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ABST RACT
Renal diseases are common in cats. Different imaging techniques are available for the detection of kidney 
disorders. However, there is currently no data available for the normal kidney size of Persian cats measured 
by magnetic resonance imaging (MRI) technique. In the present study, the kidney size of 10 healthy male 
and female Persian cats was analyzed. MRI was used to measure healthy Persian cats’ kidneys and the results 
were compared by gender and location (left vs. right). The length, width, depth, and volume of the kidneys 
were measured from images taken using MRI. The data of kidney from male cats was larger than that of 
females. The length and width of the right kidney were larger than the left kidney, especially the volumes 
of the right kidney were significantly greater than the left kidney (P<0.01). In males, the length of the right 
kidney was significantly larger than the left (P<0.05). In females, the mid width (P<0.05) and volume (P<0.05) 
of the right kidney were significantly larger than the left. This is the first report describing the kidney size of 
healthy Persian cats by MRI. These data regarding the feline kidney may help to establish reference values 
and provide information regarding renal pathology and surgery in practice.
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INTRODUCTION 
One of the most common disorders in cats is renal disease 
(1-5). In particular, Persian cats have a hereditary predisposi-
tion to chronic renal failure (5, 6). Several imaging techniques 
are available for the detection of kidney disorders (7-9). 
Among these methods, ultrasonography (US), radiogra-
phy, computer tomography (CT), and magnetic resonance 
imaging (MRI) are included. Computer tomography (CT) 
and magnetic resonance imaging (MRI) are detailed and 
comparative imaging techniques. MRI is the most accurate 
imaging method, especially, in soft tissue investigation. 
However, US and radiography are more accessible and less 
expensive than MRI and CT. Moreover, the US does not 
require general anesthesia (7). 

Only a few studies have been reported in association 
with normal renal dimensions in cats (10-12). Although 

kidney dimensions may vary between cat breeds, most of the 
cat populations enrolled in previous studies include a wide 
range of cat breeds (10, 12-14). It was reported that Persian 
cats have a high incidence of inherited polycystic kidney 
disease (5, 6). The reference values for Persian cats’ kidney 
morphometry, to the best of the author’s knowledge, based 
on MRI, have not been reported. Therefore, in this study, 
we limited our research to a single breed of cat (Persian cat) 
using MRI, which is considered the most accurate imaging 
technique.

In this study, the aim was to determine the kidney 
size in 20 healthy Persian cats by MRI (10 males and 10 
females). The length, width, depth, and volume of Persian 
cats’ kidneys were measured. Using statistical methods, these 
data were compared according to gender and position (left 
and right). 
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MATERIALS AND METHODS

Cats used in the study
A total of 20 (6 intact and 4 neutered males, and 2 intact 
and 8 spayed females) healthy Persian cats with an average 
age of 2.49±1.18 years (mature) and a weight of 3.65±0.75 
kg were examined. In the study, cats registered in a private 
veterinary clinic and whose parents were registered as Persian 
cats, approved by a veterinarian were used. These animals 
were Persian cats, whose health checks had been carried out 
regularly. Written informed consent was obtained from each 
owner and their local veterinary surgeon before enrollment. 
The cats were considered healthy on the basis of physical 
examination, serum biochemistry (involving blood urea 
nitrogen and creatinine levels) and complete urinalysis.

Measurements and calculation using MRI
The determination of the kidney morphometry of the Persian 
cats was carried out by the use of the MRI technique. The 
study was performed by a single blinded researcher. For MRI, 
cats were anesthetized intramuscularly with a combination 
of medetomidin HCl 0.08 ml/kg (Domitor®, Pfizer, Orion-
Farmos, Espoo, Finland) and ketamine 6 mg/kg (Ketasol®, 
Interhas, Richter Pharma, Wels, Austria). After anesthesia, 

the cats were placed in dorsal recumbency and stabilized on 
the table. Afterwards, the images of the kidney were recorded. 
MRI was performed with a commercially available 0.23 Tesla 
open configuration MRI system (Philips Panorama, Marconi 
Medical System-outlook proview interface VIA 2.0.4.0.23 
Tesla, The Netherlands). The data of the setting device was 
TR-350, TE 10, Flip angle-90, Number of average-2, FOW-
380, Matrix-216 x 216 up 256 x 256.

