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ABSTRACT

Introduction: A knowledge of renal artery dimension is necessary for 
characterizing the physiological change as well as pathological process 
undergoing in the renal artery likely stenosis, ectasia, or aneurysm. This 
study aims to explore the anatomy of the renal artery with regards to its 
dimension, relation, and branching and identify the common anatomical 
variation.

Materials and Methods: The study was a retrospective hospital record-
based study conducted during the period of one year from 2019 January 
to 2019 December. All abdominal CT angiograms were reviewed for renal 
artery anatomy and variation. Abnormal Abdominal CT angiograms were 
excluded from the study. Normal anatomy, dimensions, and variation of 
renal vasculature were assessed.

Results: A total of 110 patients included the inclusion criteria and was 
included in the study. The renal length and size of the renal artery were 
significantly larger on the left side. The renal artery diameter showed positive 
correlation with renal length(r= 0.432; p<0.001). No variation of the renal 
size of renal artery diameter was however noted with sex. Supernumerary 
arteries were seen in 33(30%) patients. The optimum cut-off value of renal 
artery diameter for predicting accessory renal artery was 5.35 or less which 
yielded a sensitivity of 75% and specificity of 70%. (AUC-0.79; p<0.001). 
When 4.15 mm was taken as cut-off, the specificity increased to 96% with a 
marked reduction in sensitivity to 3.6%.

Conclusion: Renal artery diameter is dependent on laterality, kidney size, 
and presence of accessory artery and independent of sex.

Keywords: angiography; computed tomography; renal artery; renal artery 
diagnostic imaging.
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INTRODUCTION
Advances in cross sectional imaging have revolutionized 
our understanding of anatomy and normal variations. 
The knowledge of anatomical variation in the particular 
patient helps to plan the surgical procedure in least 
invasive way reducing complications. Computed 
tomography (CT) angiography is one of the most utilized 
noninvasive modality to define the vascular supply, 
relation with major vascular structure, and define and 
identify the vascular variation in preoperative planning.1 
The understanding of renal artery anatomy and variation 
is a must for planning the nephrectomy and renal 
transplantation and enlightens the surgeon to avoid 
compromising the safety of the surgical procedure.2 CT 
angiography study of the donor and recipient is a routine 
study in current practice before renal transplantation.3 
A knowledge of renal artery dimension is necessary 
for characterizing the physiological change as well as 
pathological process undergoing in the renal artery 
likely stenosis, ectasia or aneurysm.1 Its also aids the 
endovascular and laparoscopic surgeons for preoperative 

planning and also is important for development of 
stents and medical devices.4 However there is paucity 
of literature with regards to renal artery dimensions in 
our country. This study aims to explore the anatomy of 
renal artery with regards to its dimension, relation and 
branching and identify the common anatomical variation.

MATERIALS AND METHODS
The study was a retrospective hospital record-based study 
conducted in a Department of Radiology and Imaging at 
our hospital. Abdominal Aortic angiograms performed 
during the period of one year from 2019 January to 
2019 December were reviewed. All abdominal aortic 
angiograms were performed in Siemens SOMATOM 
Definition 128 slice CT scan. CT angiogram was performed 
after injection of 1ml/kg non-ionic contrast at 5.5 ml/sec 
followed by saline chase of 20-50 ml at 6ml/min with 
bolus tracking technique and region of interest placed at 
the proximal abdominal aorta at the level of celiac trunk. 
All patients with normal abdominal aortic angiograms 
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were included in the study. Patients with aneurysm 
of aorta, renal artery stenosis, or any anomaly of the 
kidneys were excluded from the study. Normal anatomy, 
dimensions and variation of renal vasculature were 
assessed. Measurements were taken using electronic 
calipers in Siemens Syngo.via software. The renal artery 
diameter was assessed at the proximal part 10 mm from 
the ostium in antero-posterior (AP) dimension. Diameter 
of Aorta was also measured at the level of origin of renal 
artery in transverse dimension. The distance of renal 
artery origin from the celiac trunk was assessed. The 
distance from the renal artery origin to its first branching 
was also assessed. Data was entered in predesigned 
proforma and analysis was done by using IBM SPSS 24.0 
software. Numeric data are presented as means and 
standard deviation and nominal data are presented as 
numbers and percentage. Means were compared using 
t-test while correlation were calculated using Pearson’s 
correlation coefficient.

