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Abstract

The authors conducted a quantitative 3D analysis of the arterial and venous kidney beds with the identification of zones
of arterial blood supply and venous outflow in the parenchyma with a dichotomous variant of the division of the renal artery. The
authors distinguished dichotomous and trichotomous variants of the division of the main renal artery in the frontal, sagittal, and
horizontal planes into vessels of the 2nd order (zonal arteries) forming arterial basins in the parenchyma of the organ consisting of
three groups. The first group included kidneys with a dichotomous variant of the division of the main renal artery in the frontal
plane, forming two arterial basins in the ventral and dorsal halves of the kidney, that is, with a two-zone blood supply (11 variants,
51.8%). The second group consisted of kidneys with a dichotomous division variant forming arterial basins in the parenchyma of
the superior and inferior kidney poles (four variants, 27.1%). The sources of blood supply to the kidney zones, that is, the number
of zonal arteries, had some differences depending on the variants of the division of the main renal artery and the types of
branching of its intra-organ arterial vessels of the kidney. The number of venous vessels involved in the drainage of various zones
of the kidney and their confluence at the level of the links of the magistral venous vessels depend on the variants and types of

fusion of veins in the intra-organ venous bed.

Keywords: kidney, artery, vein, 3D analysis

Full length article ~ *Corresponding Author, e-mail: edgar.kafaroff@yandex.ru

1. Introduction

The widespread introduction of modern radiation
research methods in urological practice, namely 3D
technologies for performing organ-preserving operations
and segmental resections, requires clarifying information
about the features of the structure of the kidney arterial and
venous bed, the topographic and anatomical features of the
structure inside the organ, the zones of arterial blood supply
and venous outflow, etc. [1-5]. Many researchers question
the degree of correspondence of the course of arterial and
venous vessels and how much the veins repeat the course of
the arteries, which is important in urological practice for
proper ligation of the neurovascular bundle before
performing segmental resection to avoid postoperative
bleeding [6,7]. Researchers pay special attention to the issue
of the discrepancy between the quantitative ratio and the
location of venous and arterial vessels inside the kidney.
Morphological studies by O. Mochalov [8], K.K. Gubarev et
al. [6], A.M. Ali Khussein [9], and D.W. Giel et al. [10]
indicate the presence of various topographic and anatomical
features of the arteries related to the veins, both inside and
outside the organ. Researchers pay special attention to the
discrepancy between the number and topography of arterial
and venous vessels. This issue of the topographic and
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anatomical relationship between arteries and veins, their
number and ratio is extremely important when performing
surgical interventions on the kidneys, for example, organ-
preserving operations or segmental resections. This issue
has been repeatedly discussed by many researchers [11-13].

According to some researchers, venous vessels
predominate over arterial ones, while others claim the
opposite and note that the number of arterial vessels is
greater than venous vessels [6,8,9,11-13]. The presence of
vascular basins inside the kidney parenchyma, their
quantitative characteristics, and the degree and distribution
zones of the vessels of these basins in various areas of the
organ are also important. Researchers also take an interest in
the drainage features of the venous bed of the kidney with
different variants of the distribution of arteries and their
vessels in the areas of the kidney parenchyma [6,8,9,11-13].

The generalization of existing data and the
development of new approaches to the analysis of intra-
organ arterial and venous kidney beds is of paramount
importance for the creation of a personalized approach in
clinical practice [14,15, 16]. We conducted a 3D anatomical
analysis of the renal vascular bed with the identification of
zones of arterial blood supply and venous drainage in the
parenchyma.
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2. Materials and methods

124 polychrome corrosive preparations of the
arterial and venous bed of the kidney were used in the study.
They were made from the kidneys of corpses of people of
both genders aged 22 to 75 who had died from diseases
unrelated to the pathology of the urinary system. The
preparations were purchased as part of the implementation
of the grant of the Russian Foundation for Fundamental
Research in the Graduate Students program for project No.
20-315-90008/20. The polychrome corrosive preparations of
the renal vascular bed were photographed using a Sony
Cyber-shot DSC-RX10M4 Black digital camera. All kidney
preparations were subjected to 3D scanning using a
RayScan 130 3D digital microcomputer tomography system
(Germany), at a current strength of 132 mAs, voltage of 140
kV, with a spiral pitch of 1.0 mm and subsequent 3D
modeling (Agreement No. 5 dated 18.07.2020).

