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The results of studying the influence of structural changes in the kidneys on their filtration in cats with 

polycystic kidney disease are given. The study was conducted on 10 domestic cats, which were divided into 
two experimental groups based on the results of creatinine determination according to the IRIS (Interna-
tional Renal Interest Society) classification – 5 animals with moderate renal azotemia (group 1) and 5 
animals with severe renal azotemia (group 2). Ultrasound examination of the kidneys of cats in both groups 
was performed using Mindray device with a microconvection transducer with a frequency of 7.5–10 MHz in 
B-mode. Both kidneys were examined in each animal. Scanning was performed in the sagittal plane so that 
the kidney gate was visible. The length, width of the kidney and thickness of the of the cortical layer, as well 
as the number of cysts and their diameter were counted.The renal area (RA), cyst area (CA), and the ratio 
of cyst area to renal area (RA/Cyst) were calculated. According to the results of the study of serum creati-
nine and urea content the animals were divided into two groups depending on the level of azotemia. 5 cats 
with stage III of chronic renal failure (CRF), serum creatinine levels were 326.40 ± 23.59 μmol/l and 5 
animals with stage IV chronic renal failure serum creatinine – 887.00 ± 61.81 µmol/l, which is 2.7 times 
higher (P ≤ 0.001) than the creatinine level in cats with stage III CKD. The urea content in the serum was 
significantly increased compared to the norm and amounted to 22.82 ± 2.09 mol/l in cats with stage III CKD 
and 42.45 ± 1.05 mol/l in cats with stage IV CKD, which was 2.2 times higher (P ≤ 0.01) compared to stage 
III. In animals with polycystic kidney disease and stage IV of chronic renal failure according to the results 
of ultrasound examination an increase in the length of the kidney by 6.5 mm (p≤0.001) and a thickening of 
the cortical layer by 0.8 mm (P ≤ 0.01) was revealed, compared to animals with polycystic kidney disease 
and stage III chronic renal failure. There was no correlation between the area of cysts in the kidneys and 
the level of creatinine in the blood serum of animals. Ultrasound signs of chronic renal failure in cats of 
stage III are enlargement of the kidney in length of more than 51 mm and cortical thickness of more than 5.5 
mm, of stage IV is an increase in kidney length of more than 59 mm and cortical thickness of more than 6.0 
mm. According to the results of ultrasonography, the number of cysts or their area cannot be used to to 
assess the degree of renal functional failure. 
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Наведено результати вивчення впливу структурних змін нирок на їхню фільтраційну функцію у котів, хворих на полікістоз ни-
рок. Дослідження проведені на 10 домашніх котах, яких за результатами визначення вмісту креатиніну поділили на дві дослідні 
групи згідно з класифікацією IRIS (International Renal Interest Society) – 5 тварин з помірною нирковою азотемією (перша група) та 
– 5 тварин з тяжкою ренальною азотемією (друга група). Ультразвукове дослідження нирок котів обох груп проводили за допомо-
гою апарату Mindray з мікроконвексним датчиком із частотою 7,5–10 МГц в В-режимі. У кожної тварини досліджували обидві 
нирки. Сканування проводили в сагітальній площині так, щоби було видно ворота нирки. Встановлювали довжину, ширину нирки 
та товщину коркового шару, також підраховували кількість кіст і вимірювали їх діаметр. Вираховували площу нирок (Sн), площу 
кіст (Sк) та відношення площі кіст до площі нирок (Sк/Sн) у тварини. За результатами дослідження вмісту креатиніну та сечо-
вини в сироватці крові тварин поділили на дві групи залежно від рівня азотемії, а саме: 5 котів з ІІІ стадією хронічної ниркової 
недостатності (ХНН), показник креатиніну в сироватці крові – 326,40 ± 23,59 мкмоль/л та 5 тварин з IV стадією хронічної нир-
кової недостатності, показник креатиніну в сироватці крові – 887,00 ± 61,81 мкмоль/л, що в 2,7 раза вище (Р ≤ 0,001) від показни-
ка креатиніну у котів з ІІІ стадією ХНН. Вміст сечовини в сироватці крові тварин був значно підвищеним порівняно з нормою та 
становив 22,82 ± 2,09 моль/л у котів з ІІІ стадією ХНН та 42,45 ± 1,05 моль/л у котів із IV стадією ХНН, що був у 2,2 раза вищим 
(Р ≤ 0,01) порівняно з ІІІ стадією. У тварин з полікістозом нирок та IV стадією хронічної ниркової недостатності за результа-
тами ультразвукового дослідження встановлено збільшення довжини нирки на 6,5 мм (Р ≤ 0,001) та потовщення коркового шару 
на 0,8 мм (Р ≤ 0,01) порівняно з тваринами із полікістозом нирок та IІІ стадією хронічної ниркової недостатності. Не встановле-
но залежності між площею кіст в нирках та рівнем креатиніну в сироватці крові тварин. Ультразвуковими ознаками хронічної 
ниркової недостатності у кішок ІІІ стадії є збільшення нирки в довжину понад 51 мм та товщини коркового шару понад 5,5 мм, 
ІV стадії – збільшення нирки в довжину понад 59 мм та товщини коркового шару понад 6,0 мм. За результатами ультразвукового 
дослідження кількості кіст чи їхньої площі не можна оцінити ступінь функціональної недостатності нирок. 