RESULTS
A total of 110 patients included the inclusion criteria 
and was included in the study. There were 72 (65.5%) 
males and 38 (34.5%) females. The mean age of the 
population was 44.83±18.35 years with median of 46 and 
interquartile range of 26. 

The mean length of right kidney was 10.01±0.99 cm and 
left kidney was 10.28±0.97 cm. The mean diameter of renal 
arteries, the distance from the celiac trunk and distance 
from origin to first branching are presented in Table 1. 
The length of kidney and the mean diameter of renal 
artery were significantly larger in left side as compared to 
right (P<0.001). There was significant positive correlation 
between the size of the kidney and diameter of main renal 
artery (r= 0.432; p<0.001). Branching within 1.5 cm was 
seen in 15 of 220 (6.81%) renal arteries assessed (Table 
2). Both renal arteries origins were at the same level in 
seven (6.36%) cases, while right renal artery origin was 
proximal in 82 (74.54%) cases and left renal artery origin 
was proximal in 21(19.09%) cases.

Supernumerary arteries were seen in 33(30%) patients 
among whom; 23(20.9%) were male and 10(9.09% 
were female. A total of 48 supernumerary arteries were 
detected among the 33 patients out of which 31 (64.6%) 
were on right and 17 (35.4%) were on the left side. 
Among them 16(14.5%) patients had supernumerary 
arteries on the right side, five (4.5%) had on the left side 
and 12(10.9%) had bilaterally. (Table 3) Also, 45(93.7%) 
were hilar and three (6.2%) were polar. All the polar 
arteries entered the lower pole of right kidney. No polar 
artery was seen in the left side. (Table 4) No significant 
difference in renal artery dimensions (p=0.17, 0.24) was 
noted between males and females. (Table 5) The diameter 
of renal artery was significantly different among patients 

with supernumerary renal artery and among those with 
no supernumerary renal arteries(p<0.001). The length 
of kidney was significantly different among those with 
supernumerary renal artery and those without in the right 
kidney(p=0.036), however there was no such statistical 
difference demonstrated in left kidney(p=0.10). (Table 
6) The diagnostic value of main renal artery diameter in 
predicting the presence of supernumerary renal artery 
was evaluated using ROC curve. The optimum cut off 
value for predicting accessory renal artery was 5.35 mm 
or less which yielded a sensitivity of 75% and specificity 
of 70%. (AUC-0.79; p<0.001). When 4.15 mm was taken 
as cut off, the specificity increased to 96% with marked 
reduction in sensitivity to 3.6%. (Figure 1)

DISCUSSION
CT angiography is a non-invasive alternative to 
conventional angiography and also provides a three-
dimensional overview of the renal vessels. CT angiography 
has thus now been the imaging modality for diagnosis 
and pre-interventional workup, while conventional 
angiography is only performed when intervention is to 
be performed in the same setting. 5

The renal artery diameter in our study was slightly lower 
than in study done in Nigeria1 but was similar to study 
done in North America4 and Turkey6.   The larger diameter 
of Nigerian population might be explained by the larger 
built of the patients in Nigeria. Left kidney and renal 
artery diameter were significantly larger than the right 
in our study. The size of the left kidney is known to be 
larger than right from previous studies.7,8 Larger length of 
the kidney might be the region for a larger size of renal 
artery on that side for carrying a larger amount of blood 
to perfuse a larger kidney volume. The size of the kidney 
and the size of renal artery also show positive correlation 
in our study supporting the hypothesis.

