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> Abstract
Feline chronic kidney disease (CKD) is characterized by irreversible structural lesions of the kidneys 
and may lead to chronic renal failure (CRF), which eventually results in accumulation of metabolic 
toxins and dysregulation of fluid, electrolyte, and acid-base balance. CKD mainly affects geriatric 
cats. In the majority of animals the initiating factor of CKD remains unclear. Idiopathic, familial, 
congenital, inflammatory, infectious, and neoplastic causes have been suggested. Once lesions 
have adequately progressed, the condition is generally self-perpetuated. The main clinical signs 
are anorexia, weight loss, vomiting, and diarrhoea. Early diagnosis of CKD is crucial. Anaemia, azo-
taemia, hyperphosphataemia, and hypokalaemia may be detected by laboratory examination. 
Radiology and ultrasonography of the abdominal cavity may contribute to identification of the 
initiating factor. Renal histopathology may aid in diagnosing the primary cause. Consequences of 
CKD are multisystemic and include arterial hypertension, renal secondary hyperparathyroidism, 
anaemia, gastrointestinal complications, and acid-base and diverse electrolyte disturbances.
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> Introduction
Chronic kidney disease (CKD), which may result 
in chronic renal insufficiency (CRI) or failure (CRF), 
is very common among the feline population 
and is one of the main causes of death in elderly 
patients.1-3 Kidney injury may occur at any time 
during a cat’s life, but it may not be evident until 
CRF becomes apparent. CRF is characterized 
by irreversible kidney damage, resulting in 
compromised structural and functional integrity 
of the kidney. The kidney damage leads to 

dysregulation of body fluids and acid-base 
balance, and to decreased removal of metabolic 
waste products. It may also result in eliminating 
of production of various hormones or being the 
target organ for them such as errhythropoeitin, 
1,25-dihydroxycholocalsipherol (calcitriol), 
antidiuretic hormone, renin, and aldosterone.3,4 
Eventually, the clinical manifestation of advanced 
kidney failure is uraemia.5 Taking into account 
the severity of serum creatinine concentration, 

Fig 1. Kidneys from a cat. Numerous variably sized cysts are present in the cortex and medulla of both kidneys.

Companion Animal Clinic 
(Medicine),
Department of Clinical Studies,
Faculty of Veterinary Medicine, 
Aristotle University of 
Thessaloniki,
11 St. Voutyra str., 
54627-Thessaloniki, Greece

*Corresponding author:
Tel: + 30 2310 994518
Fax: + 30 2310 994516
e-mail: kadamama@vet.auth.gr

Rallis T. S.
DVM, PhD



Hellenic Journal of  Companion Animal Medicine  •  Volume 1  •  Issue 1  •  January 2012         15

Pathogenesis of chronic feline kidney disease

proteinuria, and arterial hypertension, the 
International Renal Interest Society (IRIS) has 
developed a staging system for CKD, which is 
characterized by four stages.2

> Aetiology
Feline CKD may be caused by various factors that 
directly or indirectly have an effect on the kidneys. 
Irrespective of its cause, when renal damage 
is pursued, CKD is considered a progressively 
deteriorating disorder. Renal insufficiency 
becomes apparent when more than 3/4 (75%) of 
the kidneys are damaged. Signs of uraemia are 
usually present when lesions extend to 80-85% of 
the kidneys.6,7

Inherent, congenital, inflammatory, infectious, 
or neoplastic factors have been suggested as 
causes of CKD,2,3 although the causative agent in 
approximately 50% of feline cases was idiopathic 
interstitial nephritis (Table 1).8 Recently, Lawler 
et al1 suggested that feline CKD may be part of a 
normal aging phenomenon and a survival driven 
adaptive process. Moreover, polycystic kidney 
disease is common in Persian cats (Fig 1). Its 
overall prevalence varies geographically for this 
breed and reaches almost 50% in Great Britain 
and France.9,10 Although there are no published 
studies demonstrating the aetiopathogenetic 

relationship between CKD and nephrolithiasis, 
Ross et al11 recently found that nephrolithiasis 
did not positively correlate with progression of 
CKD. Some cases of CRF in cats were attributed by 
Minkus et al12 to immune mediated mechanisms, 
due to infiltration of the kidneys by lymphocytes 
and plasmacytes, suggesting chronic 
tubulointerstitial nephritis (Fig 2). Furthermore, 
Lappin et al13 was not able to correlate vaccination 
of cats against herpesvirus (FHV), calicivirus (FCV), 
and panleukopenia (FPV) with CKD. Recurrent 
or untreated episodes of feline lower urinary 
tract disease,14 a very common clinical entity in 
cats, and infection by feline immunodeficiency 
virus may eventually result in CRF. German et 
al15 suggested that feline foamy virus, which is 
classified as a retrovirus and is considered quite 
widespread among cat populations, could have 
been the cause of glomerulonephritis detected in 
experimentally infected cats.

