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The following urogenital and vascular anomalies were observed in the left kid-
ney of an 81-year-old female cadaver during routine dissection: three extrarenal 
calyces; an accessory renal artery originating directly from the abdominal aorta; 
and a circumaortic renal vein. 
The typical renal anatomical structures were identified, from anterior to posterior, 
as the renal vein, renal artery, and ureter appearing near the hilum of the left 
kidney. After closer examination, three extrarenal calyces were observed exiting 
from the hilum of the left kidney to form the pelvis, then narrowed and became 
the ureter which descended 21.5 cm to empty into the bladder. The accessory 
renal artery originated from the lateral aspect of the abdominal aorta 7.3 cm be-
low the aortic origin of the left renal artery. A corresponding accessary renal vein, 
identified as a circumaortic vein, left the hilum 4.5 cm below the left renal vein 
and travelled posterior to the abdominal aorta to drain into the inferior vena cava. 
Extrarenal calyces are rare among urogenital tract variations. They can be asso-
ciated with embryological abnormalities such as renal ectopia, horseshoe kidney 
or malrotation as well as clinical manifestations such as pelviureteric junction 
obstruction and hydronephrosis. Compression of the accessory renal artery can 
cause decreased blood flow to the inferior pole of the left kidney, thereby causing 
fibrosis, atrophy, or renal failure. The retro-aortic path of the circumaortic renal vein 
has been associated with posterior nutcracker phenomenon, haematuria, left renal 
vein thrombus formation, and renal vein hypertension. This unique combination 
of a collecting system anomaly and extrarenal vessel variations could have signifi-
cant implications in abdominal surgery. (Folia Morphol 2022; 81, 4: 1072–1078)

Key words: renal vein, renal artery, kidney, extrarenal calyces, congenital 
abnormalities of the kidney and urinary tract

INTRODUCTION
Congenital abnormalities of the kidney and urinary 

tract (CAKUT) encompass variations of the kidney, 
ureter, bladder, and urethra and can range in clini-

cal manifestation from asymptomatic to severe [40]. 
Normally, blood passes through the nephron, the 
functional unit of the kidney, and undergoes filtration, 
reabsorption, and secretion to produce urine [10]. The 
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urine then drains into a collecting duct which empties 
into a minor calyx; two to three minor calyces empty 
into one major calyx which collectively drains into the 
intrasinusal renal pelvis, the broadest and uppermost 
portion of the ureter [10]. A normal ureter then travels 
approximately 25 cm to empty into the posterolateral 
aspect of the bladder [10]. An extrarenal calyx (ERC), 
described as rare among CAKUT variations, occurs 
when the major calyces are located outside of the 
renal parenchyma [36]. The number and length of the 
ERC can vary, and the prevalence is not well described 
in the literature [19, 29, 36]. Plain radiography and 
ultrasonography are reported to be unhelpful ERC di-
agnostic tools, though the use of contrast in excretory 
urography can provide relevant information regarding 
the kidneys, ureters, and bladder [31]. Retrograde 
pyelography can detect the ERC being unsupported 
by the renal parenchyma, but that may be incor-
rectly diagnosed as hydronephrosis [19]. Similarly, 
abdominal computed tomography imaging can lead 
to an incorrect diagnosis of lymphadenopathy [45]. 
The limitations of imaging techniques, coupled with 
the rarity of an extrarenal pelvicalyceal collecting sys-
tem, often precludes a pre-operative ERC diagnosis, 
meaning that it is usually an incidental finding [19]. 
Increased awareness of ERC can lead to an increase 
in correct pre-operative diagnoses, thereby lessening 
the chance of damaging the pelvicalyceal system and 
surrounding vasculature during surgery.

Inconsistent nomenclature describing additional 
renal arteries is pervasive in the literature with use of 
terms including aberrant, accessory, anomalous, multi-
ple, supernumerary, supplementary, and polar arteries 
[1, 18]. This report utilizes the definition of additional 
renal arteries as established by Holden et al. [23] which 
categorizes the additional artery as an accessory renal 
artery, which acts as a branch of the renal artery and 
supplies blood to a renal segment [11, 23]. Accessory 
renal arteries typically arise from the abdominal aorta, 
have a reported frequency of 24% and are bilateral in 
roughly 10% of the population [20, 44]. The incidence 
decreases with each additional accessory artery, such 
that the presence of three accessory renal arteries has 
only been identified in 0.2–2.0% of specimens [26]. 
Possible clinical manifestations depend on the arterial 
relationship to surrounding structures, such as the 
ureter and gonadal vessels [42].

