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Renal Pelvic Diameters in
Human Fetuses: Anatomical Reference
for Diagnosis of Fetal Hydronephrosis
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and Francisco J. B. Sampaio

OBJECTIVE To evaluate renal pelvis diameters in human fetuses, to establish normative patterns of their
growth and size during the second gestational trimester.

METHODS We studied 140 kidneys (70 fetuses; 38 male, 32 female) ranging in age from 12–25 weeks’
postconception. The renal pelvis was dissected and the transverse and longitudinal diameters
were measured. The renal length, width, and thickness were assessed. To compare the quanti-
tative data in both sexes, Student’s t-test was used (P �.05).

RESULTS The mean transverse diameter in male fetuses was 3.61 mm in the right side and 3.58 mm in the
left. In female fetuses, it was 3.51 mm in the right side and 3.43 mm in the left. There was no
statistical significant difference between the sides either in males (P �.81) or in females
(P �.33). There was no significant difference in the mean transverse diameter between male and
female fetuses (P �.9). The mean longitudinal diameter in male fetuses was 4.28 mm in the right
side and 4.31 mm in the left. In female fetuses, it was 4.17 mm in the right side and 4.33 mm
in the left. There was no significant statistical difference between the sides in either males
(P �.82) or females (P �.33). There was no significant difference in the mean longitudinal
diameter between male and female fetuses (P �.9).

CONCLUSIONS Transverse and longitudinal diameters are useful as parameters for assessment of the renal pelvis

in human fetuses. UROLOGY 77: 452–457, 2011. © 2011 Elsevier Inc.
Congenital anomalies of the genitourinary tract
are among the most frequently known anomalies,
with an incidence ranging from 0.9% to 4%.1-5

The extensive use of antenatal ultrasound screening has
improved the diagnosis of genitourinary anomalies in
early phases of fetal development. According to most
recently reported studies, between 1% and 2% of the
ultrasounds performed during the prenatal period dem-
onstrate a dilation in the renal collecting system.6,7

Hydronephrosis is defined as a dilation of the renal pelvis
and/or renal calyces and is the most common fetal urinary
tract alteration, which is present in approximately 50% of
the reported cases of genitourinary abnormalities.8 The hy-
dronephrosis of clinical significance has an incidence of
1/600, whereas the prevalence of the hydronephrosis de-
tected during the gestational period is 1/50, suggesting that
a number of patients resolve the hydronephrosis with de-
velopment and without the need of active treatment.9
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Fetal hydronephrosis diagnosis is performed with an
ultrasound (US) examination, using as a parameter the
anteroposterior diameter of the renal pelvis in the trans-
versal plane (APDRP).10 Another well-known parameter
recognized by the Society for Fetal Urology considers the
renal pelvis and renal calyces dilation with or without
gauging of the renal parenchyma, although this classifi-
cation has been previously described and is normally used
for purposes of postnatal evaluation.11

The APDRP is the most commonly used parameter for
US evaluation of prenatal hydronephrosis because of its
technical simplicity and easy reproducibility. However,
there are variations in the measurements considered nor-
mal by several authors.12

Magnetic resonance imaging (MRI) is an alternative
approach for the analysis of the fetal urinary tract.13

Previous studies have reported the significance of the
definition of the normal limits of a fetal kidney in pre-
natal MRI,14 although, in contrast to what occurs when
using US, there are no better defined parameters of the
fetal renal pelvis, which should be measured by MRI to
more accurately evaluate the hydronephrosis.

The analysis of fetal kidney development is well
known15,16; nevertheless, the analysis regarding the di-

meters of the renal pelvis and its development during
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the human fetal period have not yet been well defined in
the literature.

This paper attempts to evaluate the renal pelvis diameters
in human fetuses, providing a normative pattern of their
growth during the second gestational trimester, as well as to
correlate the development of the renal pelvis with fetal
growth and concomitant development of the kidney.

MATERIAL AND METHODS

The present work received institutional committee review and
parental approval. This work was carried out in accordance with
the ethical standards of the institutional committee responsible
for human experimentation.

We studied 140 kidneys obtained from 70 human fetuses (38
male and 32 female) that died of causes not related to the
urogenital tract. The fetuses were macroscopically well pre-
served and there was no evidence of congenital malformation.
The gestational age of the fetuses was determined in weeks’
postconception (WPC), according to the foot-length criterion,
which presently is considered the most acceptable parameter
used to calculate the gestational age.17-20 The fetuses were also
evaluated according to the crown-rump length and body weight
immediately before dissection. All measurements were taken by
the same observer.