An interesting disorder occurs when the ureter 
is obstructed due to urolith, ureteritis, or from 
accumulation of debris, and the glomerular 
filtration rate (GFR) in the other kidney is reduced 
due to CKD. This entity is an “acute over chronic” 
renal failure. Cats present with uraemic crisis due 
to lesions of CKD and subsequent malfunction 
of the other kidney. Upon abdominal palpation 
a small and irregular kidney is evident, while 

Fig 2. Section from 
the kidneys of a cat 
with chronic intersti-
tial nephritis. Mono-
nuclear cell infiltration 
and interstitial fibrosis 
are evident. Note the 
dilated tubules and 
acquired renal cysts. 
Haematoxylin and Eo-
sin. Original magnifi-
cation X10.
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the other is swollen and perhaps painful. This 
entity has been called “big kidney – little kidney 
syndrome”.16

It has been suggested that the inciting cause 
affects initially the tubolointerstitium,7,17 but 
it is currently believed to be elusive. However, 
lesions that are confined to a specific anatomical 
component of the kidney progressively extend 
to the remaining.4,7,17 In most cats with CRF, the 
causative agent may not be detected despite 
proper diagnostic evaluation. This was confirmed 
by various studies where even after kidney 
histopathology, a definitive diagnosis was not 
established,12,18 and it may be attributed to the 
functional independence of various components 
of nephrons, the limitation of responses of various 
kidney parts to different agents and the inability 
of the nephrons to be replaced when irreversibly 
destroyed. In one study, chronic tubulointerstitial 
nephritis was detected in 70.4% of cats with CRF, 
while membranous glomerulonephritis, neoplasia 
(specifically lymphoma), and amyloidosis were 
observed in 14.8%, 11%, and 2% of cats with CRF, 
respectively.12

> Pathogenesis
In humans and dogs, CKD is characterized 
by progressive regression of kidney function; 
while in cats a stepwise deterioration of GFR 
may be noticed, suggesting uraemic crisis 
may be detected suddenly in an otherwise 
stable patient.6,19 During CKD, many nephrons 
become non-functioning. Viable nephrons 
hyperfunction and become hypertrophied 
and hyperplastic to complete the work of the 

kidneys. Moreover, intraglomerular hypertension 
is evident, leading to these nephrons being 
damaged rapidly. Although this hyperfiltrative 
state was formerly considered beneficial, it is 
currently believed to be detrimental.20,21 Renal 
function deterioration is expected sooner in 
tubulointerstitial nephritis than in glomerular 
disease,20 although life expectancy was longer in 
cats with tubulointerstitial nephritis compared 
to those with other nephropathies.1 Additionally, 
proteinuria due to glomerulopathy has been 
suggested to contribute to intrinsic renal toxicity 
and further nephron damage, but the precise role 
of proteinuria in the progression of renal disease 
is uncertain.22 Although not confirmed in cats, 
nephron damage from proteinuria has attributed 
to tubular cell death due to albumin reabsorption, 
the toxicity of transferin carrying iron, or the 
effect of various cytokines.20 It is still controversial 
whether proteinuria is a marker or a mediator 
of feline CKD.22 Nevertheless, if the inciting 
cause still exists, further deterioration of renal 
function is expected2,20 leading to substantial 
renal damage.23 Finally, the consequences of CRF 
have a direct or indirect impact on the kidneys 
themselves.24

> Diagnostic evaluation
Diagnostic evaluation of feline CKD should aim 
to the identification, if possible, of the cause 
of kidney disease, and to the estimation of 
its severity. Furthermore, it should determine 
its consequences, investigate any concurrent 
conditions and establish the rate of loss of kidney 
function.

