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Anatomical Variations, Parameters, and
Morphometric Evaluation of Renal
Arteries by using Computerized
Tomography Angiography
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ABSTRACT

Background: Renal arteries originate from the abdominal aorta below the origin of the Superior Mesenteric Artery (SMA). Anatomical
variations of renal arteries are common in the general population and the frequency of these variations differ geographically and ethnically.
knowledge of renal vascular anatomy and vascular variant is very important in the pre surgical workup of renal surgeries.

Objectives: To illustrate the normal morphometric and parameters of renal arteries and determine the common anatomical variations of
renal arteries among Libyan patients.

Methods: Renal Computed Tomography Angiography (CTA) of 100 adult patients (48 males and 52 females) were examined. The level of
origin, the location of renal ostium on abdominal aorta, length and diameter of renal arteries as well as the course of renal arteries were
estimated. Additionally, the anatomical variations were also described. After collection and checking of data, Statistical Package for Social
Sciences (SPSS) was used for data entry and analysis.

Results: A total of 100 patients were evaluated in this study. Their age ranged from 24 to 75 years, median age was 56 years. A single renal
artery was present in 94% of patients and 6% have an accessory renal artery. 42% of right renal artery the level of origin was L1-L2 inter
vertebral disc and 39% for the left renal artery and the most common origin of renal ostium on abdominal aorta for the right renal artery was
antero-lateral aspect of the abdominal aorta (56%) and was the lateral aspect (44 %) for the left renal artery. The mean length of right renal
artery was 4.4 cm (SD + 1) and its mean diameter was 3.8 mm (SD + 0.86). The mean length of left renal artery was 5.34 cm (SD + 0.97) and
its mean diameter was 5.66 (SD + 0.94). The diameter of main renal arteries in presence of accessory artery was significantly smaller than the
diameter of the arteries in absent of accessory artery.

No significant difference cross with gender in level of origin and the origin renal ostium on the abdominal aorta.

Conclusion: Renal arteries anatomical variations appear not uncommon among Libyan patients, CTA is highly accurate for detecting
vascular variation and providing anatomical para-meters for renal arteries and could be useful in pre-surgical planning of renal surgeries.
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Introduction and called "normal" variants [1]. Renal artery

L . variations are common and occur because the
Variations in patterns of blood supply and . .
. . embryological development of the kidney [2].

ramification of abdominal vessels are common ; .. .
. L Changes in the origin of the renal arteries have
in the vascular bed of genitourinary system . .. "
been reported since Bartholin in the 17* century.

and knowledge of these variations is important Each kidney is supplied by a single artery, named
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main renal artery with position and course are
relatively constant up to the hilum. Its originated
from abdominal aorta at the level of L1/L2
intervertebral disc [3-5]. However, the classical
description of the renal vasculature, formed only
by one artery and one renal vein occurs in less
than 25% of cases [6, 7]. Apparently, anatomical
variations of renal arteries do not interfere in
renal function and should be differentiated from
vascular malformations or anomalies that cause
renal or systemic functional disorders. Currently
Anatomical variation in renal arterial system has
significant clinical implication in Endoscopic
surgery, Radio-diagnostic procedure including
renal angiography, renal vascular interventions
such as those required for transplantation surgery
[8]. Knowledge of variations in renal vessels is
also essential for exploring renal trauma, vascular
reconstruction procedures, repair of abdominal
aortic aneurysms, and treating systemic
diseases such as renal artery stenosis and renal
hypertension [9-11]. CTA becomes mandatory
for the surgeons to understand the abnormality
or variations in the renal vasculature [12-14].

m Aim of the study

To illustrate the normal morphometric and
parameters of the renal artery and to determine
the common anatomical variations of renal
arteries.

Methodology
m Study design

A case series descriptive study using the revision
of renal CTA records of patients was applied in
this research.

m Study setting

The study was applied at National Cancer
Center-Benghazi, Libya. The center includes
radiological department where patients are
referred from other health care facilities for
radiological examination and diagnosis.

m Duration of study

The records of renal CTA during the period from
1+ April 2018 to 1% April 2019 were reviewed.

m Inclusion criteria of cases

Male and female patients aged 18 years and
above for whom abdominal CTA scan was
recommended by their physicians.

m Exclusion criteria of cases

Any male and female patients aged less than
18 years and other patients with renal disease ,
congenital anomaly or history of renal trauma.

