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Abstract
The purpose of the study was to review the morphometric
parameters of the venous vessels in human kidneys in mature,
elderly, and senile ages. To study the variant anatomy and
determine the morphometric characteristics of the extra-organ part
of the venous vessels of the kidneys, computed tomograms in the
coronal projection of 111 men and women were used. To study
age-related characteristics, the most common variant of the
formation of renal veins (from the superior and inferior polar
vessels) was chosen, followed by the study of the frontal diameters
of the renal veins and the frontal diameters of the polar veins.
It was found that the mean diameters of the left and right renal
veins were more prevalent in males than in females. Age-related
changes in the morphometric parameters of the renal venous
vessels consist in an increase in these values in the first (20–34
years) and the second (34–59 years) mature periods (at p ≤ 0.05).
However, in the elderly and senile periods of ontogenesis,
statistically, significant changes are generally not observed. The
renal vein and the venous vessels forming it in the mature, elderly,
and senile periods of ontogenesis are characterized by an
asymmetry of diameters, angles of fusion of the polar vessels, and
their lengths (at p≤0.05). Sex-based differences in the
morphometric parameters of the renal veins and the venous vessels
that form them consist in an insignificant prevalence of these
parameters in males than in females.
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Introduction
Currently, in the scientific literature, there is no unequivocal
opinion regarding issues related to the diameters of the renal veins,
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the knowledge of which is of great clinical importance (Tarabarko,
1995; Shumakov, 2005; Monina, 2014; Russell et al., 2019;
Barabanov, 2001; Fulop et al., 2020; Mochalov, 2006; Kafarov et
al., 2017; Xu et al., 2021; Jannatbabaei et al., 2019; Jiang et al.,
2019; Kafarov et al., 2015; Kvyatkovskaya et al., 2000; Wang et
al., 2008; Kafarov et al., 2019; Kostilenko and Azmi, 2008;
Girgenti et al., 2019).
The need to study the morphometric characteristics of renal venous
vessels is explained by the demands of bypass surgery (Tarabarko,
1995; Shumakov, 2005; Monina, 2014; Alsulaimani and Al-wayili,
2019; Meng and Mu, 2020). Thus, according to certain authors, the
percentage of successfully performed organ-preserving surgical
interventions in localized renal cell carcinoma does not exceed
40%, where the main attention is directed to the structural features
of the renal vascular bed, and its morphometric and hemodynamic
features (Monina, 2014; Bonilla et al., 2020). Besides, the same
authors, studying age-related changes in the blood vessels of the
kidneys, have noted that in children the diameter of the renal vein
is small compared to the renal artery, and gradually increases with
age (Elwy et al., 2019; Fulop et al., 2020; Cacciapuoti, 2020; Red‐
Horse and Siekmann, 2019).
The anatomical and biophysical features of human renal venous
vessels are discussed in the works of A.V. Ayvazyan (Russell et
al., 2019). He investigated about 400 vessels of the kidneys,
measuring the length of the renal vessels, the diameters of their
lumens, the thickness of the walls of the vessels, the degree of
vascular extensibility, and the load force required for their rupture
(Alsulaimani and Al-wayili, 2019; Elwy et al., 2019). When
comparing the diameters of the renal veins with the arteries, he
observed the following pattern: the inner diameter of the renal vein
in the wall of the inferior vena cava was 1–2 mm larger than the
diameter of its middle lumen. Besides, he found that the average
diameters of the main renal venous vessels are 1.3–1.4 mm larger
than the average diameters of the renal arteries.
According to some authors, it has been established that with age,
the diameters of human renal venous vessels increase and in adults,
the diameters at the site of infusion into the inferior vena cava are
14-16 mm on the left and 12-14 mm on the right; whereas in
children they are 8 mm on the left and 5 mm on the right
(Barabanov, 2001; Fulop et al., 2020). The largest diameter of the
renal vein, according to these authors, was 23 mm, and the smallest
4.3 mm. It was found that the largest internal diameter of the renal
vein was 13 mm (174 cases), and the smallest diameter equaled 8
mm (20 cases).
