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ABSTRACT 

Chronic kidney disease (CKD) is a fatal disease 
in dogs characterized by progressive nephron 
loss. Cortical fibrosis serves as a key indicator 
of renal dysfunction. Although frequently 
observed, the literature on a systematic study 
of histological scoring of cortical fibrosis and 
associated extra-renal lesions in dogs is scarce. 
The present study screened the kidneys of 50 
dog carcasses for gross and histologic changes 
of cortical fibrosis, along with the associated 
changes in liver and heart. The kidneys with 
cortical fibrosis were quantified using ImageJ 
software in picrosirius red-stained sections. 
Hepatic and cardiac tissues were examined 
histologically. The study revealed gross and 
histological lesions of cortical fibrosis in 15 
dogs (30 %). On scoring, moderate cortical 
fibrosis was observed in 93.3 % (n=14) dogs, 
and marked fibrosis in 6.7 % (n=1) dog. 
Fibrosis severity was not influenced by age, 
sex, or breed.  Four dogs (26.6 %) had cardiac 
lesions, mainly cardiomyocyte hypertrophy 
and arteriosclerosis. Combined cardiac and 
hepatic lesions, like mild peri-portal fibrosis 
and hepatic vacuolations, were observed in 5 
cases (33.3 %) of moderate cortical fibrosis. 
The marked cortical fibrosis case also showed 
combined lesions (6.6 %) of other organs. 
Statistically, no significant correlation was 
observed across age, gender and breed-wise 
occurrence of CKD. The study revealed a 
higher occurrence of chronic kidney disease in 
dogs with a comparatively greater association 
with cardiac lesions. 

Keywords: Chronic kidney disease in dogs, 
Cortical kidney fibrosis, Cardiac and hepatic 
lesions 

INTRODUCTION 

Chronic kidney disease is a common and 
progressive disorder in dogs, characterized by 
irreversible loss of functional nephrons and 
compensatory structural remodelling within 
the renal parenchyma (Perini-Perera et al., 
2021). Among the changes, tubulointerstitial 
fibrosis represents the most consistent 
histopathological hallmark and a major 
determinant of renal function decline (Yabuki 
et al., 2010). The renal cortex contains the 
highest density of glomeruli and proximal 
tubules; therefore, cortical fibrosis directly 
compromises these filtration-critical 
structures, leading to measurable reductions 
in GFR. In contrast, medullary fibrosis exerts a 
comparatively lesser functional impact, as the 
medulla is primarily involved in urine 
concentration rather than glomerular 
filtration (Berchtold et al., 2020). Quantifying 
cortical fibrosis is therefore essential for 
assessing disease severity, staging CKD 
progression, and correlating microscopic 
alterations with clinical outcomes (Queiroz et 
al., 2025). 

Canine CKD exhibits a multifactorial aetiology, 
with age, breed, sex, metabolic disturbances, 
hypertension, and environmental factors 
contributing to renal damage. However, the 
degree to which these factors influence 
cortical fibrotic severity remains unclear 
(Dunaevich et al., 2020). Additionally, CKD 
exerts significant systemic effects, leading to 
secondary pathological changes in extra-renal 
organs such as the liver and heart, largely due 
to uremic toxin accumulation, oxidative 
stress, circulatory disturbances, and activation 
of the renin-angiotensin-aldosterone system 
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(Chen et al., 2025). Sensitive staining 
techniques, such as picrosirius red, allow 
objective quantification of renal fibrosis 
(Sánchez et al., 2022). Despite their diagnostic 
value, data regarding the distribution of 
fibrosis, its association with demographic 
variables and concurrent lesions in vital 
organs of CKD-affected dogs remain limited in 
the Indian context. The present study aims to 
deliver a comprehensive pathological 
evaluation of CKD in dogs by assessing renal 
cortical fibrosis and related systemic 
alterations.  

