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   Abstract 

Kidney disease, whether in the acute kidney injury (AKI) or chronic kidney disease (CKD) form, 

is a pathology that affects a high percentage of the adult feline population. Complementary 

diagnostic methods, including serum measurement of renal biomarkers and abdominal 

ultrasounds, are used to diagnose and stage urinary tract conditions, as well as to monitor the 

progression of the clinical condition. Given the practical and frequent use of abdominal 

ultrasound in clinical settings, this study aimed to evaluate the renal cortical thickness to 

abdominal aorta ratio as a novel ultrasonographic parameter for detecting early structural 

changes in kidney disease and its potential to complement established biomarkers, such as 

creatinine, symmetric dimethylarginine (SDMA), and phosphorus. In this study, a total of 105 

felines were included, divided into three groups: healthy felines (N=50), CKD felines (N=44), and 

AKI felines (N=11). Each feline underwent both ultrasonographic and biochemical evaluation. 

The results enabled us to establish a cutoff point for the ratio. Additionally, we highlight the 

potential role of FGF-23 as a biomarker and suggest that further research in this area is 

warranted. The analysis revealed that a renal cortical thickness to abdominal aorta ratio of ≥1.4 

cm effectively distinguished healthy felines from those with kidney disease, with a sensitivity of 

81.8% and a specificity of 86%. However, the ability of this ratio to differentiate CKD from AKI 

was limited, suggesting that the clinical features of these two conditions may overlap. 

Furthermore, the renal cortical thickness showed significant correlations with creatinine, 

highlighting its ability to reflect renal structural alterations in the early stages of CKD. We also 

observed that phosphorus levels remained stable in the early stages of CKD, likely due to 

compensatory mechanisms. This finding underscores the need for further validation of 

biomarkers in this context. In conclusion, this research highlights the importance of integrating 

ultrasonographic indices with traditional biomarkers, providing a quantitative, non-invasive 

ultrasonographic marker to distinguish healthy felines from those with kidney disease. 
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Introduction 

One of the primary functions of the kidneys is to 

regulate the volume and composition of 

extracellular fluid by producing urine. In the 

presence of kidney pathologies, this process can 

be altered and impaired in several ways, mainly  

 

 

 

when acute kidney injury (AKI) and/or chronic 

kidney disease (CKD) occurs (Ettinger et al., 

2017). AKI is defined as a lesion of the renal 

parenchyma, associated or not with decreased 

renal function and changes in urine production. 
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This condition is reflected by increased creatinine 

and serum urea nitrogen (BUN) in the absence of 

pathological chronicity (Segev et al., 2024). The 

causes of AKI can include ischemia, 

inflammation, nephrotoxins, and infectious 

diseases (Breshears et al., 2017), with its 

development also being possible in a hospital 

setting (Segev et al., 2024). CKD is one of the 

most prevalent and progressive conditions 

affecting felines (Cowgill et al., 2016), particularly 

in older populations (Groves, 2020), and 

represents a significant challenge in veterinary 

medicine. Characterized by the irreversible loss 

of renal function, CKD often progresses silently 

until clinical signs become evident in advanced 

stages, making therapeutic interventions less 

effective (Jaturanratsamee et al., 2023; 

Breshears et al., 2017; Ettinger et al., 2017). 

Moreover, AKI and CKD share several common 

features, which can complicate their 

differentiation, particularly since the same 

biomarkers are often used to diagnose and stage 

both conditions (Segev, 2024). 

Regarding the diagnosis, traditional 

biomarkers, such as serum creatinine, BUN, and 

phosphorus, have long been the mainstay for 

assessing renal function (Finch and Heiene, 

2017; Grelová et al., 2022). However, their 

reliability in detecting kidney disease is limited 

by factors such as individual variability, muscle 

mass, and hydration status (Finch and Heiene, 

2017; Kongtasai et al., 2022), becoming relatively 

insensitive until a substantial reduction of 75% 

in renal function occurs. The introduction of 

symmetric dimethylarginine (SDMA) as an early 

biomarker has offered improved sensitivity, 

particularly in early-stage CKD (Loane et al., 

2022), due to its independence from muscle mass 

(Kongtasai et al., 2022). However, it has been 

proven that SDMA can also be influenced by 

feline breeds (Langhorn et al., 2018). 