The measurements for the MRI sections were taken in 
sagittal and transverse planes (Figure 1). To measure the 
length and width of the kidneys, dorsal sections were taken 
in a sagittal plane by MRI were used. The renal length was 
measured in the sagittal plane from the cranial to caudal poles 
of the kidney in the cranio-caudal direction along the lon-
gitudinal axis of the kidney (Figure 1A) (10-13).The cranial 
renal width was measured on an axis perpendicular to the 
longitudinal axis of the kidney from the cranio-medial pole 
to the lateral margin (Figure 1A). The caudal renal width 
was measured on an axis perpendicular to the longitudinal 
axis of the kidney from the caudo-medial pole to the lateral 
margin (Figure 1A). 

Following the measurements, the average of the cranial 
and caudal renal widths was calculated. For determination 
of the mid-renal width in the sagittal plane, the bar was 

Figure 1. The renal length and renal width of Persian cats’ kidneys were measured from dorsal sections of magnetic resonance imaging (A). The 
renal depth of the kidney was measured from transverse sections of magnetic resonance imaging (B). Cr. RW; Cranial Renal Width, Ca. RW; 

Caudal Renal Width, Mid RW; Mid Renal Width, RL; Renal Length RD; Renal Depth
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formed parallel to the longitudinal axis and by crossing the 
cranio-medial pole to the caudo-medial pole of the kidney. 
The mid-renal width was measured on an axis perpendicular 
to the longitudinal axis of the kidney from the level of the 
renal hilum on the bar to the lateral margin (Figure 1A) 
(10-13). Transverse sections were taken at 3-4.5 mm inter-
vals. In these sections, the renal depth was measured on an 
axis perpendicular to the mid-renal width (Figure 1B). The 
depth of the kidney was measured in a ventro-dorsal direction 
from the dorsal pole to the ventral pole of the kidney in a 
transverse plane (Figure 1B) (10-13). From MRI images, the 
renal volumes were calculated using the ellipsoid formula: 
Volume (cm3 or ml) = 0.523 x length (cm) x width (cm) x 
depth (cm) (13, 15, 16). Two volumes were calculated, ac-
cording to two different widths:

•	 Volume 1 = 0.523 x length x width (mid renal width) 
x depth. 

•	 Volume 2 = 0.523 x length x width (average of cranial 
and caudal renal width) x depth 

Statistical Methods
Statistical analyses were carried out using the SPSS 15.0 
software package. The normality of distributions of data 
was analyzed using the Shapiro-Wilk test. A comparison 
of the measurements from the kidneys of male and female 
cats was performed by the Student’s t test. The presence of 
significant statistical differences in abnormal distribution was 
checked using the Mann-Whitney U test. A comparison of 

MRI data from the right and left kidneys was performed 
by a Paired Student’s t test. The presence of significance in 
abnormal distribution was analyzed using the Wilcoxon test. 
The Pearson correlation test was used in order to assess the 
correlation between all the parameters. A P-value of less than 
or equal to 0.05 was deemed statistically significant.

RESULTS
The data from MRI was examined and the dimensions of 
the kidneys were calculated (Table 1 and 2). In Persian cats, 
while the length and width of the right kidney were larger 
than the left (Statistically not significant, P>0.05), the depths 
of the right and left kidneys were equal. The volumes 1 and 
2 of the right kidney were significantly larger (P<0.01 and 
P<0.01, respectively) than the volumes 1 and 2 of the left 
kidney (Table 1). 

When the results from both genders were compared to 
each other, the length, width, depth, and volume measure-
ments of both kidneys were larger in males than in females 
(Table 2). When the data from males and females was con-

Table 1. The measurements of Persian cats’ kidneys by magnetic 
resonance imaging (MRI). 

Renal dimensions
Right Kidney
(Mean ± S.D.) 

(N=20)

Left Kidney
(Mean ± S.D.) 

