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Abstract

Background: Chronic kidney disease (CKD) is a global health burden, with an estimated prevalence of 8-16%. Ultrasound and
estimated glomerular filtration rate (eGFR) are critical tools for assessing renal function, but studies evaluating their correlation
in Ethiopian populations remain lacking. Existing international studies often utilize limited sample sizes, potentially affecting
their generalizability to local contexts. Objective: To compare ultrasound-based renal parenchymal grading with eGFR in CKD
patients at a tertiary care center in Addis Ababa, St. Paul’s Hospital Millennium Medical College. Methods: We conducted an
institutional cross-sectional study of 235 CKD patients from August 2022 to May 2023. eGFR was calculated using the MDRD
formula from serum creatinine values. Standardized ultrasound evaluation assessed cortical echogenicity (graded 0-3 relative to
splenic echogenicity), corticomedullary differentiation, renal length, and parenchymal thickness. Statistical analysis employed
descriptive statistics, ANOVA, and Spearman's correlation using SPSS version 27. Results: The cohort demonstrated significant
progressive decline in mean eGFR values corresponding to worsening ultrasound grades: 60.7 +14.7 mL/min/1.73m? (Grade 0),
43.2 £11 (Grade 1), 26.8 £6.1 (Grade 2), and 12.2 £6.4 (Grade 3). Cortical echogenicity and corticomedullary differentiation
showed particularly strong negative correlations with eGFR (P < 0.001). Renal length demonstrated a significant positive
correlation with eGFR (right: r = 0.470; left: r = 0.454; both P < 0.001), while parenchymal thickness measurements did not
demonstrate strong statistically significant associations. Conclusion: Our study confirms significant correlations between
ultrasound-based renal grading and eGFR in CKD patients. We recommend adopting this grading system in clinical practice
alongside serum creatinine and GFR measurements for comprehensive renal assessment. The results serve as valuable baseline
data for future research, particularly regarding cases with Grade 3 parameters but normal renal size, which may need inclusion in
the grading system.

Keywords

Chronic Kidney Disease, Ultrasound Grading, Glomerular Filtration Rate, Renal Echogenicity, Ethiopia

“Corresponding author: fiyametaab@gmail.com (Fiyameta Abraham Fissehatsion)
Received: 19 August 2025; Accepted: 3 September 2025; Published: 25 September 2025

@ Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/rst
http://www.sciencepg.com/journal/321/archive/3211102
http://www.sciencepg.com/
https://orcid.org/0009-0000-1308-2592
https://orcid.org/0009-0003-5491-4983
https://orcid.org/0009-0009-3375-8970
https://orcid.org/0009-0009-7489-4549
https://orcid.org/0009-0000-6553-9216
https://orcid.org/0009-0004-2767-6761
https://orcid.org/0009-0004-1088-7976
https://orcid.org/0009-0007-6371-8182
https://orcid.org/0009-0008-9327-4129

Radiation Science and Technology

http://www.sciencepg.com/journal/rst

1. Introduction

Chronic kidney disease (CKD) is defined by the presence
of kidney damage or decreased kidney function (GFR <60
mL/min/1.73 m?) for three or more months, irrespective of the
cause [1]. It is a major global health problem, with an esti-
mated prevalence of 8% to 16%, nearly 500 million individ-
uals, of whom 78% reside in low- to middle-income countries
[2, 3]. The estimated incidence rates of CKD in low to mid-
dle-income countries might be up to 4 times higher than those
observed in developed countries. CKD is often asymptomatic
until later stages, making early detection critical to slow pro-
gression to kidney failure [1]. Glomerular filtration rate (GFR)
is the primary laboratory tool for assessing renal function,
with studies reporting CKD prevalence of 14.3%-17.3%
based on eGFR equations [4]. However, ultrasonography
remains the first-line imaging modality for evaluating renal
insufficiency, as findings like echogenicity, renal length, and
parenchymal thickness reflect irreversible changes and dis-
ease progression [5, 6].

