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ABSTRACT

Objective: To evaluate the anatomical aspects of the kidney surface in human fetuses
during the second gestational trimester.

Material and Methods: We studied 108 kidneys obtained from 54 human fetuses (29
males and 25 females). The kidney was dissected and the number of clefts was coun-
ted. The renal volume was also assessed. To compare the quantitative data in both se-
xes, the Students-t-test was used (p < 0.05). Simple linear correlations were calculated
for all kidney measurements, according to fetal age. Statistical analysis was performed
with the R program (Version 3.5.1).

Results: The fetuses ranged in age between 11.4 to 23 weeks post-conception. The
renal volume of the right kidney ranged from 0.09 to 2.397 cm (mean=0.8479) and the
renal volume of the left kidney ranged from 0.07 to 2.416 cm (mean=0.8036). The mean
number of renal clefts in fetuses studied was 15.25 (7 to 28). There was no statistical
significant difference in renal clefts between the sides either in males (p = 0.646) or
in females (p = 0.698). Also, there was no significant difference in the mean number
of renal clefts between male and female fetuses in right kidney (p = 0.948) and in left
kidney (p = 0.939).

Conclusions: The number of renal clefts has a great variation, weak correlation and
no tendency to decrease during the 2nd gestational trimester. The number of clefts in
right kidney of total sample and female fetuses has a significant development with age.
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INTRODUCTION

The 2nd gestational trimester is very impor-
tant for the embryonic development of the kidneys,
renal pelvis, ureter and bladder (1, 2). An important
branching of the ureteric bud occurs between the 5th
and 14th weeks post conception, leading to forma-
tion of the major and minor renal calyces, renal pel-
vis and collecting tubules (3, 4). This branching will
be important to the renal lobulations development.

The surface of the fetal kidney is divided by a
number of clefts into lobes and lobules. Fetal kidney
lobes (clefts) are fine, linear demarcations indenting
the renal surface, separating normal lobes, consis-
ting of a central pyramid, and surrounding cortex
(5, 6). The interlobular boundary lines are apparent
as grooves on the surface of the fetal kidney but are
rarely visible in the mature kidney (7). The persistent
fetal kidney lobulation is a rare anatomic variant
and can mimic a renal neoplasm leading to a wrong
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radiological diagnosis. This condition is denominated
as renal pseudotumors (8).

Studies of the renal clefts development in hu-
man fetuses are rare. We hypothesized that the renal
clefts are observed during the 2nd gestational trimes-
ter without differences between the genders and si-
des and showing a lower incidence at the end of this
period. The objective of this work is to evaluate the
anatomical aspects of the kidney surface in human
fetuses during the 2nd gestational trimester.

MATERIALS AND METHODS

The study was approved according to the
ethical standards of the hospital’s institutional com-
mittee on experimentation with human beings (IRB:
4.088.773, CAAE:31780419.0.0000.5259).

We studied 108 kidneys obtained from 54 hu-
man fetuses (29 males and 25 females) ranging in age
from 11.4 to 23 weeks post-conception (WPC). The
fetuses were macroscopically well preserved, with
no signs of malformation, and the stillbirth was due
to hypoxia. Gestational age was determined at WPC
according to the length of the foot. Currently, this
criterion is considered the most acceptable parame-
ter for estimating gestational age (9-11). The fetuses
were also evaluated regarding total length (TL), cro-
wn-rump length (CRL) and body weight immediately
before dissection with the aid of a digital pachymeter.
The same observer made all the measurements (12,
13). The fetuses were donated by the hospital’s obs-
tetrics department. All data were collected from July
2018 to November 2021.

Using a standardized technique, the fetuses
were carefully dissected with extraction of the kid-
neys and ureters with the aid of a stereoscopic lens
with 16/25X magnification. All fetuses were dissec-
ted under identical conditions by the same resear-
cher, who has practical experience in microsurgery.
After kidney dissection, we evaluated the following
measurements with the aid of a digital pachymeter:
renal length, width of the superior pole, width of the
inferior pole, and renal thickness (Figure-1). The data
were expressed in centimeters. The fetal renal volu-
me was calculated using the ellipsoid formula
(14): Renal volume (RV) = [renal length x re-
nal thickness x renal width (lower pole + upper
pole)/2] x 0.523.
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After the measurements the kidney was
dissected in our laboratory with the aid of a mi-
croscope (Zeiss Discovery V8 microscope with
stereoscopic lens with 16/25X magnification)
and the number of clefts was counted (Figure-1).
We observed the fetal kidneys in anterior posi-
tion, lateral position, and posterior position and
to facilitate the clefts number identification we
marked each cleft with a color pen (Figure-1).

Statistical Analysis

All parameters were statistically proces-
sed and graphically described. To compare the
quantitative data in both sexes, the students-
-t-test was used (p < 0.05). Simple linear cor-
relations (where r2 values less than 0.4 reflect
very weak correlation, r2 between 0.4 and 0.7
reflect moderate correlation and r2 greater than
0.7 indicate strong correlation) were calculated
for all kidney measurements, according to fetal
age. The statistical analysis was performed with
the R program (Version 3.5.1).

RESULTS

The fetuses ranged in age between 11.4
to 23 WPC, weighted between 60 and 780g, and
had crown-rump length between 7.3 and 22.2
cm. The mean number of renal clefts in fetu-
ses studied was 15.25 (7 to 28). The statistical
analysis of all kidneys biometric parameters
measurements is reported in Table-1.

