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Abstract

The aim of this study is to test the glomerular and other quantitative parameters of kidneys of anencephalic fetuses
and comparing those to “normal” fetuses. In this study, 20 kidneys of human fetuses (5 boys and 5 girls of anenceph-
alic fetus, and 5 boys and 5 girls of normal fetus), at gestational ages of 25-30 weeks, were examined. This study is
based on two basic research methods: one is a conventional anatomical measurement at the macroscopical level; the
other is a design-biased stereological method at the microscopical level. Physical dissector and Cavalieri principle
were used to estimate the total and numerical density of glomerulus and the volume of kidney, respectively. The
results of the two types of investigation were compared based on anencephalic/normal and boy/girl kidneys at both
the macroscopical and microscopical levels. There was no significant difference found between the quantitative fea-
tures of kidneys (volume of kidneys and mean number and/or height of glomerulus) belonging to anencephalic and
normal fetuses. The results of this study suggest that anencephalic fetuses did not differ from normal fetuses in

respect of kidneys.
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INTRODUCTION

Quantitative features of normal and anencephalic kid-
neys of fetuses at the gestational ages of 25-30 weeks
are not well known. Morphological features of this
organ belonging to these fetuses may gain a substantial
audience, since the transplantation requirements for
various organs are increasing in modern life; for this
reason, researchers have focused on potential alterna-
tive organ sources such as adult or infant cadavers and
anencephalic fetuses. Anencephaly, a neural tube
defect, is one of the most frequently seen embryonic
malformations. Although its etiology has not been
clearly understood, some findings from experiments
carried out on chick and mouse embryos showed that it
may root from genetic disorders.!>?> A group of genes
have been implicated in the networking of crest cell
induction, migration, specification, and differentia-
tion.>* Many system malformations in the body of a

fetus are also associated with neural tube defects. Several
neural and non-neural malformations, such as cardio-
vascular abnormalities, anencephaly with cranioschisis,
and spina bifida aperta with myeloschisis, are also com-
monly associated with neural tube defects.>® To our
knowledge, there are no reports on kidney malforma-
tions that are rooted from anencephaly and it has been
claimed that kidneys from an anencephalic fetus are an
acceptable source for transplantation.” ! New organ
sources for transplantation, in spite of some limitations
such as the paucity of organs, tissue rejection, technical
problems, and current law, compelled the researcher to
investigate new sources for organ donation that can
help meet the demand for transplantation.'!14
Stereology is a series of techniques that are based on
well-defined mathematical and statistical background.
The data accumulated through these methods are
based on two-dimensional images of three-dimensional
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structures.'>!® The number and size of the nephrons,
which are the functional units of a kidney, and other
quantitative data of this organ, such as volume, give us
very important information about the function and
organization of the kidney. In the present study, we
attempted to determine not only the number and size
of glomeruli by the dissector-counting method, but also
the total volume of the kidney using the Cavalieri prin-
ciple in anencephalic and normal fetuses.!”!8

MATERIALS AND METHODS

Experimental Design

This study was approved by the Human Ethic Com-
mittee of the Medical School of Karadeniz Technical
University. Twenty of 25-30-week-old fetuses were
used in this study. The age of fetuses was determined
according to these criteria: (1) crown-rump length was
250-280 mm; (2) biparietal diameter was 55—-63 mm;
and (3) weight of fetus was 1000-1700 g. Samples were
collected from the gynecology clinic from 1995 to
1998. Gross developmental features (normal or anen-
cephalic) and anatomical characteristics (kidney
weight, length, etc.) were determined at the Depart-
ment of Anatomy. The kidneys were divided into four
groups: normal boy (n = 5), normal girl ( = 5), anen-
cephalic boy (z = 5), and anencephalic girl (z = 5). No
developmental abnormalities were observed at the mac-
roscopic level in the normal fetuses and there were no
developmental abnormalities in the anencephalic
fetuses except for the anencephaly. It was decided
whether a fetus was anencephalic or not based on the
absence of brain and calvarium superior to the orbits.
The macroscopical measurements were done before
tissue fixation as shown in Figure 1.

Tissue Preparation Procedures

Twenty kidneys from fetuses (five boys and five girls
anencephalic; five boys and five girls normal) weighing
between 1000 and 1700 g at gestational ages between 25
and 30 weeks were studied in this experiment. All chem-
icals used during the study were obtained from Merck
Chemical Company (Merck Chemicals, Darmstadt,
Germany). Kidneys were fixed by 10% formaldehyde;
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after fixation they were dehydrated through graded
alcohol series and embedded in paraffin wax. Serial
sections of 5 um thickness at transverse plane were
taken and mounted onto gelatinized glass slides and
then stained with hematoxylin—eosin.