After the measurements, the fetuses were carefully dissected
with the aid of a stereoscopic lens with 16–25x magnification.
The fetal kidneys were removed together with the ureters,

Figure 1. Evaluation of renal pelvis diameters in a fetus at 2
distance between the upper most and lower most extrem
measurement of the renal pelvis. (B) Evaluation of the grea
the place where the measurement of the transverse diamet
the renal pelvis up to the confluence of the larger calyces.
bladder, and genital organs. After kidney dissection, we evalu-
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ated the following measurements: renal length, width of the
renal hilum, width of the superior pole, width of the inferior
pole, and renal thickness.

After taking the kidney measurements, the renal pelvis and
the major calyces were carefully dissected, with removal of the
renal parenchyma around the renal pelvis, whenever necessary,
for accurate identification and measurement of these structures.
The following fetal renal pelvis measurements were taken with
the help of a magnifying lens and a digital paquimeter (cali-
brated in millimeters): transverse diameter of the renal pelvis
(measurement obtained between the distal pelvis extremity and
the confluence of the major calyces) (Fig. 1A) and the longitudi-
nal diameter of the renal pelvis (distance between the 2 extremi-
ties of the pelvis, ie, uppermost and lowermost) (Fig. 1B).

Statistical Analysis
A statistical analysis was performed using GraphPad Prism
software (GraphPad Software, Inc., La Jolla, CA). We also used
Student’s t-test, with a confidence interval of 95%, considering P
�.05 as significant. We carried out a simple linear correlation
between the dimensions of the renal pelvis in both sexes with renal
measurements and gestational age.

RESULTS
The fetuses studied ranged in age from 12-35 WPC,
weighed between 60 and 950 g, and the crown-rump
length ranged from 8.5-24 cm (cm). The length of the

C. (A) Evaluation of the greatest longitudinal diameter (the
of the renal pelvis. The black line shows the longitudinal
transverse diameter of the renal pelvis. The red line shows
s taken: measure obtained between the distal extremity of

or version of figure available online.)
4 WP
ity)
test
er wa
right kidney ranged from 8.09-25.5 cm and the length of
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Table 1. Parameters of male (M) and female (F) fetuses

Age (Sex)
Weight

(g)
Crown-rump

(cm) RKL(cm) LKL(cm)
LRRP
(mm)

LLRP
(mm)

WRRP
(mm)

WLRP
(mm)

