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Abstract

Introduction: Analysis of the coexistence of multiple renal arteries and veins is a rare subject in the literature. There are few
studies in which the arterial and venous systems of the human kidney are evaluated simultaneously.

Aim of the research: The aim of the study was to analyse and correlate variations in the arterial and venous vascularisation
of the kidneys in patients diagnosed using computed tomography.

Material and methods: The study group (1196 patients) included women (592) and men (604), aged from 19 to 92 years, who
had imaging scans performed using contrast-enhanced computed tomography. The statistical analysis was performed us-
ing Statistica 12.0 software. The relationships were verified with the y? test. The level of statistical significance was p = 0.05.
The mean age of the patients was 58.78 £15.31 years; the mean age for men was 57.18 +14.74 years, and for women 60.41
+15.72 years (p < 0.001).

Results and conclusions: As for arterial vascularisation, it was demonstrated that the presence of multiple renal arteries was
more common in left kidneys (11.71%) compared with right kidneys (9.95%), whereas multiple renal veins more often oc-
curred in right kidneys (9.03%) than in left kidneys (4.43%). It was generally concluded that there is a correlation between
the number of coexisting arteries and veins in the kidneys, which was confirmed statistically (x> = 55.47; p < 0.001). In
the context of anatomic variation regarding the extrarenal arteriovenous system of the kidneys, there is a statistical relation-
ship between the number of coexisting arteries and veins in the kidneys (r = 0.9472; p < 0.001), which has been confirmed

by the results of this study.

Introduction

The problem of the prevalence of renal vascular
anomalies may in fact be related to the characteristics
of a given population whose traits result from vari-
ous factors, such as geographic region or ethnic origin.
However, bearing in mind contemporary knowledge
regarding intraspecies variation in humans, genetic
and molecular studies provide evidence that contem-
porary populations do not represent separate phyloge-
netic lines due to a constant and multidirectional gene
flow [1]. Nonetheless, the so-called local populations,
characterised by a separate geographic distribution,
specific biological traits expressed in appearance, and
specific environmental conditions, may show certain
tendencies to a greater prevalence of given anatomic
“variations” in relation to the generally acknowl-
edged (classical) morphology regarding the structure
of the human body. In one of the recent reviews on
variations in the renal vascularisation, Recto et al. [2],
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who reviewed 64 papers involving the analysis
of 20,000 human kidneys from 31 countries (5 con-
tinents), estimated that multiple renal arteries were
present in 19.95% of all examined kidneys, with
the number of these vessels ranging from to 2 to 6.
The variation of multiple renal arteries (mRAs) usually
involved the presence of 2 renal arteries (89.48%), fol-
lowed by 3 (9.31%), 4 (1.06%), 5 (0.02%), and 6 (0.005%)
renal arteries. The above-mentioned authors were un-
able to formulate definitive conclusions regarding
the side of the body that shows a greater tendency to
such variations. Multiple renal arteries were found
on the right side in 49.83% of cases, and on the left
side in 50.17% of cases, making the difference subtle.
The prevalence of multiple renal veins (mRVs), circum-
aortic left renal vein (C-LRV), and retroaortic left re-
nal vein (R-LRV) was well presented by Hostiuc et al.
[3]. Based on an extensive literature review, including
105 papers, the authors estimated the overall preva-
lence of R-LRV at 3% (1-10%), C-LRV at 3.5% (1-15%),
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and mRVs at 16.7% (2—-40%). Is should be added that
the authors suggest that venous variations of the kid-
neys tend to be more common on the right side (16.6%)
than on the left (2.1%). Based on the literature data
[3] from all the papers, a total of 12,773 kidneys were
analysed. Variation of mRVs was identified in 2241
cases, 1762 of which concerned right renal veins and
221 concerned left renal veins. The presence of double
renal veins (1450) concerned double right renal veins
in 1317 cases and double left renal veins in 133 cases.
The presence of triple right renal veins was found in
170 cases, and triple left renal veins in 77 cases. Ac-
cording to Hostiuc et al. [3], the most and the least
prevalent are double right renal veins (13.8%) and
triple right renal veins (0.4%), respectively. In general,
the presence of multiple renal veins is relatively com-
mon. The literature indicates that the variations in
the number of renal veins usually result from devel-
opmental defects [4—6]. Nevertheless, renal veins are
characterised by a lower level of variation than renal
arteries. Other aspects of renal vein variation include,
for example, the location or site of venous confluence
and the course of these vessels that may be explained
by the complexity of the left renal vein development in
the embryonic period [7, 8]. The presence of multiple
renal arteries may coexist with other anatomic varia-
tions, e.g. with multiple renal veins or multiple ureters
[9, 10]. As for the prevalence of renal arterial and ve-
nous anomalies, the renal arterial variations are much
more common than renal venous variations. Bordei
et al. [10] support this conclusion and report a preva-
lence ratio for venous to arterial variations of 1 : 8.
Nonetheless, it must be noted that renal arterial varia-
tion is accompanied by venous variation, which is sug-
gested in the literature data [11-13].