In Sub-Saharan Africa, CKD is an increasing health burden
with risk factors that include communicable and
non-communicable diseases [7] and is more commonly af-
fects individuals between 20 and 50 years of age, and the age
of onset of ESRD is 20 years earlier in populations of African
descent compared with other ethnic groups in Western coun-
tries (45 years vs 63 years) [3]. A systematic review high-
lighted CKD as prevalent and escalating in sub-Saharan Af-
rica, yet the problem remains underestimated due to scarce
research [7].

Ethiopia lacks studies correlating renal ultrasound param-
eters (e.g., parenchymal grading) with eGFR or creatinine,
despite evidence from other regions supporting this relation-
ship. For example, several studies show sonography is a good
non-invasive diagnostic tool for evaluating renal disease. A
2020 study conducted in Bangalore, India, among 80 patients
concluded that there is a strong correlation between so-
nographic grading and eGFR calculated using the MDRD
formula [8]. Similarly, a 2016 study in Amritsar, India, in-
volving 100 patients demonstrated that renal parenchymal
disease grade, determined by cortical echogenicity, correlated
well with serum creatinine in CKD, showing a statistically
significant positive relationship (P < 0.001) [9, 10].

Further supporting evidence comes from a 2019 study
conducted in Karachi, Pakistan, involving 200 patients. The
aim of the study was to determine the role of ultrasound in
diagnosing CKD and its correlation with serum creatinine
levels. This research found that cortical echogenicity and its
grading correlated better with serum creatinine than other
sonographic parameters, such as renal length, parenchymal
thickness, or cortical thickness [11]. Additionally, a smaller
study conducted in 2010 among 25 patients in Rhode Island,
USA, explored the relationship between cortical thickness,
renal length, and the degree of renal impairment. It concluded
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that cortical thickness measured on ultrasound is more closely
related to eGFR than renal length [12]. However, these studies’
limited sample sizes and geographic disparities necessitate
validation in local populations. Despite the established role of
ultrasound in CKD evaluation, most studies from developing
countries focus only on late-stage disease detection rather
than early parenchymal changes [6, 13]. This is particularly
concerning in lower-resourced settings, where patients often
present late, when therapeutic interventions have limited
impact.

The characteristic ultrasonographic findings of CKD; small
kidney size, increased cortical echogenicity, and thinning of
parenchyma represent irreversible damage [5, 14]. However,
earlier detection of these changes could potentially allow for
more timely intervention to slow disease progression. While
studies from India and Pakistan demonstrate good correlation
between sonographic parameters and renal function tests [8, 9,
11], their applicability to our population remains uncertain
due to differences in disease patterns and healthcare access.
This highlights the need for local data to guide clinical prac-
tice.

Ultrasound is indispensable for diagnosing and monitoring
CKD due to its safety, accessibility, and ability to detect
structural abnormalities like increased cortical echogenicity, a
hallmark of chronic renal failure [14, 15]. While no so-
nographic features distinguish glomerular from tubulointer-
stitial diseases [13], grading systems based on echogenicity
and parenchymal thickness correlate significantly with serum
creatinine and eGFR [9-11]. Despite this, no such studies exist
in Ethiopia, leaving a gap in utilizing ultrasound for early
CKD detection and management.

The clinical implications of establishing this correlation are
significant for resource-limited settings like Ethiopia. Ultra-
sonography is more accessible and affordable than repeated
eGFR measurements for CKD monitoring, particularly in pe-
ripheral health facilities [5, 16]. If validated, sonographic pa-
rameters could serve as reliable surrogates for renal function,
especially where laboratory services are inconsistent. Addi-
tionally, incorporating sonographic grading systems into rou-
tine practice could improve the consistency of reporting among
radiologists and sonologists, thereby standardizing CKD eval-
uation and facilitating better clinical decision-making. This
study will address these practical needs while contributing to
the limited body of African research on CKD diagnostics and
serving as a baseline for future research [3, 7].

This study aims to determine the relationship between so-
nographic parameters (cortical echogenicity, parenchymal
thickness, renal length, and cortical thickness) and eGFR. For
radiologists and sonologists, standardized grading of paren-
chymal changes would improve reporting consistency and
clinical utility [6, 15]. For clinicians, combining imaging
findings with eGFR could enhance diagnostic confidence and
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monitoring of CKD progression [8]. This study will address
these practical needs while contributing to the limited body of
African research on CKD diagnostics and serving as a base-
line for future research [3, 7].