Fig 3. Kidneys from a cat that 
died from end stage CRF. The 
kidneys are shrunken and ir-
regularly shaped. The cortex is 
pitted and thinner than normal.

Pathogenesis of chronic feline kidney disease
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Signalment

CRF usually presents in middle aged to elderly 
cats,2,25,26 although young cats may be also 
affected with 10-15% of them younger than 
3 years old.8 Evaluation of renal function is 
considered imperative in older cats because CKD 
affects up to 31% or 32% of cats older than 10 or 
15 years, respectively.2 In general, CKD presents 
in 1.6%27 to 20% of cats examined for various 
reasons.28

No sex predilection has been reported, although a 
slight increase in males has been found.26 Recently, 
White et al29 reported that male cats exhibited 
CKD in a younger age than females. The influence 
of sex hormones, evident in humans, could 
be a rational explanation, but this hypothesis 
comes in contrast with the usually neutered 
patients of the reference population of veterinary 
practices.29 Maine coon, Abyssinian, Siamese, 
Russian blue, Persian, Angora, and Burmese cats 
are overrepresented.2 However, this depends on 
the study population; in our clinic and probably 
others too,18 Siamese and domestic shorthaired 
cats are most commonly presented. Familial 
predisposition to kidney disease resulting in CRF 
is evident in certain breeds, such as polycystic 
kidney disease in Persians, and amyloidosis in 
Abyssinians and possibly Ragdoll cats.30

Clinical signs

Cats may present with various signs; their severity 
appears to vary directly with the development 
of uraemia. Owners usually seek medical help 
when clinical signs are profound, suggesting 
advanced disease. However, the cat may not 
present initially with any clinical signs or it may 
show polyuria/polydipsia persisting for weeks or 
months (1st stage of CKD). Polyuria/polydipsia, 
which is a rather constant finding in dogs with 
CRF, was observed in only 40% of cats with CRF 
in one study.18 Moreover, decreased appetite, 
weight loss, and poor hair coat may be seen at 
the initial stage; whereas in advanced stages, 
more intense clinical signs (uraemia) are evident 
including sporadic (at least initially) vomiting, 
diarrhoea, and ocular manifestations.8 Vomiting 
is not a common sign in cats with CRF, perhaps 
due to a low frequency of gastritis.18 Although 
rare, blindness may be the only sign recognized 
by cat owners.6,31

Physical examination

Physical examination findings in cats with CKD 
are generally nonspecific. Depending on the 
stage of the disease the cat may present with 
dehydration and weight loss, poor haircoat, 
depression, pale mucous membranes, oral 
ulceration, halitosis, drooling, weak pulses, 
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Table 1. Differential diagnosis and prevalence of chronic kidney disease causes in cats.

Disorders

Prevalence (%)

Elliott and Barber6*

(n=14)
Minkus et al12

(n=120)
DiBartola et al18 

(n=74)

Familial or Congenital
Polycystic kidney disease (Persian, Himalayan) (C)
Amyloidosis (Abyssinian, oriental shorthaired) (R)

7.1
-

2.1
2.1

2.7
9.5

Acquired
•	 Sequela of acute renal failure (C)
•	 Gromerulonephritis (membranous, membranoproliferative, etc) (R)
•	 Chronic pyelonephritis (C)
•	 Leptospirosis (R)
•	 Feline infectious peritonitis (R)
•	 Feline immunodeficiency virus (R)
•	 Feline leukemia virus (C)
•	 Cryptococcosis (R)
•	 Blastomycosis (R)
•	 Aspergillosis (R)
•	 Renal neoplasm (lymphoma, renal cell carcinoma, nephroblastoma, etc) (R)
•	 Feline lower urinary tract disease (R)
•	 Idiopathic chronic interstitial nephritis (C)
•	 Anti-thyroid therapy (C)
•	 Nephrolithiasis (?)

