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Abstract
Introduction: The currently available standard nomograms 
of renal dimensions in India are based on the measurements 
made in the western population. The aim of this study was 
to evaluate the relationship between anthropometric 
parameters, renal dimensions and Glomerular Filtration 
Rate (GFR) in kidney donors from a tertiary care hospital of 
North India.

Materials and methods: A total of 536 kidney donors from 
2018 to 2022 were studied. Their height and weight were 
noted and Body Mass Index (BMI) was calculated. With 
imaging techniques such as Ultrasound Sonography (USG) 
and CT scan, measurements of kidney dimensions were 
noted. GFR was measured using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation and the 
Tc-99 m DTPA nuclear scan. The correlations with GFR were 
assessed by determining correlation coefficients.

Results: There were significant positive correlations noted 
between height, weight and BMI of donors with the length 
USG measurement of their both Right Kidney (RK) and Left 
Kidney (LK) kidneys p<0.05. GFR was also observed to have 
significant positive correlation with the length and width of 
both the Right Kidney (RK) and Left Kidney (LK) as measured 
by USG (r-values=0.148 to 0.209, p-values<0.001). It was 
observed that a statistically significant difference exists in 
GFR of patients with kidney length <9 cm from those with a 
length ≥ 9 cm based on measurements by both USG and CT 
scan (p<0.05).

Conclusion: Renal dimensions and GFR correlate with 
weight, height, BMI and Body Surface Area (BSA) in kidney 
donors. It is difficult to assign a cut off value of kidney size 
below which an individual can be deemed unfit for kidney 
donation as it was clear from this study that even donors 
with kidney length less than what was traditionally accepted 
as standard 9 cm had GFRs well above the acceptable limits 
as per the international guidelines.

Keywords: GFR; CKD-EPI; DTPA renal scan; Renal dimensions; 
USG; CT scan

Introduction
Glomerular Filtration Rate (GFR) is defined as the volume of 

plasma that can be completely cleared of a particular substance 
by the kidneys in unit time [1]. In India, live donor renal 
transplantation still forms the major chunk of any renal 
transplant programme. Each institute has established its own 
protocol in accordance with the KDIGO guidelines regarding the 
evaluation of kidney donors prior to donor nephrectomy and 
renal transplantation. There is limited data regarding within 
what range GFR is to be considered as normal in Indian 
population [2-4]. Renal dimensions such as length and breadth 
are important parameters in clinical settings and help in making 
a rough estimate of chronicity of underlying renal disease, if 
present [5]. Gender, body surface area, BMI, ethnic differences 
are some of the factors that can influence the renal size [6]. 
Normal ranges for renal dimensions are available for western 
population but data pertaining to similar information regarding 
the Indian population is scarce [7]. Indian data comparing the 
anthropometric parameters with renal dimensions is available 
for pediatric population but that too is based on studies with 
small sample size and sparse age distribution [8]. The present 
study was undertaken to evaluate the relationship between 
anthropometric parameters, renal dimensions and GFR in kidney 
donors from a tertiary care hospital of North India and to 
determine reference range of estimated Glomerular Filtration 
Rate (eGFR) in healthy kidney donors from North India.

Materials and Methods
This was a retrospective observational study. The stored 

electronic data of all the voluntary kidney donors who 
underwent nephrectomy between 2018 and 2022 was retrieved 
and analysed, at the Department of Nephrology SGPGIMS, 
Lucknow, India.
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All voluntary kidney donors who underwent nephrectomy 
between 2018 and 2022 were included in our study. Donor 
evaluation was done as per our institute protocol. Demographic 
details were noted. Height and weight were measured in SI units. 
BMI was calculated as weight in kilogram divided by square of 
height in meters. Craniocaudal length and transverse width of 
the kidney were measured using USG. USG was done in fasting 
state. The ultrasound examination was done in the supine 
position and renal dimensions were confirmed in the prone 
position. An attempt was made to measure renal dimensions as 
per Emamian, et al. [9,10]. CT angiography for the renal vessels 
was done as part of our protocol for donor evaluation. Renal 
dimensions as measured on CT scan were also noted. Creatinine 
was measured using Jaffe kinetic method. GFR was calculated 
using CKD-EPI equation 2021. The renal clearance of 99mTc-DTPA 
was used for GFR measurement and GFR for individual kidneys 
as well as the global GFR were documented.

Statistical analysis
The data was entered into a Microsoft Excel spreadsheet and 

appropriate coding was done. The statistical analysis was done 
using SPSS version 20 (IBM SPSS Statistics Inc., Chicago, Illinois, 
USA) Windows software program. Percentages, means and 
standard deviations were calculated to describe the basic 
features of data in the study. For continuous variables, mean 
values were compared using one-way ANOVA. Pair-wise 
comparison of the mean difference in eGFR was performed using 
the paired t-test. The correlations of renal dimensions with GFR 
and anthropometric parameters were assessed by determining 
correlation coefficients. The level of significance was set at p ≤ 
0.05.

