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Need for a nomogram of renal sizes in the Indian population—
findings from a single centre sonographic study
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Background & objectives: Renal size is an important parameter used in the diagnosis and follow up
of renal diseases. However, while making decisions, clinicians must be aware of the dependence of
these dimensions on the ethnicity of the individual, independent of anthropometric indices. There is no
established nomogram for renal sizes in the Indian population. The aim of this study was to assess the
applicability of oft-quoted ranges of normal renal sizes in our population.

Methods: Renal dimensions including length, width and parenchymal thickness were sonographically
measured in 140 individuals with no renal disease. Analysis was done for differences due to age, gender
and laterality. The correlation of renal dimensions with anthropometric parameters like weight, height,
body mass index (BMI) and body surface area (BSA) was analyzed.

Results: The means of length, width and parenchymal thickness of all 280 kidneys of 140 patients were
9.65 £ 0.63, 4.5 + 0.42 and 2.04 £ 0.2 cm, respectively. There was a significant difference in parenchymal
thickness between the right and left kidneys, while there was no significant right-left difference in length
or width. Gender-wise analysis showed significant differences between male and female renal breadths
but not length and parenchymal thickness. Age group-wise analysis showed significant decrease in renal
length and parenchymal thickness beyond the seventh decade. There was a moderate positive correlation
of bilateral renal length with body weight and BSA, and a weak positive correlation with body height
and BMI.

Interpretation & conclusions: Renal sizes in our population are in contrast to commonly quoted normal
values in literature. Conclusions about renal sizes need to be made with reference to nomograms and
should not be based upon data from other populations. We also present formulae whereby to derive renal
sizes from anthropometric indices in our population.
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Renal dimensions, especially length and volume,
are considered surrogates for renal status in routine
clinical evaluations'. Measuring kidney size using
ultrasound is established as a reliable method in most
clinical settings*¢. Ultrasound has been shown to have
good accuracy as well as inter and intra-observer
reproducibility for renal length measurement’™!', and
a good correlation with different anthropometric
variables®!>13, Renal volumes are commonly calculated
from the renal sonographic dimensions'®*!*6 but a
few studies have shown a significant underestimation
of true volumes using this method, with more reliable
volumetry possible by computed tomography (CT)
and magnetic resonance imaging (MRI)“*!7, Despite
this, sonographic renal size estimation remains popular
due to its availability, ease of performance, absence of
contrast or ionizing radiation, less cost, portability and
repeatability.

Renal size depends on different factors, including
gender, body size and body mass index. Ethnic
differences, perhaps partly due to the above variables,
are expected*>*!®1°, While data on normal ranges
for renal dimensions are available from Western
literature"®%, little data are available from the Indian
subcontinent. A renal size of 9 cm, widely accepted
as the cut-off to indicate irreversible renal disease
in most populations™'° is a size often seen in normal
and healthy Indian adults. Considering that in most
hospitals, important clinical decisions including
renal failure determination, treatment follow up and
transplant and biopsy related decisions are made
based on sonographic dimensions, it is imperative to
have benchmark parameters in our population. We
undertook this prospective study to collect preliminary
nomographic data on sonographic renal dimensions in
healthy Indian adults.

Material & Methods

A total of 300 patients >18 yr of age were included
in this prospective, cross-sectional study. This study
was conducted between May 2010 and September
2011 in the department of Radiodiagnosis, Jawaharlal
Institute of Postgraduate Medical Education and
Research (JIPMER), Puducherry, India. Institutional
ethical approval was obtained for the study protocol
and written informed consent was taken from all
participants. Participants included consecutive patients
referred for ultrasound for non-renal indications.
Sixty nine (23% of the patients were referred for
a neck ultrasound, 96 (32%) for liver or biliary
indications, 57(19%) for musculoskeletal ultrasounds