The importance of renal venous drainage is un-
derscored by two meta-analyses which investigate 
the most prevalent variations of this system [24, 41]. 

Right-sided renal vein abnormalities are reported 
more commonly than left-sided, perhaps because the 
inferior vena cava (IVC) is predominantly formed by 
right-sided embryological structures [24]. However, 
there is abundant variation attributed to the left 
renal vein, likely due to its complex embryological 
origin [34, 41]. These left sided variations include  
a retroaortic vein, wherein a single renal vein travels 
posterior to the abdominal aorta, and an additional 
renal vein that travels anterior to the abdominal aorta 
to independently drains into the IVC [41]. The renal 
vein variation observed in the current case study is 
a circumaortic vein in which a kidney is drained by 
two renal veins that empty into the IVC; one vein that 
follows the normal anatomical course anterior to the 
abdominal aorta and another travelling posterior to 
the abdominal aorta [4, 41]. Similar to the arterial 
variations, the effects of left renal vein variations 
depend on relationships to neighbouring structures, 
such as the abdominal aorta, left gonadal vein, left 
suprarenal vein, and left inferior phrenic vein.

CASE REPORT
An 81-year-old female body was received through 

the Saint Louis University Gift of Body Programme 
of the Centre for Anatomical Science and Education 
(CASE) with signed informed consent from the donor. 
The CASE gift body program abides by the rules set 
forth by the Uniform Anatomical Gift Act.

As perirenal fat was cleared in routine dissection, 
the anticipated hilar structures were observed in the 
left kidney, from anterior to posterior, as the renal 
vein, renal artery, and the continuation of the urinary 
collecting system which, in this case, were the ERC 
(Figs. 1, 2). The lengths of the three ERC, measured 
from the apex of the medullary pyramids to the renal 
pelvis, were 3 cm, 1 cm, and 2 cm, from superior to in-
ferior. Once the ERC united, the left ureter descended 
21.5 cm over the left psoas major muscle and the left 
common iliac artery to empty into the posterolateral 
aspect of the bladder (Fig. 1).

Further dissection of the hilum revealed two vas-
cular variations: an accessory renal artery and a cir-
cumaortic vein. After travelling 2.6 cm from the aorta, 
the renal artery displayed a prehilar branching pattern 
to supply four of the five renal segments including 
the apical, anterior superior, anterior inferior, and the 
posterior segments (Fig. 2). The accessary renal artery 
emerged from the lateral aspect of the abdominal 
aorta 7.3 cm below the renal artery and travelled 
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Figure 1. Anterior view of the kidney and associated structures; A. The important anatomical structures of this case study. The three extra-
renal calyces (ERC) (yellow) united to form the renal pelvis and ureter, which descended anterior to the circumaortic vein (green), accessory 
renal artery (orange), psoas major (PM) muscle and the left common iliac artery (LCI) to drain into the bladder. The left renal artery (red) trav-
elled parallel and superior to the left renal vein (LRV), giving off the inferior suprarenal artery to the left suprarenal gland (LSRG), then branch-
ing into segmental arteries to supply the left kidney (LK). The LRV received three tributaries (blue): the left suprarenal and left inferior phrenic 
veins which formed a common trunk before draining into the LRV, and the left ovarian vein (cut) which travelled superiorly to drain into the 
LRV. There were no veins observed joining with the circumaortic vein as it travelled from the renal hilum to the inferior vena cava (IVC);  
B. Anatomical relationships between the anatomical variants and surrounding structures. The following structures were observed in the left 
hilum from anterior to posterior: renal vein, renal artery, and ERC. Two structures were observed, from superior to inferior, at the lower aspect 
of the left hilum: the circumaortic vein, which travelled posterior to the abdominal aorta (AA) draining into the IVC, and the accessory renal 
artery. Both the circumaortic vein and accessory renal artery travelled posterior to the ureter.

