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We describe a unique solitary kidney with duplex collecting system and vascular 
variation observed in an 86-year-old white male formaldehyde- and phenol-fixed 
cadaver during routine academic dissection. The left renal fossa was empty with an 
intact adrenal gland, and the right renal fossa contained a fused renal mass with 
apparent polarity between the superior and inferior regions and two renal pelves 
converging into a single ureter. There were three right renal arteries supplying 
the renal mass; the superior and middle arteries were noted to be postcaval and 
the inferior artery was precaval. There were also two right renal veins draining 
into the inferior vena cava and following a regional distribution with the supe-
rior vein draining the inferior portion of the renal mass. Despite generally being 
asymptomatic, the detection of renal anatomical variants is clinically important 
for appropriate patient management and surgical interventions. (Folia Morphol 
2021; 80, 3: 722–725)
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INTRODUCTION
The kidneys form between weeks 4 and 12 of 

development. Congenital solitary kidney (CSK), also 
known as unilateral renal agenesis, is the failure of 
one kidney to develop. The estimated prevalence of 
CSK based on autopsy study is 1 in 1000 cases, oc-
curring slightly more frequently in males and on the 
left side [20]. CSK is typically asymptomatic, but can 
be associated with contralateral vesicoureteral reflux, 
hydronephrosis, hydroureteronephrosis, proteinuria, 
and genital anomalies [15, 20].

Each kidney is typically supplied by a single renal 
artery arising from the abdominal aorta and one 
renal vein draining into the inferior vena cava (IVC). 
Variation in the origin, number, course, division, and 

penetration of renal arteries is common [15]. The es-
timated incidence of additional renal arteries arising 
from the aorta is between 25% and 30% [22, 19], 
and this incidence varies among populations [7]. 
Variation in the number of renal veins is less common 
than in the renal arteries [22]; one study of multiple 
renal veins showed a prevalence of 21.6% on the 
right side [4]. 

We report a unique case of a solitary kidney with 
two renal pelves draining into a single ureter with 
accompanying vascular variations. 

CASE REPORT
During academic dissection of a formaldehyde- 

and phenol-fixed 86-year-old white male cadaver, we 
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noted an empty left renal fossa. The left adrenal gland 
was present and its vascular supply arose from the 
abdominal aorta and drained into the IVC. The left 
testicular vein was not preserved during dissection 
and its drainage could not be confirmed. The left 
testicular artery arose from the abdominal aorta. In 
the right renal fossa, we exposed an enlarged renal 
mass (Fig. 1), measuring approximately 16 cm from 
the superior to inferior poles and 5.5 cm from the 
lateral to medial borders. The renal hilum was below 
L1, the expected vertebral level. Upon removal of the 
capsule, we observed a protrusion on the anterior 
inferior pole of the renal mass.

Further dissection revealed two distinct medial-
ly-oriented renal pelves — one draining the upper 
portion of the kidney and one draining the lower por-
tion of the kidney. Two distinct tributaries converged 
into a single ureter (Fig. 1C), which descended to the 
bladder. No additional ureters were encountered in 
the dissection, and the bladder was not preserved 
sufficiently to detect the ureteric orifice(s).  

Three right renal arteries originated from the ab-
dominal aorta and we refer to them as they arose 
from the aorta: superior, middle, and inferior. The 

superior and middle arteries were postcaval and arose 
from the aorta at approximately the L2 vertebral level, 
and the inferior artery was precaval and arose from 
the aorta at approximately the L4 vertebral level. The 
superior artery crossed anteriorly to the middle artery 
and bifurcated prior to entering the inferior hilum 
to supply the more anterior and inferior portion of 
the kidney. The middle artery crossed posterior to 
the superior artery and bifurcated into an anterior 
and posterior branch. The anterior branch gave rise 
to two polar arteries supplying the superior pole of 
the kidney before entering the hilum to supply the 
anterior aspect of the superior (more posterior) por-
tion of the kidney. The posterior branch of the middle 
artery was distributed to the posterior aspect of the 
superior portion of the kidney. The inferior artery 
entered the inferior hilum to supply the anterior in-
ferior portion of the kidney. We identified two right 
renal veins draining into the IVC. The superior vein 
crossed anterior to the inferior vein and drained the 
inferior portion of the kidney, while the inferior vein 
drained the superior portion. The sagittal dissection 
of the kidney precluded any attempt to trace the 
vessels more distally.

Figure 1. Solitary kidney with dual collecting systems and vascular variation in an adult cadaver. A. In-situ photograph of the renal mass and 
associated vasculature; B. Ex-situ photograph of the renal mass and associated vasculature; the inferior vena cava (IVC) has been reflected to 
demonstrate the course of the two cranial renal arteries; C. Sagittal section of the renal mass demonstrating two renal pelves converging into 
a single ureter; AA — abdominal aorta; CA — coeliac artery; RA — renal artery; RP — renal pelvis; RTA — right testicular artery; RTV — 
right testicular vein; RV — renal vein; SMA — superior mesenteric artery; Ur — ureter.
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DISCUSSION
We report a unique case of CSK with duplex col-

lecting system and atypical vasculature (i.e., three 
right renal arteries and two right renal veins) in an 
elderly male cadaver. There has been one other re-
ported case of CSK with multiple renal arteries in 
a female patient with uterine didelphys [15]. This 
report did not comment on the renal veins, renal 
pelves, or ureters. The combination of bifid ureters or 
duplex collecting systems and renal vascular variants 
(multiple renal arteries and/or renal veins) has been 
previously reported, but with both kidneys present  
[2, 10, 21]. The combination of variants described in our 
report, namely CSK, multiple renal arteries and veins, 
and two renal pelves converging into a single ureter, 
has not been reported previously to our knowledge.