The data obtained from the scans of polychromic
corrosive renal vascular bed preparations were imported into
special modules of the IntelliSpase Portal and Synapse 3D
workstations for automatic calculation of the volume of
vascular basins of the arterial and venous renal bed,
expressed as a percentage (X+m)%, where the basins of the
venous bed and basins of the renal arterial bed were taken as
100%. In the calculations, we used the Excel application
from the Microsoft Office 2007 application package.

The accuracy of the study was determined by the
probability of an error-free forecast less than or equal to
0.95% with the level of statistical significance p<0.05.

3. Results and Discussions

Depending on the variants of the division of the
main trunk of A. renalis (1) in the renal hilum in the frontal,
sagittal, and horizontal planes into vessels of the 2nd order
(zonal arteries, A. (zonal) (1)), the dichotomous and
trichotomous variants of their intra-organ branching were
established, which had their specific arterial basins in
different areas of the kidney. By the kidney zone, we
understand the section of the renal parenchyma where the
arterial vessels of A. (zonal) (I1)). As a result of the studies
of corrosive preparations, we identified the corresponding
kidney groups. The first group was represented by Kidneys
with a dichotomous division of A. renalis (I) (these are
kidneys with a two-zone blood supply system). They
participated in the following types of blood supply: the first
one was the distribution of arterial wvessels in the
parenchyma of the ventral and dorsal kidney zones and the
second one was the distribution of arterial vessels in the
parenchyma of the superior and inferior polar zones of the
kidney. In the first dichotomous variant of the division of A.
renalis (1) in kidneys with a bi-zonal blood supply system,
which was observed in 9.2% of cases, at p<0.05, A. renalis
(1) in the renal hilum relative to the frontal plane branched
into the ventral zonal branch, A. ventralis (zonal) (I1), and
dorsal zonal branch, A. dorsalis (zonal) (Il). The ventral
zonal artery (VZA), A. ventralis (zonal) (II), with a
dispersed type of branching, was divided on average into
(X£m) 4+1 interlobar arteries of the 1st order, A.
interlobares-1 (111), which fed the parenchyma of the ventral
zone of the superior and inferior poles of the kidney,
amounting to 50+2% of the volume of blood supply to the
entire organ. The Kkidney arteries branched in the
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parenchyma of the anterior superior and anterior inferior
segments, also supplying blood to the segments of the
superior and inferior poles, smoothly passing to the dorsal
surface of the same poles of the kidney (Table 1, Figures 1
and 2).

In this variant of the division of A. renalis (1) and
the type of intra-organ branching, the DZA with dispersed
branching, on average, branched into (Xxm) 3x1 A.
interlobares-1 (I11) supplying blood to the parenchyma of
the dorsal zone of the kidney. These vessels were distributed
in the posterior segment and dorsal parenchyma of the
superior polar and inferior polar segments, averaging
40+2% of the volume of blood supply to the entire organ.
The VZA with a dispersed type of branching of arterial
vessels on average gave (Xxm) 2+1 A. interlobares-1 (1)
for blood supply to the parenchyma of the dorsal zone of the
kidney in the area of its poles, averaging 10£1% of the
volume of blood supply to the parenchyma of the kidney.
On average, in this group of kidney preparations, the
number of interlobar arteries equaled (Xxm) 7+1.