12 (M) 230 17 18.17 20.27 5.74 5.16 4.42 4.4
12.1 (M) 220 15 16.83 17.7 3.1 4.2 3.3 3.2
13 (F) 60 9.5 8.09 8.28 1.46 1.9 1.32 1.38
13.4 (M) 60 10 9.7 11.4 2.8 2.9 2.6 2.32
14 (M) 100 12.4 12.44 12.29 2.96 2.72 2.02 1.7
14.5 (F) 105 12.5 14.57 12.41 3.17 2.8 2.82 2.8
14.5 (M) 90 12 10.83 12 3 2.3 2.2 1.8
14.7 (M) 165 13 14.25 15.8 3.5 3.6 2.4 2.66
15.3 (M) 125 13.3 14.59 15.79 4.57 4.16 5.1 4.5
15.4 (M) 170 13.5 18.48 17.18 4.4 4.6 3.7 3.9
15.5 (M) 190 13 17.44 15.21 4.6 4.2 2.8 2.57
15.6 (F) 180 15 15.72 16.32 3.2 3.84 2.64 3.25
15.7 (F) 180 13.5 13.29 15.1 3.79 4.16 2.76 3.64
15.7 (F) 260 15.5 19.16 17.36 4.14 4.32 4.36 3.46
15.7 (M) 200 14.5 15.7 15.8 2.8 2.9 2.2 2.5
15.9 (M) 185 14.5 16.9 15.1 3.5 3.2 2.7 2.6
16 (F) 200 16 19.75 19.08 3.5 4.3 3.2 2.6
16 (M) 230 15.5 17.22 13.99 3.7 3.96 2.9 3.07
16 (M) 195 15 18.12 16.9 5.08 4.38 4.11 3.47
16 (M) 170 12.5 13.6 13.2 4.79 4.74 3.26 3.5
16 (M) 170 14.5 18.2 18.8 4.4 3.8 4.1 3.1
16.4 (F) 155 14 18.59 17.33 5.7 4.9 4.8 3.78
16.4 (M) 245 16.5 21.43 21.72 4.25 4.58 2.89 3.01
16.4 (M) 220 15 13.3 18.32 3.8 4 2.4 2.9
16.5 (F) 300 16.2 20.28 18.27 4.22 3.6 3.14 2.92
16.5 (F) 220 16 20.74 17.22 4.38 4 3.72 2.76
16.5 (F) 270 16.5 19.7 19.5 3.6 4.2 3 3.4
16.6 (F) 225 16 17.18 16.84 2.9 4.2 2 2.7
16.6 (M) 150 14.5 15.19 17.83 2.3 2.7 2 2.1
16.6 (M) 185 15 14.95 14.62 3.7 3 3.08 2.58
16.9 (F) 135 14.5 14.45 16.76 4 3.4 2.4 2.5
17 (M) 300 7.3 19.44 19.83 4.27 3.97 4.03 3.2
17 (M) 255 16 18.33 17.01 5.01 4.92 4.11 4.2
17 (M) 280 17 18.06 16.13 5.04 4.22 3.87 3.2
17.3 (F) 140 14 17.99 16.67 4.74 4.13 3.42 3.9
17.4 (F) 280 16 18.93 18.88 4.57 4.94 3.17 3.3
17.4 (F) 290 17 18.95 20.6 5.05 5.2 4.7 4.03
17.4 (M) 260 16.5 17.14 16.45 3.5 4.1 3.24 2.86
17.5 (M) 245 15 20.55 20.79 3 3.17 2.46 1.99
17.6 (M) 190 16 17.44 18.7 4.3 5.1 3.9 4.5
17.7 (F) 280 16 16 17.7 4.5 4.6 3.8 4.2
17.8 (F) 370 17.3 24.19 21.21 5.13 3.76 4.49 3.21
17.8 (F) 280 15.5 15.56 17.34 3.03 3.48 2.61 3.11
18 (F) 300 16.5 21.74 18.45 5.5 5.07 4.36 4.13
18 (M) 335 17.3 18.01 17.4 7.11 6.12 5.7 7.26
18 (M) 280 7.5 16.47 17.15 2.86 3.24 3.57 2.64
18 (M) 345 8.3 19.42 17.15 4.83 6.01 5.3 7.23
18 (M) 365 18.5 22.84 18.37 6.89 5.48 5.85 4.43
18 (M) 280 16 17.63 17.58 5.68 4.6 3.83 3.69
18 (M) 300 15 20.04 17.99 4.9 3.95 3.24 3.5
18.2 (F) 285 15.3 17.41 17 4.6 4.63 4.2 4.25
18.2 (F) 405 18 19.7 19.9 3.9 3.2 3.7 3.2
18.4 (F) 350 17 15.36 16.77 3.18 3.6 3.43 2.6
18.4 (F) 325 16.5 22.6 23.5 4.85 5.2 3.7 4.2
18.5 (M) 245 15.5 17.4 18.8 4.1 4.4 3.8 4
18.6 (F) 335 16.5 19.18 18.23 3.91 5.33 3.83 3.15
18.8 (F) 380 18 20.76 24.44 4.4 4.83 4.2 3.74
19 (F) 390 17 22.3 24.62 4.34 4.76 3 2.98
19.3 (M) 360 17 22.53 22.14 6 6.11 5.49 4.55
19.3 (F) 370 17 22.1 22.75 4.7 5 3.2 3.7
19.4 (F) 400 18 20.2 21 5 5.2 3.3 4.3
19.5 (F) 385 18.5 21.7 19.23 3.04 3.89 3.8 4.3

Continued
454 UROLOGY 77 (2), 2011



a
r

l
(

M
R
T
m
s
(
p
d
b

4
N

s
d
t
b

RP, le
al pel
the left kidney ranged from 8.28-25.9 cm. The length of
the right renal pelvis ranged from 2.3-6.89 mm; the
length of the left renal pelvis ranged from 1.9–6.69 mm;
the width of the right renal pelvis ranged from 1.32-6.87
mm and the width of the left renal pelvis ranged from
1.7-6.59 mm (Table 1).

The average and standard deviation of the length,
width, and thickness of the right and left kidneys, in both
sexes, are show in Table 2A. Table 2B shows the average
nd standard deviation of the width and height of the
enal pelvis of the analyzed fetuses.

The correlation between the fetal age and kidney
ength and the correlation of renal pelvic measurements
width and length) by gestational age are show in Figure 2.

easurements of the
enal Pelvis and Fetal Kidney
he mean transverse diameter in male fetuses was 3.61
m on the right side and 3.58 mm on the left side. No

tatistical difference was observed between the 2 sides
P �.81). In female fetuses it was 3.51 mm in the right
elvis and 3.43 mm in the left pelvis. No statistical
ifference was observed between the 2 sides (P �.33) or
etween sexes (P �.9).
The mean longitudinal diameter in male fetuses was

.28 mm in the right side and 4.31 mm in the left side.