and 78(26%) for miscellaneous indications). From
this initial group, data were selected from those that
complied with the following inclusion criteria: serum
creatinine within last six months < 1.5mg/dl, effective
glomerular filtration rate (eGFR) calculated using the
modification of diet in renal disease (MDRD) formula >
30 ml/min/m?, normotensive at the time of ultrasound
examination (systolic blood pressure < 140 mmHg and
diastolic blood pressure < 90 mmHg), and no acute
or chronic disease capable of causing renal damage.
Patients with symptoms suspect for kidney pathology
or a history of renal disease including stone disease,
patients with prior abdominal surgery for renal causes,
pregnant women and patients with known diabetes
or hypertension were excluded. Of the 300 patients,
173 fulfilled the inclusion criteria and were included
in the study. During the conduction of the sonograms,
five patients with unilateral kidneys, three with renal
malpositions, two with horseshoe kidney, four with
renal pole cysts, thirteen with previously undetected
asymptomatic renal calculi, two with polycystic kidney
disease, three with asymptomatic hydronephrosis and
one patient with previously undetected pregnancy were
excluded, yielding 140 patients for the final analysis.

All patients underwent an ultrasound of both
kidneys, carried out by the same sonologist using the
same ultrasound device (Toshiba Powervision 6000,
Tokyo, Japan), with a 3.5MHz convex transducer.
Patients were required to empty their bladders before the
examination to prevent hydration-associated increase in
renal length. Measurement techniques and parameters
were defined before commencing the study and were
as follows: renal length (L) referred to the longest pole
to pole distance, measured in three positions (supine,
supine lateral and prone) and averaged. Renal width
(W) was defined as the maximum dimension in the
transverse cross-section at the level of the renal hilum.
The central echogenic region was to be included in
measurements, if required. Parenchymal thickness (PT)
was defined as the combined thickness of the cortex
and medulla measured at the upper and lower poles and
averaged.

The patients’ height (Ht) and weight (Wt) were
measured immediately following the ultrasound
examination. Height was measured without footwear,
using a stadiometer. Body mass index (BMI) and body
surface area (BSA) were calculated using the following
formulae®!2,

BMI = Wt/ H; BSA = [ -WEXHt Where Wt is in kilograms
.. 36
and Ht is in meters.
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Statistical analysis: Descriptive statistics were used for
tendency and spread of the data. Differences between
the left and right renal parameters were analyzed using
the paired Student t-test while gender differences in
mean of the different parameters were compared using
the unpaired t-test. An association test was performed
between renal lengths and anthropometric variables
using the Pearson correlation coefficient. Variations
in left and right renal dimensions between various age
groups were compared using a one-way analysis of
variance, followed by a post-hoc Tukey’s test. Renal
indices were calculated using the anthropometric
values to normalize renal lengths (L/BMI and L/BSA)
and their variations with age, gender and laterality
were assessed. Data were analyzed with the GraphPad
InStat 3.0 software program (GraphPad Software Inc.,
La Jolla, California, USA) and the VassarStat online
tool (http.//vassarstats.net).

Results

A total of 280 renal units in 140 patients were
analyzed. There were 69 male and 71 female patients.
The age ranged from 18 to 72 yr. The distribution of
age in the study population was as follows: 37 patients
(18-30 yr), 31 (31-40 yr), 32 (41-50 yr), 23 (51-60 yr),
16 (61-70 yr) and one patient (>70 yr). The creatinine
values of the study group ranged from 0.3 to 1.4 mg/dl
(mean 0.8 £ 0.24 mg/dl) and the eGFR values ranged
from 44 to > 90 ml/min/m* (mean 113.9 + 55.4 ml/
min/m?).

The mean length of all 280 kidneys in our study
was 9.65 £ 0.63 cm, with a range of 7.5 — 12.6 cm. The
mean renal width was 4.5 + 0.42 cm (range 3.1 — 6.4
cm) and the mean parenchymal thickness was 2.04 +
0.2 cm (range 1.4 — 2.7 cm). The renal dimensions are
summarized in Table 1. Significant difference (£<0.05)
was noted in parenchymal thickness between the right
and left kidneys, while there was no significant right-
left difference in length or width.

