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Abstract
The following urogenital and vascular anomalies were observed in the left kidney of an 81year-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 below 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
traveled posterior to the abdominal aorta to drain into the inferior vena cava.

Extrarenal calyces are rare among urogenital tract variations. They can be associated 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,
hematuria, left renal vein thrombus formation, and renal vein hypertension. This unique
combination of a collecting system anomaly and extrarenal vessel variations could have
significant implications in abdominal surgery.
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INTRODUCTION
Congenital abnormalities of the kidney and urinary tract (CAKUT) encompass
variations of the kidney, ureter, bladder, and urethra and can range in clinical manifestation
from asymptomatic to severe (Sanna-Cherchi et al., 2009). Normally, blood passes through the
nephron, the functional unit of the kidney, and undergoes filtration, reabsorption, and secretion
to produce urine (Ellis, 2002). The 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 drain
into the intrasinusal renal pelvis, the broadest and uppermost portion of the ureter (Ellis,
2002). A normal ureter then travels approximately 25 cm to empty into the posterolateral
aspect of the bladder (Ellis, 2002). An extrarenal calyx (ERC), described as rare among
CAKUT variations, occurs when the major calyces are located outside of the renal
parenchyma (Rajendran, Cho, Mishra, & Cherian, 2017). The number and length of the ERC
can vary, and the prevalence is not well described in the literature (T. Gupta, Goyal, Aggarwal,
Sahni, & Mandal, 2015; Looney & Dodd, 1926; Rajendran et al., 2017). Plain radiography
and ultrasonography are reported to be unhelpful ERC diagnostic tools, though the use of
contrast in excretory urography can provide relevant information regarding the kidneys,
ureters, and bladder (Malament, Schwartz, & Nagamatsu, 1961). Retrograde pyelography can
detect the ERC being unsupported by the renal parenchyma, but that may be incorrectly

diagnosed as hydronephrosis (T. Gupta et al., 2015). Similarly, abdominal CT imaging can
lead to an incorrect diagnosis of lymphadenopathy (Turner, Young, & Castellino, 1980). The
limitations of imaging techniques, coupled with the rarity of an extrarenal pelvicalyceal
collecting system, often precludes a pre-operative ERC diagnosis, meaning that it is usually an
incidental finding (T. Gupta et al., 2015). 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, multiple,
supernumerary, supplementary, and polar arteries (Ahuja, Sullivan, Noller, Tan, & Daly, 2021;
Gulas et al., 2018). This report utilizes the definition of additional renal arteries as established
by Holden et al 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 (Fine & Keen, 1966;
Holden A, 2005). Accessory renal arteries typically arise from the abdominal aorta, have a
reported frequency of 24% and are bilateral in roughly 10% of the population (A. Gupta &
Tello, 2004; Standring & Gray, 2008). 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 (Jamkar, Khan, & Joshi, 2017). Possible clinical manifestations depend
on the arterial relationship to surrounding structures, such as the ureter and gonadal vessels
(Singh G, 1998).
The importance of renal venous drainage is underscored by two meta-analyses which
investigate the most prevalent variations of this system (Hostiuc S, 2019; Satyapal, Kalideen,
Haffejee, Singh, & Robbs, 1999). Right-sided renal vein abnormalities are reported more
commonly than left-sided, perhaps because the IVC is predominantly formed by right-sided
embryological structures (Hostiuc S, 2019). However, there is abundant variation attributed to
the left renal vein, likely due to its complex embryological origin (Pandya, Patel, Sutariya, &
Gandhi, 2016; Satyapal et al., 1999). 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 (Satyapal
et al., 1999). 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 traveling posterior
to the abdominal aorta (Beckmann & Abrams, 1979; Satyapal et al., 1999). Similar to the
arterial variations, the effects of left renal vein variations depend on relationships to
neighboring structures, such as the abdominal aorta, left gonadal vein, left suprarenal vein,
and left inferior phrenic vein.
CASE PRESENTATION
An 81-year-old female body was received through the Saint Louis University Gift of
Body Program of the Center 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 (Figures 1 and
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 inferior. 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 (Figure 1).
Further dissection of the hilum revealed two vascular variations: an accessory renal
artery and a circumaortic vein. After traveling 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 (Figure 2). The accessary renal
artery emerged from the lateral aspect of the abdominal aorta 7.3 cm below the renal artery
and traveled posterior to the ureter to enter the inferior aspect of the hilum and supply the
inferior renal segment (Figures 1 and 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 (Figures 1 and 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 (Figure 2).
Although multiple variations were present in the left pelvicalyceal collecting system
that could lead to various pathologies, none of the indicated pathologies 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 unclear, but it is likely due to an error
during the development of the metanephros (Capone VP, 2017; Malament et al., 1961).
Formation of the urinary tract begins as the urogenital ridge gives rise to the nephrogenic cord
(Rehman & Ahmed, 2020). 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 (Rehman & Ahmed, 2020). It should be
noted that a 2019 study by de Bakker et al. demonstrates that humans may not experience a
pronephros proper stage, which is defined as a time when the renal corpuscle is separate from
the tubular system within a nephron (de Bakker BS, 2019). Regardless, the pronephric ducts
become the mesonephric duct which, along with intermediate mesoderm, form the
mesonephric system (Rehman & Ahmed, 2020). The mesonephros is the functioning renal
unit of the embryo; as development continues, many of its parts degenerate while the distal
end of the mesonephric duct persists to form the ureteric bud (Rehman & Ahmed, 2020). The
ureteric bud and the metanephric blastema, formed from the intermediate mesoderm,
reciprocally induce one another to differentiate and form the metanephros, or the adult urinary
system (Kozlov & Schedl, 2020). Specifically, the ureteric bud forms the collecting ducts,
minor and major calyces, and the ureter, so a disruption in its differentiation signaling cascade
could lead to extra-renal development of the pelvicalyceal system (Capone VP, 2017;
Malament et al., 1961).
Instances of ERC are likely underreported as there are limited diagnostic tools
available to accurately identify this CAKUT variation, thereby often incorrectly 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
frequent congenital birth defect and cause about 7% of adult end-stage renal disease globally
(Capone VP, 2017). Extrarenal calyces are also associated with calculus formation and
surgical complications (Gandhi & Chavan, 2019).
Left accessory renal artery
The embryological origin of additional renal arteries is currently unclear, though the
debate appears to be centered on whether the embryological aorta 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 (Hinata et
al., 2015; Isogai, Horiguchi, & Hitomi, 2010).
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 enters at the hilum (Holden A, 2005; Ozkan et al.,
2006). The additional renal artery in this case study was observed originating from the
abdominal aorta and entering the renal hilum, hence its categorization as an accessory renal
artery (Graves, 1969; Park BS, 2003).
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
ischemia of the lower renal pole which could subsequently damage a renal calyx and cause
urine extravasation (Gutierrez-Calzada et al., 1995; Park BS, 2003; Sampaio, 1998). It has
also been postulated that accessory renal arteries increase the risk of hypertension (Bakker et
al., 1998; Glodny, Cromme, Wortler, & Winde, 2001).

