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ABSTRACT

Introduction: Renal dimensions (RD) are important for the diagnostic and the prognostic of
nephropathies.

Materials and Methods: We selected 904 Brazilians subjects with normal excretory
urographies, showing dense nephrogram at the 5th minute of the exam, serum creatinine <1.3mg/dl,
and absence of any disease that could modify RD. Length, width, and area of both kidneys were
correlated with gender, age, height, and body weight. Five hundred and eighty one subjects were men
(64.3%) and 323 were women (35.7%). Age ranged from 21 to 87 years old, body weight from 40 to
106kg (69.9+9.5 for men and 62.4+9.7 for women), and height from 1.37 to 1.94m (1.68+0.07 for
men and 1.57+0.07 for women).

Results: There was an association (one-way Anova test) between length, width, and area, for
each kidney and for both, with height (p<0.001), body weight (p<0.001), and gender (p<0.001). After
adjustment for height (covariance analysis), both gender and body weight did not show influence on
RD. Renal length and area reduced with aging (p<0.001), from the 7th decade compared to the others.
Excluding these patients, height was the only variable to show association with RD, justifying data
stratification by this variable.

Conclusions: Renal length in this population showed that the normal patterns defined by
other studies are inadequate for our population. Adjusting the data by height, gender, and body weight
did not influence RD; however, the left kidney was bigger than the right kidney. Also, the influence of
height was more pronounced below 1.66m.
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INTRODUCTION

Background knowledge of normal renal di-
mensions (RD) may help in the diagnosis of kidney
diseases. Renal dimensional variations occur in neph-
ropathies due to hypertrophic process and/or atrophy
(1). Thus, it is imperative to establish the pattern of
normal renal dimensions.

It has been postulated from necropsy studies
that variations in RD and renal weight are related to
gender, with weight being higher in males. It is also

known that the left kidney is larger than the right one,
independent of gender (2). Data from necropsies are
not universally accepted, since a wide variation in
dimensions is observed, and this variability has been
confirmed by studies utilizing intravenous pyelogra-
phies (IVP) (2,3). Studies in this field have also tried
to establish a correlation between RD and age, since
it was shown that a reduction of up to 40% in renal
weight occurs over the years (4-6).

The Brazilian population has immigrants
from many different countries, resulting in a highly
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mixed population. The normal pattern of renal dimen-
sions should be established for this population con-
sidering its characteristics. Although of high rel-
evance, this issue has not been well explored in sub-
jects with normal renal function. Thus, the aim of
this study was to evaluate the renal dimensions in a
Brazilian population, and to verify possible correla-
tions with gender, body weight, age, and height.

MATERIALS AND METHODS

We analyzed 904 normal intravenous pyel-
ographies, 581 from men and 323 from women. The
exams were performed at the Radiological Division
of Gaffrée Guinle and Andaraí Hospitals in Rio de
Janeiro, Brazil, from January 1985 to December 1996.
The following criteria for patient inclusion were used:
1)- Serum creatinine of less than 1.0mg/dl; 2)- Nor-
mal arterial blood pressure measurements; 3)- No
acute or chronic disease that could lead to renal im-
pairment; 4)- No personal or family history of renal
disease. Body weight, height, and a urine sample were
also evaluated. Length (L), width (W), and area of
both kidneys were measured. The major distance be-
tween the renal poles (superior and inferior) was taken
as the length (KL). The major distance between the
lateral and medial borders perpendicular to the length
was taken as the width (KW). Renal area (RA) was
estimated through the formula used for an ellipse, RA
= π x KL x KW/4, where π is a constant (3.1416).

Patients were stratified by height and age and
separated in 10 years ranges, starting from the third
decade.

STATISTICAL ANALYSIS

Results are expressed as mean ± standard
deviation (X ± SD). Comparison of kidney length by
weight and height of subjects was done by analysis
of variance and multiple comparisons with the
Tamhane test. Renal dimensions of left and right kid-
neys were compared with the paired t test. The dif-
ferences were considered statistically significant when
p<0.01.

RESULTS

General data for the study population is
shown in Table-1. Age ranged from 21 to 87 years,
height from 1.37 to 1.94m, and body weight (BW)
from 40 to 106kg.

When RD was analyzed with respect to BW,
it was shown that KL correlated to those levels (Table-
2). Similarly, when the data was grouped according
to height, this variable showed a significant associa-
tion with KL (Table-3), (p<0.001).

Table-4 presents an analysis of height with
respect to BW, showing that individuals with higher
mean height had higher BW.

Table-5 shows a reduction of RA for indi-
viduals in the 7th decade life when compared to the
3rd and 4th decades (p<0.001). For this reason, we
analyzed only subjects under 71 years of age.

RD data for the 645 individuals under 71
years of age, adjusted for height, is shown in Table-
6. There was no significant difference among KL,

Table 1 - General data of the studied population (n=904;
581 males and 323 females).