Because the data on the coexistence of multiple
renal arteries and veins are scarce and some of them
are based on metadata, it was decided to carry out an
original study with the aim to determine the relation-
ship between the coexistence of anatomic variations
in the arterial and venous systems of the kidneys.
Apart from the exploratory character, the results
of this study also have practical implications that are
significant for abdominal surgery.

Aim of the research

The aim of this study was to evaluate the preva-
lence of renal vascular variations in patients undergo-
ing computed tomography and to investigate the as-
sociation between the presence of multiple renal
arteries and veins.

Material and methods

The investigation concerned randomly selected
results of abdominal imaging examinations per-
formed using computed tomography (CT) with in-
travenous contrast administration in 1196 patients

diagnosed at the Department of Diagnostic Imaging
of Swietokrzyskie Oncology Centre in Kielce, Po-
land, in 2017-2019. The investigations were possible
thanks to the appropriate authorisations, for example,
for personal data processing with respect to access to
medical records, via the hospital IT system CLININET
and NETRAAD system. These systems are used for
comprehensive computerisation of imaging depart-
ments and labs and enable the management of infor-
mation and digital diagnostic images, their archiving,
and creation of complete medical documentation in
the form of electronic patient records. Furthermore,
the study was approved by the Ethics Committee at
the Collegium Medicum of Jan Kochanowski Uni-
versity in Kielce (Resolution No. 1/2019). The study
group included women (592) and men (604), aged
from 19 to 92 years, who had diagnostic imaging
scans performed using contrast-enhanced computed
tomography (with iohexol 350 mg I/ml). The mean age
of the patients was 58.78 £15.31 years; the mean age
for men was 57.18 +£14.74 year, and for women 60.41
+15.72 years (p < 0.001). The investigation involved
computed tomography images (DICOM format) ob-
tained with a 64-slice computed tomography scanner
by Siemens (SOMATOM Definition AS) and analysed
using a Siemens Syngo Multi-Modality Workplace
and Leonardo Workstation.

Statistical analysis

The statistical analysis was performed using Statis-
tica 12.0 software. The normal distribution of data was
verified using the Shapiro-Wilk test. Normally dis-
tributed data were tested with one- or two-way analy-
sis of variance (main effect ANOVA) and the post-hoc
Fisher’s LSD test. Homogeneity of variance was veri-
fied with the Levene’s and Brown-Forsythe tests. In
the case of variance non-homogeneity, Welch’s test
was employed. For data with non-normal distribu-
tion, the non-parametric Mann-Whitney U test or
Kruskal-Wallis test was used, and differences between
the individual means were tested using Dunn’s mul-
tiple comparison test for mean ranks of all samples.
The relationships were verified with the chi-square
test. The Pearson correlation coefficient (r) was used
to assess the relationship between the analysed vari-
ables. In all tests used, results with a significance level
of p < 0.05 were considered statistically significant.

Results

In total, 2392 kidneys of 1196 patients were anal-
ysed. To do this, the examined kidneys were divided
into 2 anatomic variations: the first group included
kidneys with only one renal artery (n = 1874; 78.34%),
and the other group included kidneys with at least
2 renal arteries (7 = 518; 21.66%) (Figure 1). As for the ar-
terial vascularisation of each analysed kidney, it was
demonstrated that mRAs were more common in left
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Figure 1. 3D reconstruction showing the presence of two
left renal arteries and one right renal artery

RK — right kidney, LK - left kidney, AA — abdominal aorta, IVC -
inferior vena cava, CT — celiac trunk, SMA/IMA — superior/inferior
mesenteric artery, RCIA/LCIA — right/left common iliac artery, RRV/
LRV — right/left renal vein, RRA — right renal artery, LRAI-LRA2 —
two left renal arteries.