2. Methods and Materials

2.1. Study Area

The study area was at St. Paul's Hospital Millennium
Medical College. It is one of the tertiary referral hospitals
directly under the Federal Ministry of Health of Ethiopia. The
hospital serves approximately 300,000 people annually, with
a catchment population exceeding 5 million. It has a total bed
capacity of 360, and on average, 650 patients visit the hospital
as outpatients and emergencies daily. The hospital college
offers both academic and non-academic services across var-
ious clinical disciplines.

The St. Paul's Hospital Millennium Medical College renal
clinic is one of the follow-up units in the internal medicine
department for renal patients with chronic kidney disease and
non-CKD. The follow-up clinic works three times per week
on Monday, Wednesday, and Friday, where around 40 pa-
tients per day are seen, which means approximately 480 pa-
tients are seen per month. The outpatient ultrasound unit,
operating within the radiology and MRT department, handles
a high volume of cases. It serves approximately 80 patients
daily, amounting to about 1,600 ultrasound examinations per
month.

2.2. Study Period

The study was conducted from August 2022 to May 2023.

2.3. Study Design

The study design was an institutional-based cross-sectional
Study.

2.4. Population

2.4.1. Target Population
All CKD patients who are on follow-up.

2.4.2. Source Population

All CKD patients who are on routine follow-up at the renal

sub-specialty clinic at St. Paul’s Hospital Millennium Medical
College from April 2022 to May 2023.

2.4.3. Study Population

All CKD patients who are on routine follow-up at the
renal sub-specialty clinic at St. Paul’s Hospital Millen-
nium Medical College from January 30, 2023, to Febru-
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ary 30, 2023, who fulfill the inclusion and exclusion cri-
teria.

2.5. Inclusion and Exclusion Criteria

2.5.1. Inclusion Criteria

1) CKD patients with bilateral renal disease at St. Paul’s
Millennium Medical College from April 2022 to Feb-
ruary 2023.

2) Age>18 years.

2.5.2. Exclusion Criteria

1) Patients on renal replacement therapy like dialysis (to
avoid statistical variations as the serum creatinine may
not be consistent in them).

Patients with a single kidney, obstructive uropathy,
cases of polycystic kidney disease, renal malignancy,
patients in sepsis, and having acute illnesses like diar-
rhea, dehydration, and acute febrile illness.

2)

2.6. Sample Size Determination and Sampling
Technique

2.6.1. Sample Size Determination

The sample size was calculated using the single population
proportion formula. Since most literature uses small sample
sizes and the p-value from those studies is small, a p-value of
50% was taken as the proportion of patients. With 95% cer-
tainty, a 0.05 type | error rate, and an approximate population
of 480 patients (based on the number of patients seen in one
month of data collection), a sample size of 214 was deter-
mined. Adding a 10% non-response rate yielded a final sam-
ple size of 235, calculated using the formula indicated below:

— [z22 xp(1-p)] / e2
[1+(z2xp(1-p)) / (e2 X N)]

)]

Where:

N = population size = 480

Z =z-score = 1.96

e = margin of error = 0.05

p = standard of deviation = 0.5

2.6.2. Sampling Technique

The renal clinic at SPHMMC operates three days per week
(Monday, Wednesday, and Friday), with an average of 40
patients seen daily. This translates to approximately 480 pa-
tients per month during our data collection period. From this
population, we applied systematic sampling to select our
required 235 study participants.

The sampling was conducted by selecting every third pa-
tient from the appointment cards (1:3 sampling interval). For
each selected patient, we collected clinical information and
performed renal ultrasound examinations according to our
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study protocol.

2.7. Study Variables

2.7.1. Predictor Variables

Age

Sex

Cortical echogenicity
Cortico-medullary differentiation
Renal longitudinal size
Parenchymal/ Cortical thickness

2.7.2. Response Variables

Serum Creatinine
Glomerular Filtration Rate/GFR

2.8. Operational Definitions

Estimated Glomerular Filtration Rate (eGFR): Calculated
from serum creatinine using the Modified Diet in Renal Dis-
ease (MDRD) formula. GFR and creatinine are inversely
related.

