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INTRODUCTION 
Chronic Kidney Disease (CKD), with an increasing 
incidence and prevalence, is being a worldwide 
public health problem.1 Chronic Kidney Disease 
(CKD) is a condition characterized by kidney damage 
for three or more months or Glomerular Filtration 
Rate (GFR) less than 60ml/minute/1.73m2 for three 
or more months with or without kidney damage.2 The 
worldwide prevalence of Chronic Kidney Disease 
is estimated to be 8-16%.3 Prevalence of Chronic 
Kidney Disease is reported to be 17.4% in India4 and 
6% in Nepal.5 Ultrasonography (USG) is the ideal 
imaging modality in CKD because it is non-invasive, 
less costly, easily accessible, can visualize kidneys 
and provides sufficient anatomical details. The aim 
of this study was to find out the correlation of renal 
length, width and parenchymal thickness with eGFR 
and association between renal cortical echogenecity 
grade and eGFR in CKD patients visiting the tertiary 
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care hospital (Patan Academy of Health Sciences).

METHOD
The study was an observational cross-sectional 
study conducted at the Department of Radiology 
and Imaging, Patan Hospital, Patan Academy of 
Health Sciences, Lalitpur, Nepal from March 2021 
to March 2022. Any diagnosed cases of CKD who 
were 18 years or above and were willing to give 
informed consent were included in the study. Patients 
on kidney replacement therapy (Haemodialysis, 
peritoneal dialysis and renal transplantation) or 
with solitary kidney were excluded from the study. 
Patients were identified to have CKD as per the 
confirmed diagnosis made by Internal medicine 
department of Patan Hospital. Ultrasonography was 
performed by the researcher at USG room of Patan 
Hospital when referred by the respective department. 
As the participants were referred by the department 
within the hospital there was no extra financial 
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burden on patients. Ultrasonography of the kidneys 
was performed and kidney length, kidney width, 
parenchymal thickness, cortical echogenecity, and 
corticomedullary differentiation were evaluated. 
Renal length was measured as the greatest pole to 
pole distance in the sagittal plane whereas renal width 
was measured as the maximum transverse axis in the 
hilar region.6,7 Renal parenchymal thickness was 
measured as the distance between the sinus fat and 
the renal capsule of the kidney and was obtained at 
the upper, middle and lower pole.6 The renal cortical 
echogenicity was compared to  spleen. Renal Cortical 
Echogenecity Grade ranges from Grade 0 to Grade 
4 based on its comparison with the echogenecity 
of spleen and corticomedullary differentiation.7 
Diagnosed cases fulfilling the inclusion and exclusion 
criteria were explained about the study design and 
were assured full confidentiality and an informed 
written consent was taken subsequently. As all the 
cases were pre-diagnosed as CKD, only a single 
serum creatinine measurement within a week before 
or after ultrasonography were taken in the study and 
the eGFR was calculated as per the recommendation 
of National Kidney Foundation using CKD-
EPI equation (2021).8 Patients underwent renal 
sonography in the supine position. Three readings 
were measured for kidney length, kidney width, and 
parenchymal thickness at upper, middle and lower 
pole and averages of the readings were used as final 
information. Final kidney length was obtained by 
averaging the length of both the kidneys. Final kidney 
width was obtained by averaging the width of both 
kidneys. Final parenchymal thickness was obtained 
at the upper, middle and lower pole of both the 
kidneys and average was calculated to obtain kidney 
parenchymal thickness. Renal Cortical echogenecity 
grade was done comparing the echogenecity of renal 
cortex with that of spleen on the basis of grading as 
per the operational definition. The required minimum 
sample size was calculated to be 35 using the 
correlation rl= 0.46 for kidney length and eGFR in 
patients of CKD from the study of Lucisano et al.6