Table 1. Continued

Age (Sex)
Weight

(g)
Crown-rump

(cm) RKL(cm)

20 (M) 400 18.5 23.42
20 (M) 435 19.3 22.76
20.4 (F) 455 19.3 23.47
20.4 (F) 480 19 17.69
21 (M) 545 20 23.12
21.4 (M) 580 20.5 22.36
23 (M) 780 22.2 26.3
25.2 (F) 950 24 25.5

Age given in WPC.
RKL, length of the right kidney; LKL, length of the left kidney; LR

WRRP, width of the right renal pelvis; WLRP, width of the left ren

Table 2A. Mean and standard deviation of the renal measu
in millimeters in the right and left kidney

Kidney Length (mm)

RK LK

Male fetuses (n � 38) 17.89 � 3.6 17.87 � 3.45
Female fetuses (n � 32) 18.85 � 3.57 18.73 � 3.53

RK, right kidney; LK, left kidney.

Table 2B. Mean and standard deviation of the width and len

Width of The Renal Pelvi

RK

Male (n � 38) 3.61 � 1.1 3
Female (n � 32) 3.51 � 0.8 3

RK, right kidney; LK, left kidney.
o statistical difference were observed between the 2
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ides (P �.82). In female fetuses, the mean longitudinal
iameter was 4.17 mm in the right pelvis and 4.33 mm in
he left pelvis. No statistical difference was observed
etween the 2 sides (P �.33) and between sexes (P �.9)

(Table 2B). The analysis of the fetal kidney measure-
ments (length, width, and thickness) showed no signifi-
cant statistical difference in any of the analyzed compar-
isons.

Correlation Between Renal Pelvis
Measurements and Fetal Parameters
We performed a simple linear regression analysis between
the width and length of the right and left renal pelvis in
both sexes, correlating them with the fetal age, fetal
weight, and fetal crown-rump length. We subsequently
observed a positive linear correlation between the ana-
lyzed parameters, where the “r” values for the correlations
of the diameters between the renal pelvis compared with
fetal age in both sexes were, respectively, 0.21 (right
renal pelvis width), 0.23 (left renal pelvis width), 0.15
(right renal pelvis length), and 0.32 (left renal pelvis
length).

Correlation Between Pelvis
Measurements and Fetal Kidney Parameters
We analyzed a simple linear regression between right and

LKL(cm)
LRRP
(mm)

LLRP
(mm)

WRRP
(mm)

WLRP
(mm)

23.98 5.11 6.05 4.55 4.02
23.96 3.6 4.83 4.27 4.94
23.31 4.38 4.77 3.77 3.21
18.29 4.2 4.7 3.35 3.7
26.4 5.2 7.2 4.7 5.1
21.29 3.9 3.8 3.6 3.2
23.56 6.02 6.68 6.87 6.59
25.9 5.1 5.6 4 4.6

ngth of the right renal pelvis; LLRP, length of the left renal pelvis;
vis.

ents (length, width, and thickness) of the analyzed fetuses

Kidney Width (mm) Kidney Thickness (mm)

RK LK RK LK

.58 � 1.97 9.28 � 2.07 8.08 � 2.48 8.15 � 2.27

.32 � 2.16 9.64 � 2.01 8.80 � 2.02 8.86 � 2.23

of the renal pelvis in millimeters for the right and left kidney

m) Length of The Renal Pelvis (mm)

RK LK

1.3 4.28 � 1.1 4.31 � 1.0
0.7 4.17 � 0.95 4.33 � 0.8
rem

9
10
gth

s (m

LK

.58 �

.43 �
left width and length of the renal pelvis in both sexes,
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correlated with length, width, and thickness of the fetal
kidney. A positive linear correlation between all the
analyzed parameters was observed, where the “r” values in
the correlations between renal pelvis diameters and the
length of the fetal kidney in both sexes were, respec-
tively, 0.37 (right renal pelvis length), 0.2 (left renal
pelvis length), 0.32 (right renal pelvis width), and 0.43
(left renal pelvis width).