There was no statistically significant diffe-
rence in renal clefts between the sides either in
males (p = 0.646) or in females (p = 0.698). Also,
there was no significant difference in the mean
number of renal clefts between male and fema-
le fetuses in right kidney (p = 0.948) and in left
kidney (p = 0.939). The renal volume of the ri-
ght kidney ranged from 0.09 to 2.397 cm (mean
= 0.8479) and the renal volume of the left Kidney
ranged from 0.07 to 2.416 cm (mean = 0.8036).
The analysis of the fetal kidney volume showed no
significant statistical difference between side and
sex comparisons (Volume of right kidney x left
kidney (males and females): p = 0.057; Volume
of right kidney x left kidney (males): p = 0.067;
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Figure 1 - Renal clefts and kidney measurements.

A) The figure shows some units of our sample after the fetal kidney dissection; B) Fetal kidney of a male fetus with 16 weeks post-conception in anterior position, we marked
each cleft with a green color pen; C) Schematic drawing of kidney measurements: Renal length, lower pole width, hilar width and upper pole width and D) The figure shows

the measurement of the upper pole width with the aid of a digital pachymeter.

Volume of right kidney x left kidney (females): p
= 0.333; Males x females (volume of right kidney):
p = 0.381 and Males x females (volume of left kid-
ney): p = 0.359).

The linear correlation was performed to
enable analysis of morphological data at different
gestational ages. Results for male fetuses’ renal
volume (Right kidney: r = 0.763, p < 0.001 and
Left kidney: r = 0.755, p < 0.001) and female fe-
tuses’ renal volume (Right kidney: r = 0.698, p
< 0.001 and Left kidney: r = 0.751, p < 0.001),
indicated that the renal volume increased signifi-
cantly during the fetal period studied in males and
females fetuses.

The linear correlation of renal lobes was
performed to enable analysis of morphological
data at different gestational ages. The linear cor-
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relation of the 54 fetuses renal clefts is shown in
Figure-2. The linear correlation indicated that the
fetal renal lobes number increased with age both
in total sample, female and male fetuses, but the
differences were not statistically significant, and
the correlation was weak. The exception was the
renal right clefts in total sample and female fetu-
ses that has a significant development with age.

DISCUSSION

In the beginning of the 5th week of deve-
lopment, the ureteral buds originate at the distal
portion of the mesonephric ducts and merges with
the metanephrogenic blastema (15, 16). In this
paper we studied fetuses of the 2nd trimester of
gestation. At this age, the kidneys are expected
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Figure 2 - Linear regression analysis comparing the correlation of the renal clefts and fetal age (WPC).
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The points plotted represent the mean values obtained for each week studied. A) Correlation for renal clefts in right side (blue point) and left side (red points) in male and
female fetuses X fetal age (WPC). Linear regression indicated a weak and positively correlation of renal clefts with age (Right kidney: r2 =0.08462, p=0.046 and Left Kidney: r2
=0.07165, p=0.0630); B) Correlation for renal clefts number in male fetuses X fetal age (WPC) (Right side: blue points and left side: red points). Linear regression indicated a
weak and positively correlation of male renal clefts with age (Right kidney: r2 =0.05773, p=0.2371 and Left Kidney: r2 =0.02503, p=0.4401) and C) Correlation for renal clefts
number in female fetuses X fetal age (WPC) (Right side: blue points and left side: red points). Linear regression indicated a weak and and positively correlation of female renal
clefts with fetal age (Right kidney: r2=0.1494, p= 0.0685 and Left Kidney: r2=0.1950, p=0.0349).
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to have reached their final position and from then
on they will only develop in size, representing an
ideal moment for this study. In our sample we
observed that the renal parenchymal volume had
a strong and positive correlation with fetal age
during the 2nd gestational trimester.

The branching of the ureteral buds will
determine the pyelocaliceal pattern and the cor-
responding renal lobules (2, 17, 18). The kid-
ney fetal lobe is made up of medullary pyramid
surrounded by cortex, separated by interlobar
grooves and drained by single calyx. The kid-
ney interlobar grooves disappear during the third
gestational trimester (5).

The persistence of kidney fetal clefts is a
rare anatomic variant characterized by fine, linear
demarcations indenting the renal surface betwe-
en normal renal lobes and consisting of normal
central pyramids and surrounding cortex which
are mistaken as tumor and can lead a difficulty
radiological diagnosis. This condition is called
renal pseudotumor (8, 19). Renal pseudotumor
is a term that include persistent fetal lobulation,
hypertrophy of Bertin columns and dromedary
humps (8, 19).

Radiological confirmation of persistent
fetal lobulation of kidney can be made by do-
cumenting the presence of renal pyramid in the
bulge bounded by septa of Bertin on either side
(20). Radiologist can make potential errors during
image interpretation of persistent fetal lobulation
especially on conventional and power Doppler ul-
trasound scan and to reach a secure diagnosis, a
CT or MRI should be done (7).

The fetal kidney grooves become invisible
during the third trimester resulting in smooth re-
nal surface (5, 21). This paper presents the first
normative parameters of fetal renal clefts deve-
lopment during the 2nd gestational trimester,
and we observed that the renal clefts number
increased with age, however the correlation was
weak in the fetal period analyzed, except in the
right side of total sample and in the right side
of female fetuses where the number of clefts has
a significant development with age. We observed
that the differences of the development of renal
clefts number were not statistically significant be-
tween genders and side.
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Renal clefts showing no tendency to decre-
ase during the 2nd gestational trimester and this
finding may justify the persistence of renal lobu-
lations during the 3rd gestational trimester and
after birth, however the absence of 3rd gestational
trimester fetuses in our sample to determine the
moment when the lobulations begin to disappear
is an important limitation of this work.

CONCLUSIONS

The number of renal clefts has a great va-
riation, weak correlation, and no tendency to de-
crease during the 2nd gestational trimester. The
number of clefts in right kidney of total sample
and female fetuses has a significant development
with age.
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