(N=20)
RL (cm) 3.74±0.69 3.52±0.44

Mid RW (cm) 2.58±0.42 2.52±0.39
Av. RW (cm) 2.37±0.43 2.28±0.40

RD (cm) 2.21±0.30 2.21±0.32
V 1 (cm3) 11.84±6.20a 10.71±4.65a

V 2 (cm3) 10.92±6.01b 9.72±4.39b

a,b	 In Persian cats, the volumes 1 and 2 of the right kidneys were larger 
than those of the left kidneys (a; P<0.01, b; P<0.01). RL; Renal 
Length, Mid RW; Mid Renal Width, Av. RW; Average of Cranial 
Renal Width and Caudal Renal Width, RD; Renal Depth, V 1; 
Volume 1=0.523 x RL x Mid RW x RD, V 2: Volume 2=0.523 x RL 
x Av. RW x RD

Table 2. The renal measurements of male and female Persian cats by 
magnetic resonance imaging (MRI). 

Renal 
Dimensions

Male
(Mean ± S.D.) 

(N=10)

Female
(Mean ± S.D.) 

(N=10)

Right Kidney

RL (cm) 3.90±0.86a 3.58±0.44
Mid RW (cm) 2.69±0.55 2.47±0.23b

Av. RW (cm) 2.49±0.55 2.25±0.21
RD (cm) 2.29±0.31 2.12±0.27
V 1 (cm3) 13.69±8.07 9.99±2.91c

V 2 (cm3) 12.77±7.86 9.07±2.63d

Left Kidney 
 

RL (cm) 3.62±0.55a 3.42±0.31
Mid RW (cm) 2.67±0.45 2.36±0.25b

Av. RW (cm) 2.44±0.44 2.12±0.30
RD (cm) 2.28±0.36 2.13±0.28
V 1 (cm3) 12.25±5.80 9.18±2.61c

V 2 (cm3) 11.19±5.44 8.26±2.52d

a 	  �The length of the right kidney was longer (P< 0.05) than the left 
kidney in male Persian cats. 

b, c, d The mid width, volumes 1 and volume 2 of the right kidney were 
larger than the left kidney in female Persian cats (b; P<0.05, c; 
P<0.05, d; P<0.05). RL; Renal Length, Mid RW; Mid Renal Width, 
Av. RW; Average of Cranial Renal Width and Caudal Renal Width, 
RD; Renal Depth, V 1; Volume 1=0.523 x RL x Mid RW x RD, V 2; 
Volume 2=0.523 x RL x Av. RW x RD
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sidered separately, significant differences were found between 
the right and left kidneys (Table 2). The length of the right 
kidney was significantly longer (P<0.05) than the left kidney 
in males. The mid-width, volume 1 and volume 2 of the right 
kidney were significantly larger (P<0.05, P<0.05, P<0.05, 
respectively) than the left kidney in female cats (Table 2). 

There was no statistically significant correlation between 
these kidney measurements and age, or weight. Furthermore, 
when comparing kidney measurements between neutered 
and intact animals, no statistical significance was detected 
in this study.

DISCUSSION 
Although the size of the kidney is an important parameter 
in order to distinguish between normal and abnormal (7), 
there is, to the best knowledge of the authors, no standard 
for the size of the Persian cat kidney measured by the MRI 
method. We were unable to compare the results obtained by 
MRI with previous results because of the dearth of literature 
regarding kidney measurements obtained by MRI in cats. 

Anatomically, the normal renal length has been reported 
as 38-44 mm in cats by the US (14). Debruyn et al. (7) 
measured the size of the kidney by US in 10 cats and noted 
that the length of the kidney was 30.4-42.9 mm. An ultraso-
nographic study reported the mean renal length was 40.9±3.3 
mm in 11 Sphynx (5 male and 6 female), 37.7±4.3 mm in 15 
British Shorthair (8 male and 7 female) and 38.7±4.1 mm in 
15 Ragdoll (5 male and 10 female) healthy adult cats (17). 
Tyson et al. (18) determined that the average actual renal 
kidney length in 12 cadaver cats, was 45 mm (SD ± 7) by 
vernier caliper measurements. It was observed that the renal 
length measurements taken by ultrasonography, regardless of 
the gender and location of the kidney, were longer than our 
measurements (3.63±0.58cm) taken by MRI or close to the 
lowest value of the given measurement range by US.

