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ABSTRACT
Introduction: Detailed knowledge of renal arterial anatomy is essential for renal transplantation, donor nephrectomy 
and urological/ endovascular procedures. Computed tomography angiography (CTA) provides accurate, non-invasive 
visualization of renal artery dimensions and branching patterns. This study is aimed to evaluate renal artery dimensions 
and anatomical variations using CT angiography in patients undergoing imaging at Bir Hospital, Nepal.

Methods: A descriptive cross-sectional study was conducted at a tertiary care center in Kathmandu from February 
2025 to February 2026. A total of 139 adults with normal renal vascular anatomy on contrast-enhanced CTA were 
included. Renal artery diameters were measured 10 mm from the ostium, and the distance to first branching was 
recorded bilaterally. Early branching (<2.00 cm) and supernumerary arteries were documented. Statistical analysis 
was performed using Statistical Package for the Social Sciences version 24.00, with p < 0.05 considered significant.

Results: Mean right and left renal artery diameters were 5.51 ± 0.85 mm and 5.58 ± 0.87 mm, respectively. Early 
branching was observed in 49/139 arteries (35.30%), more commonly on the right. Supernumerary renal arteries 
were present in 36/139 patients (25.90%), predominantly left-sided and hilar. Kidney length correlated positively 
with ipsilateral renal artery diameter (right: r = 0.31, p = 0.0004; left: r = 0.27, p = 0.0015). Age showed no significant 
association. A significant gender difference was noted only in left renal artery diameter (p = 0.001).

Conclusion: Moderate renal vascular variability was observed, highlighting the importance of preoperative CTA for 
individualized surgical planning in Nepalese patients.
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INTRODUCTION
Computed tomography (CT) angiography has transformed 
non-invasive assessment of renal vascular anatomy, 
precisely mapping artery dimensions, branching patterns, 
and variations critical for nephrectomy and transplantation 
planning.1–5 Previously, renal donors were evaluated using 
intravenous urography and conventional angiography, 
which inadequately assessed renal masses, small calculi, 
and venous anomalies. CT angiography has replaced 
these techniques, offering a less invasive approach 
with superior visualization of abdominal anatomy and 
vascular pathways for comprehensive preoperative 
assessment.6 Despite global adoption, region-specific 
data on renal artery anatomy remain scarce in Nepal.1,7 
With rising renal procedures in tertiary centers of Nepal, 

population-specific norms are essential to minimize 
surgical complications related to undetected vascular 
variants. This study evaluated renal artery dimensions 
and anatomical variations in 139 Nepalese patients using 
CT angiography, aiming to establish local reference values 
for supernumerary arteries, early branching patterns, and 
their clinical implications in preoperative planning.

METHODS
This cross-sectional study was conducted in the 
Department of Radiology, National Academy of Medical 
Sciences, Bir Hospital, Kathmandu, Nepal, between 
February 2025 and February 2026. Following ethical 
approval from the Institutional Review Board of NAMS 
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(Reference number: 344/2082/83 dated 2082/06/02), 
consecutive patients who underwent contrast-enhanced 
CT angiography of the abdomen for clinical indications 
were enrolled using convenience sampling between 
September 2025 and February 2026. Inclusion criteria 
comprised patients referred for CT aortogram or renal 
angiogram with normal abdominal aortic angiograms. 
Patients with aortic aneurysms, renal artery stenosis, or 
known renal parenchymal anomalies were excluded. All 
imaging studies were retrieved from hospital records, with 
prospective cases additionally enrolled after obtaining 
written informed consent. A total of 139 patients with 
normal renal vascular anatomy on CT angiography 
were included in the final analysis. The sample size was 
calculated using the standard formula for estimating a 
population proportion Z-score for 95% confidence (1.96), 
p = anticipated 10 % minimum prevalence of renal artery 
variation 2 0.5% margin of error was used with calculated 
final sample of 139. All eligible patients available during 
the study period were included in the study till the 
required sample size was met.