Nonetheless, a single biomarker rarely provides a 

comprehensive picture of renal health, 

necessitating the integration of additional 

diagnostic parameters (Geddes et al., 2022). 

Other diagnostic methods for kidney disease 

include abdominal ultrasound, which is 

considered the imaging technique of choice for 

renal evaluation (Finch and Heiene, 2017; Guess 

and Grauer, 2017; Spediacci, 2023). Ultrasound 

of the urinary tract, specifically of the kidneys, is 

an essential exam that provides information 

about the size, shape, location, number, contour, 

echogenicity, and internal architecture of the 

kidneys (Hudson, 2020; Widmer et al., 2021; 

Spediacci, 2023). Sometimes, visualization of 

structural changes can precede evidence of 

analytical changes in renal function (Finch and 

Heiene, 2017). Furthermore, it allows the 

evaluation of the cortex, medulla, hilum, blood 

vessels, and perirenal tissues (Pollard and 

Phillips, 2017). Ultrasonographic evaluation of 

renal morphology has emerged as a valuable tool 

in nephrology (Spediacci, 2023). Renal cortical 

thickness has been shown to correlate more 

closely with disease severity than other 

ultrasonographic dimensions, such as length, 

medullary thickness, and cortex-to-medulla ratio 

(Debruyn et al., 2012; Yan et al., 2020). 

This research aimed to design an 

observational study that provided quantitative 

values of the ratio between the renal cortical 

thickness and the aortic abdominal diameter in 

systole, obtained by abdominal ultrasound, in 

felines considered healthy, diagnosed with CKD 

or AKI, as well as relate these values with the 

International Renal Interest Society (IRIS) stages 

and to assess the relationship between the values 

obtained and the established biomarkers such as 

creatinine, SDMA, and phosphorus. Additionally, 

we acknowledge the potential role of FGF-23 as a 

biomarker and suggest further research in this 

area. This study is justified by the need for 

innovative diagnostic strategies that combine 

biochemical and imaging techniques to enhance 

the early detection of kidney disease. Integrating 

a non-invasive ultrasonographic parameter, such 

as the cortical thickness-to-abdominal aorta 

ratio, with traditional and emerging biomarkers 

could significantly improve diagnostic accuracy 

and inform clinical decision-making in veterinary 

nephrology. 

Materials and methods 

Ethical considerations  

The study protocol was approved by the 

Institutional Animal Care and Use Committee 

(Protocol ID: 40/2024). Written informed consent 

was obtained from all owners prior to 

participation, with explicit permission for sample 

collection, ultrasonographic evaluation, and the 

use of clinical data for research purposes. The 

study was conducted in accordance with the 

ARRIVE guidelines. 

Study design and population 
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This study was conducted at the Veterinary 

Teaching Hospital of Lusófona University 

(Lisbon, Portugal) and the Veterinary Hospital 

VetSet (Setúbal, Portugal) from September 2023 

to August 2024. A total of 105 client-owned 

domestic cats (Felis catus) were enrolled and 

categorized into three groups. The control group, 

comprising 50 cats (N=50), consisted of healthy 

animals with no evidence of renal pathology in 

their clinical, laboratory, or ultrasound records. 

These cats were presented at the Veterinary 

Teaching Hospital of Lusófona University for 

previously scheduled elective surgical 

procedures. The study group comprised 55 cats 

(N=55), with evidence of renal changes based on 

clinical history, physical examination, laboratory 

analyses, and abdominal ultrasound. These cats 

were referred to the Veterinary Hospital VetSet 

for diagnosis, hospitalization, and monitoring of 

kidney disease. The study group was then 

subdivided into two subgroups: study group 1 

(CKD), comprising cats diagnosed with chronic 

kidney disease (N=44), and study group 2 (AKI), 

comprising cats diagnosed with acute kidney 

injury (N=11). All diagnoses adhered to the IRIS 

guidelines based on serum creatinine, urea, 

phosphorus, SDMA levels, clinical history, and 

physical examination findings. 

