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ABSTRACT

Objective: The objective of the study was to estimate glomerular filtration rate (eGFR) and renal dimension and establish a correlation with age, 
weight, height, body mass index (BMI), and body surface area (BSA) of children and to measure renal dimensions (craniocaudal length, anteroposterior 
length, and transverse length) of both kidneys of 1–10 years children.

Methods: A total of 500 children from 1 to 10 years old were screened by ultrasonography to measure renal craniocaudal length, anteroposterior 
length, and transverse width of the kidney. Length, width, thickness, and cortical size of the kidneys were also measured.

Results: There was a positive correlation of renal dimension with age, weight, height, BMI, and BSA. There also was a positive correlation of eGFR 
with other renal parameters.

Conclusion: Renal dimension and eGFR were correlate with age, weight, height, BMI, and BSA in children.
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INTRODUCTION

Kidney size and function are an important indicator not only to evaluate 
children with renal diseases but also to determine adequate organ 
growth.

It is known that early-life conditions such as maternal age and nutritional 
status during pregnancy influence growth patterns, body composition, 
and risk for noncommunicable chronic diseases in later life [1]. Kidney 
size and function are also a potential surrogate measurement for the 
number of nephrons, which are the structural and functional units 
of the kidneys. Since the number of nephrons is determined largely 
in prenatal life, suboptimal kidney growth and development in fetal 
life lead to a smaller number of nephrons [2]. Some lines of evidence 
suggest that retarded growth or small-for-gestational-age, low birth 
weight, and preterm babies have relatively smaller kidneys with a 
decreased number of nephrons [3].

The key marker of kidney function is the glomerular filtration rate 
(GFR). However, the precise measurement of GFR is invasive, time-
consuming, expensive, and technically difficult. Equations have been 
developed to predict kidney function using serum creatinine (sCrea) 
data combined with readily available indices of muscular mass such as 
gender, age, and weight [4].

The currently used GFR estimation formula (0.413 × height/
sCrea [mg/dl]) must consider sCrea levels as well as the body height [5] 
due to varying body composition (especially muscle mass) causing 
inter- and intra-patient variability in sCrea levels [6]. To estimate GFR 
in children, the original Schwartz formula developed in 1976 has been 
recently adapted to current methods of sCrea assay and its use is now 
recommended. Another locally adapted Schwartz formula to creatinine 
assay method has very good agreement with standardized creatinine 
measurement [7].

The best screening modality to evaluate renal insufficiency in patients 
is sonography [8]. As ultrasonographic findings such as echogenicity, 
longitudinal length, parenchymal, and cortical thickness represent 

irreversible changes, ultrasonography (USG) is a superior imaging tool 
when it comes to ascertaining the progression of the disease [9].

Body developments and functions are directly connected to the growth 
rate. The growth rate of renal length will be evaluated with the help 
of distinct measurements such as weight, height, and anthropometric 
parameters such as body mass index (BMI) [10]. The parameter like 
BMI, height, weight and other anthropometric tools useful in the 
treatment of children with chronic pyelonephritis, obstructive uropathy,  
and chronic glomerulonephritis in early childhood.. With the help of 
sonography reports, it is easy in identifying the patients of urolithiasis, 
cystic kidney diseases, malignancies, infections, vesicoureteral reflux, 
and renal transplant in elders as well as in children [11].

Kidney length and volume are very important parameters in 
clinical settings to detect renal disease and recurrent urinary tract 
infection [12]. Renal size and function depend on different factors, 
including gender, body size, and BMI. Ethnic differences, perhaps partly 
due to the above variables, are expected [13]. While data on normal 
ranges for renal dimensions are available from Western literature [14], 
little data are available from the Indian subcontinent. Indian data of 
renal size and its correlation with other anthropometric parameters in 
normal Indian children are based on studies with small sample size and 
sparse age distribution [15]. Therefore, this study was conducted on the 
performance of the most commonly used creatinine-based formulas in 
adults and children in a large cross-sectional cohort of adolescents and 
young adults with a broad spectrum of GFRs.

METHODS

Sample size
All children attending the pediatric outpatient department (OPD) and 
inpatient department in the study period, which fulfill the inclusion 
criteria of the study, were included in the study.

Study period
This study period was November 2017–December 2018.
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Study design
This was a hospital-based observational study.

