
International Journal of Radiation Research, July 2023 Volume 21, No 3 

Multi-slice spiral CT study on the anatomical variation of the 
left renal vein 

INTRODUCTION 

The main trunk of the normal left renal vein (LRV) 
is composed of two to four branches that merge into 
one branch before exiting the renal hilum (1). It runs 
in front of the renal artery, crosses the angle between 
the superior mesenteric artery and the abdominal 
aorta, and merges right into the left lateral wall of the 
inferior vena cava (2). Compared with the right renal 
vein, the LRV is long and has many branches (3). Its 
length is 6-10 cm, which is 3 times the length of the 
right renal vein (4). LRV also collected many small 
branch veins such as left adrenal vein, left gonadal 
vein, and lumbar vein (5). Anatomic variation of LRV 
usually refers to trunk variation, including late               
convergence of retroaortic left renal vein (RLRV), 
circumaortic left renal vein (CLRV) and LRV,                   
malformations of left inferior vena cava or bilateral 
inferior vena cava, and abnormal reflux of LRV (6). 
Most of the LRV variation has no clinical                    
manifestations and is not easy to attract attention, 
but it has important clinical value in living donor  
kidney transplantation (7).  

At present, renal vascular imaging methods             
mainly include ultrasound, computed tomography 
angiography (CTA), contrast enhancement magnetic 
resonance angiography (CE-MRA) and digital         
subtraction angiography (DSA) (8). Ultrasound        

examination is non-invasive, non-radiation, simple 
and fast, especially color ultrasound has advantages 
in displaying blood flow, but ultrasound images lack 
three-dimensional sense, it is not easy to find finer 
vascular branches, and it is easy to be affected by the 
operator’s experience (9). CE-MRA is non-invasive, 
radiation-free, requires less contrast agent, and has a 
small probability of side effects. However, factors 
such as longer scanning time, more contraindications, 
higher requirements for patients to hold their breath, 
and low accuracy of the optimal time for capturing 
renal angiography will affect the image quality and 
the detection of small branches (10). DSA is the gold 
standard for the diagnosis of renal vascular diseases, 
but it is invasive and expensive (11). Renal vessel multi
-slice spiral CTA (MSCTA) examination is non-
invasive, safe, rapid, and has few contraindications 
(12). The spatial resolution of multi-slice spiral CT in 
the Z axis is significantly improved, reaching                     
isotropic, and the slice thickness is thin (13). There is 
no need for thick slice scanning and thin slice             
reorganization, and the signal-to-noise ratio is higher 
(14). Using multi-slice spiral CT, the optimal time of 
renal artery imaging can be accurately captured by 
contrast agent tracer trigger scanning technology, the 
image quality is good, and can display sufficient             
concentration of renal veins while displaying renal 
arteries. Therefore, CTA has gradually become the 
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preferred method for evaluating renal vessels (15). 
In this study, the anatomical variation of LRV was 

studied by multi-slice spiral CT, and the types and 
clinical significance of LRV anatomical variation were 
discussed. Our study applied multi-slice spiral CT to 
assess the anatomical variation of LRV, which was 
beneficial for the selection of renal transplant donors, 
and helped to formulate the best renal surgery plan. 

 
 

MATERIALS AND METHODS 
 

Patients 
From June 2019 to December 2022, a total of 96 

patients with LRV anatomical variations were                
included in the study, including 50 males and 46             
females, aged from 20-78 years, with a mean age of 
(49.23±14.23) years. Patients with kidney congenital 
development and abnormal location, renal disease 
affecting renal vasculature, left kidney adjacent            
organs or retroperitoneal lesions involving renal  
vessels affecting observers, and cardiac dysfunction 
or inferior vena cava lesions affecting renal venous 
return were excluded. This study was carried out 
with the approval of the ethics committee of Daping 
Hospital, Army Medical University (Registration No. 
2023(126), January, 2021). 

 
Instruments and methods 

256-layer MSCT machines (Brilliance iCT, Phillips, 
Netherlands) were used. The scan range was               
mid-upper or full abdomen. 

The patient was placed in the supine position and 
underwent plain scan, arterial phase, portal venous 
phase, and equilibrium phase enhanced scanning. 
The contrast agent dosage (Visipaque, 370 mgI/mL) 
was calculated as 2 mL/Kg body weight. The                 
maximum total dose of each patient was 120 mL, and 
the injection rate was 3.5-4.0 mL/s. The delay times 
were 25 s in the arterial phase, 55 s in the portal 
phase, and 90 s in the equilibrium phase. 

