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Abstract

B ackground: Understanding the anatomical structure of the human kidney, particularly its zonal and

INDEXED IN

segmental organization, is crucial for both theoretical knowledge and practical applications in surgical
procedures. That is why the purpose of the article was to study the variants of the zonal and segmental
structure of human kidneys.

Methods: 116 corrosive preparations of the arterial system of the human kidney served as the material for the
study. The authors identified their extra-organ branches: a) the number of arterial vessels in the kidney
hilum; b) the topographic and anatomical features of the renal artery trunks. In a 3D projection, zones of
local zonal blood supply to areas of the renal parenchyma were identified, depending on the di- and
trichotomic variants of the division of the main renal artery, A. renalis (I).

Results: It was found that some lines of the passage of the zones of natural divisibility of the kidneys with
different variants of the division of A. renalis (I). There were from 5 to 7 (6 £ 1) segments in the kidneys on
average. It is possible that if a four-zone blood supply system with corresponding zones of natural kidney
divisibility is found in the kidneys, where the zones mostly don’t coincide with the boundaries of the passage
of segments in their classical version, the number of segments will be even greater.

Conclusion: The results of the conducted study show that considering the generally accepted zones and
boundaries of the passage of segments with zones of natural divisibility, which were not previously
considered, the kidneys have an individual segmental structure, which requires revision. The authors believe
that the generally accepted classical five-segment kidney model is outdated.
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Introduction

Many researchers have written on the issues of angio-
architectonics and the segmental structure of the
kidney [1-4].There is still no unified point of view about
the lobular, zonal, and segmental structure of the
kidney, and the main criteria used for dividing this
organ into fractions or segments have not been
completely defined [5-7]. Knowledge of the variants of
the segmental structure of the kidneys is of great
importance in practical surgery for performing organ-
preserving operations or segmental resections [8-10].
By the division of the branches of the main renal artery,
A. renalis (I),the kidney is divided into segments which
are called arterial segments of the kidney [11]. In
modern science, the classical five-segmental structure
of the kidney is generally accepted, where the superior,
superior anterior, inferior anterior, inferior, and
posterior segments, i.e., isolated areas of the kidney
parenchyma supplied with blood by pools of segmental
arteries, are distinguished. As a result, five segmental
arteries define the segments of the kidney, as in
principle, it is depicted in many literary publications on
human anatomy, including atlases on human anatomy
[12]. There are many works in the literature devoted to
the segmental structure of the kidneys, since this is
closely related to the question of the presence of low-
vascular zones in the kidneys and to determine the
segmentation of the organ, the arterial vessel is
isolated as the main morphological feature [13,14].
However, according to the studies of these authors, the
number of segments in the kidneys is not the same [15,
16]. This is probably because the authors take branches
of different orders for the segmental artery [17,18]. The
International Anatomical Nomenclature (2003) in the
arterial bed of the kidney does not contain such a term
as a segmental artery. A branch of the 2nd or 3rd order
is usually called a segmental artery. If it is a branch of
the 2nd order, then this is the result of the division of
A. renalis (I), that is, the first level of division.
According to some authors, in most cases, A. renalis (I)
is divided into two branches, ventral and dorsal [19,20].
It should be noted that the kidney segments were
studied by the authors mainly with the variants of the
division of A. renalis (I) into ventral and dorsal
branches, not considering other possible variants of the
division of the renal artery and the types of intra-organ
branching.

There is also the issue of the sources of formation and
the number of segmental arteries in different kidneys.
If these are branches of the 3rd order, then this is the
third level of division, interlobular arteries located in
the parenchyma of the organ, the number of which can
reach from 4 to 10, i.e.,10 segmental arteries. However,
according to the literature review and International
Anatomical Nomenclature, there are only five