 
Ключові слова: коти, полікістоз нирок, креатинін, ультразвукова діагностика. 

 
Introduction 

 
Polycystic kidney disease (autosomal dominant poly-

cystic kidney disease (ADPKD)) is a genetic and incura-
ble disease characterised by abnormal formation of fluid-
filled cysts in one or both kidneys, extracellular matrix 
remodeling, inflammation and fibrosis in the affected 
kidney. Autosomal dominant polycystic kidney disease is 
the most common inherited genetic disease of cats, pre-
dominantly affecting Persians and Persian cats (Scottish 
Fold, Exotic Shorthair and British Shorthair). The preva-
lence of polycystic disease in Persian cats reaches 17.5 %, 
and in Persian-related cat breeds – 3.9 % (Noori et al., 
2019; Bilgen et al., 2020). Among other breeds, the 
prevalence of the disease ranges from 6 to 13.8 %  
(Alzahrani et al., 2022). 

There are two main forms of this disease: autosomal 
dominant polycystic kidney disease, which is a common 
form of polycystic kidney disease and another form which 
is an autosomal recessive polycystic kidney disease that is 
characterised by a slower rate of progression (Noori et al., 
2019). 

Polycystic kidney disease is characterised by unilat-
eral or bilateral formation of cysts in the kidneys and is a 
systemic, progressive hereditary disease with clinical 
signs that can develop at any age; cysts can also form in 
other organs such as the liver and pancreas (Kravhenko, 
2009; Bilgen et al., 2020). The formation and growth of 
cysts is slow, causing a decrease in renal parenchyma and 
a gradual decline in renal function, leading to the devel-
opment of irreversible renal failure (Schirrer et al., 2021). 

As for the pathogenesis of the disease, many causes 
are still under investigation and its mechanisms are not 
well understood. The process of cyst formation is likely 
due to a combination of increased cell proliferation, fluid 
secretion, and extracellular matrix changes, so the loss of 
cell polarisation can alter the water reabsorption function, 
causing cysts to form in the parenchyma (Schirrer et al., 
2021). 

Ultrasonography and genetic testing are the two main 
methods for screening and/or detecting polycystic diseas-
es in humans and cats (Chapman, 2007). Both methods 

are highly informative, but ultrasound, as a non-invasive 
and simple method, is the imaging modality most com-
monly used for screening and diagnosis of polycystic 
disease in cats (Guerra et al., 2019). Ultrasound Doppler 
complements B-mode ultrasound and allows to assess the 
initial perfusion based on the calculation of hemodynamic 
parameters, which are increased in chronic kidney dis-
ease. Thus, ultrasound examinations are not only useful in 
diagnosis, but also play an important role in determining 
the prognosis of animals with chronic kidney disease 
(Bragato et al., 2017; Stock et al., 2018). Cats are classi-
fied as positive if at least one anechogenic cavity in one 
of the kidneys is detected (Barthez et al., 2003). 

Ultrasound allows a fairly accurate measurement of 
renal volume (Reichle et al., 2002). In their studies, the 
authors did not find statistically significant differences in 
kidney volumes based on computed tomography and 
volumetric measurements based on ultrasound, which 
makes it possible to rely on the results of the latter in 
assessing structural changes in the kidneys. Functional 
kidney disorders are determined by creatinine and urea 
levels. In clinical practice it is very difficult to accurately 
determine the prognosis of the disease based only on 
clinical trial data and blood test results, so various indica-
tors are being studied to predict the course of polycystic 
kidney disease. For example, it has been established that 
anemia diagnosed in 6 cats with polycystic kidney disease 
is an indicator of the degree of renal failure and a prog-
nostic factor. Depending on the degree of parenchymal 
replacement by cysts and its compression (index of cystic 
lesions), a positive correlation between the erythropoietin 
level in animals was established (Roșca et al., 2022). 