MATERIALS AND METHODS  

Fifty dog carcasses brought for post-mortem 
at the Department of Veterinary Pathology, 
College of Veterinary and Animal Science, 
between June 2024 and August 2025, formed 
the material for the study. The study 
population comprised 50 canine cases, 
consisting of 27 males and 23 females. The 
animals were categorized into four age 
groups: 0–2 years (17 dogs), 3–5 years (22 
dogs), 6–8 years (8 dogs) and above 9 years (3 
dogs). The sample included 17 non-descript 
dogs, along with several recognized breeds: 
Labrador Retrievers (8), Pomeranians (6), 
German Shepherds (5), Huskies (1), 
Dachshunds (4), Rottweilers (6) and Cane 
Corso (1), Boxer (2).  Gross lesions were 
recorded, and samples for histopathology 
were fixed in 10 % neutral buffered formalin. 
The tissues were processed, sectioned at 4-
micron thickness and stained using 
haematoxylin and eosin stain. The kidneys 
with gross and histological characteristics of 
cortical fibrosis were stained with picrosirius 
red stain, and the cortical fibrosis was 
quantified using ImageJ software (Moon et al., 
2022). The scoring was based on the 
percentage of cortical area affected: normal 
(0%), mild (≤25%), moderate (26–50%) and 
marked (>50%). Histopathological changes in 
the liver and heart were examined, and the 
lesions in these organs were compared with 
the degree of cortical fibrosis for each case. 
The association between the age-wise, 

gender wise and breed-wise occurrence of 
CKD in dogs were assessed using two-way 
ANOVA. All the statistical analyses were 
performed using GraphPad Prism® 8.0.2 
version. 

RESULTS AND DISCUSSION 

The study revealed cortical fibrosis in 15 cases 
(30%). The occurrence of cortical fibrosis 
among the age groups was most frequent in 
the age group of nine years and above (66 %, 
n=2), while the lowest was noticed in the 3-5-
year group (22.7%, n=5). This pattern alien 
with the earlier studies reporting greater CKD 
prevalence in older dogs of age 7 and above 
and relatively low occurrence in animals 
younger than four years (Reddy et al., 2021). 
Males showed a higher (39.20 %) occurrence 
than the females (18.10 %) and is in 
accordance with the Perini-Perera et al. 
(2021).  The breed-wise data showed a higher 
occurrence in Husky and Cane Corso (n=1, 100 
% each), while the lowest was in Labrador 
Retriever (12.5 % n=8). 

Gross and Histopathological Lesions of 
Kidneys with CKD 

Gross evaluation of the kidneys from the 15 
dogs revealed cortical pitting (Plate 1) as the 
most frequent (26.6%, n= 4) characteristic 
gross lesion of the CKD. Capsular adhesion in 
6.6% (n=1) cases and cortical pitting combined 
with fibrotic scars was identified in 13.3% 
(n=2) cases (Plate 2). Numerous necrotic 
white spots were noted in 2 cases (13.3%). A 
combined gross lesion of capsular adhesion, 
fibrotic scaring, and white infracts; capsular 
adhesion and cortical pitting; capsular 
adhesion and haemorrhages; haemorrhages 
and necrotic foci; capsular adhesion, necrotic 
foci and congestion; and congestion alone was 
recorded in a single case each (6.6%). Kidneys 
with marked pitting, adhesions, or evidence of 
healed infarction generally showed increased 
collagen deposition and interstitial fibrosis on 
histopathology (Alves et al., 2019). In contrast, 
kidneys with only mild surface irregularities 
still demonstrated moderate fibrosis, 
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suggesting that early fibrotic changes may not 
be readily appreciable on gross examination. 
This was supported by Tampe et al. (2021), as 
experimental models showed chronic damage 
leading to focal interstitial fibrosis/tubular 
atrophy visible as scar, while tubulointerstitial 
injury produces diffuse fibrosis without 
prominent gross changes. Overall, gross 
evaluation provided a preliminary assessment 
of chronic renal damage, whereas 
histopathology, particularly picrosirius red 
staining, offered a more accurate and 
quantitative measure of cortical fibrosis.  