Figure 2. Anterior view of the renal hilum; A. The important anatomical structures of this case study. The left renal artery (LRA) (red) orig-
inated from the abdominal aorta (AA) and underwent prehilar branching to supply the three superiormost anterior renal segments (labelled 
as 1, 2, 3), the second of which received two segmental branches. The renal artery also sent a branch (pink) to the posterior renal segment. 
The accessory renal artery (orange) also originated from the AA and entered the left renal hilum to supply the inferior renal segment (4) of the 
anterior aspect of the left kidney; B. Anatomical relationships between the anatomical variants and surrounding structures. The circumaortic 
vein and accessory renal artery traveled posterior to the ureter. The arterial branch to the posterior renal segment traveled posterior to the 
renal vein and extrarenal calyx (ERC); LRV — left renal vein; LU — left ureter; PM — psoas major; LCV — left circumaortic vein.

A B

A B
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posterior to the ureter to enter the inferior aspect 
of the hilum and supply the inferior renal segment 
(Figs. 1, 2).  

The circumaortic vein, described as the retro-aortic 
left accessary renal vein, was observed leaving the 
renal hilum 4.5 cm below the left renal vein and was 
parallel and superior to the accessory renal artery 
before draining into the IVC (Figs. 1, 2). No venous 
tributaries entered the circumaortic vein, though the 
typical arrangement of venous drainage was observed 
as the left ovarian vein, the left inferior phrenic vein, 
and the left suprarenal vein draining into the left 
renal vein (Fig. 2). 

Although multiple variations were present in the 
left pelvicalyceal collecting system that could lead to 
various pathologies, none of the indicated pathol-
ogies were noted possibly due to limitations in the 
provided medical history. There were no vascular or 
urogenital variations observed in the right kidney.

DISCUSSION
Extrarenal calyces of the left kidney

The embryological cause of ERC is currently un-
clear, but it is likely due to an error during the devel-
opment of the metanephros [5, 31]. Formation of 
the urinary tract begins as the urogenital ridge gives 
rise to the nephrogenic cord [37]. The nephrogenic 
cord differentiates into the pronephros, comprised of 
pronephric ducts and intermediate mesoderm, which 
has been traditionally described as the non-functional 
kidney in humans [37]. It should be noted that a 2019 
study by de Bakker et al. [8] demonstrates that humans 
may not experience a pronephros proper stage, which 
is defined as a time when the renal corpuscle is sep-
arate from the tubular system within a nephron [8].  
Regardless, the pronephric ducts become the mesone-
phric duct which, along with intermediate mesoderm, 
forms the mesonephric system [37]. The mesonephros 
is the functioning renal unit of the embryo; as de-
velopment continues, many of its parts degenerate 
while the distal end of the mesonephric duct persists 
to form the ureteric bud [37]. The ureteric bud and 
the metanephric blastema, formed from the inter-
mediate mesoderm, reciprocally induce one another 
to differentiate and form the metanephros, or the 
adult urinary system [27]. Specifically, the ureteric bud 
forms the collecting ducts, minor and major calyces, 
and the ureter, so a disruption in its differentiation 
signalling cascade could lead to extra-renal develop-
ment of the pelvicalyceal system [5, 31].

Instances of ERC are likely underreported as there 
are limited diagnostic tools available to accurately 
identify this CAKUT variation, thereby often incor-
rectly diagnosing the ERC or making it an incidental 
finding during autopsy or operation. An accurate 
diagnosis of ERC and other urogenital malformations 
is imperative as CAKUT variations are the most fre-
quent congenital birth defect and cause about 7% of 
adult end-stage renal disease globally [5]. Extrarenal 
calyces are also associated with calculus formation 
and surgical complications [13].