Normal Renal Dimensions:

1) Longitudinal length:

i. Right kidney: 8-12.5 cm [17]
ii. Left kidney: 8.3-12.8 cm [17]

2) Parenchymal thickness: 1.8-2.24 cm [18]

3) Cortical thickness: 8-11.5 mm [19]

Sonographic Parameters:

1) Cortical echogenicity: Graded as:

i. Hypoechoic (less than spleen)
ii. Isoechoic (equal to spleen)
iii. Hyperechoic (greater than spleen)
2) Corticomedullary differentiation: Classified as:
i. Preserved
ii. Decreased
iii. Lost

Rationale for Spleen Comparison: Different literature use
either liver or spleen as a comparative organ for grading. In
this study, the spleen was used as the reference organ because
hepatic echogenicity is often unreliable in CKD patients.

Chronic conditions like diabetes mellitus (a common CKD
etiology) cause hepatic steatosis, artificially increasing liver
echogenicity and potentially underestimating renal pathology
[20].

Grading of Renal Parenchymal Changes [20]:

1) Grade 0: Normal kidney size; cortical echogenicity <
spleen; preserved corticomedullary differentiation.
Grade 1: Normal kidney size; cortical echogenicity =
spleen; maintained corticomedullary differentiation.
Grade 2: Normal kidney size; cortical echogenicity >
spleen; decreased corticomedullary differentiation.
Grade 3: Reduced renal length; cortical echogenicity >
spleen; poorly maintained corticomedullary differenti-

2)
3)

4)
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ation.

2.9. Data Collection, Analysis & Quality Control

This study was conducted in the Department of Radiology
and MRT at St. Paul's Hospital Millennium Medical College
in collaboration with the Department of Medicine. Clinical
data including age, sex, duration of illness, comorbidities and
other parameters from the inclusion/exclusion criteria were
collected from patient medical cards. The estimated glomer-
ular filtration rate (eGFR) was calculated from serum creati-
nine levels using the Modified Diet in Renal Disease (MDRD)
formula, which gives eGFR in ml/min/1.73 m% Abdominal
sonography was then performed by a final year radiology
resident for all patients who met the inclusion criteria. As the
principal investigator, |1 used a self-developed digital data
collection template through KoBoToolbox to carefully record
both the ultrasound findings and clinical data from medical
charts, organizing the information as both numeric and cate-
gorical data for statistical analysis.

For data quality control, the KoBoToolbox form was pre-
pared with predetermined sets of information before data
collection began to minimize errors, and the principal inves-
tigator double-checked all collected data before being sub-
mitted to the system. The entered data were then transferred
from KoBoToolbox to SPSS version 27 for analysis. The data
analysis included descriptive statistics (proportions, means,
medians and frequencies presented in tables and graphs) as
well as inferential statistical analysis using one-way ANOVA
methods and Spearman’s correlation coefficient to examine
relationships between variables.

2.10. Ethical Considerations

Ethical clearance was obtained from both the Department
of Radiology and Medical Radiology Technology and the
Institutional Review Board (IRB) of St. Paul's Hospital Mil-
lennium Medical College prior to initiating data collection.
All patient information was handled with strict confidentiality,
and collected data were used exclusively for research pur-
poses following the approved study protocol.

All participants provided written informed consent before
taking part in the study. They were thoroughly informed about
the study’s objectives, inclusion criteria, what their participa-
tion would involve, and how their privacy would be protected.
Participants were also reminded that their participation was
entirely voluntary and that they could decline to participate
without any consequence.

3. Result

3.1. Socio-Demographic Characteristics

The study included 235 participants, consisting of 140
males (59.6%) and 95 females (40.4%). Participants had a
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mean age of 49 years with a standard deviation of 14.7 years,
ranging from 16 to 86 years. No gender-based differences
were observed in the findings.