-
28.6
21.4

-
-
-
-
-
-
-
-
-

42.9**

-
-

-
14.8
2.1

-
-
-
-
-
-
-

10.6
-

70.4**

-
-

-
8.1
9.5

-
1.3

-
-
-
-
-

16.2
-

52.7**

-
-

C: common
R: rare
* Data retrieved from 14/80 cats that died
** Referred as chronic tubulointerstitial nephritis of unknown cause
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dyspnoea, and hypothermia.6,8 Upon abdominal 
palpation, small-sized, irregular, and painless 
kidneys may be evident, which in the authors’ 
experience is rather an occasional finding in cats 
with spontaneous CKD (Fig 3). Renomegaly may 
also occur and, more commonly, normal renal 
size is reported.18 Cardiac arrhythmias and heart 
murmur, as well as increased breathing sounds 
or crackles, may be found on auscultation. Ocular 
manifestation includes hyphaema or oedema, 
haemorrhage, detachment, and vessel tortuosity 
of the retina.31

Laboratory evaluation

Early recognition of CKD in cats is crucial. In 
its early stages, therapeutic intervention may 
delay or prevent its progression.4,7 Diagnostic 
evaluation of kidney disease is mainly based on 
laboratory findings because history and physical 
examination is usually non-specific. Of course, 
polyuria/polydipsia of long duration and/or small 
sized kidneys (single or both) on palpation may 
lead to serious suspicions of CRF.6

Various haematological and biochemical findings 
reported in cats with CRF are listed in Table 2. 
Cats with CRF may present with mild to moderate 
normochromic and normocytic non-regenerative 
anaemia.2 Leukocytosis is usually secondary to the 
inciting cause. Azotaemia is the main biochemical 

abnormality, which is characterized by increased 
concentration of serum urea and creatinine. 
However, it has been reported that 60% of cats 
with CRF have increased concentrations of 
phosphorus, and 20-30% of them have decreased 
concentrations of potassium,31 whereas potassium 
is increased in 15% of cases.6 The concentration 
of calcium is either increased, decreased, or 
normal.8 The concentrations of magnesium and 
sodium are decreased6,25 or usually normal. The 
concentration of chloride is decreased mainly 
when metabolic acidosis is present, which often 
accompanies the advanced stage of the disease 
(4th stage of CKD).24 It seems that acidosis is more 
commonly observed in cats in uraemic crisis,6 
although the mechanism for the preservation 
of pH to normal values in the 1st or 2nd stage of 
CKD is still being investigated.24 Acidosis should 
be confirmed by arterial blood gas analysis and 
the concentration of bicarbonate should be 
lower than 17 mEq/L, while the concentration 
of total CO

2
 should be lower than 15 mmol/L.2 

Hypercholesterolaemia has been also found in 
cats with CRF, which has not developed secondary 
to glomerulonephritis.6,18 The potential increased 
activity in serum lipase and amylase may be due 
to their decreased elimination from the kidneys.14 
According to the authors’ experience the constant 
biochemical abnormalities in cats with CRF, when 
present, are azotaemia and hyperphosphataemia.

NR: not reported

Table 2. Prevalence of haematological and biochemical findings in cats with chronic kidney disease.

Abnormality
Prevalence (%)

