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ABSTRACT

Objective: To estimate the kidney volume of the healthy Turkish population using ul-
trasound and to evaluate the relationship between kidney volume and body indexes.
Materials and methods: Kidney ultrasound evaluation was performed on 152 patients
(mean age: 42+13.7 years). Kidney length, width and thickness were measured using
ultrasound. Mean total and parenchymal volume were also calculated. Patients’ age,
sex, weight, height and body mass index (BMI) (kg/m2) were recorded.

Results: According to ultrasound, kidney lengths were 10.3+7.8 cm for the right and
10.449 cm for the left. Volumes were 158+39 cm? for the right and 168+40 cm? for the
left. Volumes in women were 151.8+39 cm?’ for the right and 159.8+37 cm? for the left,
and 164.3+38 cm’ for the right and 175.8+41 cm?® for the left in men. Kidney measure-
ments correlated with body height and weight. A strong correlation with total kidney
volume and kidney measurements was determined for body weight for both kidneys
(p<0.001). A significant correlation with kidney volume and width was determined for
both kidneys (p<0.001). A positive correlation was also found between parenchymal
and total kidney volume for both kidneys (p<0.001).

Conclusion: The most significant factors associated with kidney volume for both
kidneys in the Turkish population are kidney width and body weight. Measuring
kidney volume with ultrasound is a feasible modality and is widely available for
daily clinical practice.
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INTRODUCTION

Ultrasonography (US) of the kidneys has re-
placed imaging modalities for the evaluation of kid-
ney diseases and provides many advantages over
other imaging methods (use of non-ionizing radia-
tion, non-invasive method, little or no patient prepa-
ration, no use of medication or injection of contrast
agent). It is also readily available, economical and
easily reproducible to a large extent (1,2).

Kidney length and volume are important
parameters in clinical settings, such as in acute and
chronic renal disease and recurrent urinary tract in-
fection (2). Previous studies have shown a direct
evidence of the balance between donor graft volume
and recipient metabolic demand on early graft func-
tion of transplantation patients (3). Moreover, it was
reported that if the donor graft mass is inferior to
recipient’s BMI, the incidence of acute allograft rejec-
tion is higher (4).
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In this study, we measured the kidney volu-
mes of healthy individuals using US and evaluated
the relationship between kidney volume and body
indexes.

MATERIALS AND METHODS

Patients and Clinical Assessment

One hundred and fifty-two subjects (79 wo-
men, 73 men) referred to our clinic for genitourina-
ry and abdominal US imaging were included in the
study. The study population consisted of outpatients
and inpatients undergoing US examination due to
common clinical complaints such as weight loss,
unexplained abdominal pain, nausea and constipa-
tion. We also reviewed patients’ medical records and
laboratory findings.

Patients’ age, sex, weight, height and body
mass index (BMI) (kg/m2) were recorded. Subjects
with underlying disease such as hypertension, diabe-
tes mellitus and heart disease or any abnormal fin-
ding at US examination, such as renal cysts, hydro-
nephrosis, single kidney, kidney stone and mass,
increased parenchymal echogenicity, extreme obesity
or pregnancy, or abnormal laboratory findings were
excluded. The institutional ethics committee appro-
ved the study.

Sonographic evaluation

A systematic abdominal sonographic exami-
nation (4.5-5 MHz convex array transducer, Aloka

alfa 6, Japan) was performed on all patients. The exa-
mination was performed with the subject in a supi-
ne and prone positions. Kidney measurements were
obtained with the subject prone. Kidney length, wi-
dth and thickness were measured using US. Kidney
volume (total volume (Figure-1) and sinus volume
(Figure-2)): lenght x thickness x width x 0.523 (5)
were obtained. Parenchymal volume was calculated
as total volume- sinus volume. RI was calculated au-
tomatically by Doppler US (Figure-3).

Statistical analysis

Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS)
18.0 software package (Version 18, SPSS Inc., Chica-
go, IL, USA). Parameters were expressed as mean=+SD.
Student’s t-test was used to compare continuous va-
riables. Pearson correlation coefficients were used to
evaluate the strength of association between ultraso-
nographic parameters with each other and with other
parameters, and were expressed as r’. Statistical sig-
nificance was set at p<0.05.

RESULTS

Three hundred and four kidneys of 152 pa-
tients ranging in age from 25 to 65 years (mean:
42+13.7 years) and undergoing US were examined.
Seventy-nine patients were female and 73 male. Pa-
tients’ mean age, BMI, height, weight and RI are sho-
wn in Table-1. Mean kidney lengths and total and
parenchymal volumes are shown in Table-2. Mean

Figure 1 - Measurement of total kidney volume on the US image. T indicates thickness, W, width; L, length.
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Figure 2 - Measurement of kidney sinus volume on the US image. T indicates thickness, W, width; L, length.

