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A rare combined variation of left renal vasculature in a human
cadaver: embryological basis and clinical significance
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Abstract

Classically, a single renal artery supplies, and a single renal vein drains each kidney. The morphology and variations in the
renal vascular structures are of great importance when performing any type of renal surgery. The present case describes a rare
combination of renal vasculature variation in a formalin-fixed, Chinese male cadaver. In this case, the left kidney is drained
by a main renal vein (MRV) and an inferior renal vein (IRV), the latter might be the remnant of the left dorsal renal vein dur-
ing the embryonic period. Two sets of renal arteries are present in this case, possibly due to persistent mesonephric arteries
during embryonic development. Describing such anatomical variations is not only of academic interest but also important
to help radiologists with the correct interpretation of image examinations and for surgeons to be prepared in advance.
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Introduction

The morphology and variations in the renal vascular struc-
tures are of great importance when performing any type of
renal surgery (e.g., nephrectomy, in kidney transplantation)
(Hekimoglu and Ergun 2022). In this regard, the role of the
primary tributaries of the renal vein and their relationship
to the branches of the renal artery is important. Knowledge
of such vascular abnormalities is also of uttermost impor-
tance in laparoscopic surgery when entering the paraaortic
region, as the repair of renal vessels is much more difficult
compared to open surgery, often causing hemorrhage, a need
for transfusion, or conversion to laparotomy (Hostiuc et al.
2019).
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There are three main types of anatomical variants of renal
veins: multiple renal veins, in which are identifiable two or
more renal veins, either uni- or bilaterally; retroaortic left
renal vein (RLRV), in which the renal vein has a retroaortic
course before entering the inferior vena cava; and circumaor-
tic left renal vein (CLRV), in which two or more renal veins
are forming a ring around the aorta (Hostiuc et al. 2019;
Bouali et al. 2014; Hazirolan et al. 2011). According to mul-
tiple classic literature, the overall prevalence for retroaortic
renal vein is 3% (CI 2.4-3.6%) (Damen et al. 2024), for
circumaortic renal vein—3.5% (CI 2.8-4.4%) (Tanka et al.
2018), and for multiple renal veins — 16.7% (14.3-19.2%),
much higher on the right 16.6 (14.2-19.1%) than on the left
side 2.1 (1.3-3.2%) (Hoff, et al. 2020). As for the arterial
supply of kidneys, previous studies revealed that 73.79%
of kidneys were supplied by a single renal artery, 25.72%
by double renal arteries, and 0.49% by triple renal arteries.
In the present case, we present a rare combination of both
multiple renal veins and multiple renal arteries on the left
side and their complex anatomical relationships.

Case report
During a routine educational dissection of a formalin-fixed

74-year-old male Chinese cadaver, we found unusual arterio-
venous structures at the left renal hilum. After opening the
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posterior parietal peritoneum, we found 5 separate vessels
passing through the renal hilum.

We observed two veins draining the left kidney instead
of one. The main renal vein (MRV) is formed immediately
medial to the renal hilum by the union of three of its tribu-
taries. Besides collecting the testicular vein (TV) inferiorly
and inferior suprarenal vein superiorly, MRV also collects an
inferior renal vein (IRV) originating from the inferior part of
the left kidney, which travels posterior to both the testicular
artery (TA) and TV. Near to its junction with the MRV, IRV
crosses the TA anteriorly lateral to the abdominal aorta (AA)
and courses upwards until it merges with MRV.

As for arterial supply, the renal artery originates from AA
posteroinferior to the MRV and gives off two equal-sized
branches. The superior branch of the renal artery, superior
renal artery (SRA) detours anterior-laterally and crosses the
anterior surface of the MRV and subsequently enters the
renal hilum anterior-inferiorly to both MRV and the inferior
branch of the renal artery, inferior renal artery (IRA). IRA
extends laterally posterior to both MRV and the SRA and
subsequently enters the renal hilum.

Another point worth noticing, in this case, is that MRV is
jammed between SRA and IRA, theocratically making it dif-
ficult for venous blood to drain out of the left kidney. How-
ever, we did not find any distinct size differences between
the left and right kidneys.