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Several authors have measured the internal diameters of venous
and arterial vessels using polychrome corrosive kidney
preparations (Mochalov, 2006; Kafarov et al., 2017). Besides, they
measured the diameters of the renal vessels in patients by the
method of ultrasound scanning. After a comparative analysis of the
morphometric data of corrosive preparations, it was found that the
diameter of the renal vein in the area of the renal hilum averaged
8.7 ± 0.6 mm (from 5.3 mm to 12.6 mm). According to the data of
duplex scanning, the average diameter of the renal vein differed
from the morphometric data of corrosive preparations and was 5.9
± 0.4 mm (from 3.4 mm to 8.5 mm). The diameter of its venous
tributaries in the renal sinus averaged 2.9 ± 0.1 mm (from 2.0 mm
to 3.5 mm) (Kafarov et al., 2017).
Thus, the analysis of the literature has shown that even though the
study of renal venous vessels is currently receiving more and more
attention, there is still no consensus regarding the morphometric
parameters of renal veins (Kafarov et al., 2017; Xu et al., 2021;
Jannatbabaei et al., 2019; Jiang et al., 2019; Kafarov et al., 2015).
The lack of a unified point of view among researchers is explained,
in our opinion, by, firstly, significant variability of the venous bed
of the kidney, secondly, insufficient attention to this link in the
vascular bed of the kidney, thirdly, the difference in the
morphometric parameters of various research methods (some
morphometric parameters of vessels obtained on two-dimensional
(2D) section matrices after three-dimensional (3D) modeling or
after 3D reconstruction may change), and fourthly, by the need to
systematize the available data and develop new, more informative
approaches to studying the morphometric parameters of venous
vessels of this organ (Kvyatkovskaya et al., 2000; Wang et al.,
2008).
The study aimed to review the morphometric parameters of the
venous vessels in human kidneys in mature, elderly, and senile
ages according to the data of computed tomography studies on 2D
section matrices.

Materials and Methods
To determine the morphometric characteristics of the extra-organ
part of the renal venous vessels, we used computed tomograms in
the coronal projection of 111 men and women, obtained on a
LightSpeed VCT computed tomography (OOO Diagnostic Center
Zdorovye, Grozny). To study the age-related characteristics of the
morphometric parameters of the renal venous vessels on computed
tomograms, we selected the most common variant of the formation
of the renal veins (from the superior and inferior polar vessels),
followed by the study of the frontal diameters of the renal veins,
the frontal diameters of the polar veins, the lengths of the polar
veins and the angles of their confluence.
All the material obtained and the data of instrumental research
methods were processed by the methods of variational and
nonparametric statistics on a workstation with an Intel Core2Duo
T5250 1.5 GHz processor, RAM up to 2GB on the Windows 7
platform. In the course of the study, we used the Excel application
package from Microsoft Office 2007. The degree of research
accuracy is determined by the probability of an error-free forecast
less than or equal to 0.95%; significance level p≤0.05; for features
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with a normal distribution, Student's t = 2 test was used, for
features with a distribution other than normal, we used the
nonparametric Wilcoxon U-test (Mann-Whitney) with the same
level of significance.

Results and Discussion
The analysis of morphometric parameters obtained by computed
tomography (2D sections) revealed a change in the diameter of the
renal veins at the stages of ontogenesis.
The study found that in males, in the first mature period (20–34
years), the average diameter of the right renal vein was 11.7 ± 0.2
mm, (Cv = 2.4%), and the diameter of the left renal vein was 12.4
± 0.3 mm, (Cv = 3.1%). It was observed that by the end of the
second mature period (34 - 59 years) the diameter of the right renal
vein reached 13.2 ± 0.3 mm, (Cv = 2.2%), and that of the left vein
equaled 13.6 ± 0.2 mm (Cv = 0.6%). Further, the study showed that
in the senile period this parameter increased to 14.1 ± 0.2 mm on
the right, (Cv = 0.6%) and 14.5 ± 0.2 mm on the left, (Cv = 1.1 %).
Thus, the analysis showed that at all stages of ontogenesis, the
diameter of the left renal vein was slightly larger than that of the
right vein (Kafarov et al., 2019).
We found different age-related dynamics of the renal vein
diameters in females. Thus, according to computed tomography, at
the age of 20–34 years, the average diameter of the right renal vein
in females equaled 10.5 ± 0.2 mm, (Cv = 1.6%), and the diameter
of the left vein amounted to 11.7 ± 0.3 mm, (Cv = 3.4%). It was
found that at the stages of ontogenesis in females there was a
fluctuation in the diameters of the right and left renal veins,
amounting to 12.3 ± 0.3 mm in the right renal vein by the end of
the second mature period, (Cv = 3.1%), and to 12.6 ± 0.3 mm in
the left renal vein, (Cv = 1.5%).