Figure 3 - Doppler waveform and measurement of Rl for the
intrarenal artery.
Vs 29.3 cmis|

Vd 11.6 cm/s
RI 0.61

kidney volume was significantly larger among males
(p<0.05). The correlations between patients’ kidney di-
mensions and body parameters are shown in Table-3.

Kidney measurements were correlated with
body height and weight. A positive correlation was
observed between body height and kidney length

Table 1 - Demographic characteristics.

and width (p=0.005). A significant positive corre-
lation was also observed between body weight and
kidney length and width (p<0.001). There was no
correlation between anteroposterior kidney measu-
rements and body height or weight. A significant
correlation with total kidney volume and kidney me-
asurements was determined for body weight in both
kidneys (p<0.001, r: 0.32-0.44). A strong correlation
was found between kidney volume and body weight
compared to body height (p<0.001, p<0.05, respec-
tively, Figure-4). A significant correlation with kid-
ney volume and width was revealed for both kidneys
(p<0.001, Figure-5). A positive correlation was obser-
ved between parenchymal and total kidney volumes
for both kidneys (p<0.001). Left kidney volume was
significantly greater than right (p<0.05).

There was no correlation between kidney
dimensions and volumes and RI. A negative but
insignificant correlation was determined between

Characteristics Women Men P
Patients 79 73

Age (yrs) 41+13 44+14 >0.05
Height (cm) 1607 168+12 <0.001
Weight (kg) 7112 7711 <0.005
BMI (kg/m?) 2746 285 >0.05
RI 0.62+0.08 0.60+0.06 >0.05

RI = Resistivity index, BMI = Body mass index
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Table 2 - Mean kidney length, volume and RI.

Women Men Total
Mean =SD Right kidney Left kidney Right kidney Left kidney Right kidney Left kidney
Length (cm) 102+7.6 101111 105+7.6 107.7+6.9 10.3+7.8 10.4+9
Total volume (cm?) 151.8+39 159.8+37 164.3+38 175.8+41 158+39 168140
Parenchymal volume (cm?) 123.8+32.2 128.5+31.2 129.5+36.8 137.5+£38.4 126+34 133+35
RI 0.62+0.08 0.60+0.08 0.63+0.08 0.64+0.07 0.63+0.08 0.62+0.08
RI = Resistivity index
Table 3 - Correlation between patients’ kidney dimensions and body parameters.
Body MKL MKT MKW MKTV MKPV
parameter R L R L R L R L R L
Height 0.23** 0.23** 0.07 0.02 0.23** 0.20* 0.22** 0.15 0.20* 0.10
Weight 0.32** 0.38** 0.28** 0.14 0.23** 0.22%* 0.39** 0.35** 0.35** 0.30**
BMI 0.07 0.15 0.09 0.09 0.07 0.04 012 017* 0.10 0.18*
Age -0.07 0.05 -0.02 0.07 -0.02 -0.02 -0.03 0.02 -0.08 -0.03

*p<0.05; **p<0.001; MKL = mean kidney length; MKT = mean kidney thickness; MKW = mean kidney width; MKTV = mean kidney total volume; MKPV = mean kidney

parenchymal volume; R = Right; L = Left; BMI = body mass index

kidney dimensions and volumes and age. A weak
correlation with left kidney volume was observed
for BMI (p<0.05, r: 0.20). A mild correlation with
parenchymal volume and total volume was obser-
ved for BMI for both right and left kidneys (p<0.05).
However, left kidney volume correlated better with
BMI, in contrast to previous studies (4, 4-12). The-
re was no significant correlation between total and
parenchymal kidney volumes and RI for either kid-
ney (p>0.05). Gender showed the weakest correla-
tion with kidney dimensions (p<0.05, r: 0.20-0.23).

DISCUSSION

Kidney length and volume measurements
are generally preferred as the basis for decisions
concerning renal disease and are regarded as sur-
rogates for renal function. Measurement of kidney
volume with US is a simple and noninvasive me-
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thod (2). Kidney volume is more of an approxima-
tion of size than length because the shape of the
kidney varies considerably. It is also an excellent
indicator of renal function and correlates very well
with body indexes (6).