Elliott and Barber 6 DiBartola et al 18 King et al 26 Elliott et al 42

Anaemia 37.2 41.1 13.3 28.3

Leukocytosis NR 27.4 6.6 NR

Increased serum creatinine 100 96.9 93.1 100

Increased BUN 94.8 95.8 97.9 100

Hyperphosphataemia NR 58.3 12.7 48

Hypokalaemia 15.6 29.7 12.2 26

Hyperkalaemia 9.1 6.2 5.8 0

Hyponatraemia 1.3 29.7 0.5 NR

Hypernatraemia 18.2 7.8 8.5 NR

Hypercholesterolaemia 72.2 72.5 NR NR

Hyperglycaemia NR 23.5 NR NR

Hypocalcaemia NR 14.8 0 NR

Hypercalcaemia NR 11.5 57.1 NR

Hypoalbuminaemia NR 11.1 0 NR

Hyperalbuminaemia NR 9.3 18.5 NR

Hypochloraemia 11.7 4.8 NR NR

Hyperchloraemia 1.3 3.2 NR NR

Pathogenesis of chronic feline kidney disease
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Urinalysis is necessary for evaluation of the urinary 
system. In CKD, the reduced concentrating ability 
of the kidneys results in decreased urine specific 
gravity (USG) that is usually lower than 1035 and 
ranges between 1008 and 1015.2,4 Some cats 
may retain their ability to concentrate urine; 
thus, this finding should not mislead the clinician 
to the conclusion of prerenal or postrenal 
azotaemia. Proteinuria may be apparent, even 
in the absence of glomerulopathy, and has been 
related to shorter survival times26 or arterial 
hypertension.32 Minkus et al12 insists that when 
proteinuria is evident in cats with CRF, due to 
chronic tubulointerstitial nephritis, there is always 
concurrent glomerulonephritis. Proteinuria 
can be roughly assessed by sulfosalicylic acid 
precipitation test; however, its objective index is 
the urine protein to creatinine ratio, which should 
be greater than 0.4.3,4,22,23 In our clinic, proteinuria 
is a rather sporadic finding in cats with CRF. 
Microalbuminuria is an important diagnostic tool, 
which may contribute to diagnosing the inciting 
cause.4,7,22 CRF is not usually accompanied by an 
active sediment,4 unless it reflects the primary 
agent (e.g. pyelonephritis).14 Although no 
practical biomarker exists to reliably identify early 
CKD, determination of urine protein to creatinine 
ratio along with serum creatinine concentration 
have been suggested as potential predictors of 
the development of azotaemia in geriatric cats.33

In cases of secondary or primary bacterial 
infection of the lower urinary tract, urine culture 
should be performed. Pyelonephritis may result 
in CRF.7 Elderly cats are prone to urinary tract 
infections due to a disrupted immune system or 
CKD that limits local immunity. Finally, diluted 
urine loses its antibacterial properties.7,34 Low 
urine specific gravity may lead to negative results 
on urinalysis. In one study, 17 of the 77 cats with 
CKD had urinary tract infections, although only 
4 of them showed clinical signs of lower urinary 
tract disease and a substantial number did not 
have WBCs or bacteria in their urine sediment.34

Radiology may contribute to the evaluation of 
kidney integrity and the definitive diagnosis. 
Radiography and ultrasonography of the upper 
and lower urinary system may rule out other 
possible causes of the cat’s signs. Moreover, 
upper urinary tract uroliths, hydronephrosis, 
polycystic kidney disease or kidney neoplasm 
may be detected. Computed tomography and 
intravenous urography may be used to evaluate 
GFR and confirm a definitive diagnosis.12,16

Evaluation of GFR should be used for the diagnosis 
of CKD, at least at the initial stages (1st or 2nd 
stage), where serum creatinine concentrations 
may be insensitive. Unfortunately, it does not 
provide the proportion of renal tissue affected 
by the kidney disease. A crude/poor estimation 

of GFR may be routinely made by determination 
of endogenous creatinine in serum. It is of 
note that serum creatinine value in the upper 
reference range still may reflect a decreased GFR. 
Exogenous administration of various substances 
that are eliminated mainly by the kidneys such 
as creatinine, inuline or iohexol is a better 
indicator of GFR. The keynote of this test is that 
after the administration of the substance, its 
concentration level in plasma or urine reflects 
its rate of elimination from the kidneys.4,20,35 
Presumably, this test may be proven useful in 
estimating GFR also in advanced cases (3rd or 4th 
stage) where muscle wasting would contribute 
in lower serum creatinine concentration.

Systemic hypertension has been observed in 20% 
of cats with CKD,31 although percentages of 60-
65% have also been reported.36,37 The wide range 
may reflect the origin of the studies, suggesting 
there is variation between those coming from 
first and second opinion clinics.31 It is of interest 
that the incidence of arterial hypertension, 
secondary to CKD, in the cats we examined 
seemed low. However, determination of blood 
pressure is imperative due to the systemic, as 
well as renal consequences of hypertension.38 
Moreover, arterial hypertension demands 
specific therapeutic management and defines 
the prognosis; although, if treated, it does not 
seem to affect survival time.32 As mentioned, 
ocular manifestation of hypertension must also 
be determined.31,38

Surgical or ultrasound guided renal biopsy and 
subsequent histopathology may result in a 
definitive diagnosis.7 It has been reported that 
in most cats (70.4%) chronic tubulointerstitial 
nephritis was detected histologically.12 Although 
histopathology is a rather insensitive method 
for the aetiological diagnosis of CKD, it is the 
cornerstone for the diagnosis of kidney disease 
before the establishment of renal dysfunction.20,25 
In general, although biopsy of the kidneys is a 
relatively easy procedure in the cat, the risk of 
surgery does not outstand the benefits in the 
majority of feline patients.