When examining the venous system in this group
of kidneys, we found that it was represented by the SPV, V.
superius polus (I1), and the IPV, V. inferior polus (lIl),
merging in the renal hilum relative to the horizontal plane,
forming the main renal vein, V. renalis (I). In this case, on
average (X+m) 4+1 interlobar veins of the 1st order, V.
interlobares-1 (l11), flowed into the SPV with dispersed
venous vessel fusion. Furthermore, on average (X+m) 4+1
V. interlobares-1 (111) flowed into the IPV with dispersed
fusion. Venous outflow from the parenchyma of the ventral
zone was carried out along the SPV and IPV with dispersed
venous vessel fusion. The SPV drained the parenchyma of
the ventral sections of the superior and superior anterior
segments, averaging 25+1% of the volume of venous
outflow from the entire kidney. The IPV drained the
parenchyma of the ventral parts of the inferior and inferior
anterior segments, also averaging 25+1% of the volume of
venous outflow from the entire kidney. On average, (X+m)
4+1 V. interlobares-1 (I11) flowed into each polar vein.
Venous drainage from the parenchyma of the dorsal zone of
the kidney was also carried out through the SPV and IPV.
On average (Xxm) 2+1 V. interlobares-1 (111) with dispersed
types of vascular fusion flowed in the SPV and (Xtm) 31
V. interlobares-1 (111) with dispersed types of vascular
fusion flowed in the IPV draining the parenchyma of the
dorsal zone of the kidney, and in particular, the posterior
segment and dorsal parts of the pole segments, averaging
50+3% of the volume of venous outflow from the entire
parenchyma of the kidney. On average, in this group of
kidneys, the number of interlobar veins was (X+m) 8+1. In
the second variant of the kidneys with a bi-zonal blood
supply system, which we found in 8.3% of cases, at p<0.05,
A. renalis (I) in the renal hilum relative to the frontal plane
was divided into the ventral zonal branch, A. ventralis
(zonal) (I1), and dorsal zonal branch, A. dorsalis (zonal) (I1),
demonstrating a dichotomous variant. In this case, the VZA,
A. ventralis (zonal) (1), with a dispersed type of branching,
was divided on average into (Xtm) 4+1 A. interlobares-1
(1) supplying blood to the parenchyma of the ventral zone
of the kidney, in particular, parenchyma of the superior and
inferior anterior segments, as well as the ventral parts of the
polar segments, averaging 50+3% of the volume of blood
supply to the entire kidney (Table 2 and Figure 3).
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Table 1. Variants of venous outflow from the kidney with its bi-zonal blood supply (ventral and dorsal halves), (total: 9.2% of
cases, at p<0.05)

Volume of blood supply Volume of venous outflow (%),
. Artery (%) . . . .
Variant (%) . - . .| Vein fusion|Number of interlobar veins of the
Arteries|branching Number of interlobar|Veins
at p<0.05 - types 3rd order
types arteries of the 3rd order
(X£m)
(X£m)
Ventral half
50+2% Di d 25%1%
VZA Dispersed type SPV tyl;gerse
4+1 4+1
0% Di q 25+1%
DZA Dispersed type IPV ISperse
type
. 3+1 4+1
Variant |
(9.2%)
Dorsal half
10£1% Di d 25+1%
VZA Dispersed type SPV tyl;g)erse
4+1 4+1
40+2% Di q 25+1%
DZA Dispersed type IPV tyl;g)erse
3+1 4+1

IPV: inferior polar vein; SPV: superior polar vein; DZA: dorsal zonal artery; VZA: ventral zonal artery

Ventral half Dorsal half

|
50%

|

Arterial bed Venous bed Arterial bed Venous bed

Figure 1. Variant | of venous outflow from the kidney with its bi-zonal blood supply (ventral and dorsal halves). IPV: inferior
polar vein; SPV: superior polar vein; DZA: dorsal zonal artery; VZA: ventral zonal artery.
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Figure 2. Variant | of venous outflow from the kidney with its bi-zonal blood supply (ventral and dorsal halves) (male, 53 years

old). 1: DZA; 2: VZA, 3: branch of the dorsal artery; 4: SPV; 5: IPV.