3.2. Sonographic Characteristics

3.2.1. Cortical Echogenicity and Corticomedullary
Differentiation

Cortical echogenicity was normal/hypoechoic in 16 cases
(6.8%), isoechoic in 65 cases (27.7%), and hyperechoic in 154

cases (65.5%). Corticomedullary differentiation was pre-
served in 88 cases (37.4%), decreased in 33 cases (14%), and
lost in 114 cases (48.5%). No hypo-/isoechoic kidneys ex-
hibited CMD loss. Hyperechoic cortices (65% of cases)
showed severe dysfunction, with creatinine levels 5.5xhigher
(6.48 £3.04 vs. 1.83 +0.50 mg/dL, p < 0.001). Notably, every
case of decreased (14%) and lost (48.5%) cortical medullary
differentiation (CMD) was observed exclusively in hy-
perechoic kidneys [Table 1].

Table 1. Cortical Echogenicity, CMD Status and Renal Function.

T hoi Hyperechoic
Parameter (n);q%(;c ol Isoechoic (n=65) p-value
Decreased CMD (n=30) Lost CMD (n=114)
Creatinine (mg/dL)  1.52 +0.40 1.91 +0.52 2.71 +£0.53 6.48 +3.04 <0.001
eGFR 60.7 £14.7 42,6 £11.5 26.8 +6.1 12.6 +6.2 <0.001

CMD Status (%) 100% Preserved ~ 100% Preserved

100% Decreased

100% Lost

Abbreviations: CMD = corticomedullary differentiation; eGFR = estimated glomerular filtration rate; n = number of participants

3.2.2. Renal Size and Function

Kidney size was normal in 70% of cases and small in 30%,
with no significant difference between right and left kidneys,
and no abnormal enlargement was seen. The mean renal length

was 9.5 cm (SD =0.8) on the right side and 9.8 cm (SD +1.1)
on the left side. Renal length showed a statistically significant
positive correlation with eGFR and a negative correlation with
serum creatinine (p < 0.001) [Table 2] [Figure 1].

Renal Size Comparison With Serum Creatinine

e | cft Renal Size

SERUM CREATININE ESTIMATED MARGINAL MEAN
E=

12 11.5 11 10.5

e Right Renal Size

10 9.5 9 8.5 8

RENAL SIZE IN CENTIMETERS

Figure 1. Renal Function Trends Across Varying Renal Sizes.


http://www.sciencepg.com/journal/rst

Radiation Science and Technology

http://www.sciencepg.com/journal/rst

Table 2. Correlation of Renal Size with Kidney Function Markers (Spearman's correlation matrix).

Variable Serum Creatinine (r, p) GFR (r, p) Renal Size (Right) (r, p) Renal Size (Left) (r, p)
Serum Creatinine 1.000 - -0.479* (<0.001) -0.459* (<0.001)
eGFR - 1.000 0.470* (<0.001) 0.454* (<0.001)

Renal Size (Right) -0.479* (<0.001) 0.470* (<0.001) 1.000 0.888* (<0.001)

Renal Size (Left) -0.459* (<0.001) 0.454* (<0.001) 0.888** (<0.001) 1.000

Abbreviations: r = Spearman's rank correlation coefficient, p = p-value (2-tailed), * = Significant at p < 0.01. eGFR, estimated glomerular

filtration rate, Sample size (N = 235) is consistent for all analyses.

3.2.3. Renal Parenchymal and Cortical Thickness

The mean parenchymal thickness was 1.77 cm (range:
1-2.35 cm; SD %0.3), with Right: 1.1 cm (range: 1.0-2.35 cm;
SD=0.3 cm), Left: 1.3 cm (range: 1.0-2.35 cm; SD=0.3 cm).

Renal parenchyma showed normal thickness in 75% of cases,
reduced thickness in 18%, and unmeasurable thickness in 7%
due to lost corticomedullary differentiation. Cortical thickness
averaged 1.3 cm (range: 1.1-2.5 cm; SD £1.2) bilaterally.

Pearson correlation analysis revealed the following key

findings: (1) No significant correlations were observed be-
tween parenchymal thickness of either kidney and serum
creatinine levels (right: r=-0.059, p=0.513; left: r=-0.090,
p=0.310); (2) While left kidney parenchymal thickness
showed no association with eGFR (r=0.052, p=0.560), right
kidney parenchymal thickness demonstrated a weak positive
correlation with eGFR (r=0.176, p=0.048); (3) Cortical
thickness measurements for both kidneys failed to show any
significant correlations with either eGFR or serum creatinine
levels (all p>0.05) [Table 3].