Data entry was done in Epi-Info 7 and imported to 
MSExcel for cleaning. The cleaned file was then im-

ported to the EZR software for further analysis. De-
scriptive and inferential analyses were done where 
necessary. Spearman’s correlation coefficients were 
calculated as the dependent variable eGFR showed 
non-normal distribution. Kruskal Wallis test was used 
to identify the difference in the median eGFR among 
different echogenecity grades. Approval of the study 
was obtained from the Institutional Review Com-
mittee (IRC) of PAHS (Reference Number: PMR 
2103021486). Informed consent was obtained from 
all participants before collection of information. Ge-
neric PAHS format in English and Nepali were used 
for written consent. The participation in the study was 
voluntary and the participants were informed about 
the option to withdraw from the study at any time 
without giving any reason during the study period. 
Confidentiality of the participants was guaranteed by 
not collecting information on name of the patients 
and protecting the information on password protected 
laptop of the researcher.

RESULTS
A total of 35 patients diagnosed with CKD were 
included in the study. Out of which, 23 (65.7%) were 
males and 12 (34.3%) were female with male to female 
ratio of 1.9:1. The patient with minimum age was of 19 
years and the patient with the maximum age was of 82 
years. Maximum number of the patients belonged to 
45-54years (25.7%) and least number of patients were 
observed in 18-24 years (5.7%). Highest number of 
patients had Grade II (37.1%) renal cortical echogenicity 
followed by Grade III (31.5%), Grade I (17.1%) and 
lowest number of patients had Grade IV (14.3%).
The mean age of the patients with CKD was 53.1±16.4 
years with the minimum age of 19 years and maximum 
age of 88 years.  The mean kidney length of the 
patients with CKD was 8.5±0.8 cm with the minimum 
of 6.5 cm and maximum of 10.15 cm. The mean of 
kidney width of the patients with CKD was 3.6±0.4 
cm with the minimum of 2.8 cm and maximum of 
5.0 cm. The median of the kidney width was 3.5 cm 
with first quartile (Q1) as 3.3 cm and third quartile 
(Q3) as 3.8 cm. The mean of kidney parenchymal 
thickness of the patients with CKD was 1.2±0.2 cm 
with the minimum of 0.9 cm and maximum of 1.8 
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cm. The mean of eGFR of the patients with CKD was 
14.9±9.0 ml/min/1.73m2 with the minimum of 4.0 ml/
min/1.73m2 and maximum of 43.0 ml/min/1.73m2. 
The median eGFR was 11.0 ml/min/1.73m2 with first 
quartile (Q1) as 8.5 ml/min/1.73m2 and third quartile 
(Q3) as 18.0 ml/min/1.73m2.             
On Spearman’s rank correlation test, a significant 
moderate positive correlation (rs = 0.4627546, S = 
3835.9, p-value = 0.005124) was identified between 
eGFR and kidney length (Figure 1); a significant 
weak positive correlation (rs = 0.3399252, S = 
4712.9, p-value = 0.04572) was identified between 
eGFR and kidney width (Figure 2); and a significant 
moderate positive correlation (rs = 0.5188738, S = 
3435.2, p-value = 0.001405) was identified between 
eGFR and kidney parenchymal thickness (Figure 3). 
On Kruskal Wallis test, difference in median eGFR 
in any one of the echogenicity grades was identified. 
On pairwise comparisons using Mann-Whitney U test 
with p-value adjustment under Bonferroni method, 
significant difference in median eGFR was identified 
among Grade I and Grade III (p= 0.03), Grade I and 
Grade IV (p=0.05), Grade II and Grade III (p=0.03), 
Grade II and Grade IV (p=0.02), and Grade III and 
Grade IV (p=0.03) (Table 1, Table 2 and Figure 4).

DISCUSSION
The study was carried out to establish the reliability 
of ultrasonography for estimation of kidney function 
status in patient with CKD by comparing the various 
renal sonographic parameters with eGFR. Thirty-five 
patients who had been diagnosed with CKD were 
included in the study. Mean age of the patients in this 
study was 53.1 years with majority (more than 70%) 
above the age of 44 years. Study have identified people 
with more age to have CKD.9,10 Moreover, prevalence 
of chronic illness like hypertension and diabetes is 
high in older age which may lead to increased number 

Figure 1. Scatter Diagram Showing Correlation 
between kidney length and eGFR.