segments, which require specification [21]. In classical
textbooks and atlases of human anatomy, among other
things, a five-segment model of the kidney is
illustrated, where the division of A. renalis (I) into
ventral and dorsal branches is mainly depicted [22,23].
Further, the ventral branch of the renal artery, as
illustrated in a textbook or an atlas, is divided into
arterial vessels that supply blood to the segments of
the kidney. Moreover, the ventral branch, being the
maternal one, regardless of the type of branching
(magistral or dispersed), splits into four arteries of the
3rd order, that is, segmental arteries going to the four
renal segments [24,25]. However, the dorsal branch, as
shown in many textbooks and atlases, smoothly passes
into the dorsal segmental artery for blood supply to the
only posterior segment of the kidney. Although the
dorsal branch of the renal artery, as well as the ventral
one, also splits into several branches of the 3rd order,
based on the principles of di- or trichotomy, they
should be called interlobular or segmental arteries. In
the dorsal artery, as in the ventral one, each 3rd-order
interlobular artery or segmental artery in the renal
parenchyma also forms its arterial vascular pool, which
has a certain isolated area of blood supply to the renal
parenchyma [26]. However, this pattern does not apply
to the dorsal artery, which requires a separate
specification.

This gap is not the only one in the literature among
many groups of questions that have arisen concerning
the specifics of the structure of the human kidney
bloodstream. Even the information about the main
renal vessels seems to be contradictory in some
respects [27]. In our opinion, this is due to the
countless individual variability of the topography of the
renal vessels and the shape of the intra-organ
branching of blood vessels, both within the hilum and
sinuses of the kidneys, and in the thickness of their
parenchyma. Based on this, the relevance of this
problem becomes obvious. The purpose of this study is
to review the variants of the zonal and segmental
structure of human kidneys.

Methods

Research design

The study used a descriptive design to investigate the
segmental structure of the human kidney and
determine the zones of natural divisibility. We used a
combination of experimental and imaging techniques
to analyze arterial preparations and 3D models of the
renal arterial bed.

Research materials

We used 116 corrosive preparations of the arterial
system of the human kidney made of fast-hardening
polymers.
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Research algorithm

1. The finished preparations were scanned [20]
and photographed using a Sony Cyber-shot
DSC-RX10M 4 Black digital camera.

2. On corrosive preparations of arterial vessels of
the kidneys and 3D scans of renal arteries in
3D projection, their extra-organ branches
were observed:

a) the number of arterial vessels in
the kidney hilum;

b) topographic and anatomical
features of the trunks of the renal
arteries in the kidney hilum.

3. In the Mimics 8.1 software, 3D models of the
renal arterial bed showed a 3D projection of
the main arteries of the kidney relative to
different planes (frontal, horizontal, and
sagittal).

4. Ina 3D projection, zones of local blood supply
to areas of the renal parenchyma were
identified, depending on the di- and
trichotomic variants of the division of A.
renalis (I). Based on the analysis of literary
sources, it was accepted that certain places in
the parenchyma of the kidneys, where small
branches of arterial vessels of the basins of
zonal arteries, A. zonal (II),met but did not
intersect or did not cross their boundaries,
were called zones of natural divisibility of the
kidneys.

5. In a computer program, by combining 3D
images of a classical five-segment kidney
model with a 3D image of the obtained
variants of natural divisibility zones, their
multimodal images were created [28]. A
geometric correction was carried out by
projective transformations.

Data analysis

All obtained digital materials and data from
instrumental research methods were processed based
on variation statistics methods using a workstation
with an Intel Core2Duo T5250 1.5 Ghz processor and
2GB RAM on the Windows 7 platform. In the course of
the work, we used the Excel application package from
Microsoft Office 2007.

Results
As a result of creating multimodal images of combined
images of the classical five-segment kidney model with
six variants of the topography of the zones of their
natural divisibility, new variants of the segmental
structure of the human kidney were obtained.

When presenting the results of our study, we used the
generally accepted classical definitions of some

anatomical formations of the kidneys based on the
analysis of literary sources for convenience. Thus,
under the kidney zone, we understood a section of the
renal parenchyma, in which a branch of the renal artery
of the 2nd order was distributed, that is, A. zonal (I).
The topography of A. zonal (II) in the kidney hilum,
their features of intra-organ branching, and the
formation of arterial basins in various areas of the renal
parenchyma depend on the options for passing zones of
natural divisibility on the surface of the kidney.

