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ABSTRACT

The purpose of the study is to analyze the variant anatomy of renal veins forming its venous vessels and
inflows. In total, 142 corrosion casts of the human kidney venous system were produced followed by 3D
stereomorphological analysis to identify the sources of renal veins forming its venous vessels and inflows. It
is revealed that in general the main renal vein is formed at a fusion of two (57.8 %) or three (31.0 %) venous
inflows with statistical significance < 0.05. In cases of renal vein formation from two venous inflows, in
32.4 % of cases it is upper and lower pole venous inflows, and in 25.4 % — dorsal and ventral venous inflow.
In cases when the renal vein is formed from three venous inflows in 15.5 % of cases it is central, upper pole
and lower pole venous inflows, in 8.4 % of cases it is upper pole, lower pole and dorsal central venous
inflows and in 4.2 % of cases it is lower-pole, ventral and dorsal venous inflows. The frequency of other
options of the main renal vein formation did not exceed 5 % of cases. The studies also showed the individual
variability of angioarchitecture of the venous kidney system as a whole, namely the presence of various links,
the variability of which depends not only on the formation of renal vein from the corresponding venous
inflows, but also on the types of scattered or main fusion of intra-organ venous inflows, on which the level of

drainage abilities of the entire venous kidney system will also depend.
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1. INTRODUCTION

The renal arterial system has been the subject of many
anatomical studies, statistical analysis and descriptions
[5, 6, 11, 15-20]. However, the renal vein anatomy lacks
similar exhaustive study. Modern surgical and radiological
methods dictate the need to reassess and determine the
anatomy of renal veins [7-9]. In this regard, the role of
primary inflows of the renal vein and their association with
renal artery branches and renal hilum is important.
Besides, confusion in nomenclature with respect to renal
veins makes it difficult to determine the quantity, exact
type and source of their origin [4, 9, 10].

Variations in structure and organization of renal veins
are described in some scientific papers, but do not have a
holistic unified approach. Thus, according to the
ultrasonographic analysis, the number of veins directly
associated with the formation of renal veins varies from 3
to 4, and in some cases reaches higher number [9].

One of the researchers named the branches of renal
vein origin as initial segmental vessels [13]. According to
this author, they are involved in the outflow of all renal
parenchyma as well as upper excretory ducts. The main
renal veins are formed by joining the interlobar

(segmental) veins [2]. According to the author, the
interlobar veins and arteries form vascular pedicles of
renal segments, which can easily be secured at the place of
their entry into the kidney.

In their studies on the corrosion casts of renal veins,
one of the authors found that the abdominal and dorsal
veins forming the renal vein are often located at the renal
hilum [3].

According to the works of several authors, primary
venous inflows forming the renal vein take a direct part in
venous outflow from the kidney and create |, II, IlI, IV
types of venous system of human kidneys [4].

The following types of renal veins were identified by
one of the authors as a result of a selective-decomposition
study of the corrosion casts of kidney veins: main vein,
ventral and dorsal; upper and lower pole (ventral vein
inflows); segmental or interlobar (inflows of pole and
dorsal veins) and parapyramid (inflows of segmental
veins) [1].

A number of researchers studied arterial and venous
kidney systems using injection corrosion techniques.
According to the authors of the study, while fusing the
veins of adjacent renal lobes form segmental veins, which
along with segmental arteries pass through renal poles. In
the zone of renal papillae, segmental veins come out of
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parenchyma and go into the intrarenal groove (3inus
where they connect to each other and form a renal ve
[10].

The analysis of literature reveals some
misrepresentation regarding the sources of renalsve
formation, their number and names, which became the
purpose of this study.

2. METHODSAND MATERIALS

The material for the study included 142 kidneygpebple

in the age category from 22 to 90, who died froneases
unrelated to renal pathology. Anatomic dissection was
performed on the material under study. Next, coormsi
casts of the venous kidney system were made, forhwhic
the fast-acting polymers Redont-3, Styracryl anatdryl
were used. Three-dimensional stereomorphological
analysis of corrosion samples was then performed to
identify the sources of formation of renal veirts,uenous
vessels and inflows, as well as their variations wégpect

to sagittal, frontal and horizontal planes. Theault@sg tool

and digital analysis data were processed using ti@ria
statistics techniques based on a workstation withntei
Core2Duo T5250 1.5 GHz processor, RAM up to 2Gb,
Windows 7. The Excel for Microsoft Office 2007 was
used.