By the senile period (75–89 years), the diameter of the right renal
vein reached 13.6 ± 0.2 mm, (Cv = 0.6%), and the diameter of the
left renal vein equaled 14.1 ± 0.2 mm, (Cv = 2.2%). Morphometric
analysis of the dynamics of the diameters of the superior and
inferior polar venous vessels also did not reveal significant sexbased differences. Thus, in the first mature period in males (20–34
years), the average diameter of the inferior polar vessel of the right
renal vein was 8.3 ± 0.2 mm, (Cv = 1.3%), and the diameter of the
superior polar vessel was 8.5 ± 0.2 mm, (Cv = 1.2%).
It was observed that by the elderly period (60–74 years) the
diameters of the veins increased in the inferior polar vessel up to
8.6 ± 0.2 mm, (Cv = 1.2%), and in the superior polar vessel up to
9.4 ± 0.2 mm, (Cv = 1.1%). Further, the study showed that by the
senile period, the diameters of the polar veins in males reached 9.7
± 0.1 mm in the superior polar vein and 8.7 ± 0.08 mm in the
inferior one, (Cv = 1, 2%) and (Cv = 0.8%), respectively.
Morphometric analysis of the dynamics of the diameters of the left
polar vessels according to our study showed that in the first mature
period (20–34 years), the diameter of the inferior polar vessel of
the left renal vein was 8.5 ± 0.1 mm (Cv = 2.2%), and the diameter
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of the superior vessel was 8.6 ± 0.2 mm (Cv = 3.3%). Further, the
study showed that in the second mature period, the pole diameters
equaled 9.1 ± 0.2 mm (Cv = 1.2%) in the inferior polar vessel and
9.3 ± 0.06 mm in the superior polar vessel (Cv = 0.8 %).
In the senile period, the diameter of the superior polar vessel was
9.4 ± 0.3 mm (Cv = 2.2%), and that of the inferior polar vessel was
9.2 ± 0.2 mm (Cv = 1.7%).
In females, aged (20–34 years), the average diameter of the inferior
polar vessel of the right renal vein was 8.3 ± 0.2 mm (Cv = 1.3%),
and in the superior polar vessel, it equaled 8.4 ± 0.3 mm (Cv =
2.4%).
In the elderly period (55–74 years), the diameters of the polar veins
were 8.7 ± 0.3 mm in the inferior polar vessel (Cv = 2.3%), and 9.3
± 0.3 mm in the superior polar vessel (Cv = 2.2%).
Further, during the study, we found that in the senile period the
diameters of the polar veins increased to 9.4 ± 0.2 mm in the
superior polar vein (Cv = 1.1%) and 9.2 ± 0.2 mm in the inferior
one, respectively (Cv = 3.2%).
The analysis showed that in the left renal vein the age-related
dynamics of the diameters of the polar veins were characterized by
the fact that in the first mature period (20–34 years) this indicator
in the inferior polar vessel was 8.3 ± 0.04 mm (Cv = 0.5%), and
the diameter of the superior polar vessel was 8.6 ± 0.2 mm (Cv =
1.8%). In the elderly period (55–74 years) the diameters of the
polar veins were 9.4 ± 0.1 mm in the superior pole vein (Cv =
1.0%) and 8.7 ± 0.2 mm in the inferior one (Cv = 1.5 %).
We saw that in the senile period, the diameter of the superior polar
vessel was 9.6 ± 0.04 mm (Cv = 0.5%), and in the inferior polar
vessel was 9.2 ± 0.2 mm (Cv = 1.4%).
Morphometric analysis of computed tomograms in coronal
projection showed that the average lengths of the superior polar
and inferior polar veins in both kidneys did not have significant
differences, regardless of gender. Along with this, at the stages of
ontogenesis, we observed a change in the length of the polar veins
of the kidney. Thus, in males, in the first mature period (20–34
years), the average length of the inferior polar vessel on the right
was 24.3 ± 0.4 mm (Cv = 2.1%), and the length of the superior
polar vessel was 23.7 ± 0.4 mm (Cv = 2.4%). By the elderly period,
the length of the polar vessels reached 26.3 ± 0.3 mm at the inferior
polar vessel (Cv = 1.3%), and 27.4 ± 0.3 mm at the superior polar
vessel (Cv = 0.7%).