In study group 1 (CKD), the cats were 

classified according to the IRIS stage of CKD. Of 

these, seven cats were classified as stage I (16%), 

11 as stage II (25%), 14 as stage III (31.8%), and 

12 as stage IV (27.2%). In study group 2 (AKI), 

the same classification criteria were applied 

according to the IRIS stage of AKI, with one cat in 

stage I (9.1%), 2 in stage II (18.2%), 3 in stage III 

(27.3%), 1 in stage IV (9.1%), and 4 in stage V 

(36.3%). The inclusion and exclusion criteria are 

presented in Table 1.  

Table 1: Inclusion and exclusion criteria required for each studied group. 
 

Groups Inclusion criteria  Exclusion criteria  

 
 
Control 

1. No renal changes in clinical history 

2. No significant changes on physical examination 

3. No significant changes in blood and urinary 
tests 

4. No significant changes on abdominal 
ultrasound 

1. All criteria applied to study 
groups 1 and 2 

2. Presence of significant changes 
in blood and urinary analysis 

and abdominal ultrasound 

 
 
 
Study group 1 

(CKD) 

1. Have a clinical diagnosis of CKD 

2. Have CKD classification according to IRIS 
staging 

3. Present recorded values of urea, 
creatinine, and/or SDMA and urinalysis 

4. Present ultrasound changes are compatible 
with CKD 

1. Time of more than one week 
between analysis and 
abdominal ultrasound 

2. Suspected or confirmed 

diagnosis of feline 
hyperthyroidism, as it causes 
secondary hypertension 

3. Suspected or confirmed 

diagnosis of renal and/or aortic 
neoplasia, as it causes changes 
in the morphology of the renal 
cortex and/or aorta 

4. Absence of abdominal 
ultrasound or analyses is 
necessary for the staging of CKD 

or AKI 

 
 
 

 
Study group 2 
(AKI) 

1. Have a clinical diagnosis of AKI with relevant 
changes in the clinical history. 

2. Have AKI classification according to IRIS 
staging 

3. Present recorded blood test values 
compatible with azotemia 

4. Know the originating cause of azotemia 
(pre-renal, intrinsic, and post-renal) 

5. Present ultrasound changes are compatible 
with AKI 

CKD=chronic kidney disease, SDMA= Symmetric Dimethylarginine, AKI= acute kidney injury.  

 

Biochemical assessment 

To classify the cats into study groups 1 (CKD) 

and 2 (AKI), blood samples were collected via 

jugular, cephalic, or medial saphenous 

venipuncture and stored in gel tubes with a clot 

activator or dry tubes. The samples were then 

centrifuged at 3,000 g for 10 minutes to obtain 

the serum. Biochemical parameters, including 

phosphorus, BUN, and creatinine, were 

measured using the Fujifilm DRI-CHEM NX600 

dry biochemistry analyzer (Fujifilm Corporation,  

 

Tokyo, Japan). The reference values for 

phosphorus ranged from 2.6 to 6.0 mg/dL, BUN 

from 17.6 to 32.8 mg/dL, and creatinine from 

0.80 mg/dL to 1.80 mg/dL. SDMA analysis was 

performed on the Catalyst One Chemistry 

Analyzer (IDEXX Laboratories, Westbrook, ME, 

USA), with the following reference values: <18 

µg/dL for IRIS stage I, between 18 and 25 µg/dL 

for stage II, between 26 and 38 µg/dL for stage 

III, and >38 µg/dL for stage IV. 
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Ultrasonographic evaluation 

To obtain the ratio between the thickness of the 

renal cortex and the diameter of the abdominal 

aorta during systole in cats, abdominal 

ultrasonography was performed on all study 

participants. The cats were positioned in right 

lateral and/or dorsal decubitus, and cleaning, 

trichotomy, and application of ultrasound gel to 

the abdomen were done to minimize acoustic 

interference. Images of the kidneys and 

abdominal aorta in sagittal and transverse 

sections were acquired using a high-resolution 

ultrasound device (model DC-70 Exp with X-

Insight, Mindray) equipped with a 3- to 11-MHz 

microconvex transducer in B-mode.  