3.RESULTS

The results of this study show that in 82 corrosiasts of
renal veins (57.8 % of cases), the formation of rien

renal vein occurs when the two veins join each ottdr
these, 25.4 % (36 corrosion casts) of the renah V®i
formed from the anterior and posterior venous infoln

the remaining 32.4 % of cases (46 corrosion catts),
formation of the main renal vein is detected byijog the
upper and lower pole venous inflows.

In 31.0 % of cases (44 corrosion casts) the foomnati
of the main renal vein from three venous inflows was
found. In 22 corrosion casts (15.5 %) the renah i
formed by the fusion of upper, lower pole and céntra
venous inflows. In 8.5 % of cases (12 corrosiong)asie
formation of the main renal vein from the dorsahtcal,
upper pole and lower pole veins is observed. In rothe
6 corrosion casts (4.2 % of cases) it is formedmfro
ventral, dorsal and lower pole veins. With respezt t
gender and body side, in men, when the right reeal v
was formed from ventral, dorsal, and lower pole vanou
inflows, all intra-organ veins had a disjoint typeimflow
fusion, which was found in 2.8 % of cases, and inl¢fte
renal vein formation — in 2.1 % of cases. We fotiid
variant of intra-organ venous inflows in women in ¥4
of cases on both sides.

According to the study, the formation of the mainale
vein with perforating inflows is found in 4.2 % of ses.
Moreover, three options of renal vein formation éndfie
same frequency — 1.2 %. In the first option theaterin
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is formed from upper pole, lower pole perforatingynt
and rear venous inflows. In the second — from upoée,
lower pole, dorsal perforating and central venoti\vs.
In the third option there is one stem with perforgti
venous inflows.

The main renal vein formed from the upper pole,
anterior and posterior venous inflows occurs onty i
2 corrosive casts (1.4 % of cases). In 2.8 % of<as
(4 corrosion casts), the renal vein is formed wifiemt
lower pole, front upper pole, and rear central greting
venous inflows join together. With respect to gended
body side, in men, when the right renal vein isrfed from
anterior, posterior, and upper pole venous inflaalisintra-
organ veins had a disjoint type of vein fusion, ehhivas
met in 0.7 % of cases, regardless of the body Sideh
conneciton of intra-organ inflows was not foundvomen.

The study also showed that in 25.4 % of cases fthe le
renal vein is formed by dorsal and ventral venai®ws
(anterior and posterior). Moreover, each vein isnid of
fan-shaped 3-order veins joining each other, between
which an extrarenal pelvis was located. With respect
gender and body side the studies showed that when the
right renal vein was formed from ventral and dorsal
venous inflows in men, both of these inflows hadsjoitit
type of fusion, which was found in 6.3 % of casesl te
left renal vein — in 9.1 % of cases. In women, irthbo
kidneys, in the same option of renal vein formatibath
of these inflows had a disjoint type of fusion, whishs
found in 4.9 % of cases. In men, under this optibrenal
vein formation, the ventral venous inflow had a alig
type of fusion of intra-organ inflows, and the ddrsa
main, which was found in 0.7 % of cases on both sides
women this option of fusion of intra organ venouoins
was observed only on the right — in 1.4 % of cases.

It is known that the topographic features of rerikairh
are determined by the localization and shape op#ies.
The extrarenal pelvis is wrapped with venous inflows a
the front and rear. Besides, venous inflows in rdwilaim
are often located outside the organ.

In 32.4 % of cases (46 corrosion casts) the uppér a
lower pole veins join when leaving the renal hilunfdon
the main renal vein. Besides, the lower pole vefioised
by the fusion of venous inflows of the 3rd order,ickih
remove blood from the central and lower parts of the
kidney. The upper pole is from venous inflows that
remove blood from the central and upper sections.

It is important to differentiate the upper and loweie
veins, from which the main renal vein is formed. $hat a
frequency of 56.4 % of cases the upper and lowee pol
veins are formed by joining the 3rd order front aedr
veins. In 28.7 % of cases the upper pole veinrnsiéal by
venous inflows draining the dorsal side of the lowele
and the upper pole, and the lower pole vein — from t
inflows draining the lower pole of the kidney.

