence of ultra-
sonographical abnormalities (irregular kidney outline,
presence of cavitary lesions, solid masses or nodules,
segmental/triangular cortical lesions, nephroliths).
Serum creatinine concentration was measured with a
colorimetric assay (Spotchem; Menarini) and the refer-
ence interval (80-164 umol/l) was determined by the
machine manufacturer through the evaluation of more
than 100 healthy cats of different ages and weights.
USG was determined with a refractometer and was
determined to be normal if it was higher than 1.035.
The presence of hyperechoic cortices and /or medullary
rim signs, a thin linear hyperechogenic line in the outer
medulla parallel to the corticomedullary junction, was
considered as a normal finding if no other abnormali-
ties were observed.

All cats underwent an ultrasonographical examina-
tion without sedation. The cats were placed in dorsal
recumbency and were manually restrained. The hair was
not clipped because most of the cats were show cats. The
hair was parted and water, alcohol and acoustic cou-
pling gel were used to provide an appropriate acoustic
contact between the transducer and the skin.
Multifrequency (6-10 MHz) microconvex or multifre-
quency (7.5-12 MHz) linear transducers (Logiq 7, GE
Medical Systems) were used for scanning.

For each kidney, sagittal, dorsal and transverse scans
were obtained as described by Widmer et al.8 Delineation
(smooth or irregular), echogenicity (hypo-, iso- or

Figure 1 Sagittal sonogram of a normal feline kidney. The
stippled line from 1 to 2 shows the measurement of the renal
length

Figure 2 Dorsal sonogram of a normal feline kidney. The
green lines indicate the cortical thickness (1-2) and the
medullary thickness (3-4)

hyperechogenic compared with the liver/spleen), renal
parenchyma, renal length, and cortical and medullary
thickness were evaluated. The length (in cm) was deter-
mined on the sagittal sonogram (Figure 1), which is char-
acterised by the appearance of two bright parallel bars
formed by cross-sectioned pelvic diverticula. The corti-
cal and medullary thickness (in cm) were defined as (i)
the distances from the renal margin to the corticomedul-
lary junction (the interface between the hyperechoic
renal cortex and hypoechoic renal medulla) and (ii) from
the corticomedullary junction to the renal pelvis, respec-
tively. The edge of the renal pelvis was defined as the
interface between the hypoechoic medulla and the
hyperechoic renal pelvis fat. The measurements were
taken from a dorsal sonogram in the middle of the kid-
ney and were orientated perpendicular to the long axis
(Figure 2). When a medullary rim sign was present, it
was included in the measurements of the medulla
(Figure 3).
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Figure 3 Dorsal sonogram of a normal feline kidney with

a medullary rim sign. The green lines indicate the cortical
thickness (1-2) and medullary thickness (3-4). The rim sign is
included in the measurement of the medulla

The CM ratio was calculated as the ratio of the cortical
and medullary thickness. Statistical analysis was per-
formed with SAS (SAS Institute). To assess the variabil-
ity linked with the individual cat (individual variation)
and the two (left vs right) kidneys within the cat (kidney
side variation) a random effects model with cat nested in
breed and kidney nested in cat was fitted, and variance
components for each of the two sources of variation were
obtained by restricted maximum likelihood. Further
analysis was based on a linear mixed model with animal
and kidney nested in animal as random effects and dif-
ferent covariates as categorical fixed effects. F-tests, at a
global significance level of 5%, were used to evaluate if
renal length and CM ratio were significantly influenced
by the different categorical (gender, presence/absence of
a medullary rim sign) and continuous (bodyweight, age,
renal length, CM ratio) covariables. Means are reported
with their standard deviation.

Results

The Ragdoll cats showed a mean serum creatinine of
109.27 pmol/1 (range 63.6-236 nmol/1) and a mean USG
of 1.047 (range 1.016-1.055). From the 75 Ragdoll cats
examined, 19 cats were excluded because of a cavitary
lesion (n = 2), ultrasonographical signs (irregular kidney
outline, increased echogenicity of the cortex and/or
medulla and decreased corticomedullary distinction) of
chronic kidney disease (n = 8),?! segmental/triangular
cortical lesion (n =4), presence of a solid mass (n = 1) and
irregular outline of one or both kidneys (n = 4). All of
these cats also showed elevated creatinine concentra-
tions. Finally, 40 females (38 intact and two neutered)
and 16 males (14 intact and two neutered) were included.
The mean bodyweight was 4.1 + 0.91 kg (range from
2.84-6.9 kg). The mean age was 35 + 21 months (range

Table 1 Kidney dimensions as determined by use of
ultrasonography in 56 healthy Ragdoll cats

Kidney dimension Mean + SD Range

Length (cm) 3.83 £ 0.45 2.98-5.09
Cortical thickness (cm) 0.73 £ 0.15 0.36-1.18
Medullary thickness (cm) 0.87 £ 0.19 0.46-1.39
Corticomedullary ratio 0.88 + 0.29 0.29-1.78
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Figure 4 Renal length (cm) and bodyweight (kg) in 56
healthy Ragdoll cats

from 12-91 months). The ultrasonographical findings
are summarised in Table 1.