Setting
Children 1–10 years attending pediatric OPD and admitted to pediatric 
ward of Mahatma Gandhi Hospital, Jaipur.

Inclusion criteria
The following will be included in the study:
•	 All children admitted to the pediatric ward and attending pediatric 

OPD.

Exclusion criteria
The following criteria were excluded from the study:
•	 Patients for whom the parents/guardian not signed the informed 

consent
•	 Patients suffering from renal disorders
•	 Patients in dehydration, shock, and dyselectrolytemia.

Methodology
A total of 500 children fulfilling the above inclusion criteria were 
enrolled in this study. Participants primarily consist of children 1–10 
years attending pediatric OPD and admitted to in pediatric ward of 
mahatma Gandhi Hospital. Selected children were screened by USG 
to measure renal craniocaudal length, anteroposterior length, and 
transverse width of the kidney. Length, width, thickness, and cortical 
size of the kidneys were measured. The longitudinal dimensions of the 
kidney were measured in a section visually estimated to represent the 
longest longitudinal section. Both lower and upper poles were defined. 
If the long axis of the kidney cannot be obtained with the patient supine, 
coronal or sagittal view with the patient in decubitus position was 
obtained. Then, the width and thickness were measured in a section 
perpendicular to the long axis of the kidney, as assessed from the 
longitudinal image. The probe was thus not necessarily perpendicular 
to the skin. The level of this transverse section was intended to be 
placed quite close to the hilum of the kidney, but at the same time free of 
the pelvis. Width and thickness were then measured in two orthogonal 
directions. Renal volume was estimated from the three orthogonal 
measurements on the base of the ellipsoid formula [V=(4/3)*πabc]).

USG machine-color Doppler USG system, model-TUX-X 100 XARIA 100 
urea/creatinine machine-VITROS 5600.

Anthropometric measurements of the child (height, weight, BMI, and 
BSA) will be calculated.

BMI = Weight (kg)/height2(m2)

BSA
Height cm  Weight kg

�
� � � � �

3600

Estimate GFR (eGFR) of children will be calculated using modified 
Schwartz formula.

eGFR modified Schwartz k 
height (in cm)

Serum creatinine 
� � � �

mmg dL/� �

Statistical analysis
The data were coded and entered into a Microsoft Excel spreadsheet. 
The analysis was done using SPSS version 20 (IBM SPSS Statistics Inc., 
Chicago, Illinois, USA) Windows software program. Descriptive statistics 
included computation of percentages, means, and standard deviations. 
The data were checked for normality before statistical analysis using 
the Shapiro–Wilk test. The analysis of variance (for quantitative data 
within three groups) was used for quantitative data comparison of 
all clinical indicators. Pearson correlation test was used to correlate 
independent and dependent variables. The level of significance was set 
at p≤0.05.

OBSERVATION AND RESULTS

In our study, almost equal number of children have found in every age 
group (Table 1).

Male (57.4%) children were consider slightly higher as compared to 
female children (42.4%).

The mean score of height, weight, BMI, and BSA was 119.7, 23.4, 16.2, 
and 0.88, respectively.

Improvement of height, weight, BMI, and BSA was observed as the age 
increases age; this was found statistically significant (Table 2).

Improvement of size, width, breadth, and volume and eGFR was observed 
as the age increases; this was found statistically significant (Table 3).

All independent variables showed positive correlation and significant 
results with all dependent variables.

All independent variables (size, width, breath, and volume) showed 
positive correlation and significant results with all dependent variables 
(eGFR) (Tables 4 and 5).

DISCUSSION

Ultrasound is the modality of choice to assess kidney size and 
morphology. It is lacks ionizing radiation, can be performed bedside 
and in real time, is well tolerated by the patient and parents, and the 
measurements are reproducible [16]. Sonography has become an 
important part of the pediatric imaging armamentarium, perhaps the 
most important. It is a safe technique to begin, as it does not use ionizing 
radiation, and intravenous contrast agents, although several ultrasound 
contrast agents have been recently developed that can increase the 
accuracy of the imaging examination, does not require sedation, and is 
easily available and reproducible [17].

A limited number of studies have measured normal kidney volume 
using various imaging methods [18]. Shin et al. [19] measured volume 
in the Korean population using multidetector computed tomography. 
Cheong et al. [20] measured kidney volume and kidney length using 
magnetic resonance imaging, which is expensive and time-consuming.