Correlations betweenrenal lengths and body indices
namely height, weight, BSA and BMI, were individually
assessed using Pearson’s correlation coefficient, which
showed a moderate positive correlation of renal length
with body weight (r = 0.33 for right kidney and r =0.31
for left kidney) and BSA (r= 0.35 for right kidney and r
= (.33 for left kidney), while there was a weak positive
correlation with body height (r=0.19 for both right and
left kidneys) and BMI (r = 0.23 for right kidney and
r = 0.21 for left kidney). These relations are depicted
in Fig. 1. Multiple regression performed on these data
gave the following equations for determining renal
length from anthropometric parameters:

Right renal length (cm) = 6.44 + 1.13 Height + 0.03 Weight
Left renal length (cm) = 6.94 +1.01 Height + 0.02 Weight
where weight is in kilograms and height is in meters.

One-way analysis of variance between means
of renal parameters against age groups, showed a

Table I. Summary statistics of dimensions of all kidneys in the study (n= 280)
Parameter Right (n=140) Left (n=140)
Length (cm) Mean 9.6 (95% CI 9.44 - 9.77) 9.71 (95% CI 9.55 - 9.85)
Range 7.5-12.6 7.5-11.7
SD 0.97 (SEM 0.08) 0.89 (SEM 0.08)
Median 9.7 9.7
Mode 9.3 9.9
Width (cm) Mean 4.5(95% C14.38 - 4.63) 4.54 (95% C14.42 - 4.64)
Range 3.1-64 3.1-64
SD 0.7 (SEM 0.06) 0.63 (SEM 0.05)
Median 4.5 4.5
Mode 4.5 4.0 and 5.0
Parenchymal thickness (cm) Mean 1.99 (95% CI11.93 - 2.04) 2.09 (95% CI12.04 - 2.14)
Range 1.4-27 1.4-27
SD 0.30 (SEM 0.03) 0.29 (SEM 0.02)
Median 2.0 2.1
Mode 1.8 2.1
SD, Standard deviation; SEM, Standard error of mean; 95% CI-95% confidence interval
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significant decrease in renal length and parenchymal
thickness beyond the seventh decade only. An age-
wise distribution of renal size is depicted in Fig. 2 and
Table II. Renal lengths were then normalized to BSA
and BMI vyielding L/BSA and L/BMI respectively,
whose distributions with age are depicted in Fig. 3. No
significant difference was seen between right and left
kidneys for either of these ratios.

Significant gender differences were observed
between renal breadths but not length and parenchymal
thickness (for right renal length, P = 0.32, for left
renal length, P = 0.69. For right renal breadth, P
= 0.037, for left renal breadth P = 0.036. For right
renal parenchymal thickness, P = 0.099, or left renal
parenchymal thickness P = 0.087).

Discussion

While most data available in literature on renal
dimensions relate to paediatric kidneys*, there
are limited data in adults. Our study showed that
commonly quoted renal dimensions, largely derived
from studies performed in Caucasian populations,
were not applicable to the Indian people. Renal lengths

in our study were quite similar to those obtained by a
previous study?® from autopsies in north India, but in
contrast to the values defined in literature from studies
in other populations. Renal lengths in our population
were smaller than those in the Caucasian population®®!4
and also those reported for Brazilian?’, Korean® and
Japanese® populations but were similar to the values
reported from Pakistan®, Malaysia’, Nigeria' and
Jamaica'® (Table III).

How far the above can be ascribed to differences
in height, weight, BSA, BMI and other anthropometric
factors between races is debatable. It has been shown
that relative renal length (renal length to body height
ratio) is insensitive to sex and height differences and
is thus a more reliable parameter than absolute renal
length'?). Similarly, renal lengths have been shown to
have a positive correlation with body height, weight
and BMI* and this was seen in our study also. While
the above trends might be true within each individual
population or race, the same cannot be said about
different populations with comparable anthropometric
indices.
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Fig. 1. Graphs representing the relationship of mean renal lengths without SD, plotted against various anthropometric parameters, namely,
body height (A), body weight (B), body surface area (C), and body mass index (D). Numbers within parenthesis represent number of subjects

in each subgroup.
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Fig. 2. Graph showing mean renal lengths, without SD, for various age-groups. Numbers within parenthesis represent number of subjects in

each age-group.