Scanning conditions: 120 kVp, intelligent mA, 
pitch 0.984, volume data acquisition. After the                 
completion of scanning, the original data were                
transferred to active data warehouse (ADW) 4.3       
post-processing workstation (GE company, USA) for 
routine reconstruction in the transverse axis (slice 
thickness of 5 mm) and coronal view (slice thickness 
of 3 mm), and then transferred to picture archiving 
and communication system (PACS) for image                  
interpretation. 

 
Image analysis 

Image postprocessing such as multiplanar              
reconstruction (MPR), thin-block maximum density 
projection (MIP), and volume rendering (VR) was 
performed by two abdominal radiologists on PACS 
and/or ADW 4.3 postprocessing workstations.            
Imaging interpretation, mainly observe the start and 
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end of LRV, number, course, location and branch, etc. 
Patients with LRV variation were included in this 
study. When the opinions of two physicians were  
different, one more physician with higher seniority 
was added, and the three physicians reached a            
consensus through discussion. 

 
 

RESULTS 
 

There were 50 males and 46 females in 96                  
patients with LRV variation, and there was no           
significant difference in the incidence of LRV              
variation between men and women (P>0.05).  

Among the 96 patients with LRV variation, 30  
patients (30/96, 31.25%) were type I (annular aortic 
type), including 20 cases of type IA (figure 1), which 
showed that the anterior and posterior branches of 
the main LRV ran around the abdominal aorta, the 
anterior branch ran normally, and the posterior 
branch could drain into inferior vena cava (IVC) at 
the same or lower level.  

 
 
 
 
 
 
 
 
 

 
 

A total of 7 cases of type IB, which showed that 
the two renal veins were not confluent, which               
originated from the renal hilum and ran actively from 
the abdominal ring, the anterior branch ran normally, 
and the posterior branch was at the same level or low 
level into IVC.  

A total of 3 cases of type IC (figure 2A-2B), which 
showed that the LRV trunk was divided into anterior 
and posterior branches that ran around the                    
abdominal aorta, the anterior branch was normal, 
and the posterior branch was at the same level or low 
recurrence branch into IVC. 

A total of 17 cases (17/96, 17.71%) were type II 
(complete retroaortic type), and 15 cases were type 
IIA (figure 3A-3B). The main trunk of the LRV flowed 
into the IVC at the normal level or low level behind 
the abdominal aorta. A total of 2 cases were type IIB 
(figure 4A-4B), which presented as LRV injection into 
left common iliac vein. 
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Figure 1. Images of type IA LRV variant. MSCT 3D reconstruc-
tion showed that the main LRV was divided into two anterior 
and posterior branches running around the abdominal aorta. 

The ventral branch ran normally, and the dorsal branch  
passed between the abdominal aorta and the vertebral body 

into the right IVC at the level of the third lumbar vertebra. 



There were 52 cases (52/96, 54.17%) of type III 
(abnormal reflux type) and 32 cases of type IIIA 
(figure 5). The main LRV ran normally, and branch 
vessels were seen in the upper or lower pole to drain 
into IVC, left common iliac vein, lumbar vein or               
hemiazygous vein. 20 cases were type IIIB (figure 6A-
6B), which manifested as the main LRV draining into 
adjacent veins, including left IVC or double IVC. 

There were 15 cases (15/96, 15.63%) of type IV 

(delayed confluence type, figure 7), showing that the 
distance between the posterior hilar confluence of 
double or multiple LRVs and the left edge of the              
abdominal aorta was ≤1.5 cm. Taken together, 18 of 
the 96 patients (18/96, 18.75%) had both types of 
variants, including 10 cases with other types of              
variants accompanied by delayed confluence of the 
LRV, and 5 cases with other types of variants                    
combined with abnormal reflux. 
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Figure 2. Images of type IC variant of LRV. (A) The coronal view of MSCT three-dimensional reconstruction, a delayed round of the 
LRV was observed. After the round, the main trunk was divided into two anterior and posterior branches running around the            
abdominal aorta, the ventral branch running normally, and the dorsal branch running into the right IVC through the posterior 

branch of the abdominal aorta. (B) The transverse view of MSCT three-dimensional reconstruction, a delayed round of the LRV was 
observed. After the round, the main trunk was divided into two anterior and posterior branches running around the abdominal 
aorta, the ventral branch (long arrow) running normally, and the dorsal branch running into the right IVC through the posterior 

branch of the abdominal aorta. 

Figure 3. Images of type IIA LRV variant. (A) MSCT 3D reconstruction showed the main LRV draining into the right IVC posterior to 
the abdominal aorta at the level of the second lumbar vertebra. (B) Transverse axis view showed the main LRV draining into the 

right IVC posterior to the abdominal aorta at the level of the second lumbar vertebra. 