For the measurements, the study by Choo et 

al. (2022), which was conducted in dogs with 

CKD and AKI, served as a reference for selecting 

landmarks. Renal cortical thickness was 

quantitatively measured by analyzing loop videos 

of the ultrasound images and static sagittal 

planes where the renal pyramids and cortex were 

clearly visible. Measurements were taken at three 

different kidney points in the sagittal plane, 

starting from the anterior edge of the center of 

each renal pyramid, perpendicularly to the 

shortest point of the posterior edge of the renal 

capsule (Figure 1A). The process was repeated on 

both the right and left kidneys, and a single value 

was obtained by calculating the arithmetic mean 

of the measurements from both kidneys. 

For the abdominal aortic diameter, the 

ultrasound window was placed immediately 

caudal to the bifurcation of the left renal artery, 

and Doppler imaging was applied when 

necessary. Loop videos of the abdominal aortic 

ultrasound images were also analyzed, and static 

sagittal planes of the most significant aortic 

dilation during systole were selected (Figure 1B). 

The renal cortex-to-aorta ratio was then 

calculated as the mean cortical thickness of both 

kidneys divided by the aortic diameter, providing 

a normalized index that adjusts for individual 

body size variations. 

 
Figure 1: Ultrasound measurements used in this study. Ultrasound visualization of a canine kidney and 

abdominal aorta in a static sagittal plane. (A) Measurement of the renal cortical thicknesses at three different 

points. (B) Measurement of the abdominal aortic diameter in systole, immediately caudal to the left renal artery, 

is represented by the symbol * (Choo et al., 2022). 

Data analysis 

Descriptive statistics were used to summarize 

clinical, biochemical, and ultrasonographic data. 

Statistical analyses were performed using SPSS 

software (version 25.0; IBM Corporation). The 

Python program was utilized for the ultrasound 

measurements obtained, as well as libraries 

specialized in statistics and data visualization, 

such as SciPy for statistical tests and Seaborn for  

 

creating graphs. The significance level adopted 

for all statistical analyses was 5% (p<0.05), 

meaning that only statistically significant 

differences were considered when the p-value 

was less than 0.05, indicating a probability of 

less than 5% that the observed results occurred 

by chance. 

Initially, a normality analysis was performed 

using the Shapiro-Wilk test. When the 
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distributions of the interest variables did not 

follow a normal distribution, the Mann-Whitney 

non-parametric test was conducted to compare 

the two groups. Furthermore, to verify the 

existence of differences in the ratio between the 

control and study groups, a two-sample 

Student's t-test was performed. The one-way 

ANOVA test was applied to compare the ratio 

between the control group, study group 1 (CKD), 

study group 2 (AKI), and between each IRIS stage 

of the respective pathologies. Finally, to compare 

the right and left renal cortex thickness to assess 

the possibility of a unilateral disease 

predisposition, the paired t-test was used. After 

analyzing the data related to the ratio, the 

MedCalc system was also used to develop a 

receiver operating characteristic curve (ROC) to 

obtain cutoff values, sensitivity, and specificity 

for felines with kidney disease compared to 

healthy felines.  

Results 

A total of 105 client-owned domestic cats were 

included in the study, with an average age of 11 

years. The sample comprised 32 males (30.5%) 

and 23 females (41.9%). Regarding breed 

distribution, 83.6% were domestic shorthair 

(N=46), 7.3% Persian (N=4), 3.6% Norwegian 

Forest (N=2), and 1.8% each for Maine Coon 

(N=1), Siamese (N=1), and British Shorthair 

(N=1). 

Ultrasonographic findings: Renal cortical 

thickness 

Regarding renal cortical thickness, the average 

value for the control group was 0.38 ± 0.07 cm 

(mean ± SD), while for study groups 1 and 2, the 

average values were 0.58 ± 0.16 cm (mean ± SD). 

Statistically, there was a highly significant 

difference between the groups, with the study 

group showing higher renal cortical values 

(p<0.001) (Figure 2). The same calculations were 

performed for the abdominal aortic diameter, 

yielding average values of 0.37 ± 0.08 cm for the 

control group and 0.30 ± 0.09 cm for the study 

group (mean ± SD). Statistical analysis also 

revealed a significant difference between the 

groups, with the study group exhibiting smaller 

aortic diameters (p≈0.0013). The results are 

graphically represented in Figure 2. 