= Tools

CT machine: Fast acquisition and high-quality
multi-slice CT (Philips Brilliance 6 Slice CT).

m Equipment and measurements

All patients were examined using a 6 Slice-
MDCT scanner. The scanning volume extended
from the diaphragm to the iliac crest, and the
images were reconstructed using a section
thickness of 1.0 mm without overlap. A total
volume of 100 mL of high-concentration IV
contrast (Ultravist 370) with an injection rate of
3 mL/sec were injected via a 20-gauge peripheral
. A scout topogram was obtained. Then, in every
case, arterial and venous phase volumetric data
sets were acquired at 25 seconds and 55 seconds,
respectively from the start of the IV injection.
The 1.0 mm thickness reconstruction images
were sent to the workstations.

The collected data included Age, gender,
vertebral level of origin, origin of renal ostium
on abdominal aorta for both renal arteries,
length, diameter, course of both renal arteries,
if there is branch before bifurcation in hilum, if
there is accessory renal artery, and the following
measurements were ascertained from the CT
angiography images:

1. The Length of renal artery: the distance from
the site of origin to the hilum of kidney.

2. 'The diameter of renal artery: the vertical
distance was measured near to its origin.

= Data collection

A record sheet was used to collect data, which
included: age, gender, vertebral level of origin,
origin of renal ostium on abdominal aorta for
both sides of renal arteries, course of both renal
arteries, length of renal artery, diameter of renal
artery, if there is branch before bifurcation in
hilum, if there is accessory renal artery.

= Administrative approval

The approval of the director of the center was
taken before reviewing the records and collection
of required data.

m Statistical analysis

The collected data were entered and analyzed
using Statistical Package for the Social Sciences
(SPSS) version 25 for windows. Continuous
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variables were expressed as mean + Standard
Deviation (SD). Categorical variables were
expressed as frequencies and percentages.
Categorical data was compared using Chi-square
test. Summary tables and figures as appropriate.
Whereas variables were compared using student
t-test. Level of significance of less than 0.05
was considered cut off for judging statistical
importance.

Results
m Personal characteristics

This study included 100 patients, their age
between 24 years-75 years, with mean + SD was
55.35 + 12.6. The median age of the sample was
56 years (Table 1). Male represented 48% of the
patients compared to 52% female (Figure 1).

m The level of origin of renal arteries

The origin of renal arteries in all patients were
from the abdominal aorta. The vertebral Level
of origin of renal arteries was variable, inter
vertebral disc space between the first and second
lumbar vertebrae (L1-L2) level was the most
frequent origin, 42% of patients were observed
for the RRA and 39% of patients were observed
for the LRA. The second most frequent level
was the first lumbar vertebra which observed in
37% of patients for both right and left arteries,
then the second lumbar vertebra level which

Table 1: Age distribution of the sample Age statistics.

observed in 10% of patients for RRA and 20%
of patient for LRA, the rest originated from the
12th thoracic and 1st lumbar inter vertebral level
,were 7% of patients observed for the RRA and
3% of patients were observed for the LRA , and
finally the level of the 12th thoracic vertebra for
4% of patients RRA and 1% for LRA (Figures 2).

m The origin of renal ostium on the
abdominal aorta

The origin of renal ostium on the abdominal
aorta for the right renal artery was the antero-
lateral aspect observed in 56 % of patients and
the lateral aspect in 44 % of patients, while the
left renal artery showed more diverse sites of
renal ostium on the abdominal aorta, the lateral
aspect was in 79 % of patients, then antero-
lateral aspect in 11 % of patients, followed by
postero-lateral aspect in 8 % of patients and
finally posterior aspect for 2 % of patients

Emale
B Female

Figure 1: Gender distribution of the patients.

Table 2: The origin of right and left renal arteries

ostium on abdominal aorta.

Age statistics Origin of renal RRA LRA (Frequency
Mean 55.35 ostium (Frequency %) %)
Median 56 Lateral 44% 79%
Mode 45.00° Antero-lateral 56% 1%
sD 125886 Postero-lateral 0 8%
Minimum 24
Maximum 75 posterior 0 2%
*Multiple modes exist. The smallest value is shown. Total 100% 100%
39%
50% 2%
37% 37%
40%
£ 30%
S 20%
& 20%
10%
10% 4% i
(+]
0%
T12 T12-11 L1 L1-12 L2
ERAA HLRA

Figure 2: The level of origin of right and left renal arteries.
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(Table 2 and Figure 3)

Among these cases the RRA was straight in 46%
of them, and the LRA was straight in 55 of
cases. Whereas tortuous course was seen in 54%
and 45% in the right and the left renal arteries
respectively.

m The length and diameter of renal
arteries

The mean length of the RRA was 4.4 cm (SD ¢
1), and the mean diameter was 3.8 mm (SD +
0.86). Regarding to the LRA, the mean length
was 5.34 cm (SD # 0.97). and the mean diameter
about 5.66 (SD + 0.94), (Table 3, Figure 4).