All CT angiography examinations were performed 
following the standardized protocol of the Department 
of Radiodiagnosis, Bir Hospital, using a Philips Ingenuity 
128-slice CT scanner.  Images were reviewed and analyzed 
using RadiAnt DICOM Viewer (RadiAnt DICOM Viewer, 
Medixant; https://www.radiantviewer.com). Patients 
received oral hydration with 600 mL of plain water 30 
minutes prior to scanning followed by an additional 400 
mL immediately before examination. Scanning extended 
from the dome of the diaphragm to the iliac crests 
with the following acquisition parameters: detector 
collimation 0.6 × 128, pitch 0.85, tube voltage 120 kV, and 
tube current 200 mAs (or by Automatic Exposure Control 
system). A non-ionic iodinated contrast medium (80–100 
mL) was administered intravenously at 3.5–4.0 mL/s, 
followed by a saline chase of 20–50 mL at 6 mL/min using 
bolus tracking with the region of interest placed at the 
proximal abdominal aorta at the level of the celiac trunk. 
Images were reconstructed with 5 mm slice thickness 
and 5 mm interval for analysis. Measurements were then 
taken using electronic calipers within the Philips Ingenuity 
software. The renal artery diameter was measured at the 
proximal part, 10 mm from the ostium, in the antero-
posterior (AP) dimension. The diameter of the aorta was 
also recorded at the level of the renal artery origin in the 
transverse dimension. Additionally, the distance from the 
renal artery origin to its first branching were recorded 
for both sides. Any evident anatomical variation of renal 
vasculature was also noted.

Data was entered into a pre-designed proforma 
and analyzed using IBM SPSS version 24.0. Patient 
confidentiality was strictly maintained throughout the 
study; all data were stored in password-protected files. 
Continuous variables were summarized as means with 
standard deviations, while categorical variables were 

presented as frequencies and percentages. Paired and 
independent t-tests compared mean measurements 
between groups. Pearson’s correlation coefficient 
assessed relationships between kidney length and 
renal artery diameter. A p-value <0.05 was considered 
statistically significant.

RESULTS
In this renal CTA study of 139 Nepalese adults (Table 1), 
participants were predominantly female (84, 60.4%) 
with males comprising 39.6% (55); the age distribution 
showed the largest group in the 40–50 years range (50, 
36.0%), followed by 50–60 years (34, 24.5%), with smaller 
proportions in younger (<30 years: 7.9%) and older (>60 
years: 15.1%) categories. 

Renal dimensions and vascular measurements (Table 
2) revealed that left kidney was slightly longer than the 
right (9.89 ± 0.78 cm vs 9.63 ± 0.82 cm), with main renal 
artery diameters similar bilaterally (left: 5.58 ± 0.87 mm; 
right: 5.51 ± 0.85 mm) and the distance from origin to first 
branching longer on the right (32.41 ± 13.13 cm vs 28.21 ± 
11.87 cm left); aortic diameter at the renal level averaged 
17.42 ± 2.23 mm.

 Early branching (<2.0 cm from origin) occurred in 35.3% 
of arteries overall (Table 3), more frequently on the 
right (20.9%, including 12.9% ≤1.5 cm) than left (14.4%). 
Supernumerary renal arteries were present in 25.9% 
of patients (36/139), with left-only involvement most 
common (17, 12.2%), right-only in 7.2% (10), and bilateral 
in 6.5% (9), yielding a total of 45 accessory arteries. Among 
these (Table 3), hilar type predominated (29, 60.4%), 
followed by polar (16, 33.3%), with roughly balanced hilar 
distribution but more polar supernumeraries on the left. 
These findings highlight moderate anatomical variability 
in renal vascular supply, relevant for procedural planning 
in this population.

Table 1: Demographic characteristics of study 
participants (n=139)
Parameter Value
Gender, n (%)
Female 84 (60.4)
Male 55 (39.6)
Age group distribution   n (%)
<30 years 11 (7.9)
30–40 years 23 (16.5)
40–50 years 50 (36.0)
50–60 years 34 (24.5)
>60 years 21 (15.1)

https://www.radiantviewer.com
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Table 2: Renal dimensions and arterial 
measurements (n=139)

Parameter
Right 
(Mean ± SD)

Left 
(Mean ± SD)

Kidney length (cm) 9.63 ± 0.82 9.89 ± 0.78
Main renal artery 
diameter (mm) 5.51 ± 0.85 5.58 ± 0.87
Distance to first 
branching (cm) 32.41 ± 13.13 28.21 ± 11.87
Aortic diameter at 
renal level (mm) 17.42 ± 2.23

Table 3: Early branching patterns and types of 
renal arteries (n=139)

Left, n (%) Right, n (%) Total n (%)
Branching distance
≤1.5 cm 16 (11.5) 18 (12.9) 34 (24.4)
1.5–2.0 
cm 4 (2.9) 11 (7.9) 15 (10.8)
Total early 
branching 
(<2.0 cm)

20 (14.4)
29 (20.8) 49 (35.3)

Types of Supernumerary Renal Arteries  
Hilar 15 (31.3) 14 (29.2) 29 (60.4)
Polar 4 (8.3) 12 (25.0) 16 (33.3)