 

 

Figure 2: Boxplots representing the average of the renal cortex between the control and the study groups, as 

well as the aortic diameter measurements between them. The y-axis represents the average of the renal cortex 

and the aortic diameter measurements in centimeters. The average of the renal cortex and the aortic diameter 

measurements between the control group and the study group was obtained by calculating the arithmetic mean 

of the measurements. There was a highly significant difference between the groups, with the study group 

showing higher renal cortical values (p<0.001) and smaller aortic diameters (p≈0.0013).  
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Regarding the comparison between the right and 

left renal cortical thickness in the control and 

study groups, the results for the respective sides 

were 0.37 ± 0.07 cm and 0.39 ± 0.08 cm for the 

control group, and 0.61 ± 0.21 cm and 0.65 ± 

0.13 cm for the study group. The paired t-test 

revealed a significant difference between the 

study group's right and left renal cortical 

thicknesses (p≈<0.00005) (Figure 3A). 

Quantitative values were obtained for the control 

group (1.04 ± 0.32 cm), study group 1 (1.90 ± 

0.77 cm), and study group 2 (1.97 ± 0.85 cm). 

The group values were then compared, and the 

results indicated a significant difference between 

the ratio of healthy cats and those with kidney 

disease (p=0.017). The ratio boxplot revealed 

greater variability in the values of the animals in 

the study groups, while the control group 

exhibited a more stable distribution (Figure 3B). 

 

 

Figure 3: A) Representative boxplots of right and left renal cortical thickness between the control and the study 

groups. The y-axis represents right and left renal cortical thickness measurements in centimeters. The 

comparison between the right and left renal cortical thickness in the control and study groups revealed a 

significant difference between the study group's right and left renal cortical thicknesses (p≈0.00005). B) 

Representative boxplot of the ratio between the renal cortical thickness and the abdominal aortic diameter in 

the control and study groups. The y-axis represents the ratio measurements in centimeters. Quantitative values 

were obtained for the control group (1.04 ± 0.32 cm), study group 1 (1.90 ± 0.77 cm), and study group 2 (1.97 

± 0.85 cm). The group values were then compared, and the results indicated a significant difference between 

the ratio of healthy cats and those with kidney disease (p = 0.017). The ratio boxplot revealed greater variability 

in the values of the animals in the study groups, while the control group exhibited a more stable distribution.  

 

To assess the utility of the ratio as a marker 

capable of distinguishing healthy animals from 

those with kidney disease, a ROC curve analysis 

was performed. The resulting cutoff point of ≥1.4 

cm for the ratio effectively differentiated animals 

with kidney disease. This cutoff point 

demonstrated a sensitivity of 81.8% and a 

specificity of 86%. The area under the curve 

(AUC) was 0.90 (90%), with a 95% confidence 

interval of 0.82-0.95 (Figure 4). The inclusion of 

more diverse datasets in future studies could 

enhance the reliability of this analysis. For the 

comparison of the ratio between the control 

group, study group 1 (CKD), and study group 2 

(AKI), the results revealed a significant difference 

between the groups (p≈0.0045), with particular 

emphasis on study groups 1 and 2, which 

exhibited an increased ratio compared to the 

control group. The ratio boxplot showed that 

study group 2 (AKI) had greater variability, while 

the control group exhibited a more homogeneous 

distribution (Figure 5A). To evaluate the accuracy 

of the ratio in differentiating between felines with 

CKD and AKI, a ROC curve analysis was 

performed using data from study groups 1 (CKD) 

and 2 (AKI). The resulting analysis identified an 

optimal cutoff point of ≥2.27 cm, with sensitivity 

and specificity of 72.2% and 45.5%, respectively. 

The area under the curve (AUC) was 0.54 (54%), 

with a 95% confidence interval of 0.40-0.67 

(Figure 5B). 