Cats must also be tested for feline 
immunodeficiency virus (FIV), feline leukemia 
virus (FeLV), and feline infectious peritonitis (FIP) 
because CKD and its prognosis could be related 
to them.14 It has been recently reported that cats 
with CKD younger than 11 years old were more 
likely to be positive for FIV infection than were 
cats without CKD.39 A differentiation between 
acute and chronic disease should be made when 
uraemic crisis is apparent; it should be based 
on long lasting polyuria/polydipsia, small sized 
and irregular kidneys on palpation, and non-
regenerative anaemia. A useful tip is that acute 
renal failure is characterized by quite intense 
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clinical signs of relatively short duration.40

Heart examination, thyroid function estimation, 
ACTH stimulation test, and diabetes mellitus 
identification should be considered to determine 
prerenal causes of azotaemia or primary causes 
of CKD. Of note, the potential occurrence of both 
CKD and hyperthyroidism in aged cats may mask 
the magnitude of CRF because the hyperthyroid 
state improves renal blood supply and GFR.40

> Consequences of chronic renal 
failure

In cats with CRF, uraemic toxins accumulate in 
organic fluids due to dysregulation of the kidney’s 
capacity to excrete metabolic waste products. 
These organic compounds are responsible for 
the variable and polysystematic consequences 
or complications of the disease. Furthermore, 
the complications of CRF result from hormonal 
disturbances and the inability of the kidneys 
to regulate body fluids, as well acid-base and 
electrolyte homeostasis.5

1. Polyuria and polydipsia

Polyuria is induced by a reduction in the urine 
concentrating ability of the kidneys, which is the 
result of diminished responsiveness of the kidneys 
to antidiuretic hormone, disruption of the renal 
medullary architecture, and solute diuresis.40 A 
compensation of polyuria is polydipsia, which 
seems to be recognised more commonly from 
polyuria by cat owners.

2. Arterial hypertension

When both systemic arterial hypertension and 
CKD present, cause and effect determination is 
difficult.38 Primary hypertension is very common 
in humans; while secondary arterial hypertension 
is reported to occur in up to 66% of cats with CKD. 

Although characteristic histopathological lesions 
of hypertension have been found in the kidneys 
of dogs and cats with CRF, the hypertensive 
nephropathy seen in humans is not thought to 
exist in small animals. These lesions are believed 
to be the result of hypertension occurring 
secondary to CKD.2 In general, arterial pressure 
seems to be regulated by adrenergic, renal, 
endocrine and vascular systems and it is related to 
cardiac output and vascular resistance. In animals 
with CRF, dysregulation of fluid homeostasis 
due to decreased GFR and reduced sodium 
excretion, increase of cardiac output, disturbance 
of vessel resistance, and impairment of renin-
angiotensin-aldosterone as well kallikrein-kinin-
prostaglandin systems and effects related to 
hyperparathyroidism have been incriminated for 
the development of hypertension.17,38 It should 
be mentioned that hyperaldosteronism has led to 
hypertension in some cats with CRF.41

3. Renal secondary hyperparathyroidism

Renal secondary hyperparathyroidism (RSH) is one 
of the most common and significant consequences 
of CRF.42 It is characterized by increased activity 
of parathormone (PTH) in serum and has been 
observed in about 80% of cats with CKD.40 The 
increase of PTH results from reduced production 
of calcitriol in renal tubular cells and the retention 
of phosphorus from the kidneys.23 Phosphorus 
retention leads to hyperphosphataemia, which 
in turn results in cessation of the conversion of 
25-hydroxycholocalciferol to the most active 
form of vitamin D, calcitriol, by 1a-hydroxylase. 
The reduced concentration of calcitriol and, 
subsequently, calcium in serum stimulates PTH 
production from parathyroid glands.2 PTH is 
considered one of the main uraemic toxins;5 
although rare in cats, signs of RSH are observed 
when serum PTH concentration increases 
resulting in skeletal release of calcium and bone 
demineralization (renal osteodystrophy) and 

        > Case presentation
Leosthenis, a 4-year-old male castrated Persian cat, was referred 
with a history of decreased appetite, depression, and sporadic 
episodes of vomiting. He exhibited five episodes of vomiting, 
consisting of gastric fluid, during the last 20 days. His owner did 
not notice any other signs, such as polyuria/polydipsia.