 The size of renal artery did not show significant 
difference between genders on either side in our study. 
However, there is variation in published articles in 
gender difference in renal artery diameter with some 
reporting statistical difference and many stating no 
differences.1,4,9,10 Prehilar branches or early branching of 
renal artery is defined as artery with length 15 mm or 
less before first branching10. This anatomic variation is 
important for preoperative mapping of renal transplant 
donors and is an exclusion criteria for laparoscopic donor 
nephrectomy. 5 In our study early branching was seen in 
6.8% of all renal arteries that is similar to the previously 
reported incidence of 7-9%10. This variation frequently is 
confused with supernumerary renal artery and should 
be born in mind while interpreting renal angiogram 
studies. The origin of renal arteries is usually described 
as according to the distance from the celiac trunk. 10,11 
In our study right renal artery origin was proximal to left 
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in most cases with few cases with origin at same level 
and few other with left renal artery proximal to right. The 
site of origin of renal artery is important in planning the 
endovascular repair of abdominal aortic aneurysm and 
the distance between the two renal arteries needs to be 
taken in consideration for option between a single versus 
two-chimney procedure during Endovascular Aortic 
Aneurysm Repair (EVAR) for juxtra renal abdominal 
aneurysm. 12

Supernumerary renal artery was common in our study 
with 30% of all CT angiogram study having at least 
one supernumerary renal artery. The incidence of two 
supernumerary renal arteries is however significantly low 
(<5%). Supernumerary arteries were more commonly 
noted in right side than left and they were present 
in bilateral sides in 10% of cases. The incidence and 
distribution of supernumerary renal artery in our study 
are similar to study in the past by Satyapal et.al.13 except 
the low incidence of supernumerary renal arteries 
on the left side in our study. However the incidence is 
quite low as compared to studies by Palmieri et.al.9 
The higher incidence in the study done by Palmieri 
et.al. is due to inclusion of pre-hilar branches of renal 
artery as supernumerary renal arteries. The presence 
of supernumerary renal artery is believed to relate to 
persistence of mesonephric vessels and might indicate 
presence of other renal anomalies and ectopic kidneys 
as well.14 

Also, the presence of multiple renal arteries increases 
the complexity of renal surgeries with increased risk of 
inadvertent injuries and complication, thus a preoperative 
knowledge of the presence of supernumerary renal 
artery is very important before major renal surgeries. The 
renal length and diameter of renal artery is significantly 
different in patients with supernumerary renal arteries, 
which has been attempted to use as an indicator for 
supernumerary renal artery6. Even in our study the renal 
artery diameter was significantly lower in patients with 
supernumerary renal arteries. However, with regards 
to renal length statistically significant difference was 
observed only on right side. According to study done by 
Aytec et.al.15 when diameter of a renal artery measured 
by sonography is 4.65 mm or less, the presence of an 
accessory renal artery can be established with 80% 
sensitivity and 80.5% specificity. If the diameter of the 
main renal artery is 4.15 mm or smaller, the presence 
of an accessory renal artery is extremely probable, with 
98.8% specificity. In our study the optimum cut off value 
for predicting accessory renal artery was 5.35 mm or less 
which yielded a sensitivity of 75% and specificity of 70%. 
(AUC-0.79; p<0.001). When 4.15 mm was taken as cut off, 
the specificity increased to 96% with marked reduction in 
sensitivity to 3.6%. The size of renal artery can be useful in 

ultrasound Doppler evaluation of renal arteries, a cutoff 
of less than 5 mm may be useful for indicating need for 
extensive search of accessory renal arteries during the 
examination. However, the prediction of supernumerary 
renal artery with main renal artery diameter alone is not 
sufficient to be used in clinical practice from the present 
evidence. 