kidneys (11.71%) compared with right kidneys (9.95%)
(% = 4.35; p = 0.0371). The kidneys were investigated
in terms of the multiplicity of arterial vascularisa-
tion. This led to the division into 3 groups (anatomic
variations). The first group included kidneys sup-
plied by 2 arteries (2RAs), the second group included
kidneys supplied by 3 arteries (3RAs), and the third
group included kidneys supplied by 4 arteries (4RAs).
Of all the kidneys in the mRA group (n = 518), most
(85.14%) had 2 arteries. The 3RA variation accounted
for 10.81% of the cases, while the 4RA variation was
found in 4.05% of the cases. There were statistically
significant differences between the number of the an-
alysed kidneys and their arterial variation (H = 8.06;
p = 0.0178). The multiple comparison test confirmed
that the greatest differences exist between the 2RA
variation and the 4RA variation (Z = 2.75; p = 0.0181).
As for the analysis of the number of renal veins in their
extrarenal segments, there were multiple vessels in 292
(24.41%) patients, and 904 (75.59%) patients had a single
renal vein bilaterally. As in the arterial system, the exam-
ined kidneys were divided into 2 anatomic variations:
the first group included kidneys with only one renal
vein exiting from the renal parenchyma (sRV; n = 2070,
86.54%), and the other group included kidneys with at
least 2 renal veins exiting from the renal parenchyma
and separately entering the inferior vena cava or com-
mon iliac vein (mRVs; n = 322, 13.46%). As for the venous
vascularisation of each analysed kidney, it was found
that multiple renal veins were more common in right
kidneys (9.03%) compared with left kidneys (4.43%)
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Figure 2. 3D reconstruction showing the presence of two
right renal veins and one left renal vein

RK —right kidney, LK - left kidney, AA — abdominal aorta, IVC - inferior
vena cava, CT - celiac trunk, SMA/IMA — superior/inferior mesenteric
artery, RCIA/LCIA —right/left common iliac artery, RRA/LRA —right/left
renal artery, LRV — left renal vein, RRVI-RRV2 — two right renal veins.

(¢ = 44.28; p < 0.001). The kidneys were analysed in
terms of the number of veins directly supplying the infe-
rior vena cava. This led to the division into 3 groups (ana-
tomic variations). The first group included kidneys with
2 renal veins (2RVs), the second group included kidneys
with 3 veins (3RVs), and the third group included kid-
neys with 4 veins (4RVs). Of all the kidneys in the mRV
group (n = 322), most (86.02%) had 2 veins (Figure 2).
The 3RV variation accounted for 13.04% of the cases,
while the 4RV variation was found in 0.94% of the cases.
There were statistically significant differences between
the number of the analysed kidneys and their venous
variation (H = 8.31; p = 0.0157). The multiple compari-
son test confirmed that the greatest differences exist be-
tween the 2RV variation and the 4RV variation (Z = 2.64;
p = 0.0243). The comparative analysis of the extrarenal
arteriovenous system of the kidneys included the ana-
tomic variations of renal arteries (mRAs: 21.65%, 518
kidneys) and renal veins (mRVs: 13.46%, 322 kidneys)
(Table 1).

It was generally concluded that there is a correla-
tion between the number of coexisting arteries (SRA
and mRA variations) and veins (sRV and mRV varia-
tions) in the kidneys, which was confirmed statisti-
cally (3*= 55.47; p < 0.001).

A positive correlation was found between the num-
ber of kidneys representing a given arterial variation
(IRA, 2RAs, 3RAs, and 4RAs) and a venous variation
(1RV, 2RVs, 3RVs, and 4RVs) (r = 0.9472; p < 0.001)

As for the coexistence of renal arteries and veins
taking into account the side of the body, it was shown
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Table 1. The distribution of the number of kidneys based on the coexistence of renal arteries and veins as well as

the presence of anatomic variations (mRAs and mRVs)

Number of veins Number of arteries Total mRAs
1 2 3 4 DY %

1 1699 331 28 12 2070 371 17.92
2 152 97 22 6 277 125 45.13
3 23 12 5 42 19 45.24
4 0 1 1 1 3 3 100
Total 1874 441 56 21 2392 518 21.65
mRVs 2, 175 110 28 9 322

% 9.34 24.94 50.00 42.86 13.46

that, on the right side, mRAs were the most common
(100%) in kidneys with concomitant four renal veins.
This was followed by mRAs (45.24%) coexisting with
3 veins. As for the left kidneys, mRAs were the most
common (46.41%) in the kidneys with 2 veins. It was
also demonstrated that the co-occurrence of mRA
kidneys with a single vein depends on the side
of the body (y?= 4.45; p = 0.0348) (Table 2).

