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Abstract

The anatomy of renal vascular variants plays an important role during planning of major 
procedures involving retroperitoneal spaces. The present observation revealed the co-
existence of arterial and venous variants on the right kidney. A single right renal artery 
originates from the abdominal aorta at the level of fourth lumbar vertebrae and ascends 
superolaterally towards the hilum of the right kidney, arching above the inferior vena 
cava, leading to compression of the largest retroperitoneal vein. Accompanying this, a 
variant anastomosing vein connecting the right renal vein and the inferior vena cava was 
also observed. Understanding the existence of these variants is of important to clinicians, 
surgeons, urologists, radiologists, and cardiologists during their routine procedures such 
as nephrectomy, kidney transplant, and management of inferior vena cava syndrome 
and deep venous thrombosis. 
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 It had an external diameter of 0.6 cm with a 
total length of 4.8 cm and an early division 
at 0.8 cm before reaching the hilum of the 
right kidney, giving off two branches: large 
posterior and smaller anterior divisions 
(Figure 2).  

From its origin on the right abdominal aorta, 
it ascends in an oblique direction, crossing 
above the anterior surface of the inferior 
vena cava (IVC), forming a 45-degree angle at 
its origin point, then moves superolaterally, 
arching in front of the IVC towards the hilum 
of the right kidney. It creates a triangular 
space as it leaves the right lateral border of 
the inferior vena cava. This triangular space 
has a medial border formed by the right 
lateral margin of the IVC, the base formed 
by the superior margin of the right renal 
artery, while the lateral border is formed by 
the medial margin of the obliquely directed 
right renal vein (Figure 1 and Figure 2). At 
the summit of the triangle, an anastomosing 
vein with an external diameter of 0.2 cm and 
0.8 cm long joins the right renal vein with 
the IVC, separating the apex into a sub-
triangle (Figure 2). This vein originated from 
the ventromedial margin of the obliquely 
positioned right renal vein and enter the IVC 
on its posterolateral margin on the right side. 
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Background

Classically each kidney receives arterial 
blood supply from a single renal artery 
that arises perpendicularly from the 
lateral aspects of the abdominal aorta at 
the level between the 1st and 2nd lumbar 
vertebrae,[1,2] immediately inferior to the 
origin of the superior mesenteric artery. 
Attributable to the anatomical relation of 
each kidney to the abdominal aorta, the 
left renal artery is shorter compared to the 
right renal artery. As a result, the right 
renal artery has to run across the midline 
to supply the right kidney. On this course, 
it passes posterior to the inferior vena cava, 
right renal vein, head of the pancreas, and 
descending part of the duodenum.[3,4]   
Morphological variations on the arterial 
supply of the kidney has been reported 
previously involving the number and 
unusual branches originating from it.[2,3,5] 
These variations are incidentally observed 
during routine procedures. However, the 
present report aims to describe a variant 
observation on origin, position and course of 
the right renal artery, which is different from 
the aforementioned anatomical relations 
and variants.  
 
Case Observation
A routine dissection of the posterior 
abdominal wall (retroperitoneal) was 
performed on adult male cadaver to explore 
the blood supply of the right and left 
kidneys. Parietal peritoneum was removed 
from the posterior abdominal wall to 
expose retroperitoneal organs including the 
kidneys, abdominal aorta and inferior vena 
cava. A variant arterial supply was observed 
on the right kidney with unusual position, 
course and origin of the renal artery (Figure 
1). 

The right renal artery originated on the 
anterolateral part of the abdominal aorta at 
the superior margin level of the 4th lumbar 
vertebrae (L4). It is Located 4.4 cm below 
the origin of the superior mesenteric artery 
(SMA) and 0.8 cm above the origin of the 
inferior mesenteric artery (IMA) (Figure 1 
and Figure 3).
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Figure 1.
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Figure 1. Posterior abdominal wall 
(retroperitoneal) showing the origin, 
position and course of the right renal artery 
in relation to the right kidney. The artery 
passes anterior to (above) the inferior

Figure 2. Retroperitoneal vessels 
showing the anastomosing vein 
(dotted white arrow) between the 
right renal vein and the inferior 
vena cava (IVC), early division of the 
right renal artery (RRA) into anterior 
(white arrow) and posterior (black 
asterisks) divisions. The red 
dotted circle indicates the position 
of the Superior Mesenteric artery; 
the blue dotted circle: celiac trunk.  
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Figure 3. Retroperitoneal structures showing 
distances among major arterial branches of 
the abdominal aorta (AO). Blue dotted circle: 
Celiac trunk artery; Dotted Red Circle: Superior 
mesenteric artery; Arrow heads: Inferior 
mesenteric artery; RRA: right renal artery; RRV: 
right renal vein.

Discussion

Knowledge of existing variants on vascular 
supply to the kidneys and their relation 
to other abdominal vessels is important 
in planning clinical procedures on the 
retroperitoneal space. 

Usually, the right renal artery originates 
at the level between L1 and L2, which is 
not the case in the present study, where it 
arises at the superior margin of L4 level and 
courses upwards to the right kidney hilum. 
This position is commonly associated with 
the origin of polar renal arteries. 

On its path, the right renal artery arched 
over the inferior vena cava, which is a novel 
observation of clinical importance. This 
relation may cause potential compression 
of the IVC against the posterior abdominal 
wall, leading to obstruction of venous 
return. Compression and obstruction may 
lead to the development of the Inferior Vena 
cava syndrome, that affects blood return to 
the heart and decreased cardiac output. 

vena cava at an angle (oblique). Note the 
triangular space (white dotted space) 
formed by the path of the artery. RRV: 
right renal vein; IMA: inferior mesenteric 
artery .

Figure 2.
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On other hand, compression may also cause 
turbulence by disturbing the blood flow that 
might lead to thrombus formation resulting 
in deep venous thrombosis (DVT). 

Endothelium of the blood vessels contains 
thromboregulators,[6] that prevent 
thrombus formation. However, when the 
IVC is compressed by the overlying right 
renal artery, the turbulent blood flow may 
disturb the integrity of the IVC-endothelium 
leading to tissue factor pathway platelet 
activation, thereby initiating the formation 
of thrombus,[6,7] 

The triangular space formed as a result 
of variant course of right renal artery has 
potential clinical implications since it 
contains anastomosing branch connecting 
inferior vena cava and right renal vein, that 
might be severed during routine procedures. 
Existence of this accessory connection 
between renal vein and IVC (venous venous 
anastomosis) is a novel observation that 
has not been reported previously. Hence, 
understanding this venous shunt is 
important for planning surgical procedures 
that involves the renal veins such as 
nephrectomy and kidney transplant. 

Conclusion

Existing novel anatomical variants involving 
renal vascular supply and inferior vena 
cava are attributed to modifications of the 
developmental processes and are of clinical 
importance to urologists, radiologists, 
surgeons and cardiologists undertaking 
routine procedures on the retroperitoneal 
space, such as nephrectomy, kidney 
transplant, and management of the inferior 
vena caca syndrome. 
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