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CASE REPORT

Four left renal arteries — a rare variant
of kidney arterial supply
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We describe the arterial supply of a human kidney harvested post-mortem from
a 75-year-old female volunteer body donor. The kidney was analysed with contrast-enhanced computed tomography (CT), and corrosion casting was used to
reveal the kidney’s angio-architecture. In the left kidney, we observed four renal
arteries, each originating directly from the abdominal aorta. Three renal arteries,
including the main renal artery, coursed through the renal hilum, and the fourth
renal artery reached the lower kidney pole. The supply areas of each of the four
renal arteries were analysed with a three-dimensional reconstruction of CT images
and with corrosion casting. There were no clear boundaries between the areas
supplied by the four renal arteries because their branches overlapped in most
kidney segments. (Folia Morphol 2019; 78, 1: 208–213)
Key words: renal artery, accessory, supernumerary, anatomical variation,
corrosion casting, computed tomography

INTRODUCTION

2 arteries supply 1 kidney. In ~20% of cases (14%
to 23%), the kidney is supplied by 2 renal arteries
originating from the abdominal aorta; in ~2.5% of
cases (1% to 4%), by 3 renal arteries; and in only
< 1% of cases, by 4 renal arteries [5, 8, 18, 29]. The
occurrence of additional renal arteries depends on
the sex and race [23].

The anatomy of the human kidney arterial supply can vary substantially between people [3, 18,
22, 32], and this variation is an interesting research
subject. Awareness of the many anatomical variants of the renal vascular system is important
in the diagnosis of kidney diseases, and it helps
understand why some patients have unusual clinical presentations. Knowing the anatomy of the
renal vessels is particularly important in kidney
transplantation, in which an accurate radiological evaluation of these vessels is essential to plan
surgery [5, 18, 28].
Based on data from previous studies, the kidney is supplied by a single artery in 75% of cases
(70% to 85%), more often the right kidney. In the
remaining 25% of cases (20% to 30%), at least

CASE REPORT
We examined a human kidney harvested
post-mortem from a 75-year-old female volunteer
body donor (Fig. 1). The kidney was fixed in a preservative medium (10% formalin + 40% alcohol
+ 90% glycerol) and then analysed with contrast-enhanced computed tomography (CT). Special radiographic procedures using contrast media are used
in certain cases to delineate internal structures.

Address for correspondence: Mgr G. Wróbel, Department of Anatomy, Institute of Medical Sciences, Faculty of Medicine and Health Sciences,
Jan Kochanowski University, ul. IX Wieków 19, 25–317 Kielce, tel: +48 41 349 6965, fax: +48 41 349 69 16, e-mail: grzegorz.wrobel@ujk.edu.pl

208

G. Wróbel et al., Variant of renal arteries

Figure 1. Renal artery system after the post-mortem examination; AA — abdominal aorta; LRA1–4 — left renal arteries; RRA — right renal
artery; U — ureter.

A contrast agent was used in the study — OMNIPAQUE 350; contains 755 mg of iohexol equivalent to
350 mg of organic iodine per mL — each millilitre
of iohexol solution contains 1.21 mg tromethamine
and 0.1 mg edetate calcium disodium with the pH
adjusted between 6.8 and 7.7 with hydrochloric
acid or sodium hydroxide. Osmolality from 2.2 to
3 times that of plasma (285 mOsm/kg water) or
cerebrospinal fluid (301 mOsm/kg water), solution
is hypertonic in the conditions of use). We injected
about 10 mL of 3% solution of the contrast agent
into each of the renal arteries, and then the arteries
were ligated. The CT examination was performed
using SOMATOM Definition AS (Siemens) and analysed with SYNGO Multi-Modality CT Workstation
(Siemens). We used corrosion casting to visualise
the blood vessels. We filled the blood vessels with
latex (LBS 3060) and used 10% KOH + 5% H2O2
for soft tissue digestion at about 38oC for a week.
Based on CT images, we obtained a three-dimensional reconstruction of the renal arterial supply
system (Fig. 2), and the corrosion cast showed the
angio-architectonics of the kidney (Fig. 3).
We examined both the courses and supply areas
of the 4 renal arteries originating directly from the
abdominal aorta and supplying individual kidney
segments. In addition, for each renal artery, we
measured both the distance from its origin in the