By the segment of the kidney, we understand a
section of the parenchyma where the branch of the 3rd
order divides, that is, the vessels of the interlobar
artery basin, A. interlobares — 1 (III) or the segmental
artery [29]. When creating multimodal images, it was
found that some segments of the kidney were still
divided into parts by zones of natural divisibility,
depending on the variants of the division of A. renalis
(I) into A. zonal (II). Thus, in the 1st variant of the
division of A. renalis (I) into ventral and dorsal A. zonal
(II), which was observed in 54.2% of cases. The zone of
natural divisibility of the kidney ran along its lateral
edge, then starting from the upper corner of the renal
sinus it was directed upwards, then it was directed
along the superior pole of the kidney, dividing the
superior polar segment into two more segments. Then
it descended to the inferior pole of the kidney, dividing
this segment into two more segments, retreating 0.5
cm posteriorly from its convex edge. In this variant, the
kidney had the following segments (Figure 1).

542

Posterior

superior polar Anterior superior polar segment

Superior anterior segment

Posterior segment Inferior anterior segment
Posterior inferior

Anterior inferior polar segment
polar segment

Figure 1: Segmental kidney model.

In the 2nd variant of the division of A. renalis (I) into
superior polar and inferior polar A. zonal (1I), which
was observed in 15.5% of cases, the zone of natural
divisibility of the kidney ran along the anterior surface
of the kidney from its medial edge and the middle of
the anterior lip to the lateral edge of the kidney. Then
it passed through the convex edge of the kidney to the
posterior surface, dividing the posterior segment into
two more segments and reaching the medial edge. In
this variant, the kidney had the following segments

(Figure 2).
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Superior polar segment

Superior posterior segment Superior anterior segment

Inferior anterior segment
Inferior posterior segment

Inferior polar segment
Figure 2: Segmental kidney model.

In the 3rd variant of the division of A. renalis (I) into
ventral, dorsal, and superior polar A. zonal (II), the first
zone of natural divisibility of the kidney passed along
the anterior surface of the kidney in a transverse
direction, from its medial edge and the middle of the
anterior lip to the lateral edge of the kidney. Then it
passed through the convex edge of the kidney to the
posterior surface, dividing the posterior segment into
two more segments and reaching the medial edge. The
second zone of natural divisibility of the kidney began
from the first one, retreating 0.5 cm posteriorly from
the lateral edge of the kidney, heading down along its
convex edge, dividing the inferior polar segment into
two more segments and reaching the lower corner of
the kidney hilum. In this variant, the kidney had the
following segments (Figure 3).

Superior polar segment

Superior posterior

Superior anterior segment
segment

\Inferior posterior

Inferior anterior segment Reguent

Posterior inferior

polar segment
Anterior inferior

polar segment

Figure 3: Segmental kidney model.

In the 4th variant of the division of A. renalis (I) into
ventral, dorsal, and inferior polar A. zonal (II), which
we found in 9.4% of cases, the first zone of natural
divisibility of the kidney in this variant passed along
the anterior surface of the kidney in the transverse
direction, from its medial edge and the middle of the
anterior lip to the lateral edge of the kidney. Then it
passed through the convex edge of the kidney to the
posterior surface, dividing the posterior segment into
two more parts and reaching the medial edge. The
second zone of natural divisibility of the kidney began
from the first one, retreating 0.5 ¢cm posteriorly from
the lateral edge of the kidney, went up along its convex
edge, reached the superior polar segment, dividing it
into two parts, and reached the superior corner of the
kidney hilum.

In this variant, the kidney had the following segments
(Figure 4).

Anterior superior
Posterior superior polar segment

polar segment
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Inferior polar segment

segment
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segment
& Inferior polar

segment
Figure 4: Segmental kidney model.

In the 5th variant of the division of A. renalis (I) into
two ventral and one dorsal A. zonal (II), which we
found in 5.1% of cases. The first zone of natural
divisibility of the kidneys in this variant passed
longitudinally along its lateral edge, then starting from
the upper corner of the renal sinus it went up, then
along the superior pole of the kidney, it descended to
the inferior pole, dividing the superior polar segment
and the inferior polar segment into two more parts,
retreating 0.5 cm posteriorly from its convex edge and
closing in the lower corner of the renal sinus. The
second zone of natural divisibility of the kidney passed
in the transverse direction, corresponding to the
boundary between the superior anterior and inferior
anterior segments. On the dorsal surface, the zone of
natural divisibility also started from the central
sections of the longitudinal line, then went in a
transverse direction towards the kidney hilum. In this
variant, the kidney had the following segments shown
(Figure 5).