Eight Ragdoll cats, five intact females and three intact
males, showed a medullary rim sign at one or both kid-
neys. Seven cats, five males (four intact) and two intact
females, had one or both kidneys where the cortex was
hyperechoic compared to the liver (right kidney) or
spleen (left kidney). None of these cats showed other
sonographical renal abnormalities, and so both the med-
ullary rim sign and the hyperechoic cortices were con-
sidered incidental findings.

The highest overall variation was observed for the
renal length (0.203 ¢cm?) compared with the CM ratio
(0.086 cm?). Most of the variation in renal length (81%)
was owing to differences between cats, whereas the larg-
est part of the variation in the CM ratio (62%) was owing
to differences between the two kidneys within a cat .

Bodyweight (P <0.0001) and age (P = 0.0073) had a
significant effect on renal length: the kidney increases
in size with an increase in bodyweight and age. A
highly significant, positive correlation (P <0.0001, r =
0.71) was also observed between bodyweight and renal
length (Figure 4). There was also a significant influence
of gender (P <0.0001), with males (4.29 + 0.40 cm)
showing larger kidneys than females (3.64 + 0.32 cm).
Renal length was not influenced by the presence or
absence of a medullary rim sign (P = 0.542) or by the
CM ratio (P = 0.328).

The presence of a medullary rim sign had a signifi-
cant effect (P <0.0001) on the CM ratio: CM ratio
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Table 2 Renal length as a function of bodyweight

Weight range (kg) n

Range
26315 18 3.01-4.19
3.5-4.5 24 3.39-4.78
4.5-55 10 3.58-4.60
>5.5 4 3.91-4.75

decreased when a medullary rim sign was present. The
CM ratio was not significantly influenced by renal length
(P = 0.095), age (P = 0.132), bodyweight (P = 0.068) or
gender (P = 0.301) of the cat.

Discussion

Asmentioned earlier the aim of our study was to describe
normal kidney morphology and dimensions in healthy
Ragdoll cats, and to evaluate if gender, age and body-
weight had a significant influence on renal length and
CM ratio. By direct anatomical measurement, renal
length in cats ranges from 3.8 to 4.4 cm.? Previous ultra-
sonographical studies have reported that the normal size
of the feline kidney varies between 3.0 and 4.3 cm, and
can even be up to 5.3 cm 211713 Our result of 3.83 + 0.45
cm (range 2.98-5.09) fits well within this interval and
corresponds with the renal length found by Park et al'3
in healthy Korean domestic shorthair cats.

In the present study a highly significant, positive cor-
relation (P <0.0001, r = 0.71) was observed between body-
weight and renal length (Figure 4), as also reported by
Park et al.’3 This finding is comparable with dogs, where
a positive relationship exists between renal length/
volume and bodyweight.!” In dogs, ranges for renal
length have been made as a function of their body-
weight.l” Although differences in bodyweight among
cats are minor compared with those in dogs, this may
also be pertinent for cats (Table 2). Further studies with
larger groups of cats are indicated to determine these
ranges. Mantis?’ has suggested that Persian and
Chinchillas tend to have smaller renal length than other
breeds of cats, but further research is needed to evaluate
if clinically relevant differences exist between cat breeds.

In the current study, male cats (4.29 + 0.40 cm) tended
to have larger kidneys than females (3.64 + 0.32 cm). This
corresponds to the study of Shiroma et al'® and to studies
performed in human patients.!32! This difference in renal
length between male and female cats may be partially
explained by the difference in bodyweight, as in our
study male cats had a larger mean bodyweight (4.83 +
1.14 kg) than females (3.77 + 0.58 kg); nevertheless, the
influence of the gender itself cannot be excluded.
Shiroma et al' also found that there was a significant
influence of the reproductive status on renal length, with

Renal length (cm)

Mean SD

3 0.32
3.7 0.33
412 0.30
4.58 0.41

intact cats showing larger kidneys than neutered ones.
This was also true in our study, although the difference
between intact and castrated animals was not signifi-
cant, probably owing to the fact that our cat population
mainly consisted of intact cats. As the difference in renal
length between male and female cats was quite obvious,
it could be useful to keep the gender of the cats in mind
when evaluating the renal length.