abdominal aorta to the aortic bifurcation and its
external diameter at the origin (Table 1). We found
that 3 renal arteries coursed through the renal hilum. The artery with the largest diameter (5.1 mm)
was considered the main renal artery (Fig. 1, LRA2).
The other 2 arteries in the renal hilum, i.e., LRA1
(4 mm in diameter) and LRA3 (4.4 mm in diameter),
were considered accessory renal arteries (Fig. 1).
The 3 renal arteries that coursed through the
renal hilum branched off directly from the aorta
at a distance from the aortic bifurcation of 105
mm (LRA1), 100 mm (LRA2), and 90 mm (LRA3).
The fourth renal artery branched off from the aorta 35 mm from the aortic bifurcation, i.e., below the other renal arteries (Fig. 1, Table 1). One
of the renal arteries (LRA1) supplied mainly the
posterior renal segment and, to a lesser extent,
the inferior renal segment. The main renal artery
(LRA2) supplied a substantial part of the kidney
parenchyma, i.e., the apical and anterosuperior
segments, and part of the anteroinferior segment.
Another renal artery (LRA3) supplied the posterior
segment and part of the inferior segment, which
was the smallest supply area of all 4 renal arteries. The renal artery that joined the kidney near
its lower pole (LRA4) supplied mainly the inferior
segment and part of the anteroinferior segment,
additionally an unusual course of the left ureter
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Figure 2. Computed tomography reconstruction of the kidney; A. Image after injecting the first renal artery; B. Image after injecting all renal
arteries.

supply areas in the kidney, because the arteries
were interconnected and had overlapping branches
— particularly the interlobular arteries. Only the
apical renal segment received blood supply from
a single artery (the “main” renal artery). Moreover,
a substantial part of the inferior renal segment
received blood supply from the lowest additional
renal artery (LRA4, Fig. 2).

DISCUSSION
Typically, single renal arteries branch off from
both sides of the aorta and then bifurcate, near the
renal hilum, into the anterior and posterior branches, which divide further into segmental arteries
supplying different renal segments. It is common
to see more than 1 renal artery supplying a single
kidney, and previous investigators described cases
with renal arteries of varying numbers and courses
[18, 22, 26–29]. The frequency of multiple renal
arteries is determined by the feature of population.
For example, in Caucasian and African populations
a high incidence of multiple renal arteries is observed (30–40%), compared to Indian population
(13.5%) [22, 27]. The frequency of presence of
multiple renal arteries varies widely with ethnicity.
According to Gulas et al. [7], range of the frequency
of multiple renal arteries depending on ethnicity is
between 4% (Malaysians) and 61.5% (Indians). In
Polish population, the variability of multiple renal
arteries seems to be between 11.2% and 38.3%

Figure 3. Corrosion casting of the kidney; LRA1–4 — left renal
arteries; CRM — renal calyces; a — major; b — minor.

was observed — it crosses anteriorly LRA4 (Fig. 1).
The CT images and the corrosion cast both showed
that there were no clear borders between the blood
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Table 1. Morphological parameters of the renal arteries. Additional renal arteries were grouped into the extra renal artery by
a previous classification [17, 22]
Variables

LRA1

LRA2

LRA3

LRA4

Extra renal artery: hilar

Main: hilar

Extra renal artery: hilar

Extra renal artery: polar

External diameter at origin [mm]

4.0

5.1

2.7

4.5

Distance from the bifurcation of the
abdominal aorta [mm]