A limited number of studies have measured
normal kidney volume using various imaging me-
thods (7, 8). Shin et al. measured volume in the Kore-
an population using multidetector computed tomo-
graphy (MDCT) (9). The advantage of using MDCT is
that the shape of the kidney is irrelevant. However,
it is ionizing, potentially nephrotoxic because of the
use of contrast media and is not particularly practi-
cal. Cheong et al. measured kidney volume and kid-
ney length using magnetic resonance imaging (MRI)
(8). However, MRI is expensive and time consuming
and is not widely available for daily clinical practice
in most countries.

US is the most widely used imaging me-
thod for kidney measurements (10). It is cheap,
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Figure 4 - Relation between mean kidney volume (cm?) and body weight (cm).

100,004

80,007

Body weight

40,00

1 1 1 1 1 1
50,00 100,00 150,00 200,00 250,00 300,00
Mean kidney volume

Figure 5 - Relation between mean kidney volume (cm®) and kidney width (cm).
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fast, and easily available. US is useful in renal
disease assessment because of its low cost and
the short examination time involved. Sonogra-
phically, the kidney consists of a central highly
echogenic core called the kidney sinus, surroun-
ded by a comparatively less echogenic area cal-
led the kidney parenchyma. Total kidney volume
comprises both the kidney sinus and the kidney
parenchyma. Measurement of kidney dimensions
using US was investigated by Dixit et al. (11). In
this study we used US to measure kidney volume
in a Turkish population.

Mean kidney volume and length of
205.29436.81 cm?® and 10.8+0.69 cm, respective-
ly, were reported in a study by Shin et al. They
also found that the mean length of the left kidney
was greater than that of the right (9). One study
reported mean kidney lengths of 11.2 cm on the
left and 10.9 cm on the right. It reported mean
kidney volumes of 146 cm’ in the left kidney and
134 c¢m? in the right (12). In this study, mean kid-
ney lengths were 10.3+10 cm for both. Mean vo-
lumes of the right and left kidneys were 160.5+39
cm® and 168.2+40 cm?, respectively. Left kidney
volume was also significantly greater than right
kidney volume. This may be because the spleen is
smaller than the liver, so the left kidney has more
space for growth. Another possible explanation is
that the left renal artery is shorter than the right.
Increased blood flow in the left renal artery may
therefore cause a relative increase in left kidney
volume. Our mean kidney volumes differed sli-
ghtly from those of other studies. This may pos-
sibly be due to differences among ethnic groups.

Studies have reported that both kidney vo-
lume and length were significantly correlated with
all body indexes (9). Body weight showed the best
correlation with right kidney dimensions, where-
as BMI and age showed the weakest correlations
with body indexes (13). Gavela et al. reported a
good correlation between kidney parameters and
body parameters, with height exhibiting the best
correlation (14). Cheong et al. found no correla-
tion between kidney volume and BMI, height or
weight (8). Previous studies have shown that the
kidney becomes relatively shorter and thicker with
age (15). Kidney size decreasing with age is almost
entirely due to parenchymal reduction (12). Some

821

studies have reported that kidneys are larger in
males than in females (12, 16).

Our study revealed a significant correla-
tion with kidney volume and width for both kid-
neys (p<0.001). A correlation with total kidney
volume and measurements was determined for
body weight for both kidneys. Left kidney volume
correlated better with BMI than in previous stu-
dies (12, 17). A strong correlation was determined
between kidney volume and body weight in pre-
vious reports, although our study revealed only a
very weak correlation between kidney volume and
body height. In contrast to previous reports, our
results reveal no significant difference between
kidney volumes and measurements at any age (9).
Mean kidney volume was significantly greater in
males. This may be due to the greater body height
and weight observed in males.

RI is a parameter which correlates with re-
nal function, and it is logical that RI should incre-
ase when renal function decreases. Kidney volume
and RI are predictors of renal function and corre-
late with body indexes (6). Mean RIs for left and
right kidneys were 0.60 and 0.62, respectively, in
our study. There was no significant correlation be-
tween total and parenchymal kidney volume and
RI for either kidney (p<0.05).

Our study has certain limitations. The main
limitation of this study is that US is an operator-
-dependent technique. In present study, only he-
althy population was used. Lack of patients of the
transplant kidney group or with renal disease also
limited the study.

In conclusion, of all the variables asses-
sed in our study, the most significant factors as-
sociated with kidney volume are kidney width and
body weight for the Turkish population. Because
kidney volume is important for renal functional
reserve after partial nephrectomy, serial measure-
ments can provide information regarding disease
progression or stability. US examination is a fea-
sible method for measurement of kidney volume
and it is available on daily clinical practice.
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