Thus, double drainage from the lower pole of the
kidney occurs. In 14.9 % of cases, the lower pole ve
drains the posterior surface of the kidney, whertwas
upper pole is involved in the drainage of the pelhgma
of the anterior surface of the kidney and the pasteart
of the upper pole.
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With respect to gender and fusion types of these
venous inflows the studies showed that in men, when
forming the right renal vein from the upper polel dower
pole venous inflows, both of these vessels had jainlis
type of venous inflow fusion, which occured in 6.3d%
cases, and in the left renal vein —in 7.0 % o€sas

In women with the same option of renal vein formation
in the right kidney both of these vessels had pidistype
of fusion of intra-organ venous inflows, which wasitgb
for 7.0 % of cases, and in the left kidney — in 8dof
cases. Under the same option of renal vein formation
men in the right kidney, the upper pole vein bdsd the
main type of intra-organ inflow fusion, and the lovpele
basin had a disjoint type of intra-organ inflow fusij
which was identified in 0.7 % of cases. No intra-orga
venous inflows were found in the left kidney of thype
of fusion. In women, by contrast, only in the leftikey
we revealed this type of fusion of intra-organ venou
inflows, which was found in 0.7 % of cases.

In 44 corrosion casts of this study, which is 31.@P6
the cases, renal vein formation is observed froneeth
large venous inflows. Of these, in 15.5 % of casés it
formed by the fusion of upper pole, lower pole asdtral
venous inflows. At the same time, the upper pole usno
inflow is formed by veins of the upper pole andtpair
veins of the central part; while the central — freains of
the central part and lower pole vessel — from lowae p
veins. With respect to gender and body side, in,méren
the main renal vein was formed from the upper pole,
central and lower venous inflows, all intra-organ as
vessels had a disjoint type of fusion regardleshefody
side, which was observed in 4.2 % of cases. Under the
same option, in women, intra organ venous inflows als
had a disjoint type of fusion, regardless of thelybside,
which was observed in 4.2 % of cases.

Later, in 12 corrosion casts (8.5 % of cases) thenm
renal vein is formed when the dorsal central, upged
lower pole venous inflows join together. At the saimef
the ventral location of upper pole vein relativepelvis is
observed with the drainage of the central part gopkn
pole of the kidney. As for the lower pole vein, ibgdtion
was also ventral with respect to pelvis with inflowsnfr
the lower pole and the central kidney. The dorsatreé
vein was placed dorsally from pelvis draining thetpdor
surface of the kidney. With respect to gender aadyb
side, in men when the main renal vein is formed fthm
upper pole vein, lower pole and dorsal central veih,
intra organ venous inflows had a disjoint type ofidm,
which was observed in 2.8 % of cases regardlesseof th
body side. In the same option of renal vein foromatiin
women the intra organ venous inflows of both kidneyd
a disjoint type of fusion, which was revealed in 2olof
cases. In another option of the formation of thénmenal
vein from the same vessels, the upper pole and lpaier
veins had a disjoint fusion type of intra organ mes
inflows, and the dorsal central — main fusion typéjch
was found on the right in 1.4 % of cases. This aptibthe
fusion of intra organ inflows in the left kidney wast
found. In women, this type of fusion of intra orgamous
inflows was observed in 0.7 % of cases in both kidney
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In 10 corrosion casts (7.0 % of cases) the padimp
of four large venous inflows was observed in the fation
of the main renal vein: central, lower pole, dorsatral,
ventral upper. At the same time, the ventral uppge p
venous inflow takes part in the outflow from the uppe
pole and the central renal part, and the lower pdiem
the lower pole part. Then, the dorsal central venoflisw
has a dorsal direction relative to pelvis and draihe
dorsal central kidney region. In 4.2 % of casescilis 6
corrosion casts, the formation of renal vein ocautgen
the lower pole, rear and front venous inflows joigether.
The anterior venous inflow was involved in drainirugg t
anterior upper kidney and the posterior venousinfivas
involved in draining the posterior upper renal patreyma.

At the same time the lower pole venous inflow removes
blood from the lower pole of the kidney.