Table 3. Correlations of Renal Parenchymal and Cortical Thickness Measurements with eGFR and Serum Creatinine (Pearson correlation).

Parameter eGFR (r, p)
Right Parenchymal Thickness 0.176*, 0.048
Left Parenchymal Thickness 0.052, 0.560
Right Cortical Thickness 0.016, 0.874
Left Cortical Thickness 0.044, 0.654

Abbreviations: r = Pearson correlation coefficient; p = p-value

3.2.4. Renal Parenchymal Grading and Renal
Function

Ultrasound evaluation revealed the following distribution
of renal parenchymal changes: grade O in 16 cases (6.8%),
grade 1 in 62 cases (26.4%), grade 2 in 30 cases (12.8%), and
grade 3 in 70 cases (29.8%).

Mean serum creatinine levels increased progressively
across parenchymal grades: grade 0 (1.518 0.395 mg/dL;
range: 1.12-1.913), grade 1 (1.875 +=0.496 mg/dL; range:
1.38-2.37), grade 2 (2.713 £0.528 mg/dL; range: 2.185-3.24),
and grade 3 (6.7 = 3.11 mg/dL; range: 3.59-9.81). Mean
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Serum Creatinine (r, p)

—0.059, 0.513
—0.090, 0.310
—0.108, 0.268
—0.140, 0.153

eGFR values decreased with higher parenchymal grades:
grade 0 (60.7 14.7 mL/min/1.73 m%; range: 46-75.4), grade
1 (43.2 =11 mL/min/1.73 m? range: 32.2-54.2), grade 2
(26.8 6.1 mL/min/1.73 m% range: 20.7-32.9), and grade 3
(12.2 +6.4 mL/min/1.73 m?; range: 5.8-18.6).

Grade 0 was associated with a normal mean eGFR of 60.7 +
14.7 mL/min. Grades 1 and 2 showed intermediate impair-
ment, with significant differences across groups (p < 0.001,
ANOVA). Grade 3 correlated with end-stage renal disease
(ESRD)-range eGFR of 12.2 6.4 mL/min and elevated se-
rum creatinine (6.70 =3.11 mg/dL) [Table 4].
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Table 4. Renal Parenchymal Grading and Renal Function.

Grade Ultrasound Parameters Number (%)
0 Hypoechoic, Preserved CMD, Normal size 16 (6.8%)

1 Isoechoic, Preserved CMD, Normal size 62 (26.4%)

2 Hyperechoic, Decreased CMD, Normal size 30 (12.7%)

3 Hyperechoic, Lost CMD, Decreased size 70 (29.7%)

Mean Cre- Creatinine Mean eGFR %=

atinine £SD Ranae SD GFR Range
(mg/dL) g (mL/min/1.73m?)

1.52 +£0.40 1.12-1.91 60.7 £14.7 46.0-75.4
1.88 +£0.50 1.38-2.37 43.2 £11.0 32.2-54.2
2.71 £0.53 2.18-3.24 26.8 £6.1 20.7-32.9
6.70 £3.11 3.59-9.81 122 6.4 5.8-18.6

Abbreviations: CMD = Corticomedullary differentiation; SD = Standard deviation; eGFR = Estimated glomerular filtration rate; CKD =

Chronic kidney disease.

3.3. Univariate Analysis of Echogenicity and Corticomedullary Differentiation

Univariate two-way ANOVA showed statistically significant differences (p < 0.001) in mean serum creatinine and eGFR
values across grades of cortical echogenicity and corticomedullary differentiation [Table 5].

Table 5. Univariate Two-Way ANOVA Analysis Results for Renal Function by Cortical Characteristics.