Table 2. Variants of venous outflow from the kidney with its bi-zonal blood supply (ventral and dorsal halves), (total: 8.3% of

cases, at p<0.05)

Volume of blood supply (%) Volume of \(/(«)a/n)ous outflow
Variants (%) at . Artery Number of interlobar . Vein fusion N .
Arteries . - Veins Number of interlobar veins
p<0.05 branching types | arteries of the 3rd order types
of the 3rd order
(X£m) (Xm)
Ventral half
£0+3% ) 25+2%
. VZA | Dispersed type =7 SPV Dispersed
Variant 11 type 411
(8.3%) 41 )
0% i 25+1%
DzA Magistral type ’ IPV Dispersed ’
type
3+l 4+1
Volume of blood supply (%) Volume of \(/;n)ous outflow
Variants (%) at .| Artery branching | Number of interlobar arteries . Vein fusion NG, .
Arteries Veins Number of interlobar veins
p=<0.05 types of the 3rd order types
of the 3rd order
(X£m) (X2m)
Dorsal half
15+1% - 25+1%
Variant 11 VZA Dispersed type - SPV Dispersed -
4+1 type 41
(8:3%) 3542 2542
5+2% : 5+2%
DzZA Magistral type IPV Dispersed
3+1 type 4+1
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DZA mSPV  IPV

Ventral half

Arterial bed

Venous bed

Dorsal half

Arterial bed Venous bed

Figure 3. Variant 1l of venous outflow from the kidney with its bi-zonal blood supply (ventral and dorsal halves). IPV: inferior
polar vein; SPV: superior polar vein; DZA: dorsal zonal artery; VZA: ventral zonal artery.

The DZA, A. dorsalis (zonal) (II), with the
magistral type of branching, participated in the blood supply
of the parenchyma of the dorsal zone of the kidney, which
was divided into average into (X+m) 3+1 interlobar arteries,
A. interlobares (I11), supplying blood to the parenchyma in
most of its the posterior segment, averaging 35+2% of the
volume of blood supply to the entire parenchyma. We
observed that the VZA, A. ventralis (zonal) (lI), with a
dispersed type of vascular branching, participated in the
blood supply of the parenchyma of the dorsal zone of the
kidneys, namely in the area of its polar segments, giving on
average (X+m) 2+1 A. interlobares-1 (l11) in the area of the
polar segments, amounting to 15+1% of the volume of
blood supply to the parenchyma of the entire kidney. On
average, in this group of kidneys, the number of interlobar
arteries was (X+m) 7+1. The venous system in this group of
kidneys is represented by the SPV and the IPV that merge in
the renal hilum relative to the horizontal plane, forming the
main trunk of V. renalis (I). The venous outflow from the
parenchyma of the ventral zone of the kidney is carried out
through the SPV and IPV with dispersed types of vascular
fusion, averaging 50+3% of the volume of venous outflow
from the entire parenchyma of the kidney.

On average (X+m) 4£1 V. interlobares-1 (Il1)
flowed in the SPV with a dispersed type of vascular fusion.
On average (Xxm) 4+1 V. interlobares-1 (I11) flowed the
inferior polar vein, V. inferior polus (zonal) (I1), also with a
dispersed type of vascular fusion, draining thereby the
parenchyma of the anterior superior and anterior inferior
segments, as well as the parenchyma of the ventral divisions
of the polar segments. The venous drainage from the dorsal
zone of the kidney was also carried out by the SPV and IPV.
On average (Xtm) 2+1 V. interlobares-1 (11l) flowed into
the SPV, and (X+m) 3+1 V. interlobares-1 (111) flowed into
the IPV. They also had dispersed types of vascular fusion
and drained the dorsal zone of the kidney, and in particular,
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the parenchyma of the posterior and dorsal divisions of the
polar segments, averaging 50+2% of the volume of venous
outflow from the entire renal parenchyma. On average, in
this group of kidneys, the number of V. interlobares-1 (111)
was (X+m) 8+1. The second group, which amounted to four
variants, i.e. 27.1% of cases, included kidneys with a
dichotomous variant of the division of A. renalis (I), but
forming two arterial basins already in the superior and
inferior poles of the kidney, also related to the bi-zonal
blood supply. Further, during the study of preparations, a
third group was identified, which amounted to four variants.
These were 17.3% of cases where Kkidneys with a
trichotomous variant of the division of A. renalis (1) forming
basins were included. These were the inferior polar, superior
middle, and superior posterior basin; superior polar, inferior
middle, and inferior posterior basin, and finally, superior
polar, central, and inferior polar basin, i. e. the three-zone
blood supply to the kidneys. Thus, when identifying the
distribution zones of arterial basins in the kidneys, we
established bi- and trichotomic variants of the division of A.
renalis (1) into A. (zonal) (I1), forming the following three
groups of arterial basins in the kidneys.