Results
A total of 536 donors were observed in the study. The 

majority of the subjects in the study belonged to the age group 
of 40-49 years, accounting for 36.2% of the total population. The 

next most common age range was 30-39 years, comprising 
22.8% of the sample, followed by the age range of 50-59 years, 
which accounted for 21.8% of the population. Additionally, the 
mean age of the participants was calculated to be 45.01 ± 10.90 
years, which indicates that the average age of the participants 
was approximately 45 years old with a standard deviation of 
10.90 years. Among them, the majority, comprising 450 
individuals, were females, representing approximately 84% of 
the total study participants. The mean BMI in the population was 
24.64 ± 4.10. Around 4.5% had a BMI <18.5, 51.1% had a BMI 
between 18.5 and 24.9 and 44.4% had a BMI ≥ to 25.0.

There were significant positive correlations observed between 
height of donors and the length USG and width USG of their 
both Right Kidneys (RK) and Left Kidneys (LK) (p<0.05). Similarly, 
CT measurements of the length and width of RK and LK also 
showed significant positive correlations with height of donors 
(p<0.001). BMI also showed significant positive correlations with 
the length and width of RK and LK as measured with USG and CT 
scans (p<0.05), however it was not so with the width of 
right kidney when measured with USG (p=0.119) (Figure 1 and 
Table 1).

Figure 1: Line diagram showing correlation between Height 
and BMI of donors with their renal dimensions as measured by 
imaging techniques. Note: (         ): HT; (          ): BMI

Correlations Height BMI

r-value p-value r-value p-value

USG, RK (Length) 0.112 0.009 0.131 0.002

USG, RK (Width) 0.12 0.005 0.067 0.119

USG, LK (Length) 0.171 <0.001 0.154 <0.001

USG, LK (Width) 0.108 0.012 0.119 0.006

CT-RK (Length) 0.237 <0.001 0.179 <0.001

CT-RK (Width) 0.147 0.001 0.114 0.008

CT-LK (Length) 0.212 <0.001 0.129 0.003
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Table 1: Correlation of individual Height and BMI with kidney length and width.

CT-LK (Width) 0.17 <0.001 0.096 0.026
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   The correlation parameters noted between height and BMI of 
donors with their GFR were not strong enough or statistically  
significant to draw any firm conclusions about their relationship 
(Table 2).

    USG measurements of the kidneys both length and width had 
weak positive correlations with GFR (CKD-EPI) with r-values 
ranging from 0.026 to 0.068. Similarly, CT measurements of the 
kidneys both length and width had weaker correlations with GFR 
(CKD-EPI), with some having negative correlations.

Table 2: Correlation of individual Height and BMI with GFR.

Correlations HT BMI

r-value p-value r-value p-value

GFR (CKD-EPI) 0.051 0.237 -0.036 0.4

GFR-RK -0.035 0.414 -0.077 0.076

GFR-LK -0.068 0.115 -0.024 0.577

GFR-T -0.055 0.204 -0.054 0.209

Table 3: Correlation of kidney length and width with GFR.

Correlations GFR (CKD-EPI) GFR-RK GFR-LK GFR-T

r-value p-value r-value p-value r-value p-value r-value p-value

USG, RK 
(Length)

0.062 0.151 0.178 <0.001 0.167 <0.001 0.184 <0.001

USG, RK 
(Width)

0.055 0.203 0.145 0.001 0.131 0.002 0.148 0.001

USG, LK 
(Length)

0.026 0.552 0.182 <0.001 0.209 <0.001 0.209 <0.001

USG, LK 
(Width)

0.068 0.117 0.114 0.008 0.186 <0.001 0.16 <0.001

CT-RK
(Length)

-0.005 0.908 0.321 <0.001 0.244 <0.001 0.302 <0.001

CT-RK
(Width)

0.034 0.431 0.188 <0.001 0.159 <0.001 0.186 <0.001

CT-LK
(Length)

-0.031 0.47 0.248 <0.001 0.237 <0.001 0.259 <0.001

CT-LK
(Width)

0.015 0.733 0.236 <0.001 0.258 <0.001 0.264 <0.001
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There is a positive correlation between measured GFR by 
Diethylenetriamine Pentaacetic Acid (DTPA) scan and the 
lengthand width of both the Right Kidney (RK) and Left 
Kidney (LK) as measured by USG likewise by CT scan. These 
correlations were statistically significant. This was a peculiar 
observation noted wherein it was seen that GFR calculated 
using CKD-EPI equation did not show positive correlation with 
the respective renal dimensions. On the other hand, GFR 
when measured with DTPA renal scan had significant positive 
correlation with the renal dimensions (Table 3 and Figure 2).