COMMENT
Morphologic alterations of the fetal renal pelvis are fre-
quently detected using prenatal US.10 Renal pelvis dila-
ion could be a premature sign of hydronephrosis or
therwise may indicate other abnormalities such as vesi-
oureteral reflux, megaureter, or pyeloureteral syndrome.5

Hydronephrosis is most commonly assessed by the Soci-

Figure 2. A normative curve of renal length pattern and
ormative curves of renal pelvis growth pattern during the
etal period studied. (A) Correlation of kidney length by
estational age; (B) correlation of renal pelvic width by
estational age, and (C) correlation of renal pelvic length
y gestational age.
ety of Fetal Urology grading system or by APDRP.11,12 r

456
The knowledge of the normal patterns of renal anat-
omy during the fetal period is important for the follow-up
of the fetus during the gestational period as well as for the
postnatal follow-up of hydronephrosis or other renal
anomalies, avoiding a delay in the diagnosis and facili-
tating the treatment after the delivery.21,22 The fetal
idney length can be used to estimate the gestational
ge.15,16 Studies evaluating the longitudinal and trans-
ersal length of the fetal kidney during the gestational
eriod are well known.15,16 However, studies that assess
enal pelvis development during the human fetal period
ad not been reported previously in the literature.
The period of the most rapid development of the fetal

idney occurs between the 14th and the 16th WPC.18

Our sample was composed of fetuses from the second
trimester of gestation, a period when the development of
the kidney and, consequently, of the renal pelvis, is more
intense and their measurements are more difficult to
standardized by currently available imaging methods.

The most commonly used method for prenatal hydro-
nephrosis analysis is US, whereas the APDRP is the most
common parameter for the follow-up and grading evalu-
ation of hydronephrosis.7,23,24 Nevertheless, the use of
transverse diameter and longitudinal diameter of the
renal pelvis by prenatal US in most cases should indi-
cate fetal hydronephrosis when used in conjunction
with APDRP.25

There are a few alternative methods for the evaluation
of the fetal kidney during the gestational age, such as the
evaluation of the renal pelvis volume, through three-
dimensional US26 and MRI.27 MRI is a method that can
ssist considerably in the analysis of the fetal urinary
ract,13,14 providing important information especially in
ases where there are difficulties in the visualization of
he fetus using US, as in oligohydramnios and fetal mega-
ystis.16,27

In contrast to US, where there is a well defined pa-
rameter for the evaluation of the hydronephrosis using
APDRP, there are no well defined morphometric param-
eters to evaluate a fetal renal pelvis by MRI.14 The

easurements of the longitudinal and transverse diame-
ers of fetal renal pelvis and the creation of a normative
attern in renal pelvic development as demonstrated in
his paper may be a useful parameter for the evaluation of
he fetal renal pelvis by MRI.

The APDRP measurement was not possible in our
ample because of the absence of urine in the fetal kid-
eys. Nevertheless, we were able to easily evaluate the

ongitudinal and transverse diameters of the renal pelvis
n fetuses.

The longitudinal and transverse diameters of the renal
elvis presented a positive correlation with fetal age,
eight, and crown-rump length. Also, we found a posi-

ive correlation of the renal pelvis parameters with
ength, width, and thickness of the fetal kidney. Our

esults show that the linear correlation was not strongly

UROLOGY 77 (2), 2011
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positive because the work was done with a homogeneous
group of fetuses from the second trimester.

The longitudinal diameter of the renal pelvis in our
sample of fetuses ranging in age from 12–25 WPC pre-
sented an average between 4.17 and 4.33 mm, depending
on the side and sex, with no significant statistical
differences. The transverse diameter of the renal pelvis
presented an average between 3.43 and 3.61, depend-
ing on the side and sex, also with no significant sta-
tistical differences.

When the value for APDRP was greater than 7 mm in
fetuses with more than 18 WPC, this strongly indicated
an abnormality in the urinary tract.24 On the basis of our
ndings, measurements of the longitudinal diameter of
he renal pelvis greater than 6 mm and the transverse
iameter greater than 5 mm in fetuses with less than 25
PC indicated that these individuals should be closely

ollowed up, because it might be a sign of hydronephrosis.
hese measurements can be useful for the evaluation of

he prenatal hydronephrosis, primarily by MRI.

CONCLUSIONS
Fetal renal pelvis development demonstrated a positive
correlation with fetal parameters and kidney measure-
ments. The mean longitudinal diameter of the renal
pelvis (4.17 mm in right side and 4.33 mm in left side)
and the mean transverse diameter of the renal pelvis
(3.43 mm in right side and 3.61 mm in left side) obtained
from fetuses between 12 and 25 WPC, could be a useful
parameter for the analysis of the development of the
renal pelvis and hydronephrosis by imaging methods,
during the second gestational trimester.

Acknowledgments. Richard Medeiros, Rouen University
ospital Medical Editor, edited the final manuscript.
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