In presence of ARA was associated with
significance difference in the diameter of the
main arteries.

The mean diameter of RRA with accessory
artery was 4.4 mm (SD £ 1.43) and without
accessory artery was 5.4 mm (SD £ 0.91), so the
diameter of RRA in presence of accessory artery
is significantly smaller than the diameter of the
artery in lack of accessory artery (t-statistics=5.12;
P-value=0.019).

Similarly, on the left side, the mean diameter of
LRA with accessory artery was 4.6 mm (SD =
10.25) and without accessory artery was 5.7 mm
(SD % 0.93), so the diameter of LRA in presence
of accessory artery is significantly smaller than
the diameter of the artery in lack of accessory
artery (t-statistics=8.6; P-value=0.004).

= Normal variant

Accessory renal arteries were seen in 6% of all
patients and arise from the abdominal aorta, no

Figure 3: CTA of renal arteries illustrate the site of renal ostium on abdominal aorta, both renal arteries originated

from lateral aspect.

Table 3: Measurements of right and left renal arteries.

i Length of RRA before Length of LRA before Diameter of RRA Diameter of LRA
Statistics A .
division (cm) division (cm) (mm) (mm)
Mean 4.4 3.8 5.34 5.66
sD 1 0.86 0.97 0.94
Minimum 1.48 2.29 2.15 3.34
Maximum 7.56 7.12 7.69 8

Figure 4: CTA of renal arteries A-B, measurement the length of LRR (A), measurement the diameter of RRA (B).
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early branching seen (Figure 5).

A

Figure 5: Maximum Intensity Projection (MIP) image from the anterior view A-B, depicting multiple RRA (white arrows) (A),

multiple LRA (red arrows) (B).

Discussion

The anatomical variations, parameters, and
morphometric evaluation of renal arteries had
been studied by many investigators. Based on
the findings of our study, the level of origin
of renal arteries is variable, the L1-L2 inter
vertebral disc space is the most frequent origin
as (42%) of the patients for the RRA and (39%)
of the patients for the LRA. The second most
common level is the L1 vertebral body (37%)
of the patients for both right and left arteries,
Edsman G, demonstrated that the right and left
renal arteries originate at the disc between L1
and L2 in 31.5% and 34.4% [15], also Ozkan
U etal. reported that, the percentage of the left
main renal arteries originating at level of the
first lumber vertebra were 37% [3], which are
compatible with our study.

Kadir S declared that in 75% of the general
population, main renal arteries originate from
the level of the L1-L2 intervertebral disc and
the other 25% originate somewhere between
the lower endplates of T12 and L2 [5] which is
quite different than our study. A wide range of
variation had been reported with individual case
report documenting the level of origin of renal
artery as higher as the thoracic vertebrae [2].

B

The origin of renal ostium on the abdominal
aorta for the RRA was the antero-lateral aspect
which observed in 56% of patients and the
lateral aspect in 44% of patients, while the LRA
showed more diverse sites of renal ostium on the
abdominal aorta, the lateral aspect was in 79% of
patients, then antero-lateral aspect in 11% of
patients, followed by postero-lateral aspect in 8%
of patients and finally posterior aspect for 2% of
patients, P Odman and K Ranniger ,reported
that the origin of renal ostium on the abdominal
aorta for the RRA was the ventral aspect which
observed in 86 of patients and from the lateral
aspect in 60 of patients and the LRA ostium on
the abdominal aorta from the lateral aspect was
in 96 of patients and ventral aspect 38 of patients
[16], Also H. Ozan et al reported that the ostium
of the RRA was more cranial than the ostium of
the LRA (53.3%) and the locations of the ostia
of the renal arteries were usually on the lateral
and anterolateral regions of the aortic wall [17],
both studies are relatively compatible with our
study.