Figure 2: Line diagram showing correlation between GFR 
calculated by CKD-EPI equation and measured by DTPA renal 
scan with the renal dimensions as measured by imaging 
techniques. Note: (       ): GFR (CKD-EPI); (       ): GFR-RK; (      ): 
GFR-LK; (        ): GFR-T.

For both the right and left kidneys, there was a statistically 
significant difference in GFR measured by DTPA nuclear scan 
between patients with kidney length <9 cm from those with a 
length greater than or equal to 9 cm based on both USG and CT 
scan measurements p<0.05 for all comparisons. 

This indicates that patients with a kidney length greater than 
or equal to 9 cm had higher GFR compared to those with a 
length <9 cm (Table 5 and Figure 4).

Kidney length
Mean SD t-value p-value

RK (USG) <9 cm 134.74 34.21 -2.33 0.02

≥ 9 cm 143.37 35.49

LK (USG) <9 cm 142.69 32.23 0.35 0.727

≥ 9 cm 141.28 36.01

RK (CT) <9 cm 140.2 36.04 -0.44 0.658

≥ 9 cm 141.87 35.23

LK (CT) <9 cm 140.29 38.75 -0.37 0.714

≥ 9 cm 141.78 34.67

Figure 3: Bar graph illustrating the difference in GFR calculated 
by CKD-EPI equation between kidneys having length greater 
than or equal to 9 cm from those with length <9 cm. Note: 
(    ): <9 cm; (    ): ≥ 9 cm.
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GFR-T Unpaired t test

Table 4: Comparison of GFR (CKD-EPI) by kidney length categories.

Kidney length GFR-T Unpaired t test

Mean SD t-value p-value

RK (USG) <9 cm 82.07 12.75 -4.56 <0.001

≥ 9 cm 88.87 14.55

Table 5: Comparison of GFR-Nuclear scan by kidney length categories.

The table above shows the results of an unpaired t-test 
comparing kidney length and GFR calculated by CKD-EPI 
equation. For the Right Kidney (RK), there was a statistically 
significant difference in GFR between patients with kidney length 
<9 cm and those with a length greater than or equal to 9 cm 
based on USG measurement (t=-2.33, p=0.020). However, there 
was no significant difference between these subgroups based 
on CT scan measurements (t=-0.44, p=0.658).

For the Left Kidney (LK), there was no statistically significant 
difference in GFR between patients with kidney length <9 cm 

and those with a length greater than or equal to 9 cm based on 
either USG or CT scan p>0.05 for both comparisons (Table 4 and 
Figure 3).
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LK (USG) <9 cm 83.47 12.93 -2.9 0.004

≥ 9 cm 88.23 14.62

RK (CT) <9 cm 81.55 11.69 -4.9 <0.001

≥ 9 cm 88.94 14.71

LK (CT) <9 cm 82.04 12.15 -3.97 <0.001

≥ 9 cm 88.52 14.64

for assessment as is the case with the measurement of kidney
volumes.

As have been described in multiple studies that kidney length
is an important determinant of GFR/kidney function. However,
for Indian population the standard normogram for kidney
dimensions with respect to age, gender, height, weight and BMI
do not exist [13]. The cut off length of 9 cm to categorize a
kidney as ‘small’ or ‘normal’ is arbitrary and does not hold good
for the Indian population [14]. In our study, donors with kidney
length of size <9 cm by sonography were 114 for right kidney
and 92 for the left kidney. However, their mean GFR when
measured by DTPA scan was 82.07 ml/min/1.73 m2 for right
kidney and 83.47 ml/min/1.73 m2 for left kidney, which is well
within the acceptable limits as specified in the criteria by KDIGO
[15]. This was in league with a study by Akoh, et al. where they
have shown that it’s imprudent to make decisions regarding
donation on the basis of kidney size [16]. As it has been clearly
shown in the present study itself that kidney length correlates
strongly with the GFR, so obviously the mean GFR of kidneys
with length >9 cm was significantly higher than those with
length of <9 cm and it was well reflected in the results of this
study.

Conclusion
Renal dimensions on sonography have positive correlation

with anthropomorphic characteristics of healthy donors as well
as with their GFR. Thus, sonographic renal length should be able
to give useful information on renal graft function and with
better accuracy, on single-kidney function in kidney donors. On
the basis of the differences in sensitivity and specificity, it is
possible to hypothesize an increase in total accuracy by
combining sonography with laboratory tests. However and
rightfully so, it is difficult to assign a cut off value of kidney size
below which an individual can be deemed unfit for kidney
donation.
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Discussion
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