105

100

90

35

Posterior, lower

Apical, upper, middle

Posterior, lower

Middle, lower

Classification

Renal segment supplied
LRA1–4 — left renal arteries

[7, 25]. The classification of additional renal arteries
is ambiguous, and different investigators use different terms to describe additional renal arteries,
which hinders research on the subject. For example,
Merklin and Michels [14] distinguish “supernumerary” arteries, whereas Graves [6] describes each
additional renal artery arising from the abdominal
aorta as “accessory” and those arteries not arising
from the aorta as “aberrant”. Herein, we used the
classification of additional renal arteries put forward by Satyapal et al. [23] and Özkan et al. [18].
In this classification, additional renal arteries fall
into two categories: (1) early division arteries, i.e.,
those branching off from the main renal arteries
into segmental branches more proximally than the
renal hilum; and (2) extra renal arteries, which are
further classified as hilar (accessory) arteries and
polar (aberrant) arteries. Hilar arteries, along with
the main renal artery, enter the kidney through
the renal hilum, whereas the aberrant arteries run
directly towards the renal capsule and do not enter
the renal hilum. Based on these criteria, the LRA4
artery described herein can be classified as an aberrant artery. Kidneys supplied by more than one
artery can have other anatomical variations, such as
more than one vein or ureter [24]. We, however, did
not find such anatomical variants in the presented
case. The anatomical variations of renal arteries
are much more common than the variations of
renal veins [11]. According to Bordei et al. [2], the
former occur 8 times as often as the latter. Rossi et
al. [21] put forward that the common occurrence
of vascular changes in the kidneys may be due to
the disturbances of kidney migration early in the
development of blood vessels, which may lead to
the formation of additional renal arteries. Moreover, Satyapal et al. [23] propose that an abnormal
spatial arrangement of the kidney promotes the
development of abnormal blood vessels.

Our description of four renal arteries supplying
one kidney is very rare among the existing reports
on the variations of renal arterial supply; it is not,
however, the only such description [5, 19, 20, 25,
29]. Previous investigators reported many interesting variants of the renal arterial supply. Kinnunen
et al. [12] described one of the most interesting
cases, in which ten arteries supplied one kidney.
Miclaus and Matusz [15] described a 58-year-old
man with 4 renal arteries supplying each kidney.
Rossi et al. [21] described a 23-year-old male living
donor candidate with 4 arteries supplying the left
kidney and 3 arteries supplying the right kidney.
Koplay et al. [13] presented a case of a 36-year-old
patient with 7 renal arteries: 3 arteries on the right
and 2 arteries on the left branched off from the
abdominal aorta; 1 artery on the left branched off
from the lower mesenteric artery; and 1 artery on
the right, from the common iliac artery. Orlando et
al. [17] described a kidney transplant recipient with
6 arteries — the first instance of successful transplantation of a kidney with more than 4 arteries [1].
Mishra et al. [16] found 5 renal arteries in an
18-year-old woman undergoing CT (3 right and
2 left arteries). In a post-mortem examination of
a 61-year-old man, Jeon et al. [10] observed 3 right
and 2 left renal arteries with asymmetric origin.
Other studies support these observations [5].
Other authors [19, 20], however, indicate that renal
arteries show greater variability on the left side
compared with the right side. Saldarriaga et al. [22]
and Satyapal et al. [23] found additional renal arteries more often on the left than on the right side.
In our case, the additional renal vessels occurred
on the left side as well. In the study by Jeon et al.
[10], the distance from the origin of additional
renal arteries to the aortic bifurcation ranged between 30 and 118 mm, and the external diameter
of these arteries at their origin ranged from 3 to 7
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mm. In the study by Mishra et al. [16], this diameter
ranged between 2.5 and 4.3 mm. Additional inferior
aberrant renal arteries are rare. Vilhova et al. [30]
found that superior aberrant renal arteries occurred
more often than did inferior aberrant renal arteries
(22% vs. 4.4%), and Budhiraja et al. [4] reported
similar figures. Other studies, however, reported
a more frequent occurrence of inferior aberrant
renal arteries compared with that of superior
aberrant renal arteries [9, 31]. Aberrant renal arteries usually have smaller diameters than do the
main renal arteries entering the kidney through the
renal hilum [26]. In some people, aberrant renal
arteries may cause ureteral obstruction leading
to hydronephrosis, which is an important clinical
problem [26].
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CONCLUSIONS
In conclusion, we described a rare occurrence of
a kidney supplied by 4 arteries. This is an additional
source of information that can have clinical implications. Clinically, one should take into account that
renal arteries have many anatomical variants, which
is important in kidney disease diagnosis, renal vessel
surgery, and kidney transplantation.
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