The mean length of right and left renal arteries in
our study were (4.4 = 1.0 SD) cm and (3.8

Research Article
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+ 0.86 SD) cm respectively, which found very
close to the study of Mohiuddin M et al. were
found the mean length of the right renal arteries
was (44.69 £ 2.48 SD) mm and the mean length
of the left renal arteries was (35.10 + 2.86 SD)
mm in other study Khanal UP et al, The mean
values of right renal artery length were found to
be (4.568751 cm + 0.83128 cm) in males and
(4.0318 cm + 0.87575 cm) in females [18]. The
mean values of left renal arteries length were
found to be (3.5990 + 0.79567cm) in males and
(3.2002 cm + 0.59207 cm) in females which also
close to our study, however, there is no significant
gender difference on our study [19].

The mean length of the right renal arteries in
present study was found to be significantly (P=
0.00) longer than the mean length of the left
renal arteries. This probably due to the location
of abdominal aorta to the left of median plane in
abdomen and longer pattern of renal artery on
the right side as suggestive by different authors
[20-22]. In out study the mean diameter of the
RRA was (5.34 £ 0.97) mm and the mean
diameter of the LRA was (5.66 = 0.94) mm.
Adrenal or capsular arteries. On other hand other
studies was conducted by using CTA reveled that
higher incidence of ARA compared to our study;
Kumaresan M et al. reported that the incidence
of variation of renal arteries was 51% and the
study was conducting in India [26], also Gumus
et al. reported that the incidence of variation
of renal arteries was 54% and the study was
conducting in Turkey [27], this variation could
be due to racial difference.

Among the present study, the right renal artery
is straight in 46% of them, and left renal artery
is straight in 55%. Whereas tortuous course was
seen 54% and 45% of right and left renal arteries
respectively. Mishall PL observed 50% of renal
arteries were tortuous and symmetrical which
found close figure to our study where as Hegedus
reported that the course of the artery from the
aorta to hilum was either straight (38.8%) or
tortuous (61.2%) [2,28].

Khanal UP et al reported the mean diameter of
the right and the left renal arteries were 5.41 mm
and 5.64 mm, which is compatible with our study
[19].

The left main renal arteries diameter is relatively
larger than the corresponding right arteries and
diameters of both main renal arteries were
significantly smaller in the present of the accessory
renal arteries (p-value=0.004). Almost similar
observation was also noted in the studies by Aytac
Sk et al and Sungura R et al [23, 24]. On other
hand Merklin and Michels reported that the caliber
of the right and left renal artery is usually the same,
the average diameter being 5.5 mm with a range of
4 mm-7 mm [25].

ARAs show dissimilarity according to society,
ethnicity and mode of investigation. The incidence
in our study was 6 %. K.S.Satyapal et al. reported
that the incidence of additional renal arteries on
cadaveric serious was 23.2 % and on renal
angiogram was 4.5 % [8], the later one is close to

our study ,this can be explained by ARA are
detected less in angiography than anatomic
dissection studies because they are thin arteries and
originating directly from the aorta which may not
observed in angiography, and/or arteries that enter
parenchyma directly without passing the renal
hilum and frequently confused with

Conclusion

The parameters of renal arteries and its anatomical
variations are complex and not uncommon
among Libyan patients; renal CTA plays a key
role as a noninvasive preoperative method for
assessment of renal vasculature. Awareness of the
different variants together with a detailed report of
their distribution and morphology also allows the
radiologist to enlighten the surgeon and avoid
significant vascular complications.

Recommendations

Further studies using a larger population size
to enable us to generalize the findings for the
Libyan population. Also an analytic comparative
study is recommended to be done in this part to
correlate  the radiological finding Vs intra-
operative findings of the renal vascular anatomy.

321

International Journal of Clinical Skills (2022) 16(10)



Anatomical Variations, Parameters, and Morphometric Evaluation

Research Article

of Renal Arteries by using Computerized Tomography Angiography

References

1.

Junior CFA, Neto SAA, Junior AMC et al.
Multidetector computed tomography
angiography of the renal arteries: normal
anatomy and its variations. Radio Bras J 49,
(2016).

Mishall PL. Renal Artery in Bergman’s
Comprehensive Encyclopedia of Human
Anatomic Variation book. John Wiley Sons,
(2016).

Ozkan U, Ouzkurt L, Tercan F, et al. Renal
artery origins and variations: angiographic
evaluation of 855 consecutive patients. Diagn
Interv Radiol 12, 183-6 (2006).

Beregi JP, Mauroy B, Willoteaux S, et al.
Anatomic variation in the origin of the main
renal arteries: spiral CTA evaluation. Eur Radiol
9,1330-1334(1999).

Kadir S. Atlas of normal and variant
angiographic anatomy. Phila: Saunders, 387-
428 (1991).