The determination of erythropoietin is not always 
available to veterinary clinics and ultrasound scanning is 
the first method of assessing the condition of the kidney, 
so in clinical practice it is necessary to establish the de-
gree of functional impairment of the kidneys in polycystic 
kidney disease based on the results of ultrasound exami-
nations. 
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The aim of the research 
 
The aim of the study is to investigate the effect of 

structural changes in the kidneys on their filtration func-
tion in cats with polycystic kidney disease. 

 
Materials and methods 

 
The study was carried out on 10 domestic cats with 

polycystic kidney disease (ADPKD) on the basis of veter-
inary medicine clinics Vetline, Dog + Cat and Snow 
Leopard in Kharkiv during 2018-2021. Laboratory tests of 
blood serum were carried out in the accredited and certi-
fied laboratory ALVIS-CLASS in Kharkiv. Blood sam-
ples were taken from cats on an empty stomach from the 
saphenous vein of the forearm and the serum urea and 
creatinine content was determined by conventional meth-
ods (Vlizlo, 2012). Animals were divided into two exper-
imental groups according to the IRIS classification (Inter-
national Renal Interest Society, 2023), the first experi-
mental group consisted of five animals with moderate 
renal azotemia (serum creatinine level up to 450 μmol/l) 
and the second experimental group consisted of five ani-
mals with severe renal azotemia (creatinine level above 
450 μmol/l). 

Ultrasound examination of kidneys in the experi-
mental groups was performed using a Mindray device 
with a microconvex transducer with a frequency of 7.5 –
10 MHz in B-mode. Both kidneys were scanned in each 
animal. The animal was placed on its left or right side, 
depending on which kidney was examined. The ultra-
sound scan of the kidneys was performed from the lateral 
surface of the abdominal wall, placing the transducer 
directly above the kidney. The hair in this area was pre-
shaved and ultrasound gel was applied, and the kidney 
was scanned in the sagittal plane so that the kidney gate 
was visible. The dimensions of the kidney were deter-
mined – the length, width and thickness of the cortical 
layer. The number of cysts and their diameter were also 
counted, which was determined in several scans of the 
kidney during the rotation of the transducer. 

The area of the kidneys and the area of the cysts were 
determined by the formula for the area of an ellipse, 
which is equal to the product of the length of the major 
and minor axes of the ellipse and the number pi  
(S = a × b × π, where a is the length of the major axis of 
the ellipse, b is the length of the minor axis of the ellipse, 
and π is 3.14159). The total area of cysts in the kidney 
was determined as the sum of the areas of all cysts in the 
kidney, and the ratio of the area of cysts (Sс) to the area 
of the kidneys (Sk) in the animal (Sc/Sk) was also deter-
mined. 

Information on compliance with bioethical standards. 
The studies were conducted in accordance with the re-
quirements of the General Ethical Principles for Animal 
Experiments (Kyiv, 2001), are consistent with the provi-
sions of the European Convention for the Protection of 
Vertebrate Animals Used for Scientific Experiments or 
Other Scientific Purposes (Stasbourg, 1986), comply with 
the Law of Ukraine No. 3447-IV of 21.02.2006 On the 

Protection of Animals from Cruelty and Directive 
2010/63/EU On the Protection of Animals Used for Sci-
entific Purposes. 

 
Results and discussion 

 
According to the results of the study of serum creati-

nine and urea content, the animals were divided into two 
groups. The first experimental group consisted of five 
animals with moderate renal azotemia, whose serum cre-
atinine averaged 326.40 ± 23.59 μmol/l and the second 
experimental group included five animals with severe 
azotemia with a serum creatinine level of 887.00 ± 61.81 
μmol/l, which is 2.7 times higher (P ≤ 0.001) than the 
creatinine level in cats of the first group, the creatinine 
level was significantly higher than normal in animals of 
both groups. The urea content in the blood serum of ani-
mals of the first and second groups was significantly 
increased compared to the norm and amounted to 22.82 ± 
2.09 mol/l and 42.45 ± 1.05 mol/l, respectively. At the 
same time, this indicator was significantly higher in cats 
of the first group compared to animals of the second 
group by 2.2 times (P ≤ 0.01). Based on the results of 
determining the content of creatinine and urea in the 
blood serum of animals, it can be concluded that there 
was azotemia in animals of all groups. According to the 
IRIS classification, the level of azotemia in the animals of 
the first experimental group corresponds to the third stage 
of chronic renal failure, and the animals of the second 
experimental group – to the fourth stage of chronic renal 
failure. 