Biochemical analysis 
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The biomarkers analyzed included creatinine, 

phosphorus, and SDMA. The statistical results 

for creatinine, concerning renal cortical 

thickness, showed a significant difference in 

serum levels between the control and study 

groups (p≈0.0086). However, the two groups 

observed no significant differences between 

phosphorus and SDMA (p≈0.717 for phosphorus 

and p≈0.142 for SDMA). Regarding the 

correlation analysis of the serum biomarker 

values and the ratio between renal cortical 

thickness and abdominal aortic diameter, the 

final results showed that, for the control group, 

there was a very weak negative correlation (-

0.067) between the ratio and creatinine, with no 

significant linear relationship. The correlation of 

(0.0038) was nearly null for phosphorus, 

indicating that its serum levels did not show a 

significant relationship with the ratio in healthy 

cats (Figure 5). Lastly, the correlation between 

SDMA and the ratio was (-0.189), indicating a 

weak but slightly negative relationship (Table 2). 

 

 

 

Figure 4: ROC curve of the ratio between the renal cortical thickness and the abdominal aortic diameter between 

healthy felines and felines with kidney disease. The resulting cutoff point of ≥1.4 cm for the ratio effectively 

differentiated animals with kidney disease. This cutoff point demonstrated a sensitivity of 81.8% and a 

specificity of 86%. The area under the curve (AUC) was 0.90 (90%), with a 95% confidence interval of 0.82-0.95. 
Including more diverse datasets in future studies could improve the reliability of this analysis. 

Table 2: Statistical results for biomarkers concerning renal cortical thickness and the ratio between renal 

cortical thickness and abdominal aortic diameter for each studied group. 

 

Biomarker Renal cortical thickness Ratio 

Creatinine  Significant difference in serum levels between 

the control and study groups (p≈0.0086) 

There was a very weak negative correlation 

(p=-0.067) 

Phosphorus No significant differences (p≈0.717) The correlation, p=0.0038, was nearly null. 

SDMA No significant differences (p≈0.142) The correlation was p=-0.189, indicating a 

weak but slightly negative relationship. 

SDMA= Symmetric Dimethylarginine  
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Figure 5: A) Boxplot of the comparison of the renal cortical thickness and the abdominal aortic diameter ratio 

in the control group, study group 1 (CKD), and study 2 (AKI). The y-axis represents the ratio measurements in 

centimeters. The results revealed a significant difference between the groups (p≈0.0045), with particular 

emphasis on study groups 1 and 2, which exhibited an increased ratio compared to the control group. The ratio 

boxplot showed that study group 2 (AKI) had greater variability, while the control group exhibited a more 

homogeneous distribution. B) ROC curve of the ratio between the renal cortical thickness and the abdominal 

aortic diameter between felines with CKD and AKI. The resulting analysis identified an optimal cutoff point of 

≥2.27 cm, with sensitivity and specificity of 72.2% and 45.5%, respectively. The area under the curve (AUC) was 

0.54 (54%), with a 95% confidence interval of 0.40-0.67. Including more diverse datasets in future studies could 

improve the reliability of this analysis.

Discussion 

The results obtained for the average renal cortical 

thickness between the control and study groups 

demonstrated that there was an increase in 

values in the study groups, which may suggest 

that the renal cortex is affected by kidney 

disease, possibly reflecting its pathological 

changes and causing an increase in its 

dimensions due to the presence of an 

inflammatory reaction in the glomeruli, which are 

located in this anatomical region (Choo et al., 

2022). This finding aligns with the results 

expected in the literature, as also reported by Hoi 

et al. (2018), Yan et al. (2020), and Choo et al. 

(2022), and supports the notion that kidney 

disease affects renal cortical thickness. The 

statistical analysis for the abdominal aortic 

diameter revealed a significant difference 

between the control and study groups, with the 

latter having smaller aortic diameters, suggesting 

that kidney disease can impact the feline 

cardiovascular system through mechanisms 

such as the activation of the renin-angiotensin-

aldosterone system (Geddes et al., 2022).  

In the study conducted by Tanvetthayanont 

et al. (2020), the results for the abdominal aortic 

diameter of healthy cats were 0.32±0.04 cm, 

which aligns with the values obtained in this 

study for the control group, which were 

0.37±0.08 cm. Regarding the values of the study 

groups, there are currently no studies on 

quantitative values to determine the agreement of 

the values obtained. Thus, the significant 

differences found between the groups suggest 

that kidney disease affects both the structure 

and the renal vasculature, which corroborates 

previous studies indicating a strong relationship 

between kidney disease and cardiovascular 

dysfunction, as in the case of cardiorenal 

syndrome (Carrasco et al., 2021). 