Cicekcibasi AE, Ziylan T, Salbacak A, et al.
An investigation of the origin, location and
variations of the renal arteries in human
fetuses and their clinical relevance. Ann Anat
187,421-7 (2005).

Awojobi OA, Ogunbiyi OA, Nkposong EO.
Unusual relationship of multiple renal arteries.
Urology 21, 205-206 (1983).

Satyapal KS, Haffejee AA, Singh B, et al.
Additional renal arteries: incidence and
morphometry. Surg Radiol Anat 23, 33-38
(2001).

Kaplan DB, Kwon CC, Marin ML, et al.
Endovascular repair of abdominal aorta
aneurysms in patients with congenital renal
vascular anomalies. J Vasc Surg 30, 407-415
(1999).

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Garcier JM, Fraissinette B, Filaire M, et al.
Origin and initial course of the renal arteries
aradiological study. Surg Radiol Anat 23, 51-55
(2001).

Toa XF, Zhu JQ, Wu YW, et al. Dual-energy
Computed tomography angiograph for
evaluating the renal vascular variants. Chin
Med J 126, 650-4 (2013).

Khamanarong K, Prachaney P, Utaravichien
A, et al. Anatomy of renal arterial supply. Clin
Anat 17, 334-336 (2004).

Sampaio FJB, Passos MARF. Renal arteries:
anatomic study for surgical and radiological
practice. Surg Radiol Anat 14, 113-117 (1992).

Baltaciogla F, Ekini G, Akpinar IN, et al.
Endovascular treatment of renal stenosis
:technical and clinical results. Turk J Diag
Intervent Radiol 9, 246-256 (2003).

Edsman G. Accessory vessels of the kidney
and their diagnosis in hydronephrosis. Acta
Radiol 42, 26-32 (1954).

P Odman, K Ranniger. The location of the renal
arteries an angiographic and postmortem
study. Am J Roentgenol Radium Ther Nucl Med
104, 283-6 (1968).

Ozan H, Alemdaroglu A, Sinav A, et al. Location
of the ostia of the renal arteries in the aorta.
Surg Radiol Anat 19, 245-247 (1997).

Mohiuddin M, Manzoor A, Ali M, et al. Analysis
of renal artery morphometery in adults: A
study conducted by using multidetector
computed tomography Angiography. Pak J
Med Sci 33, 943-947 (2017).

Khanal UP, Ansari M, Dhakal S. Measurement
of Renal arteries Using mulidetector
Computer Tomographay: A study in Tertiary
Care Hospital in Nepal. J Instit Med 40, 17-21
(2018).

20.

21.

22.

23.

24.

25,

26.

27.

28.

Palmieri BJ, Petroianu A, Silva LC, et al. Study of
arterial pattern of 200 renal pedicle through
angiotomography. Rev Col Bras Cir 38, 116-21
(2011).

Ahmed MAAS, Gobran HA. Morphometric
Study Of The Renal Arteries In Saudi
Population From Aseer Region Using 3-D
MDCT Angiography. Sci Nat 2, 41-45 (2013).

Saldarriaga B, Pérez A, Ballesteros L. A direct
anatomical study of additional renal arteries
in a Colombian mestizo population. Folia
Morphol 67, 129-134 (2008).

Ayac SK, Yigit H, Sancak T, et al. Correlation
between the diameter of the main renal artery
and the presence of an accessory renal artery:
Sonographic and angiographic evaluation. J
Ultrasound Med 22, 433-439 (2003).

Sungura R, Mathenge |, Onyambu C. The
Radiological Scrutiny of the relation between
renal vascular Dimensions and anatomical
variation of renal arteries: the Must to know
before renal transplantation. J kidney 3, 158
(2017).

Merklin RJ, Michels N A. The variant renal and
suprarenal blood supply with data on inferior
phrenic, ureteral and gonadal arteries. J
Internat Coll Surgeons 29, 41-76 (1958).

Munnusamy K, Kasirajan SP, Gurusamy K, et al.
Variations in Branching Pattern of Renal Artery
in Kidney Donors Using CT Angiography.J Clin
Diagn Res 10, ( 2016).

Gumus H, Brdal Ozdemir E, Cetincakmak ML,
et al. Variations of renal artery in 820 patients
using 64-detector CT-Angiography. Ren
Faliure 34, 286-90 (2012).

Hegedus V. Arterial anatomy of the
kidney: A three-dimensional angiographic
investigation. Acta Radiol 12, 604-618 (1972).