In 2.8 % of cases, the formation of the main resdth
from the posterior central probing, anterior uppele, and
anterior lower pole large venous inflows was obseryed.
the same time the upper pole and lower pole venous
inflows were located ventrally relative to pelvis and
drained, respectively, the upper pole, the cemaat, the
lower pole and the central part of the kidney. Thsterior
central perforating inflow was directed along the sabr
side of the pelvis and drained the parenchyma ef th
posterior kidney surface. In two corrosion castd (. of
cases), the renal vein was formed by the fusionppet
pole, front and rear venous inflows. The posterind a
anterior venous inflows drain the dorsal and ventral
surfaces of the lower kidney pole, while the uppelepo
inflow drains the upper pole parenchyma.

In 6 corrosion casts, which is 4.2 % of cases, émalr
vein is formed involving perforating venous inflovBwrjo
options were identified with the same frequency @b}
in the first option the renal vein is formed frohetupper
pole, central, dorsal perforating and lower pole oten
inflows, and in the second option is formed from tipper
and lower pole perforating, ventral and dorsal venou
inflows. At the same time, the central venous inflow
drained the central kidney areas, the upper pdlewn
drained the upper pole and part of the central, aned the
lower pole — the lower pole of the kidney. Then, dloesal
perforating venous inflow was behind the pelvis and
participated in the drainage of the posterior-amart of
the renal parenchyma. In 1.4 % of cases, the nexalr
vein represented a long single stem with a largebmuraf
small perforating venous inflows.

4. CONCLUSION

The stereoanatomic analysis of renal veins on s@mno
casts shows that the formation of the main renal wath
a frequency of 91.6 % of cases corresponds to miaie
established options.

Depending on the localization and topography of
venous inflows in the renal hilum, as well as thection
of large arteries, these vessels were given nanuesdicg
to the International Anatomical Nomenclature (2003):
ventral, dorsal, upper pole, lower pole, centralc. et
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Besides, it was found that mainly the main renah vsi
formed by the fusion of two (57.8 %) or three (3%)
venous inflows. At the same time statistically sigaift
differences were not noteg € 0.05).

In terms of frequency (32.4 %) the first optionrehal
vein formation from two inflows is its formation frothe
upper pole and the lower pole venous inflows [7, 8].

The upper and lower pole venous inflows and the
central venous inflow participated in the formatiointhe
main renal vein from three venous inflows in 15.50%6
cases, in 8.4 % of cases the upper pole, lower goie
dorsal central venous inflows and in 4.2 % of cabes
lower pole, ventral and dorsal venous inflows.

The remaining options did not exceed 5 % of cases.
2.8 % of cases it was formed by ventral (upper @Eoid
lower pole) and dorsal central venous inflows, and in
1.4 % of cases — by upper pole, ventral and dmesabus
inflows.

Some authors refer to the formation of the renah ve
by the fusion of segmental venous vessels [2, B}, 1
However, this study showed that the segmental or
interlobar veins are intra-organ (lll) units of etnveins
and most of them are localized in the parenchymthef
organ and only a small number is found in the reimals.

Giannoulia-Karadana and co-authors received similar
options of renal vein formation by digital angioginy
methods, but the results differed in the frequemndy
occurrence [12]. According to these authors, thdystlid
not find the presence of segmental veins in thedyddue
to the lack of isolated venous outflow in kidnegsents.
However, according to several authors [1, 4], thealren
vein is formed by venous inflows and there are segahe
venous vessels in the kidney. The results of oudyst
correspond to the data of Giannoulia-Karadana and co
authors who expressed the opinion that there are no
segmental veins in kidneys and contradict the rekeef
Azmi Mahmoud Ali Hussein [1, 12].

Thus, it is revealed that generally the main reneah is
formed when two (57.8 %) or three (31.0 %) venous
inflows join with statistical significance gf < 0.05. In
cases of renal vein formation from two venous inflpins
32.4 % of cases it is upper and lower pole venoflevis,
and in 25.4 % of cases — dorsal and ventral venous
inflows. In cases of its formation from three venous
inflows in 15.5 % of cases it is central, upper pate
lower pole venous inflows, in 8.4 % of cases — uude,
lower pole and dorsal central venous inflows and.th%
of cases — lower pole, ventral and dorsal venouevirst
The frequency of remaining options of the main feein
formation did not exceed 5 % of cases. The studiss
showed the individual variability of angioarchitecits of
the venous kidney system as a whole, namely thepces
of various links, the variability of which dependst only
on the formation of the renal vein from the corasting
venous inflows, but also on the types of scatterechain
fusion of intra-organ venous inflows, on which theeleof
drainage abilities of the entire venous kidney exystwill
also depend.
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