Assessment of Cortical Fibrosis in Kidney   

Cortical fibrosis was quantified in picrosirius 
red-stained renal sections. Among the 15 
canine kidneys examined, 93.3% (n=14) cases 
exhibited moderate fibrosis (Plate 3), with 
collagen deposition ranging from 32% to 50 % 
of the cortical area. Marked fibrosis (Plate 4) 
with 70% of fibrosis was observed in 6.7% 
(n=1), reflecting advanced CKD with extensive 
parenchymal replacement and architectural 
disruption. Details of the cortical fibrosis in 
different cases are shown in Fig 1. These 
results aligned with earlier studies that have 
shown a correlation between severe 
interstitial fibrosis and progressive renal 
dysfunction leading to poor clinical outcomes 
in dogs (Yhee et al., 2010; Street et al., 2014; 
Perini-Perera et al., 2021). 

Hepatic Lesions Associated with CKD 

Microscopic examination of the liver in dogs 
with cortical fibrosis revealed mild portal 
fibrosis (Plate 5) that may cause chronic 
metabolic acidosis and nitrogenous waste 
accumulation, further contributing to 
periportal fibrotic responses (Brunetto et al., 
2021). Vacuolar degeneration of hepatocytes 
with peripheral nuclear displacement (Plate 6) 
indicates impaired lipid transport and 
mitochondrial dysfunction, paralleling 
findings reported in human studies of CKD-
associated hepatic alterations (Marc et al., 
2022; Seo et al., 2022). Hepatic cord 
architecture was disrupted, accompanied by 

sinusoidal congestion and dilatation (Plate 7) 
that could be caused by the venous outflow 
impairment (Kakar et al.,2004). Overall, these 
hepatic changes illustrate the multifactorial 
impact of chronic renal insufficiency, 
highlighting the systemic consequences of 
CKD on hepatic morphology and function, 
including metabolic, oxidative and vascular 
mechanisms. 

Cardiac Lesions Associated with CKD 

Microscopic examination of the heart in dogs 
with cortical fibrosis revealed hypertrophic 
cardiomyocytes characterized by enlarged 
myofibers, vesicular nuclei and prominent 
nucleoli, consistent with concentric 
hypertrophy (Plate 8). These are indicative of 
chronic systemic hypertension and renin-
angiotensin-aldosterone system activation, 
both of which are central components of 
cardiorenal axis dysfunction (Pouchelon et al., 
2015; Ames et al., 2019). Concurrent vascular 
lesions of arteriosclerosis with thickened 
arterial walls and narrowed lumina (Plate 9) 
were observed, contributing to impaired 
myocardial perfusion, ischemic stress, and 
interstitial fibrosis. The combination of these 
two lesions reflects sustained hemodynamic 
overload and neurohormonal stimulation 
associated with CKD. Similar cardiac 
remodelling patterns marked by progressive 
hypertrophy, reduced myocardial compliance, 
and evolving diastolic dysfunction have been 
documented in canine cardiorenal disorders 
(Flora et al., 2025). Overall, these findings 
highlight the significant impact of chronic 
renal insufficiency on cardiac structure and 
function, emphasizing the integrated 
pathology of the cardiorenal axis. 

Concurrent Affection of Liver and Heart  

Concurrent affections of both liver and heart 
were identified in 5 cases (33.3%) of moderate 
and marked cortical fibrosis. The heart alone 
was found to be affected in 4 cases (26.6%) 
where arteriosclerosis was evident. 
Arteriosclerosis in the heart vessels may 
develop secondary to kidney disease, 
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contributing to cardiac dysfunction 
(Martinelli et al., 2016).  Lesions in the liver 
without the affections of the heart were not 
observed in any of the cases. Overall, the 
findings suggested that the occurrence of 
cardiac lesions is higher compared to hepatic 
lesions in dogs with renal cortical fibrosis.  
Chortara et al. (2025) reported that the 
prevalence of heart disease increased in more 
advanced stages of CKD, and liver 
comorbidities appear to be 15 to 17 % in CKD. 
Sant Anna et al. (2019) opined that the liver 
lesions were less frequently reported as a 
direct consequence of CKD in dogs, and the 
liver pathology was often linked to 