Tissue Sampling and Stereological Methods

On the basis of a pilot study, we obtained approxi-
mately 1800 sections from a kidney. We decided to
select every 31st specimen and its adjacent sections as
dissector pairs from the tissue sections using a system-
atic random sampling approach. As a result of this sam-
pling strategy, approximately 55-60 section pairs for
each kidney were used. The physical dissector-counting
method was applied to these section pairs to estimate
the total number of glomeruli in each kidney. One of
the section pairs was used for kidney volume estima-
tion. The first selected section and its adjacent section,
called the dissector pair, were separated by a 30 um
distance (Figure 2). A stereology analysis system (Ste-
reoinvestigator 6.0, Microbrightfield, Colchester, VT,
USA) was used for the stereological estimation of the
kidneys’ volume and number of glomeruli. The level of
coefficient of errors (CEs) for number of glomeruli and
kidney volume estimation was determined to be in an
acceptable range.!’

Volume Estimation with the Cavalieri Principle
Volume estimation of a structure that has an arbitrary
shape and size may be efficiently obtained by the Cava-
lieri principle.?° An important rule of this principle is as
follows: in order to get an unbiased estimation of the
volume of an object, the object must be cut to serial
and parallel planes separated by a fixed distance?!>??
and using a point-counting grid for the area estimation
of section profiles. The point density of the grid was
designed to obtain an appropriate CE for the serial par-
affin sections of the study. The CE and coefficient of
variation were estimated according to the formula given
by Baddeley and Jensen in 2005.1°

The test grid with a systematic array of points is
randomly placed on the screen of a PC and an appro-
priate point per interested area (total kidney areas)
carefully calculated for each section. The volumes of
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Figure 1. (A)—(C) show macroscopic measurements that were made on the kidneys.
Note: UT, upper top; BT, bottom top; M, median line; SML, superior-midline length; IML, inferior-midline length; L, length; TAPD,
top anterior—posterior depth; MAPD, middle anterior—posterior depth; BAPD, bottom anterior—posterior depth; a and b show fluid dis-

placement for volume measurements of kidney.
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Figure 2. (A) Sampling strategy that is used at the section level; (B) (I) reference and (II) look-up sections of the dissector pair are seen.
The distance between them is 30 um. These pairs are used for the estimation of both the number and height of glomeruli. Long arrows
show glomeruli that are seen at both the reference and look-up sections; short black arrows point to dissector glomeruli that are observed
in the reference section but not in the look-up section (white short arrow in B). Dp is a dissector pair. Scale bar is 500 um.

the kidneys were estimated with the following
formula:

where V is the mean volume of the kidney, ¢ the mean
section thickness, a/p the inter-point area, and X.P the
total number of points hitting whole serial sections of
the kidney.

Estimation of Glomerulus Number

The boundary of a section that belongs to the dissector
pair called the reference section was traced with Stereo-
investigator software and then it was used to determine
the section’s cut surface area. The estimated reference
section area of each kidney profile was divided into
equal fields in the x and y-axes of the microscope.
Finally, the images of all fields in each step, as deter-
mined previously via motorized stages of the micro-
scope, were taken using a charged-coupled device
(CCD) camera. The same procedure was applied to
the other section of the section pair, called the look-up

section (Figures 2 and 3). At this point, a major diffi-
culty for the researcher is to provide an identical orien-
tation for the same areas in the dissector pair. After the
same fields were obtained, images of the dissector pairs
were transferred to another PC. First, the adjacent
fields were located on the PC screen. Second, a suitable
unbiased counting frame was manually placed on the
same structures of these sections with a fixed rule.
Finally, the dissector-counting method was applied to
these section pairs. Reference and look-up sections
were reversed in order to double the number of dissec-
tor pairs without taking new sections (Figures 2 and 3).

The mean numerical density of glomeruli (Nyyg,)

was estimated using the following formula®>?%:

PN

Vglo ix A

where X Qy, is the total number of counted glomeruli
seen in the reference sections but not in the look-up
sections, ¢ the mean section thickness, and A the area of
the counting frame.

Renal Failure
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Figure 3. (A) (I, II) Illustration of section area fraction strategy. On average, 12—14 section pairs were obtained at section level and
divided into approximately 90 equal areas. (B) (I, II) An illustration of area fraction strategy. Unbiased counting frames were put on
images. (C) (I, II) Micrographs of a dissector pair are seen that are used for estimating the number and height of a glomerulus.