Age (years) 49 ± 16.4

Patients’ Height  (m) Males
Females

Body Weight  (kg) Males
Females

Table 2 - Renal dimensions (mean ± standard deviation)
distributed according to body weight (n=904).

Body Weight (kg)          Length (cm)
                                                  Right*             Left*

<60;     n=216 11.6 ± 0.7    12.2 ± 0.7
60-69;  n=331 11.9 ± 0.7    12.5 ± 0.7
70-79;  n=236 12.1 ± 0.7    12.7 ± 0.7
>80;     n=121 12.5 ± 0.8    13.2 ± 0.8
*p<0.001 according to analysis of variance

1.68 ± 0.07
1.57 ± 0.07

69.9 ± 9.5
62.4 ± 9.7
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KW, and RA for men or women, suggesting that gen-
der is not a determinant factor for RD.

Table-7 shows RD values of 645 subjects with
less than 71 years, stratified by height, and the loca-
tion of the kidney (left and right). The data is reported
as medians followed by percentiles 5 and 95. Com-
parison of the results of KL for both kidneys among
distinct height ranges showed that the 2 lowest height
levels differed from one another and also from the
others (p<0.001); there was no significant difference
between the third and fourth height levels. When re-
lated to KW, the left kidney showed a significant dif-
ference only compared to the 2 lower height levels
(p<0.001), and the right kidney showed a significant
difference between the third and fourth height levels,
and between these and the other levels (p<0.005).
When different height ranges were compared in terms
of right kidney RA, we found that they differ signifi-
cantly from one another (p<0.001), whereas left kid-
ney RA was significantly different only between the
2 lowest height levels (p<0.001).

DISCUSSION

Normal RD is an additional tool to study re-
nal function. Ultrasound is the technique of choice to
evaluate these dimensions, although its measures are
smaller than those obtained by IVP (7), probably due
to geometric magnification, and because the osmotic
diuresis distension effect caused by the contrast me-
dium do not occur. Measurements from radiograms
have intrinsic distortion caused by many factors: a)-
The distance between the film and the organ (influ-
enced by the adipose tissue thickness); b)- The angle
of X-ray penetration. We chose IVP based on the fol-
lowing features: 1)- It evaluates the function of both
kidneys, permitting the exclusion of patients with any
unilateral deficiency, as well as patients with com-
pensatory hypertrophy and congenital defects not
detected by ultrasound; 2)- Permits evaluating renal
shadows, with lesser influence when compared to
ultrasound; 3)- It has a good linear correlation with
the renal dimensions obtained by ultrasound (8).

In the present study, we analyzed renal size
in terms of length and width, which are simple, re-
producible, reliable, and objective measurements.
Data obtained by measurements of right and left kid-
neys agreed with data from other studies, showing
that the left kidney is larger than the right (5,9,10).
The anthropometric profile of the sample showed a
significant difference between genders (Table-1) for
BW and height, and we believe that this data is typi-
cal of the Brazilian population. The relation between
BW and height in this population showed that indi-
viduals with higher BW also have higher heights. The
present data show that the Brazilian population has a
mean height between that of Asian (11) and Euro-
pean (2) population. One study in Pakistan (12) also
highlights the necessity of investigating renal dimen-
sions for each population, strengthening that Euro-
pean and American populations’ data cannot be used
as universal patterns.

Comparing RD between genders, data not
shown, we observed that KL, KW and RA were sig-
nificantly higher in males, with the left kidney being
larger than the right, similar to the data reported in
other studies (2,11). When investigating the associa-
tion between gender and RD, we found that height

Table 3 - Renal dimensions (mean ± standard deviation)
distributed according to patients’ height (n=904).

Patient’s Height (m)          Length (cm)
Right*                Left*

*p<0.001 according to analysis of variance

Table 4 - Relationship between patients’ height and weight
(n=904).

Weight (kg)*           Height (m)*

<60,    n=216           1.57 (0.06)
60-69; n=332           1.62 (0.07)
70-79; n=237           1.68 (0.06)
>80;    n=119           1.73 (0.08)

*p <0.001
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11.9 ± 0.6
12.3 ± 0.6
12.9 ± 0.7
13.2 ± 0.5

11.4 ± 0.6
11.7 ± 0.6
12.3 ± 0.7
12.6 ± 0.5

<1.55;       n=194
1.56-1.65; n=290
1.66-1.75; n=332
1.76-1.85; n=88
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Table 5 - Renal dimensions (mean   ±   standard deviation) distributed by age (grouped by decade of life), n=904.