In the present study, renal dimensions (length, width, and breadth) 
were assessed in a sagittal view and transverse view with normal 
children with the prone position. The prime rationale was to evaluate 
the maximum renal dimensions in both planes. Sonography seems to be 
an optimal technique for estimating the renal parameters in children.

In children, the growth of organs is dependent on the growth of the 
child’s body, and thus, the organ growth can be correlated with somatic 
parameters, such as height, weight, and body surface area (BSA) in 
addition to age [18,21]. The normal limits of kidney size of healthy 
are helpful in differentiating renal conditions. This is of particular 
importance in childhood, when renal length changes with age, and 
when renal tract abnormalities exist, such as reflux nephropathy, renal 
hypoplasia obstructive uropathy, and renal agenesis. Many studies have 
reported the relationship between renal size and other anthropometric 
parameters (height, weight, BMI, and BSA) [22]. Body height and weight 
may vary with ethnicity [23].

There was a significant correlation of renal parameter (size, breadth, 
and width) and eGFR with age, body weight, height, and BSA in our 
study. Other studies have revealed similar results [24,10].

All previous shows a significant correlation with age, height, and 
weight in different degrees from moderate to strong in Otiv et al. 
(India, 2012) [25] and Younus et al. (Pakistan, 2015) [26] they found 
good correlation with age but best with height, this study support that 
we found that the kidney length, width, breadth, and volume had the 
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strongest correlation with height but correlated well with all variables, 
and therefore, could be used interchangeably.

Gavela et al. (2006) [23] include 474 children and reported height as 
most a sensitive indicator of kidney size Christophe et al. [27] also found 
a slight difference between kidney lengths and considered it negligible. 
The best correlation of renal size with weight was previously exhibit by 
Safak et al. [21] which was also consistent with our study. Kim et al. [18] 
documented that kidney length correlates positively with body length 
and weight. Soyupak et al. [28] also agreed with the same results. The 
body proportion is significantly distinct between boys and girls, but 
their renal length did not manifest a remarkable difference. Ganesh 
et al. [15] also describe this correlation. BMI is one of the extensively 
measured criteria for checking obesity. The BSA and lean body mass 
are considered as important factors in determining renal dimension in 
children [29].

BMI is one of the widely-used parameters for measuring obesity. 
There are several studies which evaluate BSA and lean body mass 
as a predictor of renal size in healthy children [30]. Zuzuárregui 
et al. [31] stated that BMI is greatly interacted with renal length. 
Renal development is rapid during fetal and early infant life, and the 
then growth rate progressively slows through the rest of the 1st year 
of life and becomes finally stable. Akhavan et al. [32] reported that 
renal length increased with age. Normal values of the organ’s weight 
and size modify with time presumably under the effect of hereditary 
components and surroundings such as routine diet, water intake, and 
environmental variations between ethnicity [33].

Our study revealed a significant correlation between kidney volume 
and independent variables. Kidney volume correlated better with 
BMI than in previous studies. In contrast to previous reports, Okur 

Table 2: Age-wise distribution of the study according to 
anthropometry parameters

Age 
(years)

Weight (kg) 
(mean±SD)

Height (cm) 
(mean±SD)

BMI 
(mean±SD)

BSA 
(mean±SD)

1 8.79±0.2 72.55±2.61 15.7±0.01 0.42±0.01
2 10.1±0.5 80.5±2.15 15.6±0.01 0.45±0.01
3 11.66±0.41 88.56±3.62 14.9±0.01 0.53±0.02
4 13.14±0.2 95.23±3.22 14.5±0.01 0.66±0.01
5 14.65±0.52 102.67±4.4 13.9±0.01 0.69±0.02
6 16.7±0.55 109.1±5.2 14±0.01 0.73±0.01
7 18.1±0.75 111.23±2.3 14.6±0.01 0.80±0.01
8 20.51±1.03 117.12±2.98 14.9±0.01 0.91±0.03
9 24.4±0.87 127.6±1.56 15.1±0.01 0.99±0.01
10 26.22±0.72 131.5±2.93 15.2±0.01 1.05±0.02
p-value 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S)
BMI: Body mass index