In the course of the study, we saw that in the senile period (75–89
years) the vein diameters increased to 27.4 ± 0.2 mm at the superior
polar vein (Cv = 0.3%) and up to 28.2 ± 0.1 mm at the inferior
polar vein (Cv = 0.8%). In males, the dynamics of the length of the
polar vessels of the left kidney were characterized by the fact that
in the first mature period (22–30 years) the length of the inferior
polar vessel was 22.6 ± 0.6 mm (Cv = 3.2%), and the length of the
superior polar vessel was 23.6 ± 0.6 mm (Cv = 3.1%).
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It was further established that in the elderly period (60-74 years)
the length of the polar veins was 27.5 ± 0.2 mm (Cv = 0.7%) in the
superior polar vessel and 26.2 ± 0.3 mm (Cv = 1.6%) in the inferior
one. By the senile period, the length reached 27.6 ± 0.3 mm (Cv =
1.6%) in the superior polar vein and 26.4 ± 0.2 mm (Cv = 0.6%) in
the inferior one, respectively.
Morphometric analysis of computed tomograms of venous vessels
in coronal projection showed that the mean angles of fusion of the
polar vessels of the right and left renal veins did not have
significant sex-based differences. Along with this, in the studied
periods of ontogenesis, we noted an increase in the angles of fusion
of the polar veins of the kidney. Thus, in the first mature period in
males (20–34 years), the average angles of fusion of the superior
polar and inferior polar vessels of the right and left kidneys were
12.6 ± 0.2 ° (Cv = 2.6%) and 12.8 ± 0.2 ° (Cv = 2.4%), respectively.
Studies showed that by the end of the second mature period (34–
59 years), the angle of fusion of the right superior and inferior polar
venous vessels was 14.2 ± 0.2° (Cv = 0.8%), and the angle of the
left one equaled 14.8 ± 0.2° (Cv = 0.7%). It was found that by the
senile period this parameter increased to 14.7 ± 0.2° (Cv = 0.7%)
on the right and up to 15.3 ± 0.4° (Cv = 3.4%) on the left.
In females in the age period of 22-30 years, the average angle of
fusion of the right superior polar and inferior polar venous vessels
was 12.3 ± 0.4° (Cv = 4.1%), and the angle of fusion on the left
was 12.5 ± 0.5 ° (Cv = 4.7%).
It was found that by the senile period the average angle of the
fusion of the polar veins reached up to 14.5 ± 0.4° (Cv = 2.7%) in
the left renal vein and 14.2 ± 0.2° (Cv = 0.7%) in the right one.
Thus, the morphometric analysis of the computed tomography data
showed that during ontogenesis the average diameters of the right
and left renal veins increased both in males (from 11.8 ± 0.2 mm
(Cv = 2.4%) in the first mature period of ontogenesis to 14.2 ± 0.2
mm (Cv = 0.6%) in the senile period on the right and from 12.4 ±
0.3 mm (Cv = 3.1%) to 14.7 ± 0.1 mm (Cv = 1.0%), respectively,
on the left, at p≤0.05), and in females (from 10.7 ± 0.3 mm (Cv =
1.6%) in the first mature period of ontogenesis to 13.8 ± 0, 2 mm
(Cv = 0.8%) in the senile period on the right and from 11.9 ± 0.5
mm (Cv = 3.5%) to 14.3 ± 0.4 mm (Cv = 2.2%), on the left,
respectively, at p≤0.05).
It should be noted that bilateral asymmetry of the renal veins with
this research method was revealed in males in mature, elderly, and
senile age periods, and in females in the first mature and senile
periods of ontogenesis (Kafarov et al., 2019; Kostilenko and Azmi,
2008).
It was found that in all age periods studied by us, the average
diameter of the renal vein in males prevailed over that in females,
but without a significant difference (Kafarov et al., 2019;
Kostilenko and Azmi, 2008; Girgenti et al., 2019).