History Leosthenis was in good health throughout his life. He was 
an indoor cat, current on vaccination, routinely dewormed, and 
fed a commercial maintenance diet. Approximately three weeks 
before, he underwent a routine ultrasonic scaling of the teeth by 
the referring veterinarian. Physical examination, haematology, 
and biochemistry prior to the procedure were unremarkable, and 
recovery from anaesthesia was uneventful. However, Leosthenis 
showed signs of decreased appetite and depression, which were 

attributed to the unpleasant sensation of gingival irritation. 
When vomiting presented, gastroesophageal reflux and/or acute 
gastritis were suspected and ranitidine, metoclopramide, and 
sucralfate were prescribed. While the cat’s condition remained 
unchanged, CBC and biochemistry approximately 15 days later 
revealed marked azotaemia.

Physical and laboratory evaluation Leosthenis was mildly 
dehydrated and depressed on presentation. PCV was in the lower 
normal values (25.3%; ref. range: 24-45%), while BUN (160 mg/
dl; ref. range: 9-32 mg/dl), creatinine (4.1 mg/dl; ref. range: 0.7-
1.6 mg/dl), and phosphorus (8.9 mg/dl; ref. range: 3.5-6.7 mg/dl) 
were markedly increased. Potassium (2.2 mEq/L; ref. range: 3.4-5.4 
mEq/L) was decreased, USG was 1017, and sediment examination 
did not reveal any pathological findings.

Pathogenesis of chronic feline kidney disease
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Initial measures and further diagnostic work-up IV fluids 
supplemented with potassium and ranitidine were initially 
provided. Abdominal radiography showed the size of the kidneys 
(especially the right kidney) was in the upper limits (Fig 4), and 
ultrasound revealed multiple cysts and enlarged size of both 
kidneys (Fig 5). UPC was normal and urine culture was negative. 
Moreover, arterial blood pressure was within normal limits.

Diagnosis Polycystic kidney disease in a Persian cat was the 
definitive diagnosis in this case. Anaesthesia may have provoked 
the CKD to be symptomatic.

Treatment and outcome Leosthenis was released on the 6th day of 
hospitalization. He was happy, active, and eating sufficiently, but he 
was mildly azotaemic, hyperphosphataemic, and normokalaemic. 
A prescription diet for feline kidney disease, ranitidine, a 

phosphate binder, and an ACE inhibitor were administered. Serial 
biochemistry showed stabilization of Leosthenis’ condition and he 
was currently in the 2nd stage of CKD, which remained unchanged 
until now, one year later (Fig 6).

What would this case suggest? It is well known that there is a 
familial predisposition of polycystic kidney disease in Persian cats. 
Most of these cats exhibit CRF about 7 years of age, although some 
may remain clinically normal for most of their lives. Remission 
of the disease may be also evident.45 Subsequently, susceptible 
cats should be handled with caution when invasive procedures 
are needed to preserve their kidney function and integrity. 
Early recognition may be crucial. Ultrasound examination is 
recommended as early as 10 months of age.45 Genetic testing, if 
available, is reliable diagnostic method, but it does not determine 
the severity of the disease.

Fig 4. Abdominal radiograph of 
Leosthenis revealed no pathological 
findings.
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Fig 6. Leosthenis’ cycle 
of life as it is determined 

by chronic kidney disease 
(CKD). Life begins on 

birth (time 0) and proceeds 
clockwise.

Fig 5. Leosthenis’ kidney ultrasonography revealed renal 
enlargement and multiple cyst formation.
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subsequent soft tissue calcification,23,42 as well 
various organs malfunction. Cellular dysfunction 
was observed when persistently increased basal 
cytosolic calcium levels were present. In humans, 
bones of the skull and mandible are most severely 
affected and the sensation of generalized bone 
pain may be evident.43 Increased PTH levels lead to 
adverse reactions to glucose and lipid metabolism, 
as well to cardiovascular and CNS functions. 
Moreover, it deteriorates immunodeficiency and 
anaemia, which are already complications of feline 
CRF itself.44 As it has been already mentioned, 
laboratory findings of RSH include increased 
concentration of serum phosphorus and PTH. 
Increased risk of calcification exists when the 
product of multiplication of the concentrations of 
serum phosphorus times the total serum calcium 
is greater than 70.23 Proton-secreting organs, 
like stomach and kidneys are most commonly 
affected, but also myocardium, lung and liver can 
be mineralized. It is of note that in several cats 
with CRF, hyperparathormonaemia was apparent 
despite the absence of hyperphosphataemia.40,43 
Parathyroidomegaly secondary to RSH may be 
observed as a palpable paratracheal mass and 
should not be confused with a thyroid nodule 
due to hyperthyroidism, which is a frequent 
coincident to CKD.