Serum Creatinine

Characteristic Group

(mg/dL)

Cortical Echogenicity F=47.1, p<0.001

Hypoechoic (n=16) 1.52 +£0.40
Isoechoic (n=65) 1.91 +0.52
Hyperechoic (n=154) 5.46 £3.14

CMD Status F=62.5, p<0.001
Preserved (n=88) 1.83 +0.50
Decreased (n=33) 2.71 +£0.51
Lost (n=114) 6.48 +3.04

eGFR

(ML/min/1.73m?) Post-Hoc Comparisons (p<0.001)

F=37.7, p<0.001 Hyperechoic > Isoechoic > Hypoechoic

60.7 £14.8 Hypo vs Hyper: A44.5 GFR
42.6 x11.5 Iso vs Hyper: A26.4 GFR
16.2 +9.0

F=35.0, p<0.001 Lost > Decreased > Preserved

46.1 +14.2 Lost vs Preserved: A33.5 GFR
27.0£6.1 Decreased vs Preserved: A19.1 GFR
12.6 +6.2

ANOVA = Analysis of Variance; F = F-statistic; p = probability value; CMD = Corticomedullary differentiation; eGFR = Estimated glomerular
filtration rate; post-hoc comparisons performed using Hochberg's GT2 method to account for unequal variances (all Levene's tests p<0.001); A

Change/difference in value; Data shown as mean +Standard deviation

4. Discussion

In this study, we observed that hyperechoic renal cortices
were present in the majority of CKD patients (65.5%), with
corticomedullary differentiation (CMD) either decreased or
lost in 48.5% of cases. Notably, all cases with lost or de-
creased CMD were exclusively associated with hyperechoic
cortices, reinforcing the progressive nature of CKD-related
structural changes. These findings align with established
literature, where increased cortical echogenicity is a hallmark
of chronic renal parenchymal disease [5]. Recent studies
confirm that ultrasonography has become an essential
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non-invasive tool for evaluating kidney diseases [21]. Grad-
ing renal parenchymal changes by ultrasound helps assess
disease severity [22], while eGFR calculated using the
MDRD formula remains the most important indicator of renal
function, prognosis, and disease staging [23]. Our results are
consistent with reports identifying increased cortical echo-
genicity as the most common ultrasonographic abnormality in
CKD patients [13].

The grading system used in this study revealed a clear in-
verse relationship between ultrasound grades and renal func-
tion. Specifically, higher grades of cortical echogenicity
(Grades 2 and 3) correlated with significantly elevated serum
creatinine levels (Grade 2: 2.713 0.528 mg/dL; Grade 3: 6.7
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+3.11 mg/dL) and markedly reduced eGFR values (Grade 2:
26.8 +6.1 mL/min/1.73 m?; Grade 3: 12.2 +6.4 mL/min/1.73
m?). These findings are supported by J. Siddappa et al., who
reported that among various sonographic parameters, renal
echogenicity and its grading as the most reliable ultrasound
features correlating with serum creatinine levels in CKD
patients. Their study demonstrated that as cortical echo-
genicity increased, renal function, reflected by serum creati-
nine, worsened [10]. Similarly, Shivashankara et al. found a
linear inverse correlation between eGFR and the sonographic
grade of parenchymal changes, supporting the clinical rele-
vance of echogenicity grading [20].

A 2016 prospective study conducted in Amritsar, India,
involving 100 patients, also reported that the grading of renal
parenchymal disease by cortical echogenicity showed a sta-
tistically significant positive correlation between increased
cortical echogenicity and higher serum creatinine levels (P <
0.001) [9]. Additionally, a study published in 2020 in Ban-
galore, India, among 80 patients concluded that there was a
good correlation between sonographic grading and eGFR
using the MDRD formula [8]. Our research shows a compa-
rable result, emphasizing the clinical usefulness of so-

nographic grading in assessing renal function in CKD patients.

The histological basis for this correlation is well-documented,
as increased echogenicity reflects interstitial fibrosis and
glomerulosclerosis, which are irreversible markers of CKD
progression [15].

In addition, renal length also showed significant correlation
with renal function (P < 0.001). Specifically, significant in-
verse correlation with serum creatinine (Right: p=-0.479,
p<0.001; Left: p=-0.459, p<0.001), Significant positive cor-
relation with eGFR (Right: p=0.470, p<0.001; Left: p=0.454,
p<0.001), and Strong bilateral symmetry in correlations
(Right-Left correlation: p=0.888, p<0.001) was observed.
These findings align with O’Neill et al. [6], who identified
renal length as a clinical predictor of functional decline in
CKD, though our correlations were stronger than those re-
ported in some prior studies where renal length lacked sig-
nificance [9, 14]. Still, our results suggest that renal length
may still serve as a supplementary marker in certain clinical
contexts, particularly in early-stage CKD, where structural
changes are less pronounced.