Still, regarding the renal cortical thickness, 

the significant difference found between the right 

and left sides in the study groups may suggest an 

asymmetry related to renal impairment. This 

could indicate variations in the development of 

kidney disease, implying that the damage may 

progress unevenly between the kidneys. This 

observed asymmetry may be necessary for 

understanding the development and treatment of 

kidney disease, suggesting the need for 

independent monitoring of each kidney. 
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Furthermore, it is necessary to highlight that the 

renal arteries have the particularity of being able 

to be duplicated, especially on the left side of the 

aorta (Mattoon and Berry, 2021), which could 

explain the greater increase in the left renal 

cortical thickness and emphasize the importance 

of vascularization in feline kidney disease. 

As for the ratio between the renal cortical 

thickness and the abdominal aortic diameter, the 

statistical analysis of the values showed that 

there is a significant difference in the average 

value of the ratio between the control group and 

the study groups (CKD and AKI), indicating that 

animals in the study groups, with possible renal 

impairment, tend to have an altered ratio 

compared to the control group, allowing for the 

differentiation between felines with kidney 

disease and healthy ones. Moreover, the high 

variation in the study groups' ratio may reflect 

physiological changes associated with acute or 

chronic renal impairment, possibly due to 

adjustments in blood flow or renal anatomy in 

affected animals. This more significant variability 

suggests that renal impairment can uniquely 

affect each individual, resulting in a less 

homogeneous distribution compared to the 

control group. The ROC curve analysis indicates 

a high probability of felines presenting kidney 

disease when the ratio value is greater than or 

equal to 1.4 cm. This hypothesis is consistent 

with the results obtained by Choo et al. (2022), 

who studied the applicability of the ratio in 

canine patients with CKD and concluded that 

optimal cutoff points resulted in a sensitivity of 

92% and a specificity of 95%. Therefore, the 

present study suggests that the ratio could be 

used to diagnose renal pathology as a new, 

reliable, and quantitative index for early 

detection. Including more diverse datasets in 

future studies could improve the reliability of this 

analysis. Regarding the differentiation of felines 

into healthy, CKD, or AKI categories, the study 

results showed a significant difference in the 

ratio value between each pathology. Thus, the 

observed difference indicated that cats with CKD 

and AKI, compared to healthy cats, presented 

increasingly higher ratio values, suggesting that 

changes in the ratio may be compatible with 

different kidney conditions. The more significant 

variability of values in study group 2 (AKI) 

suggests that this pathology, as determined in 

the literature, can be classified at different stages 

of progression, with frequent monitoring of its 

evolution being advised (Guess and Grauer, 

2017; Ettinger et al., 2017). However, the ROC 

curve obtained revealed a value of 0.54, 

indicating that the ratio could not differentiate 

between felines with CKD and AKI when applied 

in isolation. This inability may be due to the 

small number of felines with AKI in the present 

study, and further inclusion of more diverse 

datasets in future studies could improve the 

reliability of this analysis. Despite this limitation, 

the ratio still holds promise as a general 

diagnostic tool, but its ability to differentiate 

between CKD and AKI remains a challenge, as it 

is widely recognized in veterinary practice. 

Current literature suggests that the overlap of 

clinical and laboratory findings in patients with 

CKD and AKI often makes the differential 

diagnosis of these pathologies difficult (Segev et 

al., 2024). This study's results suggest that the 

ratio reflects structural changes that may be 

present in both conditions. 

Within the renal serum biomarkers studied, 

and in comparison to the renal cortical thickness, 

creatinine demonstrated a significant difference 

in its serum levels between the control and study 

groups, which may suggest that felines with renal 

disease and increased renal cortical thickness 

showed more significant impairment in renal 

function and, consequently, higher creatinine 

serum values. Thus, the more significant 

variation in values in the study groups reflected 

the severity of the pathological dysfunction. 

Compared with similar studies, this finding 

aligns with results obtained by other authors, 

such as Yan et al. (2020), who found that renal 

cortical thickness correlates more closely with 

creatinine values in felines with CKD than other 

ultrasound renal measurements. Additionally, 

studies in human internal medicine by 

Yamashita et al. (2015) and Takata et al. (2015) 

demonstrated a moderate to strong linear 

correlation between serum creatinine values and 

renal cortical thickness. 