Left circumaortic renal vein
The circumaortic renal vein is one of numerous possible anomalies of the renal collar,
an embryological structure which persists to form part of the renal inferior vena cava (IVC)
and the left renal vein (Ghandour, Partovi, Karuppasamy, & Rajiah, 2016). An embryo
consists of 3 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
(Ghandour et al., 2016). The cardinal system is divided into anterior cardinal, posterior
cardinal, supracardinal and subcardinal veins (Eldefrawy, Arianayagam, Kanagarajah, Acosta,
& Manoharan, 2011). The posterior cardinal, supracardinal and subcardinal veins form
anastomoses with one another, thereby creating a renal collar which spans the length between
the developing left kidney and IVC and surrounds the abdominal aorta (Bass, Redwine,
Kramer, Huynh, & Harris, 2000; Eldefrawy et al., 2011; Ghandour et al., 2016). 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 (Malaki, Willis, & Jones, 2012). 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 (Malaki et al., 2012).
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 (Malaki et al.,
2012).
Previous studies show the prevalence of circumaortic veins ranging between 0.3% to
30%, but these studies have not documented the prevalence of whether the gonadal vein drains
into the circumaortic or renal vein (Davis & Lundberg, 1968; Satyapal et al., 1999). 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 (Malaki et al., 2012). Both
of these drainage pathways are possible likely because the embryological subcardinal veins,
which contribute to the dorsal and ventral limbs of the renal collar, are also the source of the
gonadal vein (Eldefrawy et al., 2011). 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 between the vertebral column and the aorta leading to a
posterior nutcracker phenomenon or, if the patient is displaying symptoms such as renal vein
hypertension, hematuria and low back pain, posterior nutcracker syndrome (Cuellar i Calabria
et al., 2005; Fluckiger TA, 2016; Gibo & Onitsuka, 1998; Kurklinsky & Rooke, 2010;
Nishimura et al., 1986; Pandya et al., 2016; Russo et al., 1998; Skeik, Gloviczki, & Macedo,
2011).
CONCLUSIONS
Post-mortem urogenital and vascular anomalies were observed on the left kidney of an
81-year-old female cadaver: 3 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
hydronephrosis and performing renal transplantation
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Figure 1. Anterior View of the Kidney and Associated Structures. Panel A highlights the
important anatomical structures of this case study. The three ERC (yellow) united to form the
renal pelvis and ureter, which descended anterior to the circumaortic vein (green), accessory
renal artery (orange), psoas major muscle and the left common iliac artery to drain into the
bladder. The left renal artery (red) traveled parallel and superior to the left renal vein, giving
off the inferior suprarenal artery to the left suprarenal gland, then branching into segmental
arteries to supply the left kidney. The left renal vein received three tributaries (blue): the left
suprarenal and left inferior phrenic veins which formed a common trunk before draining into
the left renal vein, and the left ovarian vein (cut) which traveled superiorly to drain into the
left renal vein. There were no veins observed joining with the circumaortic vein as it traveled
from the renal hilum to the IVC. Panel B depicts 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 traveled posterior to the abdominal aorta draining into the inferior vena cava, and the
accessory renal artery. Both the circumaortic vein and accessory renal artery traveled
posterior to the ureter. Abbreviations: AA (abdominal aorta), IVC (inferior vena cava), LRV
(left renal vein), ERC (extrarenal calyces), LK (left kidney), PM (psoas major), LCI (left
common iliac artery), LSRG (left suprarenal gland)

Figure 2. Anterior View of the Renal Hilum. Panel A highlights the important anatomical
structures of this case study. The left renal artery (red) originated from the abdominal aorta
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 abdominal aorta and entered the left renal hilum to supply the inferior
renal segment (4) of the anterior aspect of the left kidney. Panel B depicts 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 ERC. Abbreviations: AA
(abdominal aorta), LRA (left renal artery), LRV (left renal vein), ERC (extrarenal calyx), LU
(left ureter), PM (psoas major), LCV (left circumaortic vein).