According to the results of ultrasound examination of 
the kidneys in animals of the II experimental group, an 
increase in kidney length by 6.5 mm on average was 
found compared to animals of the I experimental group 
(P ≤ 0.001) (Fig. 1). The width of the kidneys in animals 
of both groups did not differ. In addition, in animals of 
the first and second experimental groups, an increase in 
the thickness of the renal cortical layer was found com-
pared to the norm (up to 5.0 mm) (Stock et al., 2018), and 
its thickening in animals of the second experimental 
group was 0.8 mm greater (P ≤ 0.01) compared to animals 
of the first experimental group (Fig. 1). 

In animals of the first group ultrasound examination 
revealed from 7 to 10 cysts in both kidneys, in animals of 
the second group – from 9 to 11, i.e. the number of cysts 
did not differ significantly (Fig. 1). The area of the kidney 
in the animals of the first experimental group was 
1777.87 ± 54.93 mm2, and in the animals of the second 
experimental group – 2038.41 ± 69.71 mm2. At the same 
time, the area of cysts in the kidney of animals of the first 
and second experimental groups was 264.39 ± 14.17 mm2 
and 284.09 ± 21.45 mm2, respectively. The ratio of cyst 
area to kidney area in animals of the first experimental 
group was 0.15 ± 0.01, and in animals of the second ex-
perimental group – 0.14 ± 0.01. That is an increase in the 
area of the kidney was found in animals of the second 
experimental group compared to the first experimental 
group (Fig. 2), but no significant difference between the 
area of cysts in the studied animals was found. 
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Fig. 1. Results of ultrasound examination of the kidneys in animals. 

 

 
Fig. 2. Kidney area and cyst area in cats of the experimental groups 

 
According to Reichle J. K. et al. (2002), who com-

pared the volume of the kidneys in cats with polycystic 
kidney disease (n = 5; mean age 59±  10 months) and 
normal cats (n = 5; mean age 66 ± 10 months) using 2 
imaging methods (ultrasound and CT), no statistically 
significant differences were found between the volume 
measurements of ultrasound and CT, which allows the use 
of ultrasound to determine the volume of renal cysts in 
sick cats. In the present study, in a group of clinically 
healthy middle-aged cats with polycystic kidney disease 
(ADPKD), renal function was within normal limits and 
did not differ significantly from the norm. Our studies 
were conducted on animals with the third and fourth stag-
es of chronic renal failure according to the IRIS classifi-
cation, which had clinical signs of chronic renal failure 
(depression, lack of appetite, periodic vomiting, decreased 
skin elasticity, uremic odour in some animals). In animals 
with polycystic kidney disease with the fourth stage com-
pared to animals with the third stage of chronic renal 
failure, an increase in the size of the kidneys in length was 
found, which led to an increase in the area of the kidneys 
under ultrasound examination. A significant thickening of 
the cortical layer of the kidneys was also found. There 
was no significant difference between the number and 
area of cysts in the kidneys of the studied animals, indi-
cating that there is no correlation between the level of 

creatinine in the blood and the area of cysts in the kidneys 
of cats with the third and fourth stages of chronic renal 
failure. 

The results of ultrasound examination of structural 
changes in the kidneys and the number of cysts or their 
area cannot be used to assess the degree of functional 
renal failure. In animals with polycystic kidney disease 
with the fourth stage of chronic renal failure, the results of 
ultrasound examination revealed an increase in kidney 
length by 6.5 mm (P ≤ 0.001) and cortical thickening by 
0.8 mm (P ≤ 0.01) compared with animals with polycystic 
kidney disease with the third stage of chronic renal fail-
ure. There was no correlation between the area of cysts in 
the kidneys and the level of creatinine in the blood serum 
of animals. 

 
Conclusion 

 
Ultrasound signs of chronic renal failure in cats with 

the third stage of CKD were an increase in the length of 
the kidney from 51.0 to 58.0 mm and the thickness of the 
cortical layer from 5.5 to 5.8 mm. Ultrasound signs of 
chronic renal failure in cats with the fourth stage of CKD 
were an increase in the length of the kidney from 58.0 to 
64.0 mm and the thickness of the cortical layer from 5.9 
to 7.2 mm. 

Area of the kidney I-group 

Area of the kidney II-group 

Area of cysts in the kidney I-group 

Area of cysts in the kidney II-group 
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Prospects for further research. Study of the effect of 
structural changes in the kidneys on their filtration func-
tion in domestic cats with polycystic kidney disease with 
mild or moderate azotemia (stage I or II chronic renal 
failure). 
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