A moderate positive correlation was seen
between anthropometric indices and renal length in
out study. Unlike most other studies®*!?, we did not
find significant difference between the mean left and
right renal lengths. A key point in our study was the
homogeneity of renal length that was noted across
all age-groups in adults, with a significant decline
in bilateral renal length after the age of sixty years.
Some other studies have also shown that renal length
gradually decreases with increase in age and this
decrease accelerates after the seventh decade*?. This

finding has important implications in clinical decision
making, and makes it unnecessary to correct renal
sizes for age in adults till the age of sixty. Our study
showed no significant gender-dependent difference in
renal lengths unlike those studies which had shown
such a sex difference®'>*. No sex difference has been
shown in paediatric populations®’. We, however, found
a significant difference in parenchymal thickness of
kidneys between the sexes. Whether these differences
are race-dependent or mere statistical aberrations need
to be found out in future studies.

Table II. Age-group wise distribution of renal parameters
Age-group (yr) 18-30 31-40 41-50 51-60 > 60
N=37 N=31 N=32 N=23 N=17

Length Right 9.66 +0.84 9.77 £ 0.99 9.62 +0.86 9.82+1.32 8.86+0.8
Mean £ SD Left 9.78 +0.75 9.88 [1.0] 9.69 = 0.96 9.75+0.97 9.14+0.77
Breadth Right 4.4 +0.68 4.62+0.67 4.46 +0.69 4.57+£0.96 4.54+0.81
Mean = SD Left 454048 4.69 +0.55 445+0.71 4.62+0.76 4394081
PT (cm) Right 2.04 +0.29 1.97+0.3 2.07+0.44 2.04 +0.32 1.91 +£0.65

Left 2.15+£0.26 1.99+0.28 2.19+0.47 2.17+0.33 2.13+0.58
PT, Parenchymal thickness; SD, Standard deviation
All values are in centimeters
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Fig. 3. Graphs showing the distribution of renal indices against age-groups, (A) Mean values without SD of renal length / body surface area
and (B) mean values without SD of renal length / body mass index with age.

The main strength of this study was that it was done
prospectively with the intention of producing normal
population data for sonographic renal dimensions. All
sonograms were done by the same operator with a pre-
defined technique to ensure maximal homogeneity,
although this pre-empted measuring inter-observer
variability. Intra-observer variability was reduced
by averaging multiple readings. Care was also taken
to ensure that none of the subjects were known
diabetics or hypertensives, as these conditions and
their treatment can affect kidney sizes. In spite of this,
it remains a limitation of the study that the subjects
included were patients with non-renal pathologies, and
a study in a ‘healthy’ population is warranted. The low
sample size could be a causal factor for not observing
gender-dependent or right-left differences in renal

length. Another limitation of our study was that it
focused on linear renal parameters and did not involve
the collection or calculation of renal volumetric data.
The present findings indicate the need for, but cannot
serve as a nomogram for the Indian population, for
which large numbers of healthy individuals in each
age group and across various Indian ethnicities will be
required.

In conclusion, this pilot study provided data
for normal sonographic renal dimensions in a south
Indian population and derived equations to predict
expected normal renal lengths from anthropometric
values. These results also indicate the need for
nomograms in the Indian population, irrespective
of the association of renal dimensions with
anthropometric values.
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Table I11. Comparison of renal lengths reported from different populations
Country Method N Renal length (cm)
Male Female All
India (Present study) Ultrasound 140 R 9.68 9.52 9.6
L 9.75 9.67 9.71
Mexico* Ultrasound 153 R 10.57 10.29 10.43
L 10.72 10.46 10.58
(North) India? Autopsies 239 R 9.95 9.13 9.66
L 9.97 9.21 9.7
Pakistan’ Ultrasound 194 R 10.6 10.3 10.45
L 10.6 10.3 10.45
Nigeria' Ultrasound 200 R - - 10.3
L _ - 10.6
Denmark® Ultrasound 665 R - - 10.9
L - - 11.2
Japan®® Autopsies 5600 R 11.3 11.2 -
L 11.5 11.4 -
Jamaica'® Ultrasound 49 R - - 9.7
L - - 10.0
Malaysia® Ultrasound 205 R 10.2 9.8 -
L 10.5 10.0 -
South Korea®! Ultrasound 125 R - - 10.2
L 10.5
USA* Ultrasound R - - 10.7
L 11.1
Tran® Ultrasound 400 R 11.0 10.7 10.9
L 11.3 10.9 11.1
Superscript numbers represent reference numbers
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