The mean glomerulus height (Hj,) was estimated
with the following equation®*:

2 Qg]o

= Xt

305,

glo

where 2 leo is the total number of glomeruli seen in the
reference section and Zleo the total number of dissec-
tor glomeruli that appeared only in the reference section.

The CEs for the volume and glomeruli height and
number estimation and the coefficient of variation for
all data were calculated according to Gundersen and
Jensen’s formula.?%?2

Statistical Analysis

Differences in the number/height of glomeruli and the
volume of kidneys between the two groups were tested
using the Mann—Whitney U-test. All statistical analyses
were performed using SPSS 13.0 software for Windows.

RESULTS

Macroscopical Results

The macroscopical results for the anatomical properties
of the kidneys are given in Table 1. No significant differ-
ences were found between the normal and anencephalic
boys and between normal and anencephalic girls; normal
or anencephalic left and right kidneys; or regarding any
other anatomical features of kidneys (p > 0.05).

Stereological Results

The density of glomeruli, the number and height of
glomeruli, and the volume of the kidneys were com-
pared as shown below:

(1) Male—female (irrespective of normal or anencephalic)
(2) Normal-anencephalic (irrespective of male or female)

© 2013 Informa Healthcare USA, Inc.

(3) Normal fetuses and anencephalic fetuses (regard-
less of gender)

(4) Male anencephalic fetuses—male normal fetuses

(5) Female anencephalic fetuses—female normal
fetuses

No significant differences in glomerulus density, total
glomerulus number, mean glomerulus height, and
mean kidney volume were detected between the normal
fetuses and anencephalic fetuses regardless of gender
(p > 0.05) (Figures 4-7). Also there was no statistical
difference, either between normal and anencephalic
male fetuses or between normal and anencephalic
female fetuses in respect of morphometrical kidney
parameters (p > 0.05).

Histological Results

The renal cortex of the anencephalic and normal fetuses
contained glomeruli, vessels, tubules, and interstitium
(Figure 8A and B). When evaluating these renal speci-
mens by light microscopy on a hematoxylin—eosin-
stained section, the following glomerular features were
seen: the overall cellularity of the glomerulus, the sym-
metry of the glomerulus, and the thickness of the capil-
lary walls (Figure 8A and B). Renal tubule (the long
and winding neck) formed the proximal tubule, the loop
of Henle, and the distal tubule (Figure 8A and B).
Among tubular structures, there was very little intersti-
tium in the cortex (Figure 8A and B). So, the general
histological structure of anencephalic kidney was the
same compared with the kidney of normal fetuses at
light microscopic level.

DISCUSSION

Clinically, it is an important issue to acquire appropri-
ate donors for kidney transplantation in pediatric
patients who suffer from chronic kidney disease, which



114 A. Kalaycioglu et al.

990 F SLY 1¢°0F L8Y ¢v'0F L8V IPO0FS [V 4 erOFLE 9¢'0F SV ce0F6°¢ AmEuv SuwImM[oA
TLOFLLY 870 F LO'S SLOFCLY cSoFCI'S 8C'0F LTV IS°0F¢e'¢e 970 F <9V SPOFTe (8) ySoM
SI'TF¢SCI L8'0F LVII TIOTF6S' 1T 29°0F 1¢°01 CTITFPICI 99°'0F 6911 cLoOFCICI €9'0F 9701 (wrur) ypdop romraisod—ronsiue wonog
10T F I8'¥%I 6L°0F¢8°CI L6°0 F LY'SI 8L 0FCSVI cCTFIOPI 16'0 F90°CI SLOFI9°¢I L8°0F 10°CI (wrur) ypdop T01r1s0d—I0LIRIUE S[PPIN
CI'TF6S°¢l 780 F L9°CI 80'TF9¥I SO0OF IT'CI SL'TFo6LCI Yo 0OFVII 6L TFeLel €6'0F9CII (wrur) qadap rorrsisod—rouLiue do,
eT'TFLEIT FO'T F6C9I GCT'TFCLOI cI'cFoLSl VT F VI 7O'T F08°CI CTF8LYI 96'0 F 1971 (uwrur) PSUS] SUIPI—IOLIAFUT
8¢ TF SV LI 880 F 9861 1€°0F90°81 171 F L8°0¢ LU'TF¢I'8I S TFLOGT S80'TFLO6'FI LT'T¥8COI (urur) pSud| surpru—Iouradng
8I'CF 6T ¢e C6'TFCoCe GG'TF6TCE 80°CF LETE 650 F LTC¢ LETFITLC GG'0F98°1¢ 79T+ 98¢ (wrur) Sua]