Table 1: Age-wise distribution of the study

Age (year) Number of patients Percentages
1 50 10
2 53 10.6
3 45 9
4 59 11.8
5 65 13
6 42 8.4
7 49 9.8
8 47 9.4
9 42 8.4
10 48 9.6
Total 500 100

Table 4: Correlation between independent and dependent variables

Independent variables Size Width Breadth Volume GFR
Age

Pearson r value 0.96 0.63 0.52 0.95 0.91
p-value 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S)

Weight
Pearson r value 0.44 0.91 0.91 0.74 0.62
p-value 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S)

Height
Pearson r value 0.85 0.86 0.83 0.86 0.55
p-value 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S)

BMI
Pearson r value 0.77 0.68 0.77 0.81 0.77
p-value 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S)

BSA
Pearson r value 0.85 0.91 0.88 0.75 0.81
p-value 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S)

BMI: Body mass index

Table 3: Age-wise distribution of the study according to renal parameters

Age (years) Size (mean±SD) Width (mean±SD) Breadth (mean±SD) Volume (mean±SD) eGFR (mean±SD)
1 5.66±0.11 2.35±0.02 2.74±0.01 21.79±1.11 109.2±0.01
2 6.2±0.13 2.81±0.09 2.96±0.01 26.57±1.56 110.1±0.01
3 6.45±0.11 2.92±0.05 3.11±0.05 28.77±1.04 111.01±0.01
4 6.75±0.12 3.01±0.06 3.26±0.06 34.69±1.61 112.12±0.01
5 6.8±0.11 3.05±0.08 3.3±0.05 34.11±1.24 113.2±0.01
6 6.83±0.15 3.19±0.05 3.36±0.04 36.23±0.78 114.1±0.01
7 7.23±0.15 3.22±0.09 3.44±0.06 41.7±1.26 115.6±0.01
8 7.55±0.06 3.35±0.08 3.51±0.06 45.8±1.88 116.8±0.01
9 8.01±0.012 3.41±0.1 3.71±0.05 53.66±1.3 117±0.01
10 8.09±0.13 3.51±0.11 3.79±0.07 55.19±2.01 117.5±0.01
p-value 0.001 (S) 0.001 (S) 0.001 (S) 0.001 (S)
eGFR: Estimate glomerular filtration rate
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et al. [34] revealed no significant difference between kidney volumes 
and measurements at any age.

eGFR
In children, the Schwartz formula is widely used to estimate GFR 
from creatinine concentrations Schwartz formula estimates GFR 
using creatinine concentrations and child height. It has previously 
been reported that lean body mass, indicating muscular mass, is an 
important determinant of the GFR [35]. So far, comparing the effects of 
anthropometric measures on creatinine and cystatin C concentrations 
and their derived eGFR are contradictory. Next to BMI, we observed that 
age, height, weight, and BSA and were positive correlation with eGFR 
which was similar to Miliku et al. [36]. Studying detailed measures of 
body composition will, therefore, likely add to the understanding of the 
associations of body composition and kidney function measures.

Limitations of the study
The study was retrospective, but renal length measurements were 
routinely performed by experienced sonographers following standard 
protocol during the USG examinations and were rechecked by pediatric 
radiologists. Furthermore, differences in ultrasonographic techniques, 
patient positioning, and cursor placement can affect the reproducibility 
of measurements on renal length. Therefore, future prospective studies 
evaluating intra- and inter-observer agreements are necessary.

Although the sample was not randomly chosen from different parts 
of the country and thus, the results may be generalizable. Due to the 
large sample size, this study represents the population more closely. 
However, the socioeconomic status of children examined was not 
recorded, although they typically belonged to lower-middle and lower-
income groups. Considering the large population of India, the study did 
not consider parameters such as race, culture, income group, and rural 
or urban origin.

CONCLUSION

In clinical practice, body height and weight can be quickly recorded 
to compare the actual renal length with the renal norm. Since the 
estimation of renal volume requires the measurement of three 
dimensions of the kidney, the error associated with renal volume 
increases in geometric proportion. Hence, it is simpler to use renal 
length as a yardstick for comparing renal growth with body growth. 
Due to the large sample size, this study represents the population more 
closely. The renal size norms developed by this study provide normal 
kidney length and volume range for children according to age. 
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