Further, the study found that in males the average diameter of the
superior polar venous vessel on the right significantly exceeded the
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average diameter of the inferior polar vessel in the elderly (9.6 ±
0.2 mm (Сv = 1.1%) and 8.8 ± 0.1 mm (Сv = 1.2%), respectively)
and senile (9.8 ± 0.2 mm (Cv = 1.1%) and 8.9 ± 0.07 mm (Cv =
0.8%), respectively) periods of ontogenesis at p ≤0.05. On the left,
no significant differences were found between the diameters of the
superior and inferior polar veins.
In females, a different dynamics of the diameters of the superior
and inferior polar venous vessels was noted, where on the right
there was no significant difference between the diameters, and on
the left, the average diameter of the superior polar vessel prevailed
over the diameter of the inferior polar one in the mature (9.3 ± 0.04
mm (Cv = 0, 7%) and 8.4 ± 0.04 mm (Cv = 0.6%), respectively),
elderly (9.6 ± 0.2 mm (Cv = 1.1%) and 8.7 ± 0.2 mm (Cv = 1.7%),
respectively) and senile (9.8 ± 0.04 mm (Cv = 0.7%) and 9.2 ± 0.2
mm (Cv = 1.6%), respectively) periods of ontogenesis at p≤0.05.

Conclusion
The analysis of the morphometric parameters of the renal venous
vessels according to the computed tomography study on 2D section
matrices in the coronal projection in the age-sex groups has shown
that:
1. The average diameters of the main right and left renal veins
are more prevalent in males than in females. In males, the
average diameter of the main left renal vein reliably
prevails over the diameter of the right one in the mature,
elderly, and senile periods, and in females only in the first
mature and senile periods.
2. In males, the average diameter of the superior polar venous
vessel on the right reliably prevails over the inferior polar
one in the elderly and senile periods, and on the left, the
diameter of the superior polar venous vessel prevails
without a significant difference.
In females, the diameter of the superior polar venous vessel on the
right prevails over the inferior polar one without a significant
difference, and on the left with a significant one;
3.

The length of the superior polar venous vessel is greater
than the length of the inferior polar one on the left with a
significant difference, and on the right without a
significant difference, regardless of gender;
4. In males, the mean angles of fusion of the superior and
inferior polar venous vessels of the left kidney
significantly prevail over that of the right one only in the
elderly and senile periods.
In females, the angles of fusion of the polar venous vessels on the
left prevail over the ones on the right, without a significant
difference.

Acknowledgments: None
Conflict of interest: None
Financial support: The work has been carried out within the
framework of the Russian Foundation for Basic Research (RFBR)
grant under contract No. 18-29-09118.

40

Ethics statement: None
References
Alsulaimani, M. M. F., & Al-wayili, A. M. (2019). Evaluation
Role of Intravenous Fluids in Prevention of Acute Kidney
Injury. Archives of Pharmacy Practice, 10(3), 61-64.
Barabanov, S. V. (2001). Capacitive and volumetric functions of
renal blood vessels at different levels of venous outflow
pressure. Rossiiskii fiziologicheskii zhurnal im. I.M.
Sechenova. 87(1), 71-76. [In Russian].
Bonilla, L. L., Carpio, A., & Trenado, C. (2020). Tracking
collective cell motion by topological data analysis. PLoS
Computational Biology, 16(12), e1008407. doi:
10.1371/journal.pcbi.1008407
Cacciapuoti, F. (2020). Thrombophilias: Therapeutic employment
of direct oral anticoagulants in venous hypercoagulable
states. Italian Journal of Medicine, 14(3), 136-142.
Elwy, A. E. H. M., El-Agousa, I., & Azzazy, A. E. (2019). Taurine
as a Drug for Protection of Liver and Kidney against
Toxicity of Dinitrotoluene on Male Rats (Applicable
Study). International Journal of Pharmaceutical Research
& Allied Sciences, 8(1), 102-114.
Fulop, T., Abdul Salim, S., Herberth, J., & Pisoni, R. (2020).
Blood pressure measurements—Shifting the focus from
periphery to center. Journal of Clinical Hypertension, 22(4),
631-632.
Girgenti, V., Pelizzo, G., Amoroso, S., Rosone, G., Di Mitri, M.,
Milazzo, M., Giordano, S., Genuardi, R., & Calcaterra, V.