Park et al. (11) denoted that the renal length was 38.3±5.1 
mm in the left kidney and 39.6±4.8 mm in the right kidney 
by US in 50 (23 females and 27 males) healthy adult Korean 
domestic short hair cats, weighing 2.1~5.5 kg. Darawiroj and 
Choisunirachon (12) determined that the average length of 
the left kidney was 35.2 ± 4.4 mm and the right kidneys were 
35.4±4.6 mm by computer tomography in 27 (7 neutered and 
9 intact females, and 6 neutered and 9 intact males) healthy 
domestic cats of different ages. According to the length of 

the kidneys, our results obtained by MRI were shorter than 
the results obtained by Park et al. (11) by US. When we com-
pared the results obtained by Darawiroj and Choisunirachon 
(12) by CT, the left kidney length was found to be the same 
as the mean value, but the right kidney length was found to 
be slightly longer (Table 1). 

In this study, we used eight spayed out of ten females 
and four neutered out of ten male cats. We found that the 
location of the kidney (left vs. right) and the gender further 
affected the length of the kidney. Our study showed that the 
length of the kidney in males was longer than in females, but 
statistically not significant. Besides, male and female Persian 
cats have longer right kidneys than left ones. These results 
were statistically significant (P<0.05) only in males and not 
in females (Table 2). It was also observed that neutering had 
no effect on the length of the kidney.

Park et al. (11) measured the width and depth of the kid-
neys in Korean domestic short hair cats by US. They found 
the renal widths were 26.5±3.4 mm and 26.6±3.3 mm in 
the left and right kidney in the dorsal plane, respectively. 
They also reported that the renal depth was 24.2±2.8 mm 
in the left kidney and 23.8±2.7 mm in the right kidney in 
the transverse plane. Darawiroj and Choisunirachon (12) 
measured that the average renal widths were 24.6 ± 2.8 mm, 
24.5 ± 2.7 mm, and the renal depths were 21.9 ± 3.1 mm, 
20.5 ± 2.3 mm in the left and right kidney by CT, respec-
tively. The MRI data we obtained differed from previous 
studies’ measurements (12) (Table 1). In this study, the widths 
as mentioned, the average cranial and caudal width of both 
kidneys, and the mid width were narrower than Park et al. 
(11). We observed the mid width of both kidneys was larger 
and the average width of both kidneys was narrower than the 
measurements obtained by Darawiroj and Choisunirachon 
(12). Furthermore, the mid width of the right kidney in 
female cats was significantly larger (P<0.05) than the left 
kidney according to the MRI measurements (Table 2).

Reichle et al. (19) calculated renal volume, using the 
ellipsoid formula in five female healthy cats by ultrasonog-
raphy, was 14800±2900 mm3. According to Tyson et al. 
(18), renal volume measured by US in 12 cadaver cats was 
15280±6400 mm3. Tyson et al. (18) reported that the aver-
age actual kidney volume in cats was 18993±7682.5 mm3 
using the Archimedes’ technique. With the data collected 
from computer tomography images, they calculated the renal 
volume by using the ellipsoid formula and determined that 
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the renal volume was 15200±5700 mm3 (18). In this study, 
the kidney volume measured by MRI in Persian cats was 
smaller than the data measured in previous studies (Table 
1). The volume of the right kidney was significantly larger 
(P<0.01) than the left kidney, depending on differences in 
measurements of the left and right kidney. Although it was 
not found to be statistically significant, the kidney volume 
of males was greater than that of females, in this study. This 
indicates that gender is an important factor for kidney size 
(Table 2).

Persian cats are popular around the world and are in the 
top five among the most numerous pedigree cat breeds (20). 
However, the certification system in Turkey has not been 
taken seriously compared to the US or UK. According to the 
Association of World Breeds, the only full member of the 
World Cat Federation, there are approximately 12 000 certi-
fied purebred cats in Turkey. Certified Persian cats account 
for about 35% of this. Furthermore, the number of registered 
Persian cats without a certificate is 5 times more than this. 
A disadvantage has been the scarcity of certified purebred 
Persian cats in this study. In addition, in this morphometric 
study, the preference for healthy Persian cats in a specific age 
range (young adult, 2-3 years old) made it difficult to find 
appropriate animals. 