Table 4: Comparison of Renal Artery Dimensions, Anatomy, and Variation among Genders (n=139)
Parameter Male (n=55) Female (n=84) p-value
Age (years) 46.67 ± 13.97 46.74 ± 10.51 0.976
Right kidney length (cm) 9.68 ± 0.92 9.61 ± 0.77 0.610
Left kidney length (cm) 9.85 ± 0.80 9.92 ± 0.78 0.636
Right renal artery diameter (mm) 5.63 ± 0.96 5.43 ± 0.77 0.200
Left renal artery diameter (mm) 5.88 ± 0.88 5.39 ± 0.82 0.001
Supernumerary artery (right only) 4 6 1.000
Supernumerary artery (left only) 5 12 0.435
Early branching (right) 11 17 1.000
Early branching (left) 5 12 0.435

As seen in Table 4, No significant gender differences 
were observed in age, kidney lengths, right renal artery 
diameter, or in the frequencies of supernumerary arteries 
and early branching on either side (all p > 0.05). The only 
statistically significant difference was noted in the left 

renal artery diameter, which was larger in males compared 
to females (p = 0.001). P-values were derived using 
appropriate statistical tests, with independent t-tests 
applied to continuous variables (expressed as mean ± SD) 
and Fisher’s exact test used for categorical variables. 

Table 5: Correlations involving renal artery diameters

Correlation Pair C o r r e l a t i o n 
Coefficient (r) p-value Strength & Direction

Age vs. Right renal artery diameter +0.09 0.31 Very weak positive
Age vs. Left renal artery diameter +0.12 0.18 Weak positive
Right kidney length vs. Right renal artery diameter +0.31 0.0004 Moderate positive

Left kidney length vs. Left renal artery diameter +0.27 0.0015 Weak-to-moderate 
positive

Right renal artery diameter (with vs. without ipsilateral 
supernumerary artery)

 (group means: 
~5.51 vs ~5.64) 0.58 No meaningful 

difference
Left renal artery diameter (with vs. without ipsilateral 
supernumerary artery)

(group means: 
~5.42 vs ~5.65) 0.19 No meaningful 

difference
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As seen in Table 5, increasing age demonstrated no 
statistically significant linear relationship with main renal 
artery diameters on either side (right: r = +0.09, p = 0.31; 
left: r = +0.12, p = 0.18), suggesting that renal artery caliber 
remains largely stable across the observed adult age range 
(~19–79 years). In contrast, kidney length showed a clear 
and significant positive correlation with the diameter of 
the ipsilateral main renal artery (right: r = +0.31, p = 0.0004; 
left: r = +0.27, p = 0.0015), indicating that larger kidneys 
are typically supplied by proportionally wider primary 
renal arteries; a physiologically logical finding reflecting 
greater vascular demand. However, the presence of a 
supernumerary (accessory) renal artery on the same side 
was not associated with any significant change in the 
main renal artery diameter (right: p = 0.58; left: p = 0.19), 
implying that accessory vessels do not systematically alter 
the caliber of the primary vessel in this population. These 
results highlight kidney size as a relevant anatomical 
predictor of main renal artery diameter, while age and 
supernumerary anatomy appear unrelated in this context.

DISCUSSION
This study of 139 Nepalese adults undergoing renal 
computed tomography angiography (CTA) provides 
contemporary normative data on renal artery dimensions, 
branching patterns, and anatomical variations in a South 
Asian population. The observed slight predominance 
of left kidney length (9.89 ± 0.78 cm vs. 9.63 ± 0.82 cm 
right) aligns with well-established anatomical asymmetry, 
where the left kidney is typically longer due to its superior 
position and less compression by surrounding structures. 
This finding is consistent with previous studies, including 
those by Glodny et al.8 and Harmse et al.,9 which also 
reported similar laterality differences in renal artery 
measurements. These similarities may be related to 
common anatomical constraints such as organ positioning 
and vascular branching patterns, which are relatively 
constant across populations, although minor variations 
may occur due to differences in body habitus and study 
population characteristics.