The first group consisted of 11 variants of
polychromic corrosive preparations of arterial and venous
vessels of the kidneys with a dichotomous variant of the
division of A. renalis (1), forming two arterial basins in the
ventral and dorsal zones of the kidney (bi-zonal blood
supply to the kidney), which was observed on average in
(X£m) 51.8% of cases. The second group consisted of four
variants of polychromic corrosive preparations of the renal
vessels, with a dichotomous variant of the division of A.
renalis (I), forming two arterial basins in the superior and
inferior poles of the kidney (bi-zonal blood supply to the
kidney), which was observed on average in (X+m) 27.1% of
cases.
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There were three groups of kidneys with ventral
and dorsal arterial basins but with three variants of venous
outflow. In the first group (24.6%) veins drained the
superior and inferior polar zones of the kidneys. The SPV
drained the superior polar, superior anterior, and dorsal
segments, and the IPV drained the inferior polar, inferior
anterior, and dorsal segments of the kidneys. In the second
group (19.7%), veins drained the ventral and dorsal zones of
the kidneys. The ventral vein drained the superior and
inferior anterior and polar segments, and the dorsal one
drained the posterior and dorsal polar segments of the
kidneys. In the third group (7.5%), the zones were drained
by three veins: the ventral SPV drained the superior anterior
and superior polar segment, the IPV drained the anterior and
inferior polar segment and the dorsal vein drained the
posterior and polar segments of the kidneys.

4. Conclusions

Our analysis showed that the sources of blood
supply to the zones and segments of kidneys, their
topography, and the number of zonal and segmental arteries
have differences depending on the variants of the division of
the main trunk of A. renalis (I) in the renal hilum in the
horizontal and frontal plane, as well as the branching types
(magistral or disperse) of intra-organ vessels. In the renal
venous bed, the number of veins involved in the drainage of
various zones and segments of the kidney and their
confluence at the level of the links of the magistral venous
vessels also depend on the variants and types of fusion of
both intra- and extra-organ renal vessels. They have certain
topographic and anatomical features, which is very
important to consider in urological practice when ligating
the neurovascular bundle during the segmental Kkidney
resection.

References

[1] Yu,G. Alyaev, A.A. Krapivin, N.I. Al Agbar.
(2002). "Malenkaya" opukhol pochki [A "small"
kidney tumor]. Urologiya. 2: 3-7.

[2] N.A. Mamedkasimov, E.V. Shpot, Yu. G. Alyaev.
(2019). Organosokhranyayushchie operatsii po
povodu opukholi pochki v usloviyakh nulevoi
ishemii: nuzhno li nam 3D-modelirovanie? [Organ-
preserving surgery for a kidney tumor in zero
ischemia: do we need 3D modeling?]. Urologiya.
2019; 1: 56-62.

[3] E.l. Bluth, C.B. Benson. (2007). Ultrasonography
in urology: a practical approach to clinical
problems. 2nd ed. New York: Thieme. 192 p.

[4] K.T. Tan, E.J. van Beek, P.W. Brown, O.M. van
Delden, J. Tijssen, L.E. Ramsay. (2002). Magnetic
resonance angiography for the diagnosis of renal
artery  stenosis: a meta-analysis.  Clinical
Radiology. 57 (7): 617-24. doi:
10.1053/crad.2002.0941