Decade            Kidney Length (cm)             Kidney Width (cm)               Kidney Area (cm2)
              RK*            LK*            RK*               LK*              RK*               LK*

3rd;  (n=160)         12.2 ± 0.7       12.8 ± 0.8         5.6 ± 0.4          6.0 ± 0.4        54.0 ± 6.1           60.5 ± 6.6
4th;  (n=189)         12.0 ± 0.8       12.7 ± 0.8         5.7 ± 0.4          6.1 ± 0.5        53.6 ± 6.8           60.5 ± 7.6
5th;  (n=135)         11.9 ± 0.8       12.5 ± 0.8         5.6 ± 0.5          6.0 ± 0.4        52.7 ± 6.7           59.4 ± 6.7
6th;  (n=161)         12.0 ± 0.7       12.6 ± 0.7         5.6 ± 0.5          6.0 ± 0.4        53.0 ± 6.3           59.9 ± 6.0
7th;  (n=259)         11.7 ± 0.7       12.3 ± 0.8         5.3 ± 0.5          5.9 ± 0.4        51.0 ± 6.6           57.5 ± 6.7

*p<0.001 according to analysis of variance; LK=left kidney; RK=right kidney

was the only difference detected between genders.
Comparing the effect of gender on RD after adjust-
ing it for height, we observed that the difference did
not persist, supporting the idea that gender is not an
independent determinant of RD and therefore sug-
gesting that special tables based on gender are not
necessary.

The association between RD and BW showed
a highly significant direct relation in the higher BW
ranges. There was an association between BW and
height, indicating the need for an adjusted analysis,
which showed no relation between RD and BW; this
finding led us not to use RD values corrected for body
surface, as recommended by others (2), because it
could underestimate values in obese patients.

Renal area is not usually employed as a renal
dimension parameter. However, in the present study,
area was shown to be a sensitive measure for varia-
tions in renal dimensions. When analyzing the dis-

tinct height ranges, RA was shown to be highly sen-
sitive, especially in the 2 higher ranges. We suggest
therefore that RA is a good parameter for detecting
variations in renal mass, and thus may be used.

It is known that aging leads to a progressive
reduction of renal size (5,13). From the 5th decade
on, KL decreases approximately 0.5cm per decade,
especially due to a reduction of about 1% per year in
blood flow after the third decade (6,13). In the present
study, we observed a consistent reduction in RD in
individuals from the 7th decade when compared with
the other age ranges; others showed similar findings
(14). In order not to underestimate RD, all individu-
als with up to 70 years were excluded from the ad-
justed analysis to prevent a reduction of normal limits.

After the exclusion of older patients, the study
showed that height was the only variable correlated
with RD, justifying the use of this parameter in refer-
ence tables for renal dimensions. Another study finds

Table 6 - Relationship between gender and renal dimensions (mean) in individuals under 70 years of age, adjusted by
height (n=645).

Renal Dimensions                                                   Gender
                   Male (n=376)                                 Female (n=269)

Right Kidney Length
Right Kidney Width
Left Kidney Length
Left Kidney Width
Right Kidney Area
Left Kidney Area

RENAL DIMENSIONS IN SPECIFIC POPULATION

(cm)
(cm)
(cm)
(cm)
(cm2)
(cm2)

12.03
05.64
12.67
06.07
53.40
60.52

12.01
05.62
12.59
05.99
53.16
59.36
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similar data analyzing renal dimensions by ultrasound
(15).

The present data show that the absolute val-
ues obtained for the dimensions of both kidneys were
below those found in European studies (2). The present
KL values for our population show that the normal
pattern defined by other studies from other countries
is not adequate for our population. Data adjusted by
height showed that gender and BW did not influence
RD, but height showed a direct correlation with KL.

Table 7 – Renal dimensions percentiles distributed by patients’ height.

Renal Dimensions Height n   5%            Percentiles
50% 95%

Right Kidney Length <1.55 155 10.50 11.40 12.32
1.56-1.65 188 11.00 11.90 13.00
1.66-1.75 239 11.39 12.40 13.41
1.76-1.85   63 11.56 12.50 13.48

Right Kidney Width <1.55 155 4.68   5.50    6.42
1.56-1.65 188 4.90   5.60    6.30
1.66-1.75 239 5.00   5.70    6.41
1.76-1.85   63 5.42   6.00    6.48

Left Kidney Length <1.55 155 11.16 12.00 13.10
1.56-1.65 188 11.64 12.50 13.56
1.66-1.75 239 12.00 13.00 14.00
1.76-1.85   63 12.32 13.10 14.00

Left Kidney Width <1.55 155 5.00   5.80    6.50
1.56-1.65 188 5.40   5.90    6.62
1.66-1.75 239 5.60   6.10    6.71
1.76-1.85   63 5.66   6.30    6.88

Right Kidney Area <1.55 155 40.78 49.19 58.45
1.56-1.65 188 43.78 51.40 60.88
1.66-1.75 239 47.42 55.41 66.36
1.76-1.85   63 51.09 58.38 66.21

Left Kidney Area <1.55 155 45.97 55.06 64.42
1.56-1.65 188 51.62 57.39 68.19
1.66-1.75 239 54.79 62.20 73.14
1.76-1.85   63 55.38 65.34 74.44

Additionally, we observed that a more pronounced in-
fluence of height occurred in the ranges below 1.66m.
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