Main renal artery diameters were comparable bilaterally 
(left: 5.58 ± 0.87 mm; right: 5.51 ± 0.85 mm), falling 
within the range reported in Asian and Middle Eastern 
cohorts (e.g., Mohiuddin et al. ; 4.5–3.5 cm lengths but 
similar diameters; Panta et al.: ~5.3–5.6 mm).1,10 Notably, 
the distance from aortic origin to first branching was 
significantly longer on the right (32.41 ± 13.13 mm vs. 
28.21 ± 11.87 mm left), a pattern also observed by Palmieri 
et al., likely attributable to the right renal artery’s more 
oblique course across the midline.11

Early branching (<2.0 cm from origin) occurred in 
35.3% of arteries; higher on the right (20.8%) than left 
(14.4%), placing our prevalence toward the upper end of 
published ranges (typically 10–30%). This variation is likely 

multifactorial and may be influenced by differences in 
imaging resolution, measurement criteria for defining early 
branching, and population characteristics. This relatively 
high rate underscores the importance of meticulous 
preoperative CTA evaluation to avoid inadvertent injury 
during donor nephrectomy or endovascular procedures.

Supernumerary (accessory) renal arteries were identified 
in 25.9% of patients, with left-sided predominance (12.2% 
left-only vs. 7.2% right-only) and hilar type most common 
(60.4%). This prevalence is comparable to Panta et al. 
(30%), Paudyal et al. (21.6%), and some international 
series (Satyapal et al.; Palmieri et al.), though lower than 
some reports exceeding 30%.1,7,11,12 The left-sided bias 
mirrors findings by Aytac et al., potentially reflecting 
embryologic asymmetry in renal arterial development.13 
Importantly, the presence of an ipsilateral accessory artery 
did not significantly alter main renal artery diameter (p 
= 0.58 right; p = 0.19 left), contrasting with Aytac et al., 
who reported smaller main artery calibers in the presence 
of accessories.13 This discrepancy may be explained 
by differences in imaging modality and measurement 
methodology. The present study used CT angiography 
with standardized electronic caliper measurements on 
multiplanar reconstructions, whereas Aytac et al. used 
digital subtraction angiography with adjunct sonographic 
assessment. Unlike CTA, DSA is a projection-based 
technique and is subject to magnification and vessel 
overlap, while ultrasound-based measurements may vary 
with operator dependence and anatomical window. In 
addition, differences in the exact measurement level of 
the renal artery and inclusion of accessory vessels may 
further contribute to variability between studies.

No significant gender differences emerged in kidney length, 
right renal artery diameter, early branching frequency, 
or accessory artery prevalence, which is consistent with 
Turba et al.14 The sole exception was left renal artery 
diameter, which was larger in males (5.88 ± 0.88 mm vs. 
5.39 ± 0.82 mm in females; p = 0.001). This isolated finding 
warrants further investigation but does not substantially 
alter the overall conclusion of minimal sex-based variation 
in renal vascular anatomy.

Age showed no meaningful correlation with main renal 
artery diameter (right: r = +0.09, p = 0.31; left: r = +0.12, 
p = 0.18), suggesting relative stability across adulthood in 
this cohort (mean ~47 years, range ~19–79). This contrasts 
with Chiaganam et al., who reported progressive diameter 
increase with age, possibly due to differences in ethnic 
background, sample age distribution, or comorbid vascular 
risk factors not captured here.4 In contrast, kidney length 
demonstrated a clear positive correlation with ipsilateral 
main renal artery diameter (right: r = +0.31, p = 0.0004; 
left: r = +0.27, p = 0.0015), reinforcing the physiological 
principle that larger renal mass demands greater arterial 
inflow; a relationship also noted by Panta et al. and others.1

These findings carry direct clinical relevance for renal 
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transplantation, donor nephrectomy, endovascular aortic 
aneurysm repair (EVAR), and urological interventions 
in Nepal. The moderate-to-high prevalence of early 
branching and accessory arteries emphasizes the necessity 
of routine preoperative CTA, as advocated by Picel et al.3 
Moreover, accurate identification of variants minimizes 
intraoperative complications, optimizes graft vessel 
selection, and informs stent-graft placement in juxta renal 
aneurysms.

Limitations of the study include its single-center, hospital-
based design, potential referral bias toward symptomatic 
patients, and exclusion of pediatric or very elderly 
individuals. Diameter measurements were obtained at a 
single point and did not account for potential ellipticity 
or tortuosity. Future multicenter studies with larger 
samples and longitudinal follow-up could better elucidate 

age-related changes and ethnic-specific patterns in the 
Nepalese population.

CONCLUSIONS
This CTA-based study reveals moderate anatomical 
variability in renal vascular supply among Nepalese adults, 
with notable laterality differences, a high rate of early 
branching and accessory arteries, and kidney size as the 
primary predictor of main renal artery caliber. By offering 
population-specific reference values, this study supports 
safer procedural planning for Nepalese patients. Future 
multicenter research with larger, more diverse samples 
could refine these norms and examine longitudinal trends 
or clinical correlations.
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