In this study, parenchymal and cortical thickness meas-
urements did not exhibit a strong significant correlation with
renal function. Except for the weak positive correlation found
between right renal parenchymal thickness and eGFR
(Spearman's p = 0.176, p = 0.048), no statistically significant
association was found between renal parenchymal or cortical
thickness and either eGFR or serum creatinine levels (P >
0.01). This aligns with the work of Yamashita et al., who
concluded that parenchymal thickness lacks predictive value
for renal function impairment, urging clinicians to discourage
its use in clinical contexts to infer correlation [19]. On the other
hand, earlier studies have shown a statistically significant cor-
relation between cortical thickness and renal function. [12, 13,
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19]. While differences in sample size, contributions of differing
population characteristics (e.g., proportion of diabetic CKD
participants), and measurement techniques can explain this
difference, it has been shown that cortical thickness does not
significantly correlate with histologic markers (Tubular at-
rophy, interstitial inflammation/fibrosis, and glomerular
sclerosis), which supports the finding of this study [15].

From a regional perspective, there is a notable scarcity of
published data on this subject from our geographical area.
While this limited direct comparison with local studies, our
findings provide valuable new evidence by demonstrating
significant correlations between sonographic parameters and
renal function markers, relationships established in other
populations but previously unconfirmed in our population.
The strong associations we observed between ultrasound
findings (particularly cortical echogenicity and renal length)
and biochemical markers align with international studies,
suggesting sonographic assessment could be valuable for
CKD monitoring in resource-limited settings. These results
provide foundational data for establishing local reference
standards and should prompt further investigation of popula-
tion-specific variations.

5. Strengths and Limitations of the Study

5.1. Strengths

A major strength of this study is its practical and
cost-efficient design, which allowed for reliable data collec-
tion with minimal resources. This approach not only makes
our methods easily replicable but also particularly valuable,
especially in low-resource settings where complex or expen-
sive techniques may not be feasible. The cross-sectional de-
sign also allowed us to efficiently examine multiple variables
at once, capturing important relationships within our study
population.

5.2. Limitations

One limitation of our study was the absence of a pub-
lished article based on our geography that recommends
standard measurements of some of the ultrasound param-
eters, like renal size, cortical and parenchymal thickness,
since these values differ in different races and geographic
areas. Additionally, our statistical analysis was constrained
by the violation of ANOVA’s homogeneity of variance
assumption, which could influence the reliability of the
results. Finally, our grading system did not account for a
significant number of overlapping cases where patients
exhibited parameters similar to Grade 3 but had normal
renal size, which could influence the comprehensiveness of
the grading criteria.
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6. Conclusion and Recommendations

6.1. Conclusion

In this study, we assessed the relationship between so-
nographic parameters and grading of renal parenchymal
changes with serum creatinine and estimated GFR (eGFR).
Our findings show a statistically significant negative correla-
tion between renal parenchymal grading and eGFR (p < 0.01),
as well as a statistically significant positive correlation be-
tween renal parenchymal grading and serum creatinine (p <
0.01).

Therefore, we can conclude that renal parenchymal grading
using ultrasound shows a meaningful association with both
eGFR and serum creatinine, supporting its potential use as a
helpful tool in evaluating renal function.

6.2. Recommendations

From the findings of this research, it is recommended that
the renal parenchymal grading system used in this study be
considered as part of routine ultrasound evaluation, as it may
aid in assessing renal function alongside serum creatinine and
eGFR. This grading approach can also serve as a baseline
reference for future studies in similar clinical settings. In
addition, cases with sonographic features closely resembling
Grade 3 changes but showing normal renal size should be
evaluated for possible inclusion under Grade 3, given the
notable overlap observed. Further research is also necessary,
especially focusing on parameters and measurements noted in
this study’s limitations, to expand understanding and validate
these findings across different populations and clinical con-
texts.
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