Lechiev et al., 2023

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

C. Sofia, C. Magno, S. Silipigni. (2017). Value of
3D volume rendering images in the assessment of
the centrality index for preoperative planning in
patients with renal masses. Clinical Radiology. 72:
33-40.
K.K.  Gubarev, V.V. Musokhranov, M.V.
Borisenko.  (2006). Osobennosti  podgotovki
mochetochnika pri transplantatsii  pochki v
zavisimosti ot variantov raspolozheniya
mochetochnikovoi veny pri  raznykh tipakh
formirovaniya pochechnykh ven [Peculiarities of
preparation of the ureter during Kidney
transplantation depending on the location of the
ureteral vein in different types of formation of the
renal veins]. Omskii nauchnyi vestnik. 2006; S3-3:
331-4.
A.S. Obysov. (1971). Nadezhnost biologicheskikh
tkanei [Reliability of biological tissues]. Moscow:
Meditsina. 104 p.
O. Mochalov. (2006). Individualnaya izmenchivost
arkhitektoniki  krovenosnykh sosudov  pochki
[Individual variability of the architectonics of the
blood vessels of the kidney] [a Cand. Med. Sci.
thesis]. [Chisinau (Moldova)]: State University of
Medicine and Pharmacy named after Nicolae
Testemitanu. 164 p.
A.M. Ali Khussein. (2008). Venoznoe ruslo i ego
sintopicheskie vzaimootnosheniya s arteriyami
pochek cheloveka [The venous bed and its syntopic
relationship with the arteries of the human
kidneys]. Meditsina sogodni i zavtra. 2: 101-4.
D.W. Giel, M.A. Williams, D.P. Jones, A.M.
Davidoff, J.S. Dome. (2007). Renal function
outcomes in patients treated with nephron-sparing
surgery for bilateral Wilms tumor. Journal of
Urolog. 178 (4 Pt. 2): 1786-9. doi:
10.1016/j.juro.2007.03.183
T.A. Kvyatkovskaya, E.Kh. Chernyavskii, T.L.
Kutsak. (2000). Anatomo-sonograficheskoe
sopostavlenie morfometricheskikh dannykh
pochechnykh sosudov i ikh vnutriorgannykh vervei
[Anatomical and sonographic comparison of
morphometric data of renal vessels and their
intraorganic parts]. Rossiiskie morfologicheskie
vedomosti. 1-2: 201-2.
N. Graf, M.F. Tournade, de J. Kraker. (2000). The
role of preoperative chemotherapy in the
management of Wilms' tumor. The SIOP studies.
International Society of Pediatric Oncology.
Urologic Clinics of North America. 27 (3): 443-54.
doi: 10.1016/s0094-0143(05)70092-6
J.L. Habrand, F. Pein, V. Moncho. (2000). Un
siecle de progrés dans la connaissance et le
traitement du néphroblastome. Cancer
Radiotherapy. 4 (Suppl. 1): 154-61.

505



1JCBS, 24(6) (2023): 500-506

[14] N.N.  Abramova, N.A. Okhorzina, A.V.
Sharshatkin. ~ (2005).  Magnitno-rezonansnaya
tomografiya i angiografiya pri obsledovanii
zhivykh donorov pochki [Magnetic resonance
imaging and angiography in the examination of
living kidney donors]. In: Klinicheskaya
transplantatsiya organov: materialy Kkonferentsii
[Clinical organ transplantation:  Conference
proceedings]. Tver: Triada; p. 29-31.

[15] A. lvandaev, A. Askerova, A. Zotikov, A.
Kozhanova, W. Schima, G. Karmazanovsky.
(2018). Successful surgical treatment with ex vivo
technique in a patient with renal artery aneurysm
rupture and bilateral arteriovenous fistula. J. Vasc.
Surg. Cases. Innovative Technologies. 2018; 4 (3):
232-6. doi: 10.1016/j.jvscit.2018.03.007.

[16] A.F. Hasan, A.A. Alankooshi, A.S. Abbood, A.G.
Dulimi, H. Mohammed Al-Khuzaay, E.A. Elsaedy,
E. Tousson, E. (2023). Impact of B-Glucan Against
Ehrlich Ascites Carcinoma Induced Renal Toxicity
in Mice. OnLine Journal of Biological Sciences,
23(1), 103-108.
https://doi.org/10.3844/0jbsci.2023.103.108

Lechiev et al., 2023 506