concurrent systemic or infectious diseases 
rather than primary CKD-driven fibrosis. In 
the present study, an increase in the severity 
of cortical fibrosis appeared to be associated 
with the involvement of both liver and heart. 
Notably, the single case with marked fibrosis 
observed in the present study exhibited 
lesions in both heart and liver, supporting the 
possibility that severe renal fibrosis may 
accompany more widespread systemic 
pathology. This underscores the importance 
of monitoring both renal fibrosis for CKD 
staging and cardiac health for potential 
secondary involvement in canine CKD 
management.

 

   

Plate 1. Kidney: White focal spots 
alongside cortical pitting observed 

in the kidney (arrow) 

Plate 2. Kidney: The left kidney 
shows a well-defined area of 

cortical scarring (arrow), while the 
right kidney demonstrates pitting 

(arrow) 

Plate 3: Kidney: cortical area showing 
moderate fibrosis (red colour) (Sirius 

red, x 100) (arrow) 

   

Plate 4: Kidney: cortical area 
showing marked fibrosis (red 

colour) (Sirius red, x 400) (arrow) 

Plate 5: Liver: mild periportal 
fibrosis (H and E, x100) 

Plate 6: Liver: hepatocytes with 
numerous fat vacuoles of varying 
sizes and distortion of hepatic cell 

architecture (H and E, x400) 
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Plate 7: Liver: distortion of hepatic 

cell architecture with vascular 
congestion and dilatation. (H and 

E, 400 x) 

Plate 8. Heart showing muscular 
hypertrophy (H and E,1000 x) 

Plate 9: Heart: sclerosis around the 
artery could be observed –

Arteriosclerosis (H and E, 100 x) 
(arrow) 

 

      

 

              

 

Statistical Analysis  

No statistically significant correlation was 
found for age-wise occurrence (row factor: 
F(1,3)=0.5339, P=0.5179; column factor: 
F(3,3)=0.5179, P=0.9227), gender-wise 
occurrence (row factor: F(1,1)=57.58, 
P=0.0834; column factor: F(1,1)=52.92, 
P=0.0870), or breed-wise occurrence (row 
factor: F(1,8)=5.206, P=0.0519; column factor: 
F(8,8)=0.7401, P=0.6598) (Fig 2 to 4). In 
contrast, Tarrant et al. (2025) reported 
significant associations with age and gender, 
while breed showed no significant influence. 
The lack of significance in the present study 
may be attributed to the relatively small 
sample size and other comorbidities for CKD.  

CONCULSION 

A higher occurrence of CKD was evident in 
dogs, especially in those above nine years old, 
but statistical significance was not observed.  
Sex and breed categories revealed no strong 
predisposition through statistical analysis, 
indicating that cortical fibrosis is a universal 
feature of CKD progression rather than one 
influenced by demographic factors. The 
presence of moderate cortical fibrosis without 
clear gross lesions such as cortical pitting, 
capsular adhesions, and fibrotic scarring 
reaffirmed that gross pathology alone 
underestimates the true extent of renal 
damage. Quantitative assessment using 
picrosirius red staining proved essential in 
accurately characterizing extracellular matrix 
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expansion and chronic parenchymal injury. 
Cardiac alterations, including cardiomyocyte 
hypertrophy and arteriosclerosis, were more 
frequent than hepatic changes, underscoring 
the heightened susceptibility of the heart 
within the cardiorenal axis. The single case 
with marked fibrosis also exhibited both 
hepatic and cardiac abnormalities, suggesting 
that severe renal fibrosis may parallel broader 
systemic involvement. 

Overall, the findings highlight the 
multifactorial impact of CKD on canine health, 
emphasizing the value of integrating 
quantitative fibrosis assessment with systemic 
pathology. Early detection and grading of 
renal fibrosis, together with monitoring of 
cardiac status, are essential for improving 
clinical management and prognostic 
evaluation in dogs with CKD.
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