Discussion

Classically, a single renal artery supplies, and a single renal
vein drains each kidney. However, this study reports a unique
variation where the left kidney is supplied by double renal
arteries and drained by two sets of renal veins. This study
belongs to the case of multiple renal veins (16.7%), but with
several differences. In our case, besides double renal veins,
the left kidney is supplied by double renal arteries.

Accessory renal arteries are clinically the most important
variations in renal vascular anatomy, occurring in one-third
of patients. Multiple renal arteries are either unilateral or
bilateral, accounting for approximately 30% and 10% of
the patient population, respectively (Abdessater et al. 2022;
Magaribuchi et al. 2020; Mao and Li 2015).

Variations in renal vessels may occur due to the atypi-
cal position of the kidneys during cephalic migration of
the kidneys in embryogenesis. In addition, the number of
mesonephric arteries feeding the kidney decreases to one
during embryonic development, and abnormalities in this
process may cause an increase in the number of ectopic
arteries (Ozkan et al. 2006). As for the renal veins, on the
72nd day of a fetus, the renal veins are formed by the anas-
tomosis of the supracardinal and subcardinal veins (two
renal veins are formed, ventral and dorsal). Subsequently,

@ Springer

Fig. 1 Anterior view of the abdominal cavity. Notes: Anterior view
of the posterior abdominal wall. For the names of the described struc-
tures, refer to Table 1

Table 1 Abbreviations and expansions

Abbreviation Expansion

AA Abdominal aorta
AG Adrenal gland

IPA Inferior phrenic artery
13 Inferior phrenic vein
IRA Inferior renal artery
IRV Inferior renal vein
LK Left kidney

LSV Left suprarenal vein
MRV Main renal vein
SRA Superior renal artery
TA Testicular artery

TV Testicular vein

U ureter

Notes: “Abbreviation” column includes the abbreviated names of the
structures indicated in both Figs. 1 and 2. Expansion column includes
the full names of the structures indicated in both Figs. 1 and 2

the dorsal vein usually degenerates, and the ventral vein
remains and becomes the renal vein. The caudal extent of
the subcardinal veins forms the gonadal vessels (Mathews
et al. 1999). In this case, according to the anatomical posi-
tion, the left inferior renal vein (Fig. 1) might be the remnant
of the left dorsal renal vein during the embryonic period.
Various studies showed the right renal vein to be more often
multiple, compared to the left renal vein and the main rea-
son postulated for the increased prevalence of double right
renal vein compared to the left renal vein is the complex
embryogenesis on the left side, discouraging the retention of
additional left-sided renal veins (Mathews et al. 1999; Anson
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Fig.2 Schematic representation of the combined variation of left
renal veins and arteries. Notes: Schematic representations of the indi-
cated structures indicated in Fig. 1. For the names of the described
structures also refer to Table 1

and Daseler 1961; Ballesteros et al. 2014; Mankhause and
Khalique 1986). However, in this case, the double renal vein
is on the left side. In this regard, during the kidney donation
process, the left kidney is a more favorable option due to its
longer vascular pedicle. And if the left kidney of the donor
or the donee has a varied vasculature, then the right kid-
ney should be considered for harvesting. The anatomy and
surgery manuals often overlook these anatomical variants,
increasing the risk for less experienced surgeons to cause
damage during surgeries or kidney transplants. Hence, the
awareness of the possible variations of the renal vasculature
is necessary for adequate surgical management.

Another point worth noticing, in this case, is that MRV is
jammed between SRA and IRA, theocratically making it dif-
ficult for venous blood to drain out of the left kidney. How-
ever, we did not find any distinct size differences between
the left and right kidneys and this is probably due to the
existence of the IRV as an extra vein helps drain the kidney.

Our report focuses on a cadaver preserved in formal-
dehyde, allowing for a clear and visual examination of
the entire variance site during the dissection process and
exploration of the course of blood vessels. However, due to
limited resources, we only have one case available, limit-
ing us to conducting a case report and preventing us from

conducting a systematic comparative study with more gen-
eral discoveries.

Describing such anatomical variations is not only of
academic interest but also important to help radiologists
with the correct interpretation of image examinations and
for surgeons to be prepared in advance. We believe that
complex anatomical variations with direct clinical impli-
cations such as those described in the present study are
worth publication.
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