Left accessory renal artery

The embryological origin of additional renal ar-
teries is currently unclear, though the debate appears 
to be centred on whether the embryological aor-
ta is capable of branching after extra mesonephric 
arteries obliterate. The current hypothesis related 
to this embryological development is Felix’s ladder 
theory, in which two of the nine lateral mesonephric 
arteries persist to become the renal and gonadal 
arteries; however, recent research suggests that the 
mesonephric ladder is actually obliterated prior to 
the metanephric system’s ascension and the aorta 
provides new segmental yet asymmetrical branches 
to supply the metanephros [22, 25]. 

Additional renal arteries can be further described 
as aberrant or accessory, two terms which have been 
defined in previous literature as to originate from an 
aortic ostium separate from that of the renal artery, 
though the aberrant type enters the renal parenchyma 
outside of the renal hilum and the accessory type en-
ters at the hilum [23, 33]. The additional renal artery 
in this case study was observed originating from the 
abdominal aorta and entering the renal hilum, hence 
its categorisation as an accessory renal artery [17, 35]. 

The presence of this artery can cause congenital 
hydronephrosis and ureteral obstructions and can 
also pose a significant risk factor during endoscopic 
surgery and retroperitoneal surgery. Furthermore, 
compression of this artery can be associated with 
ischaemia of the lower renal pole which could sub-
sequently damage a renal calyx and cause urine ex-
travasation [21, 35, 39]. It has also been postulated 
that accessory renal arteries increase the risk of hy-
pertension [2, 16].

Left circumaortic renal vein

The circumaortic renal vein is one of numerous 
possible anomalies of the renal collar, an embryolog-
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ical structure which persists to form part of the renal 
IVC and the left renal vein [14]. An embryo consists 
of three venous systems: the vitelline veins that drain 
the gut; the umbilical veins that drain the placenta; 
and the cardinal system that drains the remaining 
embryonic tissue [14]. The cardinal system is divided 
into anterior cardinal, posterior cardinal, supracardi-
nal and subcardinal veins [9]. The posterior cardinal, 
supracardinal and subcardinal veins form anastomo-
ses with one another, thereby creating a renal collar 
which spans the length between the developing left 
kidney and IVC and surrounds the abdominal aorta 
[3, 9, 14]. The collar has two limbs, ventral and dorsal; 
the ventral limb persists to become part of the IVC 
and the left renal vein, while the dorsal limb should 
regress [30]. Persistence of both the ventral and dorsal 
limbs of the renal collar results in one renal vein which 
is anterior to the aorta and a second, circumaortic 
vein that is posterior to the aorta [30]. The collar does 
not have to be present at a single vertebral level, so 
it is possible for the circumaortic vein to be inferior 
to the hilar vein as is seen in the current case [30]. 

Previous studies show the prevalence of circumao-
rtic veins ranging between 0.3% and 30%, but these 
studies have not documented the prevalence of 
whether the gonadal vein drains into the circumao-
rtic or renal vein [7, 41]. In the current case, the left 
gonadal, left inferior phrenic, and left suprarenal veins 
drain into the left renal vein and the circumaortic vein 
did not receive any tributaries, though there have 
been reports of the left gonadal vein draining into 
the circumaortic vein [30]. Both of these drainage 
pathways are possible likely because the embryo-
logical subcardinal veins, which contribute to the 
dorsal and ventral limbs of the renal collar, are also 
the source of the gonadal vein [9]. Regardless of 
where the left gonadal vein drains, both scenarios 
include the circumaortic vein traveling posterior to 
the aorta to drain into the IVC. Potential implications 
of the retro-aortic path of this vein include difficulties 
during renal transplant as well as compression be-
tween the vertebral column and the aorta leading to  
a posterior nutcracker phenomenon or, if the patient 
is displaying symptoms such as renal vein hyper-
tension, haematuria and low back pain, posterior 
nutcracker syndrome [6, 12, 15, 28, 32, 34, 38, 43].

CONCLUSIONS
Post-mortem urogenital and vascular anomalies 

were observed on the left kidney of an 81-year-old 

female cadaver: three ERC, an accessory renal artery, 
and a circumaortic renal vein. A review of previous 
literature suggests that the CAKUT variation of ERC 
is more prevalent than previously believed; while 
ERC may not be the most obvious diagnosis using 
current imaging techniques, it should be considered 
by clinicians when investigating pathologies like hy-
dronephrosis and performing renal transplantation
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