Figure 2. Scatter Diagram showing correlation 
between kidney width and eGFR.

Figure 3. Scatter Diagram showing correlation 
between kidney parenchymal thickness and eGFR.

Table 1. Relation between Renal cortical echogenicity grade and eGFR.

Variables Minimum 25% (Q1) Median 75% (Q3) Maximum Kruskal-Wallis 
chi-squared

Kruskal-Wallis rank 
sum test p-value

Grade I 11 17.5 29 33.75 43

20.87 <0.001Grade II 7 14 16 20 28
Grade III 8 8.5 11 11 14
Grade IV 4 5 5 8 8
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of CKD patients in older age.11 Nearly two-third 
(65.7%) of the patients was male in this study which 
is similar to the percentage of male patients identified 
with echogenic kidney in a study by Prashant et al., in 
Nepal.12 Study in Italy by Lucisano et al., also shows 
higher number of males having echogenic kidney.6 
This may be due to faster disease progression among 
males13 leading to more health care seeking among 
males and/or higher tertiary hospital referral. The 
mean length, median width, and mean parenchymal 
thickness of the kidney of CKD patients in this study 
were identified to be 8.5 cm, 3.5 cm, and 1.2 cm 
respectively. Study in Nepal has shown the normal 
length and width of the kidney to be 9.56±0.05 cm 
and breadth was 4.12±0.04 cm respectively.14 A study 
in India has identified the normal length, width and 
parenchymal thickness of the kidney to be 9.65±0.63 
cm, 4.5±0.42 cm and 2.04±0.2 cm respectively.15 
Thus, the kidney measurements of CKD patients in 
our study are lower than the normal measurements as 
compared to these studies. Kidney measurements are 
identified to decrease in CKD patients.16 However, 
study in Italy by Lucisano et al., has identified the 
kidney length, width, and parenchymal thickness of 
the kidney in CKD patients to be around 11 cm, 5 cm 
and 1.5 cm.6 Studies have identified different factors 

like height and race to cause difference in normal 
kidney measurements as well.17,18 This study showed 
higher prevalence of Echogenecity Grade II among 
CKD patients (37.1%)  which shows similarity to 
the study done by Prashant et al. and Pramod et al., 
in Nepal12,19 and Singh et. al, in India.20 This may be 
due to easier identification of Grade II echogenic 
kidney than other grades or may be due to observer 
bias. Lower number of cases in Grade I may be due 
to Grade I having minor symptoms in comparison 
to Grade II and Grade III, thus not seeking health 
care. Lowest number of cases in Grade IV in our 
study may be due to patients having done USG in 
the past or the need for replacement therapy in this 
group, as the patient under replacement therapy were 
excluded from this study. This study identified a 
statistically significant moderate positive correlation 
(rs = 0.46, p<0.05) between eGFR and kidney length. 
A study to show relation between renal sonographic 
parameters and eGFR conducted in Italy by Lucisano 
et. al,  has identified a significant moderate positive 
correlation (r=0.46,p<0.01) between kidney length 
and eGFR6 which is similar to the findings of this 
study.24 A statistically insignificant correlation (r = 
0.206, p=0.112) between kidney length of kidney 
and eGFR was identified in a study done in Nepal.12 
In this study a statistically significant weak positive 
correlation (rs = 0.3, p<0.05) was observed between 
eGFR and kidney width of the kidney. A statistically 
significant weak positive correlation (r=0.36,p=0.02) 
and (r=0.37, p<0.05)  has also been observed between 
kidney width and eGFR in different study done 
in Italy and Serbia respectively.6,21 A statistically 
significant moderate positive correlation (rs = 0.51, 
p<0.05) between kidney parenchymal thicknesses and 
eGFR was obtained in our study. In a study in Nepal 
by Prashant et al., a statistically significant weak 
positive correlation (r=0.29, p<0.05) was observed 
between eGFR and kidney parenchymal thickness.12 
In a study done elsewhere, a significant moderate 
positive correlation (r=0.4, p<0.001) was obtained 
between eGFR and kidney parenchymal thickness.6 
It is observed that among CKD patients (decreased 
eGFR) the kidney size are reduced owing to sclerosed 
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Table 2. Post hoc test (p-value).
Variables Grade I Grade II Grade III
Grade II 0.68
Grade III 0.03 0.03
Grade IV 0.05 0.02 0.03