(c=u) (c=u (c=uw (c=u) (c=u) (c=u) (c=u (c=u)

oreydasuduy [BULION oreydosuduy [BUWION oreydodsuduy [BUWION oreydosusuy [BUWLION
SIUQWIINSBITN

14y BLCEi
sn19y Aog SN19J [I1D)

‘(WHS F ueour) sAoupry 139 pue 1YySHI Jo sownjoa pue Jysom ‘suorsuswip 3y 01 Suofoq ele ' d[qeL

Renal Failure



140 A
130 4 +
120 A
110 A
100

90

Glomerulus density (gim/mm?3)

80 T T T T
Normal Anencephalic Normal Anencephalic
boy boy girl girl

Figure 4. Glomerulus density in kidneys for normal and anen-
cephalic fetuses (mean + SEM).
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Figure 5. Glomerulus number in kidneys for normal and anen-
cephalic fetuses (mean £ SEM).

124
122~ —
E 120
E
= 118
(2]
© 116 1
£ 1141
5 1121
:
o 110 A
108 4
106 T T T T
Normal Anencephalic Normal Anencephalic
boy boy girl girl

Figure 6. Glomerulus height in kidneys for normal and anen-
cephalic fetuses (mean + SEM).

has a significant morbidity and mortality rate. Cur-
rently, it has been argued whether anencephalic fetuses
(occurring in 1:1000-1:20,000 infants) would make
ideal donors. In the literature, there are many studies
about this subject. Some of these studies declared a
positive opinion and successful results.?>?? On the
other hand, some of them mentioned some disadvan-
tages, such as effect of anencephaly on other organs,’
arterial thrombosis, vascular rejection,8 the size of the
recipient (age and sex),?’ and ethical problems,>® due

© 2013 Informa Healthcare USA, Inc.
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Figure 7. Kidney volume estimation using Cavalieri principle
for normal and anencephalic fetuses (mean = SEM).

to no more than a few weeks of life expectancy for
anencephalic infants.!* In this study, it was attempted
to detect the glomerular and other quantitative parame-
ters of kidneys of anencephalic and normal fetuses.

The urinary system of a developing fetus appears at
three stages: pronephros, mesonephros, and metaneph-
ros. The development of both the number and size of
nephrons continues throughout the fetal stage and the
generation of the nephrons is completed between the
28th and 36th week of gestation, but the structural and
functional maturation of the nephron continues after
birth.3! In order to determine whether kidney of anen-
cephalic and normal fetuses is functional, the number,
shape, size, and distribution of nephrons>?>>> and the
total volume of the kidney>* and its anatomical charac-
teristics should be evaluated.3>>3¢

Although there are many studies investigating the
features of the kidney>”>® using stereological methods,
there are few studies on kidney development>’»3% 44
and none of these specifically study anencephalic fetus
kidneys.

It is well known that even though a few mature
nephrons are observed from the ninth week of gesta-
tion, most of them are formed during the third trimes-
ter.*>%% The stereological findings of the present study
show that the number of nephrons at 25-30 weeks of
gestation were not different between normal male and
female fetuses (p > 0.05). In addition, no differences
were found between the number of glomeruli of normal
and anencephalic fetuses. Therefore, the number of
glomeruli in the kidney is not affected by anencephaly
of the fetus. The second finding was obtained with the
physical dissector method. There were no significant
differences between the mean glomerular heights of
normal and anencephalic male or female fetuses. The
third finding of this study involves the total volume of
the kidneys. These results also show no significant dif-
ferences between the mean volumes of normal and
anencephalic male or female fetuses. Our data regard-
ing the mean kidney volume at the same period were
parallel with previous findings that there is no difference
between male and female kidneys.*”*® Our studies on
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Figure 8. Representative light micrographs of renal cortex from
a normal fetus (A) and an anencephalic fetus (B). The structure
of the anencephalic kidney does not show a significant difference
from the normal kidney. Arrow head, distal tubule; asterisk,
proximal tubule; white arrow, glomerulus; black arrow, visceral
sheet of Bowman capsule. Scale bar is 40 um.

the glomerular surface area, glomerular volume, total
length of glomerular capillary, and so on, of the normal
and anencephalic fetuses using stereological methods
are continuing. The present findings of this study show
that the kidneys of anencephalic fetuses have similar
histological structure and morphological parameters
with those of normal fetuses.
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