An alternative explanation for this morphology is 
cross-fused renal ectopia (CFRE) with a single ureter. 
This phenomenon that has been described elsewhere 
in various contexts [8, 9, 12]; however, these reports 
exhibited characteristics not seen in our case, namely 
“pancake morphology”, anterior orientation of the 
renal pelves, and atypical location of the renal mass. 
The presence of multiple renal vessels is also com-
mon in cross-fused renal ectopia [11, 16–18], with 
many cases reporting atypical origins of the renal 
arteries, such as the common iliac artery [7]. We 
report all renal arteries arising from the right side 
of the abdominal aorta. In CFRE with a single ureter, 
a scar for the second ureteric orifice is still present 
on the internal surface of the urinary bladder [8]. 
The urinary bladder was not preserved sufficiently 
to detect a second ureteric orifice on the left side; 
thus, we cannot confirm that our case is one of CFRE. 
Nonetheless, many of the clinical implications and 
possible complications of CFRE are similar to those 
related to general anomalies of upper urinary tract 
anatomy [13, 18].

Ureteral duplication has a reported frequency of 
0.6–1.0% [1]. The ureteric bud, an extension of the 
mesonephric duct, is the precursor to the ureter. The 
ureteric bud penetrates the primitive kidney by day 32 
of development and elongates and bifurcates to form 
the ureter, renal pelvis, and major and minor calyces 
by week 7. The duplicated pelvis and partially bifid 
ureter described here could be the result of early bi-
furcation of the ureteric bud. Bifid ureters are typically 
asymptomatic, though recurrent urinary infections, 

flank pain, incontinence, and haematuria may arise 
as a result of stagnation or reflux of urine from one 
collecting system into another [5, 21]. 

Clinicians should be aware of these renal anoma-
lies and understand that genitourinary complications 
may arise from them. There may also be associations 
between urinary tract anomalies and anomalies of the 
cardiovascular, central nervous, genital tract, skeletal 
system, and the gastrointestinal tract. Despite requir-
ing a unique surgical approach, bifid ureters do not 
affect the complication rate or outcomes of renal 
transplantation [1]. 

We also report vascular variation in this donor 
specimen: two twisting, more cranially-located renal 
arteries and one additional caudal, precaval renal 
artery. During development, the kidneys are supplied 
by transient aortic branches. As the kidneys ascend 
during weeks six through nine of gestation, these 
transient branches disintegrate and reform repeatedly 
to accommodate the ascent. The final pair of arteries 
to form becomes the renal arteries. If one or more 
pairs of transient renal arteries fail to regress, they 
remain as accessory renal arteries. The presence of 
additional renal arteries can also be explained by ge-
netic background, oxygenation, and haemodynamic 
changes [3]. 

Co-occurrence of renal artery and renal vein varia-
tions is likely: Cinar and Türkvatan found an associa-
tion of renal artery and renal vein variation in 15.5% 
of 504 patients [4]. The renal veins are formed by the 
anastomosis of the supracardinal and subcardinal 
segments of the primitive IVC. Dorsal and ventral 
renal veins form, but the dorsal typically regresses 
and the ventral vein persists as the renal vein [14]. 
Persistence of the dorsal renal vein could account for 
the two renal veins seen in this case. 

Renal vascular variations are typically asympto-
matic but may have clinical symptoms such as ischae-
mia or hypertension [21]. Multiple renal vessels also 
create surgical challenges during nephrectomy and 
during aortic reconstruction surgery. Vascular sur-
geons should be prepared to preserve or revascularise 
the anomalous renal arteries [6]. In addition, these 
variants put patients at risk for catastrophic bleeding, 
so it is crucial for urologists and pelvic surgeons to 
be vigilant for variant vasculature [9]. Angiography 
is recommended prior to any surgical procedure in-
volving renal vasculature.
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CONCLUSIONS
Congenital solitary kidney is a renal anomaly that 

may be asymptomatic throughout life and remain 
undetected until incidental finding on autopsy, or 
it may present with genitourinary symptoms, such 
as vesicoureteral reflux. Physicians should consider 
the possibility of CSK in the context of unexplained 
genitourinary complications and conduct imaging 
studies to identify such cases and prevent further 
complications. As seen in our case and another report 
[15], variations in arterial supply and venous drainage 
is common in CSK, and variation in ureteric anatomy is 
also possible. If a patient with CSK undergoes invasive 
surgery, it is important for the surgeon to plan for 
potential anatomical and vascular variations.
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