Regarding the renal biomarkers phosphorus 

and SDMA, no significant changes were observed 

in their values between the control and study 

groups in the present study. According to the 

literature, both are early biomarkers of renal 

changes (Loane et al., 2022; Grelová et al., 2022); 

however, in this study, the study groups included 

felines in various IRIS stages of AKI and CKD, 

whether initial or terminal, which could explain 

the lack of correlation observed. Although these 

biomarkers did not show significant differences 

between the groups, they remain important 
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indicators of kidney function (IRIS, 2023), and 

their measurement is recommended whenever 

possible (Grelová et al., 2022). Regarding the 

analysis of the ratio between renal cortical 

thickness and abdominal aortic diameter in 

relation to serum biomarkers in felines with 

kidney disease, the results indicated no 

significant relationships between the ratio and 

serum levels of creatinine and SDMA. The main 

finding was a moderately negative correlation 

between phosphorus and the ratio, indicating 

that higher phosphorus levels are associated 

with a lower proportion of the ratio. In the study 

by Jaturanratsamee et al. (2023), the ratio 

between renal length and abdominal aortic 

diameter in felines with CKD also showed a 

strong negative relationship with biomarkers. In 

CKD, phosphorus is used as an early prognostic 

biomarker, increasing the production of 

fibroblast growth factor 23 (FGF-23) (Kongtasai 

et al., 2020). Thus, the observation of higher 

phosphorus values in correspondence with lower 

ratios may indicate the importance of this 

biomarker in the early stages of CKD and suggest 

that it plays a more relevant role in ultrasound 

changes, with more studies needed to support 

this hypothesis. Therefore, the results of the 

present study indicate the need to investigate 

further the role of biomarkers in determining 

their use for diagnostic and/or treatment 

purposes. 

The integration of the results of the present 

study with existing knowledge reinforces the 

importance of a multimodal diagnostic approach 

for kidney disease. Biomarkers such as SDMA, 

creatinine, and phosphorus provide 

complementary information about renal 

function, while renal ultrasound parameters, 

including the ratio between renal cortical 

thickness and abdominal aortic diameter, aid in 

the early identification of renal structural 

changes. Thus, the present study highlights the 

relevance of adopting new methodologies that are 

accessible and easy to apply in veterinary 

practice. 

One of the limitations of the present study 

includes the sample size, which, although 

representative, may not be sufficient to capture 

the complete variability of the feline population 

with kidney disease, especially in study group 2 

(AKI). Future studies should expand their scope 

to include a more diverse population and utilize 

longitudinal assessments that enable the 

monitoring of disease progression and the 

dynamic interaction between biomarkers and 

ultrasound renal parameters. Furthermore, the 

standardization of storage and analysis 

techniques for emerging biomarkers, such as 

FGF-23, will be crucial to improving the clinical 

applicability of renal biomarkers. 

Conclusions 

The present study makes a significant 

contribution to diagnosing and managing cat 

kidney disease by introducing and validating the 

ratio between renal cortical thickness and 

abdominal aortic diameter as an innovative and 

accessible diagnostic tool. The results, based on 

the correlation between ultrasound parameters 

and serum biomarkers, underscore the potential 

of this ratio to detect renal changes at early 

stages when timely interventions are crucial to 

delay disease progression and enhance patients' 

quality of life. The applicability of this ratio 

represents a noteworthy advancement in modern 

veterinary medicine, providing a non-invasive 

and cost-effective method that complements 

existing diagnostic techniques. Additionally, the 

study emphasizes the importance of adopting 

multidimensional approaches that integrate 

laboratory, clinical, and imaging data to improve 

diagnostic accuracy and facilitate more 

personalized, adequate veterinary care. While 

there are limitations, such as the sample size and 

the absence of longitudinal analyses, which 

suggest the need for further research, this study 

lays the groundwork for integrating diagnostic 

methods. It offers new insights into the 

pathophysiology of chronic kidney disease (CKD) 

and acute kidney injury (AKI) in cats. 
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