CONCLUSIONS

Our study had several limitations. Firstly, the study was 
a hospital record based study performed in limited 
population, which might not be true representation of 
the population. The racial and age-related difference of 
kidney size and renal artery dimensions and variation 
was not considered.  Renal artery diameter is dependent 
on laterality, kidney size and presence of accessory artery 
and independent of sex. Accessory renal arteries are 
relatively common and can be predicted by small main 
renal artery diameter, however evidence is insufficient 
to be used in clinical practice. Further studies with 
renal artery dimension and presence of supernumerary 
renal artery on can be a useful guide in future to detect 
presence and pathology of accessory renal artery.

Acknowledgement: None

Table Legends:
Table 1. Mean diameter, distance from celiac trunk and 
distance to first branching of renal arteries.

Parameter Mean (SD)

Mean Diameter of Right Main Renal Artery (Ap) 5.63±0.91 MM

Mean Diameter of Left Main Renal Aretry (Ap) 5.90 ± 0.86 MM

Distance from Celiac Trunk to Right Main Renal 
Artery

2.64±0.86 CM

Distance from Celiac Trunk to Left Main Renal 
Artery

3.02±0.66 CM

Distance from Origin to First Branching of Right 
Renal Artery

3.77±1.39 Cm

Distance from Origin to First Branching Of Left 
Renal Artery

3.08± 1.06 Cm

Diameter of Aorta at The Level of Renal Artery 1.58± 0.24 Cm

Table 2. Number of renal arteries with Early Branching

Early Branching Number (%) N=110

Branching Within 1.5 Cm of Its Origin

Left

Right

5(4.5)

10(9.1)

Branching Within 2.0 Cm of Its Origin

Left

Right

15(13.6)

13(11.8)
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Table 3. Patients with supernumerary renal arteries

Number (%)

Number of patients with supernumerary renal artery 33 (30)

Supernumerary artery in right side only 16(14.5)

Supernumerary artery in left side only 5(4.5)

Supernumerary artery bilaterally 12(10.9)

Total number of supernumerary arteries 48

Total supernumerary artery on right

Total supernumerary artery on left

31

17

Table 4. Types of supernumerary renal arteries 

Type of supernumerary artery Number (n=48)

Hilar

Total

Right

Left 

45

28

17

Polar

Total

Right

Left

3

3

0

Table 5. Comparison of Renal artery dimensions, 
anatomy and variation among genders.

Male Female p-value

Age Mean 46.19 ±19.22 42.23±16.50 0.26

Kidney length (cm)

Right

Left

10.08±1.00

10.38±0.93

9.89±0.97

10.09±1.03

0.34

0.15

Diameter of main renal artery (mm)

Right

Left

5.55±0.97

5.84±0.94

5.78±0.77

6.02±0.69

0.17

0.24

Distance of first branching from origin of renal artery (cm)

Right

Left

3.71±1.25

3.13±1.11

3.87±1.63

2.98±0.98

0.59

0.48

Distance of right renal artery origin from celiac trunk origin (cm)

Right

Left

2.65±0.80

3.00±0.68

2.62±0.97

3.06±0.62

0.84

0.64

Diameter of aorta at level 
of renal artery origin (cm)

1.63±0.25 1.49±0.20 0.003*

Supernumerary Artery

Right

Left

20

11

8

6

0.44

0.94

Renal vein anomaly 2 1 0.96

*- significant difference at p<0.05

Table-6. Association of supernumerary renal artery 
with renal length and main renal artery diameter.

Presence of 
supernumerary 
renal artery

Absence of 
supernumerary 
renal artery

p-
value

Right (n=28) (n=82)

Kidney Length(cm)

Main Renal Artery diameter(mm) 

10.35±0.70

4.99±0.58

9.90±1.05

5.85±0.90

0.036

<0.001

Left (n=17) (n=93)

Kidney Length(cm)

Main Renal Artery diameter(mm) 

9.98±0.75

5.07 ±0.58

10.33±0.99

6.05±0.82

0.10

<0.001

Figure Legends:

Figure 1. ROC curve for main renal artery diameter and 
presence of assessor renal artery.
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