Figure 4. Images of type IB variant of LRV. (A) MSCT 3D reconstruction showed the main LRV draining low into the left common iliac 
vein. (B) Coronal view showed the main LRV draining low into the left common iliac vein. 

Figure 5. Images of type IIIA variant of LRV. MSCT 3D reconstruction showed 
normal course of the main LRV, delayed confluence of the LRV, and the 

branch of the accessory renal vein in the lower pole of the left kidney ran 
behind the abdominal aorta and merged into the IVC. 



DISCUSSION 
 

The main LRV consisted of two to four branches 
that converged into one before exiting the kidney (16). 
The main trunk of the LRV runs in front of the renal 
artery, oblique to the right front, passes through the 
Angle between the abdominal aorta and the superior 
mesenteric artery, and drains into the inferior vena 
cava (17).  

LRV variations can be divided into V major types: 
type I CLRV, which contains three subtypes (6). The 
trunk of type IA LRV is divided into anterior and              
posterior branches around the abdominal aorta and 
injected into IVC respectively. The two LRV of type IB 
originates from the renal hilum, and the anterior 
branch runs normally, and the posterior branch is 
injected into the IVC through the posterior abdominal 
aorta. The main trunk of type IC LRV is divided into 
anterior and posterior branches, and anastomosed 
branches or recurrent branches of posterior                 
branches are injected into IVC during the course of 
the two branches going to the right (18). Type II RLRV, 
the main LRV runs behind the abdominal aorta,               
including two subtypes. Type IIA LRV is injected into 
the IVC at a normal or low level. Type IIB LRV is             
injected into the left common iliac vein (19). Type III 
abnormal reflux, including 2 subtypes, type IIIA LRV 
is injected into IVC normally with abnormal branches 
into the normal IVC, left ovarian vein, common iliac 
vein, or hemiazygous vein. Type IIIB LRV is injected 
directly into adjacent veins, such as left IVC and           
double IVC (20). Type IV renal vein confluence is         

delayed, and the distance between the LRV exiting the 
renal hilar confluence and the left margin of the             
abdominal aorta is ≤1.5 cm (21). Type V is a rare type 
(22). In line with the above reports, the results of our 
study indicated that among the 96 patients with LRV 
variation, 30 patients (31.25%) were type I, including 
20 cases of type IA, 7 cases of type IB, and 3 cases of 
type IC. A total of 17 cases (17.71%) were type II, 
with 15 cases were type IIA and 2 cases were type IIB. 
There were 52 cases (54.17%) of type III, with 32 
cases of type IIIA and 20 cases of type IIIB. There 
were 15 cases (15.63%) of type IV. Taken together, 18 
of the 96 patients (18.75%) had both types of                 
variants, including 10 cases with other types of                
variants accompanied by delayed confluence of the 
LRV, and 5 cases with other types of variants                  
combined with abnormal reflux. 

The length of LRV is longer than that of the right 
renal vein, and there are many types of variation (23). 
Multiple post-processing reconstruction techniques of 
MSCT are very important to display the anatomical 
variation of LRV (24). The best time for MSCT scanning 
to observe the main trunk of LRV is the late arterial 
stage. The clarity of VR image of renal vein in this 
stage is better than that in the venous stage, which is 
beneficial to display the spatial structure of renal vein 
(25). The clinical significance of LRV anatomical               
variation is helpful for preoperative evaluation of  
renal surgery and diagnosis of related diseases due to 
the long length of LRV and the large number of 
branches (26). At present, the research of preoperative 
CT three-dimensional vascular reconstruction mainly 
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Figure 6. Images of type IIIB variant of LRV. (A) Coronal MIP showed a double IVC malformation with the main LRV draining into the 
left IVC. (B) 3D reconstruction showed a double IVC malformation with the main LRV draining into the left IVC. 

Figure 7. Images of type IV variant of the LRV. (A) MSCT 3D reconstruction showed that the LRV was divided into three branches 
and delayed renal confluence into the main renal vein draining into IVC. (B) Coronal MIP showed that the LRV was divided into 

three branches and delayed renal confluence into the main renal vein draining into IVC. 



focuses on arteries, but the variation of                     
intraoperative veins is also important, and it is                
necessary to analyze the veins in detail, especially for 
patients undergoing laparoscopic renal surgery (27). 
Due to the limitation of small surgical field and               
surgical exposure, comprehensive and careful               
evaluation of renal vessels before surgery is helpful 
to vascular separation and avoids vascular injury (28). 

In conclusion, fully understanding the anatomical 
variation of renal vein before operation is of great 
guiding significance for the selection of renal                 
transplant donors, and helps to formulate the best 
renal surgery plan, guide the correct treatment of 
renal vein before operation, avoid renal vein tear, 
bleeding, miscut and misligation, and reduce surgical 
complications. 
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