As for the coexistence of renal arteries and veins
taking into account sexual dimorphism, it was shown
that mRAs were the most common (100%) in male
kidneys with concomitant 4 renal veins. This was

followed by mRAs (47.88%) coexisting with 2 veins.
As for the left kidneys, mRAs were the most com-
mon (44.44%) in the kidneys with 2 veins. It was also
demonstrated that the co-occurrence of mRA kidneys
with a single vein depends on the gender (3> = 11.14;
p < 0.001) (Table 3).

Discussion

As the literature analysis reveals, the mean preva-
lence of variations in the human extrarenal arterial
system (i.e. the presence of more than one renal artery)
is ~25% in the general population, with the values

Table 2. Distribution of the number of kidneys (n = 2392) taking into account the side of the body and coexistence of re-
nal arteries and veins including the mRA variation (LZ, number of veins; LT, number of arteries; LN, number of kidneys;
mRA%, percentage distribution of multiple arteries in each group for one, two, three, and four veins)

Right b4 Left
Lz LT LN % mRA % value (p) Lz LT LN %  mRA%
1 1 865 8423 1577  4.45(0.0348) 1 1 834 7996  20.04
2 143 13.92 2 188 18.02
3 13 127 3 15 144
4 6 0.58 4 6 0.58
2 1 70 5645 4355  0.09 (0.7699) 2 1 82 5359  46.41
2 42 33.87 2 55 35.95
3 10 8.06 3 12 7.84
4 2 1.62 4 4 262
3 1 23 5476 4524 - 3 1 0 - -
2 12 28.57 2 0 -
3 5 11.90 3 0 -
4 2 476 4 0 -
4 1 0 0.00  100.00 - 4 1 0 - -
2 1 33.33 2 0 -
3 1 33.33 3 0 -
4 1 33.33 4 0 -
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Table 3. Distribution of the number of kidneys (n = 2,392) taking into account the gender and coexistence of renal arter-
ies and veins including the mRA variation (LZ, number of veins; LT, number of arteries; LN, number of kidneys; mRA%,
percentage distribution of multiple arteries in each group for one, two, three, and four veins)

Men (n = 1208) x2 Women (n = 1184)
Lz LT LN % mRA % value (p) Lz LT LN % mRA %
1 1 799 78.64 2136 1114 (0.008) 1 1 900 8539  14.61
2 184 18.12 2 147 13.95
3 23 2.26 3 5 0.47
4 10 0.98 4 2 0.19
2 1 86 5212 47.88  0.48 (0.4900) 2 1 66 58.93 4107
2 57 34.55 2 40 35.71
3 17 10.30 3 5 4.47
4 5 3.03 4 1 0.89
3 1 13 5417 4583  0.00 (0.9561) 3 1 10 5556  44.44
2 7 29.16 2 5 27.78
3 3 12.50 3 2 11.11
4 1 417 4 1 5.55
4 1 0 0.00  100.00 — 4 1 0 - -
2 1 3333 2 0 —
3 1 3333 3 0 -
4 1 3333 4 0 =

reaching over 30% in certain populations [14]. Abuel-
nour [15] conducted a meta-analysis of 21 reviews (in
total 11,563 analysed kidneys) and concluded that
the prevalence of multiple renal arteries reached 19%.
In the meta-analysis of 64 papers (in total 20,782 ana-
lysed kidneys) performed by Recto et al. [2], multiple
renal arteries were found in 4146 kidneys, which rep-
resents the prevalence of 19.95%, where 3710 kidneys
(17.85%) had 2 arteries, 386 kidneys (1.86%) had 3
arteries, 44 kidneys had 4 arteries (0.21%), 5 kidneys
had 5 arteries (0.02%), and one kidney had 6 arter-
ies (0.005%). In the studies on the Polish population,
So$nik and Sos$nik [16] demonstrated a considerable
prevalence of mRAs at the level of 41% (133 of 324 pa-
tients). In other studies performed by the same authors
[17], the (renal) prevalence of mRAs was 23.3% (256
of 1100 kidneys), and in yet another study So$nik and
Sosnik [18] reported the mRA prevalence at the level
of 38.3% (354 of 924 patients).