4. Gastrointestinal disturbances

Gastrointestinal complications, namely various 
combinations of anorexia, weight loss and 
haemorrhagic or not vomiting and diarrhoea are 
the signs that may observed in cats especially 
with advanced CRF (3rd or 4th stage). The 
stomach is most commonly affected, but signs 
from the rest of the gastrointestinal tract may 
be seen. Ulcerative gastritis may result from 
hypergastrinaemia, which is a consequence of 
decreased GFR. Increased gastrin levels may 
cause hyperacidity due to increased production 
of hydrogen ions from the gastric parietal cells. 
Also, disease stress, gastric mucosa ischemia, 
and impaired gastric mucus are some additional 
factors that may contribute to ulcerative gastritis. 
Finally, ammonia and urea directly result in 
dryness, hyperaemia, erosions, and ulcers of 
the gastrointestinal mucosa and may lead to 
ulcerative stomatitis, oesophagitis, gastritis, and 
enterocolitis.23

5. Anaemia

Cats with CKD usually present with non-
regenerative, normochromic, and normocytic 
anaemia which may be multifactorial.40 The major 
cause of anaemia is erythropoietin deficiency due 
to insufficient capacity of peritubular fibroblasts 
of the renal cortex and/or interstitial fibroblasts 
to synthesize erythropoietin.6 It is of note that 

plasma erythropoietin levels of anaemic CKD 
cats are lower than those of anaemic non-CKD 
cats, while they are equal to those of healthy cats. 
Chronic blood loss from the gastrointestinal tract, 
malnutrition, hypoproteinaemia, weight loss, 
vitamin or other nutrient deficiency, shortened 
red cell life span, erythropoietic inhibitors in 
uraemic plasma, myelofibrosis, haemorrhagic 
diathesis due to platelet dysfunction, and effects 
from chronic disease are additional factors 
contributing to CKD related anaemia in cats.2,40

6. Acid – base and electrolyte disturbance

Hypokalaemia is one of the most important 
electrolyte disturbances in cats with CRF.44 
Hypokalaemia is the result of reduced potassium 
intake, potassium loss through the kidneys, acid-
base disturbance, and reduced serum magnesium 
concentration,25,31 and it may be developed long 
after the onset of decreased muscle potassium 
content. Restoration of normokalaemia has been 
considered mandatory, due to GFR malfunction 
caused by potassium depletion. As previously 
mentioned, hyperphosphataemia is the most 
common electrolyte abnormality in cats with 
azotaemic CRF and is reported in up to 80% of 
cases.2 Based on the authors’ experience, the 
principal electrolyte disorder in azotaemic cats 
with CKD is hyperphosphataemia.

The vast majority of the CRF cats with acid-
base imbalance show metabolic acidosis, which 
results from reduced bicarbonate reabsorption, 
impaired renal ammoniagenesis, and decreased 
renal excretion of hydrogen ions.2,44 In a small 
number of cases metabolic alkalosis may be 
evident. In a retrospective study in cats with CRF, 
metabolic acidosis was seen in 50% of cats with 
end stage disease, in 15% with moderate disease, 
and was rarely evident in cases in the 1st or 2nd 
stage. In acute uraemic crisis, acidaemia could 
cause decrease in central and pulmonary vascular 
compliance, which may result in increased risk 
of pulmonary oedema development. Metabolic 
acidosis of long duration increases protein 
degradation, deteriorates renal osteodystrophy, 
and results in further renal damage.24

> Conclusion
Feline CKD is a very common disorder and 
predominates in elderly cats. In most cases, 
the aetiology remains unclear. The diagnostic 
approach involves evaluation of the cause of 
CKD, its severity (stage), and its effects on the 
kidneys and other organs or systems. Moreover, 
the diagnosis aims to pursue the appropriate 
measures and establish the prognosis of the 
disease.
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