Limitations to this study were the relatively small num-
ber of cats used and the fact that they were not pedigree as 
registered by a Cat Breeders Association. The cats used in 
the study were deemed purebred Persian cats, based on their 
physical appearance and the physical appearance of their 
parents and grandparents as carried out by a veterinarian. 

In conclusion, this is the first study on the kidney size 
of healthy Persian cats. In comparison to other previous 
studies performed with cats by US and CT, our MRI results 
were dissimilar. The differences in the size of the kidney 
may be due to several factors. For example, the number of 
samples, range of ages, body weight, reproductive status, 
and breed of cats as well as imaging methods play a role. 
Among imaging methods, MRI provides a more accurate 
image, especially, in soft tissue investigation. Wood and 
McCarthy (21) reported that perirenal adipose tissue and 
the kidney have similar echogenicity and thus emphasized 
that it may cause errors in the measurement of the kidney 
by US. It was considered that the reason for the difference 
between renal size measurements taken by ultrasonography 
and CT may be due to the thickening of the fat tissue 

around the kidney in neutered cats and the echogenicity of 
this fat tissue, similar to the kidney. In cats, gonadal status 
(neutered or intact) had no statistically significant effect 
on kidney length (21) and width (22, 23). However, due to 
fat accumulation in their kidneys, neutered cats may have 
longer kidneys (23). No statistical significance was found in 
the study when comparing kidney measurements between 
neutered or intact animals.

This study may be important to describe normal mor-
phometric data obtained by MRI on the renal size of healthy 
Persian cats. Additionally, this study provides MRI informa-
tion of the cat kidney, which may be applicable in feline 
veterinary clinical practice.

ACKNOWLEDGEMENTS

The study was supported by a grant of the Aydin Adnan Menderes 
University (grant number VTF-07-04).

REFERENCES
1.	 Barthez, P.Y., Rivier. P. and Begon, D.: Prevalence of polycystic 

kidney disease in Persian and Persian related cats in France. J. 
Feline Med. Surg. 5:345-347, 2003. 

2.	 Kyles, A.E., Hardie, E.M., Wooden, B.G., Adin, C.A., Stone, E.A., 
Gregory, C.R., Mathews, K.G., Cowgill, L.D., Vaden, S., Nyland, 
T.G. and Ling, G.V.: Clinical, clinicopathologic, radiographic, and 
ultrasonographic abnormalities in cats with ureteral calculi: 163 
cases (1984-2002). J. Am. Vet. Med. Assoc. 226:932-936, 2005.

3.	 Segev, G., Nivy, R., Kass, P.H. and Cowgill, L.D.: A retrospective 
study of acute kidney injury in cats and development of a novel 
clinical scoring system for predicting outcome for cats managed 
by hemodialysis. J. Vet. Intern. Med. 27:830-839, 2013. 

4.	 Alborough, R., Grau-Roma, L., de Brot, S., Hantke, G., Vazquez, 
S. and Gardner, D.S.: Renal accumulation of prooxidant mineral 
elements and CKD in domestic cats. Sci. Rep. 10:3160, 2020. 

5.	 Nivy, R., Lyons, L.A., Aroch, I. and Segev, G.: Polycystic kidney 
disease in four British shorthair cats with successful treatment of 
bacterial cyst infection. J. Small Anim. Pract. 56: 585-389, 2015.

6.	 Noori, Z., Moosavian, H.R., Esmaeilzadeh, H., Vali, Y. and Fazli, 
M.: Prevalence of polycystic kidney disease in Persian and Per-
sian related-cats referred to Small Animal Hospital, University of 
Tehran, Iran. Iran J. Vet. Res. 20: 151-154, 2019.

7.	 Debruyn, K., Haers, H., Combes, A., Paepe, D., Peremans, K., 
Vanderperren, K. and Saunders, J.H.: Ultrasonography of the feline 
kidney: Technique, anatomy and changes associated with disease. 
J. Feline Med. Surg. 14: 794-803, 2012.