In our study, a positive, but weak, correlation (r =
0.35) was observed between age and renal length. This
was quite surprising as previously only a negative cor-
relation has been described with the kidney decreasing
in size with increasing age of the cats.20® However,
Glodny et al?! found that in humans a decrease in renal
length only starts in the fifth decade of life and that
before this age the kidneys can increase in size.?! This
explains our findings as we only included young-to-
middle-aged Ragdoll cats, but no elderly cats. However,
there was also a weak positive correlation (r = 0.36)
between age and bodyweight. Therefore, the effect of
age on renal length could have been influenced by
bodyweight

On the basis of previous anatomic evaluations the
cortical thickness of healthy cats measures 0.2-0.5 cm.”
This does not correlate with our findings, where we
measured cortical thickness as 0.73 + 0.15 cm. This value
lies in between the ultrasonographical results of Park
et al,3 who found a cortical thickness of 0.47 + 0.08 cm,
and Walter et al,’ who found a cortical thickness of 0.82 +
0.14 cm. The values in our study for medullary thickness
(0.87 + 0.19 cm) were higher than the results mentioned
in previous studies.”!3 However, in both studies, cortical
and medullary thickness were determined on a sagittal
sonogram as opposed to the dorsal sonogram used in
our study. As kidney width (sagittal plane) differs from
kidney height (dorsal plane), the scan plane used to per-
form the measurements has an influence on the meas-
urements of the cortical and medullary thickness. Park
et al'3 observed a high degree of correlation between
bodyweight and renal cortical thickness, and a low
degree of correlation with the medullary thickness.
Unfortunately, no statistical significance of this correla-
tion is mentioned in their study. In our study, no signifi-
cant correlation between CM ratio and bodyweight was
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found. In humans, Kubodera et al® found that both the
cortical and medullary thickness were negatively corre-
lated with age, but that there was no correlation between
CM ratio and age. This corresponds with our results, as
we also could not find a relationship between CM ratio
and age. In our study, we only found a negative correla-
tion between the presence of a medullary rim sign and
the CM ratio. This finding was expected, as the medul-
lary rim sign is a part of the medulla.

Although the CM ratio showed a wide range, overall
variance was lower than for renal length. Renal length is
not only a larger numerical measurement but, as showed
above, is also influenced by many factors, such as age,
gender and bodyweight. Measurement of renal cortical
and medullary thickness has not found its way into clini-
cal practice. Its use is considered limited because the cor-
ticomedullary junction and renal sinus borders cannot
always be clearly defined on ultrasound images and
may contribute to the high observer variation in meas-
urement of the cortical thickness.132° However, it should
be mentioned that few studies have looked into the CM
ratio and cortical and medullary thickness in cats.
Further research is therefore needed to evaluate the use-
fulness of the CM ratio for the detection of kidney dis-
ease by ultrasonography, similar to human medicine.

Eight cats showed a medullary rim sign, a thin (1-3
mm) linear hyperechogenic line in the outer medulla
parallel to the corticomedullary junction. This is caused
by microscopic mineral deposits within the lumen of the
proximal renal tubules and can occur as an incidental
finding or in animals with a wide variety of pathological
renal lesions.”#153031 None of our cats showed clinical or
other sonographical renal abnormalities, so the medul-
lary rim sign was considered as an incidental finding.

A hyperechoic cortex, namely a cortex that is iso- or
hyperechoic compared with the liver/spleen, was
observed in seven cats. Cortical echogenicity is more
variable in cats than in dogs owing to the presence of fat
vacuoles in the cortical-tubular epithelium.”162831,32 A
plentiful number of fat vacuoles in the renal cortex is
associated with an increased difference in echogenicity
between cortex and medulla, so that hyperechoic corti-
ces can occur in healthy cats.!? The amount of fat content
in the renal cortex is not related to body weight, but only
to sex hormones and maturity.>!?> Drost et al** did not
find a significant difference in echogenicity related to the
gender of the cats. Owing to the low number of kidneys
showing hyperechoic cortices, we could not statistically
evaluate this in our study, although hyperechogenic cor-
tices seem to appear more in male (5/16) than female
cats (2/40).

Conclusions
In our study a randomised population of Ragdoll cats
was observed. The Ragdoll cats showed a mean renal

length of 3.83 + 0.45 cm (range 2.98-5.09 cm), a mean
cortical thickness of 0.73 = 0.15 cm (range 0.36-1.18),
a mean medullary thickness of 0.87 + 0.19 cm (range
0.46-1.39) and a mean corticomedullary ratio of 0.88 +
0.29 (range 0.29-1.78). A greater individual variability
was found for renal length compared with the CM ratio.
The renal length showed a positive correlation with age,
bodyweight and male gender. Therefore, it can be useful
to keep the age, bodyweight and gender of the investi-
gated cat in mind when evaluating renal length on ultra-
sound. The CM ratio, however, was solely influenced by
the presence of a medullary rim sign (P <0.0001) and not
by the renal length, gender, age or bodyweight of the
cats. Further research, however, is needed to investigate
the usefulness of the CM ratio to detect kidney disease
with ultrasonography.
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