In the 6th variant of the division of A. renalis (I) into
superior polar, central, and inferior polar A. zonal (1I),
which we found in 2.5% of cases, the first zone of
natural divisibility of the kidney, passing from the
central parts of the kidney hilum, starting from the
anterior lip and heading laterally, corresponded to the
border between the superior polar and the superior
anterior segments. The second zone of natural
divisibility of the kidney also passed from the central
parts of the kidney hilum, starting from the anterior
lip, then going laterally in an oblique downward
direction and corresponding to the border between the
inferior anterior and inferior polar segments. On the
dorsal surface of the kidneys, both zones of natural
kidney divisibility in this variant corresponded to the
boundaries between the superior polar, dorsal, and
inferior polar segments. In this variant, the kidney had
the following segments (Figure 6).

\nterior superior

Posterior superior polar segment

polar segment
Superior anterior segment
Dorsal segment Inferior anterior segment

Anterior inferior

Posterior inferior polar segment polar segment

Figure 5: Segmental kidney model.
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Figure 6: Segmental kidney model.

Discussion

Thus, studies show that only in the case of the division
of A. renalis (I) into the superior polar, central, and
inferior polar A. zonal (II), which was observed in 2.5%
of cases, the kidney has a classic five-segment structure
[30]. However, in our opinion, this percentage is a small
indicator to bring on average all the kidneys to the
generally accepted five-segment structure. In the case
of the most common variant of the division of A.
renalis (I) into ventral and dorsal A. zonal (1I), which
was found in 54.2% of cases, the kidney has seven
segments. On average (X £ m) there are from 5to 7 (6 *
1) segments in the kidneys, which to some extent
corresponds to the data of Domnitsky et al., and Shahul
Hameed et al., [31, 32]. It is possible that in the case of
a four-zone blood supply system with corresponding
zones of natural kidney divisibility, where the zones do
not coincide with the boundaries of the passage of
segments in their classical version, their number will be
even greater [33].

Thus, the results of studies conducted on a sufficient
amount of material, considering the generally accepted
zones and boundaries of the passage of segments with
zones of natural divisibility of the kidneys, which were
not previously considered [34], show us that the kidney,
depending on the variants of the division of A. renalis
(I) into A. zonal (II), with the formation of their arterial
basins and considering the zones of natural divisibility
has an individual segmental structure, which requires a
revision [35]. We cannot agree with the generally
accepted classical five-segment kidney model and
consider it outdated.

Our study is based on a 3D analysis of the variants of
the division of A. renalis (I) where six variants of its
division into A. zonal (II), forming arterial vascular
pools in the parenchyma of the kidney with the
formation on the surface of the kidneys of variants of
the passage of zones of their natural divisibility. We
found that in 54.2% of cases, A. renalis (I) is divided
into ventral and dorsal A. zonal (II), relative to the
frontal plane, forming the ventral and dorsal zonal
blood supply systems of the kidneys (bi-zonal blood
supply system of the kidneys). In 15.5% of cases, A.
renalis (I) is divided relative to the horizontal plane
into the superior polar and inferior polar A. zonal (II),
forming the superior polar and inferior polar zonal

blood supply systems in the kidneys (bi-zonal kidney
blood supply system).

Further, variants of kidneys with a three-zonal blood
supply system were identified: for example, in the 1st
variant, A. renalis (I) in 12.9% of cases, was divided
relative to the frontal and horizontal plane into
superior polar, ventral, and dorsal A. zonal (I). In the
2nd variant, A. renalis (I) was divided relative to the
frontal and horizontal plane into ventral, dorsal and
inferior polar A. zonal (II), which was observed in 9.4%
of cases. In the 3rd variant, which was observed in 5.1%
of cases, A. renalis (I) was divided relative to the frontal
plane into two ventral and one dorsal A. zonal (II).In
the 4th variant, A. renalis (I) was divided into the
superior polar, central, and inferior polar A. zonal (1I),
which was observed in 2.5% of cases. The variants of
zonal blood supply to the kidneys that we identified
formed zones of natural divisibility on their surface.
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