8.	 Bragato, N., Borges, N.C. and Fioravanti, M.C.S. B-mode and 
Doppler ultrasound of chronic kidney disease in dogs and cats. 
Vet. Res. Commun. 41: 307-315, 2017. 

9.	 Yu, Y., Shumway, K.L., Matheson, J.S., Edwards, M.E., Kline, 
T.L. and Lyons, L.A.: Kidney and cystic volume imaging for dis-
ease presentation and progression in the cat autosomal dominant 



Israel Journal of Veterinary Medicine  Vol. 77 (1)  March 2022 43 Kidney Size of Persian Cats

Research Articles

polycystic kidney disease large animal model. B.M.C. Nephrol. 
20: 259, 2019.

10.	 Walter, P.A., Feeney, D.A, Johnston, G.R. and Fletcher, T.F.: Feline 
renal ultrasonography: quantitative analyses of imaged anatomy. 
Am. J. Vet. Res. 48: 596-599, 1987.

11.	 Park, I., Lee, H., Kim, J., Nam, S.J., Choi, R., Oh, K.S., Son, C.H. 
and Hyun, C.: Ultrasonographic evaluation of renal dimension 
and resistive index in clinically healthy Korean domestic short-hair 
cats. J. Vet. Sci. 9: 415-419, 2008.

12.	 Darawiroj, D. and Choisunirachon, N.: Morphological assessment 
of cat kidneys using computed tomography. Anat. Histol. Embryol. 
48: 358-365, 2019.

13.	 Müller, A. and Meier, M.: Assessment of Renal Volume with MRI: 
Experimental Protocol. Methods. Mol. Biol. 2216:369-382, 2021.

14.	 Mannion, P.: Diagnostic ultrasound in small animal practice. 1st 
ed. Blackwell Publishing Company, Oxford, UK; 109-127, 2006.

15.	 Barr, F.J., Holt, P.E. and Gibbs, C.: Ultrasonographic measure-
ments of normal renal parameters. J. Small Anim. Prac. 31: 
180-184, 1990. 

16.	 Cheong, B., Muthupillai, R., Rubin, M.F. and Flamm, S.D.: Nor-
mal values for renal length and volume as measured by magnetic 
resonance imaging. Clin. J. Am. Soc. Nephrol. 2: 38-45, 2007.

17.	 Debruyn, K., Paepe, D., Daminet, S., Combes, A., Duchateau, 
L., Peremans, K. and Saunders, J.H.: Comparison of renal ul-

trasonographic measurements between healthy cats of three cat 
breeds: Ragdoll, British Shorthair and Sphynx. J. Feline Med. 
Surg. 15:478-482, 2013.

18.	 Tyson, R., Logsdon, S.A., Were, S.R. and Daniel, G.B.: Estimation 
of feline renal volume using computed tomography and ultra-
sound. Vet. Radiol. Ultrasound. 54: 127-132, 2013.

19.	 Reichle, J.K., DiBartola, S.P. and Léveillé, R.: Renal ultrasono-
graphic and computed tomographic appearance, volume, and func-
tion of cats with autosomal dominant polycystic kidney disease. 
Vet. Radiol. Ultrasound. 43: 368-73, 2002.

20.	 O’Neill, D.G., Romans, C., Brodbelt, D.C., Church, D.B., Černá, 
P. and Gunn-Moore, D.A.: Persian cats under first opinion vet-
erinary care in the UK: demography, mortality and disorders. Sci 
Rep. 9:12952, 2019.

21.	 Wood, A.K. and McCarthy, P.H.: Ultrasonographic-anatomic 
correlation and an imaging protocol of the normal canine kidney. 
Am. J. Vet. Res. 51:103-108, 1990.

22.	 Shiroma, J.T., Gabriel, J.K., Carter, R.L., Scruggs, S. L. and Stubbs, 
P.W.: Effect of reproductive status on feline renal size. Vet. Radiol. 
Ultrasound. 40: 242-245, 1999.

23.	 Tanvetthayanont, P., Ponglowhapan, S., Thanaboonnipat, C. and 
Choisunirachon, N.: Impact of gonadal status on ultrasonographic 
renal parenchymal dimensions in healthy cats. J. Feline Med. Surg. 
22: 1148-54, 2020.