In the present study, multiple arteries represented
21.66% of the cases in the study population, which
makes this value similar to the mean values found in
the literature, but slightly lower than the one reported
by Soénik and Soénik [16-18].

As the literature data show, the mean prevalence
of variation in the human extrarenal venous system
(i.e. the presence of more than one renal vein) is ~15%
in the general population, with the values reaching
over 20% in certain populations [3]. In one of the re-
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cent reviews on the prevalence of renal venous varia-
tions, Hostiuc et al. [3] demonstrated that the over-
all prevalence of multiple renal veins was 16.7% in
the range from 14.3% to 19.2%.

Based on the studies carried out by Sosnik and
Sosnik [19], the prevalence of mRVs in the Polish pop-
ulation reaches 29.6%, and mRVs are more common
on the right side (27.5%) than on the left side (9.3%).
The present study revealed that multiple renal veins
were found in 24.41% of the cases and were also more
common on the right side.

As has previously been suggested, the literature
usually contains studies that focus either on renal ar-
terial variation or renal venous variation, but there are
fewer reports regarding the coexistence of arterial and
venous variations. Moreover, these are usually case
reports [20-24]. Stojadinovic et al. [25] stated that ana-
tomic variations regarding arterial and venous vessels
are relatively common, but their coexistence is a rare
phenomenon and is reported as isolated cases. Recent-
ly, some interest has been noted in this subject matter
among researchers. In one of the most recent publi-
cations regarding the Polish population, Sosnik and
Sosnik [17] demonstrated a statistically significant re-
lationship between the coexistence of anatomic varia-
tions concerning renal vascularisation. Moreover,
the authors also showed that this is more common
for males than for females. The authors reported
a statistically significant relationship between the co-
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existence of a single renal artery and 2 renal veins
(p < 0.001), single renal artery and 3 renal veins
(p < 0.001), as well as single renal artery and 4 renal
veins (p < 0.001), and between the occurrence of 2 ar-
teries and 3 veins (p < 0.001). They also noted a sta-
tistically significant correlation (p < 0.001) between
venous variation and coexisting arterial variants. In
other studies, Staskiewicz et al. [26] performed a corre-
lation analysis of the number of renal vessels (arteries
and veins) to evaluate for a potential correlation (ten-
dency) in the coexistence of accessory vessels. The au-
thors noted significant positive correlations, thus con-
firming the tendency for the coexistence of accessory
arteries and veins. Moreover, the authors compared
the number of renal vessels in patients with accessory
vessels and without them. This demonstrated that
there were more vessels on the right side in patients
with an accessory left renal artery, whereas the mean
number of all the remaining vessels was significantly
higher in patients with an accessory right renal vein.
The present study has demonstrated a relationship be-
tween the number of arteries and the number of veins
that coexisted in the kidneys, which was verified sta-
tistically (y*= 55.47; p < 0.001).

The presence of multiple renal arteries may be
linked with persistent primary vessels. In his re-
search, Cieslinski [27] demonstrated that, from week 8
of the embryonic development, the kidney is supplied
by the renal artery that originates from the anterolat-
eral segment of the aorta. Moreover, the above-men-
tioned author states that the renal artery, which enters
the renal hilum, is one of the upper arteries of the me-
sonephros. As for the embryonic development of renal
veins, attention should be paid to the transformations
observed then in the cardinal veins. Unlike the arterial
system, the renal venous system develops by anasto-
moses between the developing large veins. It may be
generally suspected that the presence of more than one
renal vein could be a remnant of a venous anastomosis
from the period of embryonic development [28-30].

That is why the coexistence of renal vascular vari-
ations may be associated with prenatal development,
even more so because arterial and venous develop-
ment takes place simultaneously.

Conclusions

Based on the analysis of the arterial and venous vas-
cularisation of the kidneys in humans, it is concluded
that, in the context of anatomic variation regarding
the extrarenal arteriovenous system of the kidneys,
there is a statistically significant relationship between
the number of coexisting arteries and veins in the kid-
neys. The side of the body is of significance as far as renal
arterial and venous multiplicity is concerned. The pres-
ence of multiple renal arteries is more common in left
kidneys compared with right kidneys. Multiple renal
veins, on the other hand, are usually found in the right

kidneys. Knowledge of the anatomical diversity of re-
nal vascularization is important for diagnosing kidney
diseases and understanding some of the specific fea-
tures of the clinical background, especially in the case
of transplants, where accurate radiological assessment
of donor kidney vascularisation is essential and of para-
mount importance in preoperative planning.
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