(2019). Emphysematous Pyelonephritis Following
Ureterovesical Reimplantation for Congenital Obstructive
Megaureter. Pediatric Case Report and Review of the
Literature. Frontiers
in
Pediatrics, 7,
2.
doi:
10.3389/fped.2019.00002
Jannatbabaei, A., Tafazzoli‐Shadpour, M., Seyedjafari, E., &
Fatouraee, N. (2019). Cytoskeletal remodeling induced by
substrate rigidity regulates rheological behaviors in
endothelial cells. Journal of Biomedical Materials Research
Part A, 107(1), 71-80.
Jiang, L. Q., Ye, B. X., Wang, M. F., & Lin, L. (2019). Acid
exposure in patients with gastroesophageal reflux disease is
associated with esophageal dysmotility. Journal of
Digestive Diseases, 20(2), 73-77.
Kafarov, E. S., Bataev, K. M., Udochkina, L. A., & Fedorov, S. V.
(2019). Sources and options for the formation of renal
human veins. International Journal of Engineering and
Advanced Technology, 8(4), 1009-1012.
Kafarov, E. S., Fedorov, S. V., & Lechiev, I. U. (2017).
Comparative characteristic of the venous vessels of human
kidney according to the data of X-ray angiographic and
computed tomography studies. Morfologiya, 152(4), 32-37
[in Russian].
Kafarov, E. S., Udochkina, L. A., Vagabov, I. U., & Buluev, A. B.
(2015). Three-dimensional analysis of the venous bed of the
human kidney. Zhurnal anatomii i gistopatologii, 4(3), 5657. [In Russian].
Kostilenko, Yu. P., & Azmi, M. (2008). The angioarchitectonics
of the medullar and cortical substances of the kidneys.
Klіnіchna anatomіya ta operativna khіrurgіya, 7(4), 44-48.

41
[In Russian].
Kvyatkovskaya, T. A., Chernyavskii, E. Kh., & Kutsyak, T. L.
(2000). Anatomical and sonographic comparison of
morphometric data of renal vessels and their intra-organ
branches. Rossiiskie morfologicheskie vedomosti, (1–2),
201-202. [In Russian].
Meng, Z. T., & Mu, D. L. (2020). Impact of oliguria during lung
surgery on postoperative acute kidney injury. Health
Sciences, 53(1), 188-194.
Mochalov, O. (2006). Individual variability of the architectonics
of the blood vessels of the kidney: author's abstract of a Dr.
Med. Sc. dissertation. Kishinev, 17 s. [In Russian].
Monina, Y. V. (2014). Сomputed tomography in the evaluation of
clinical anatomy of retroperitoneal vessels in patients with
kidney cancer. Morfologiya, 145(3), 132. [In Russian].
Red‐Horse, K., & Siekmann, A. F. (2019). Veins and arteries build
hierarchical branching patterns differently: Bottom‐up
versus
top‐down. Bioessays, 41(3),
1800198.
doi:10.1002/bies.201800198
Russell, P. S., Hong, J., Windsor, J. A., Itkin, M., & Phillips, A. R.

J Biochem Technol (2021) 12(3): 37-41
J. (2019). Renal lymphatics: Anatomy, physiology, and
clinical implications. Frontiers in Physiology, 10, 251.
doi:10.3389/fphys.2019.00251
Shumakov, V. I. (2005). Living donor kidney transplant as a
topical trend in modern transplantology. Vestnik khirurgii
Kazakhstana, (3), 179. [In Russian].
Tarabarko, N. V. (1995). Biological death criteria. Potential donor
assessment methods. In: Shumakov V.A., ed.
Transplantology: Guidelines. Moscow: Meditsina; Tula:
Reproniks Ltd. 21-28. [In Russian].
Wang, L., Yao, Q., Wang, J., Wei, G., Li, G., Li, D., Ling, R., &
Chen, J. (2008). MRI and hybrid PET/CT for monitoring
tumour metastasis in a metastatic breast cancer model in
rabbit. Nuclear Medicine Communications. 29(2), 137-143.
doi: 10.1097/MNM.0b013e3282f258c1.
Xu, L., Wu, Y., Chen, Y., Li, R., Wang, Z., Li, Z., Liu, G., Yu, L.,
Shi, W., & Liang, X. (2021). Is acute kidney injury agedependent in older adults: an observational study in two
centers from North China. BMC Geriatrics, 21(1), 1-7.