Figure 4. Box plot diagram showing difference in 
median eGFR of different echogenicity grades.
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glomeruli, tubular atrophy and interstitial fibrosis.16 
Thus, this study showed significant correlation 
between eGFR and different kidney measurements. 
The difference of this study with some previous 
studies may be because this study used different 
formula for eGFR calculation than those studies or 
may be due to this study using average of multiple 
readings to minimize kidney measurement bias.
In this study a statistically significant difference 
in median eGFR was identified among different 
echogenecity grades. As the echogenecity grade 
increased there was decrease in renal function i.e. 
the eGFR reduced gradually from 29 ml/min in 
Grade I to 16 ml/min in Grade II, 11 ml/min in Grade 
III and 5 ml/min in Grade IV. A study in India has 
also identified significant decrease in renal function 
(increased creatinine) with increase in echogenecity 
grade.22 Studies show that there is negative correlation 
between serum creatinine and eGFR.23 Studies have 
shown that cortical echogenecity correlates well with 
renal histological findings.16,24 Histological findings 
in CKD are glomerular sclerosis, tubular atrophy and 
interstitial fibrosis.25  Increased cortical echogenecity 
grade with decreased eGFR in this study may be due 
to increased severity of the histological findings with 
worsened renal function in CKD patients. As this 
study is a single center study with few participants 
selected through non-random sampling, the findings 
of the study cannot be generalized. However, the use 
of multiple readings of kidney measurements and 
averaging has minimized the observer bias. Also, this 
study has identified correlation of kidney width and 
eGFR, which could not be found in studies of Nepal 
during intensive literature search by the researcher. 
In addition, the study compared the echogenecity 
of kidney with the spleen only, thereby minimizing 
the error that could occur when comparing the 
echogenecity of kidney with liver having certain 
conditions (for example fatty liver).

CONCLUSION
This study shows the relationship between the renal 
ultrasonographic parameters and eGFR in patients 
with CKD. A statistically significant relationship 
(p<0.05) was obtained between ultrasonographic 

parameters (Renal dimensions and Renal cortical 
echogenecity) and eGFR. Thus, ultrasonography 
can be used as a reliable tool in the assessment of 
renal function in patients with CKD. Among the 
different ultrasonographic parameters to measure 
renal dimensions maximum positive correlation of 
eGFR was with renal parenchymal thickness and 
minimum positive correlation with renal width. 
So, renal parenchymal thickness can be used as 
the best measurement of renal dimensions to relate 
with eGFR in CKD patients. Comparison of renal 
cortical echogenecity with spleen can minimize 
error that could occur while comparing with liver in 
certain conditions like fatty liver. Though, this study 
shows statistically significant relationship between 
ultrasonographic parameters and eGFR, further 
validation of the findings by research done in large 
sample size may be required.

Abbreviation
CKD=Chronic Kidney Disease; CKD-EPI=Chronic 
Kidney Disease Epidemiology Collaboration; 
eGFR=estimated Glomerular Filtration Rate; 
ESRD=End Stage Renal Disease; GFR=Glomerular 
Filtration Rate; IRC=Institutional Review Committee; 
K/DOQI=Kidney disease quality initiative; LIC, 
Low Income countries; MDRD=Modification of diet 
in renal disease; PAHS=Patan Academy of Health 
Sciences; r=Karl Pearson Correlation Coefficient; 
USG=Ultrasonography.
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