322


https://www.scielo.br/j/rb/a/NckPs9cz8jcnQ7PD8bhbhsN/abstract/?lang=en
https://www.scielo.br/j/rb/a/NckPs9cz8jcnQ7PD8bhbhsN/abstract/?lang=en
https://www.scielo.br/j/rb/a/NckPs9cz8jcnQ7PD8bhbhsN/abstract/?lang=en
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118430309.ch55
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118430309.ch55
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118430309.ch55
https://www.researchgate.net/profile/Levent-Oguzkurt/publication/6638550_Renal_artery_origins_and_variations_Angiographic_evaluation_of_855_consecutive_patients/links/0912f50918a1e5cea9000000/Renal-artery-origins-and-variations-Angiographic-evaluation-of-855-consecutive-patients.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://www.researchgate.net/profile/Levent-Oguzkurt/publication/6638550_Renal_artery_origins_and_variations_Angiographic_evaluation_of_855_consecutive_patients/links/0912f50918a1e5cea9000000/Renal-artery-origins-and-variations-Angiographic-evaluation-of-855-consecutive-patients.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://www.researchgate.net/profile/Levent-Oguzkurt/publication/6638550_Renal_artery_origins_and_variations_Angiographic_evaluation_of_855_consecutive_patients/links/0912f50918a1e5cea9000000/Renal-artery-origins-and-variations-Angiographic-evaluation-of-855-consecutive-patients.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://link.springer.com/article/10.1007/s003300050843
https://link.springer.com/article/10.1007/s003300050843
https://cir.nii.ac.jp/crid/1573105975696613632
https://cir.nii.ac.jp/crid/1573105975696613632
https://www.sciencedirect.com/science/article/abs/pii/S0940960205000762
https://www.sciencedirect.com/science/article/abs/pii/S0940960205000762
https://www.sciencedirect.com/science/article/abs/pii/S0940960205000762
https://www.sciencedirect.com/science/article/abs/pii/0090429583900298
https://link.springer.com/article/10.1007/s00276-001-0033-y
https://link.springer.com/article/10.1007/s00276-001-0033-y
https://pubmed.ncbi.nlm.nih.gov/10477633/
https://pubmed.ncbi.nlm.nih.gov/10477633/
https://pubmed.ncbi.nlm.nih.gov/10477633/
https://link.springer.com/article/10.1007/s00276-001-0051-9
https://link.springer.com/article/10.1007/s00276-001-0051-9
https://mednexus.org/doi/abs/10.3760/cma.j.issn.0366-6999.20121454
https://mednexus.org/doi/abs/10.3760/cma.j.issn.0366-6999.20121454
https://mednexus.org/doi/abs/10.3760/cma.j.issn.0366-6999.20121454
https://onlinelibrary.wiley.com/doi/abs/10.1002/ca.10236
https://link.springer.com/article/10.1007/BF01794885
https://link.springer.com/article/10.1007/BF01794885
https://link.springer.com/article/10.1007/BF01794885
https://europepmc.org/article/med/14661497
https://europepmc.org/article/med/14661497
https://www.tandfonline.com/doi/abs/10.3109/00016925409175092
https://www.tandfonline.com/doi/abs/10.3109/00016925409175092
https://www.ajronline.org/doi/abs/10.2214/ajr.104.2.283
https://www.ajronline.org/doi/abs/10.2214/ajr.104.2.283
https://www.ajronline.org/doi/abs/10.2214/ajr.104.2.283
https://link.springer.com/article/10.1007/BF01627867
https://link.springer.com/article/10.1007/BF01627867
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648969/
https://www.researchgate.net/profile/Umesh-Khanal-2/publication/333903996_Measurement_of_Renal_Arteries_Using_Multi_detector_Computed_Tomography_A_Study_in_Tertiary_Care_Hospital_in_Nepal/links/5d0bb39ea6fdcc1178231c51/Measurement-of-Renal-Arteries-Using-Multi-detector-Computed-Tomography-A-Study-in-Tertiary-Care-Hospital-in-Nepal.pdf
https://www.researchgate.net/profile/Umesh-Khanal-2/publication/333903996_Measurement_of_Renal_Arteries_Using_Multi_detector_Computed_Tomography_A_Study_in_Tertiary_Care_Hospital_in_Nepal/links/5d0bb39ea6fdcc1178231c51/Measurement-of-Renal-Arteries-Using-Multi-detector-Computed-Tomography-A-Study-in-Tertiary-Care-Hospital-in-Nepal.pdf
https://www.researchgate.net/profile/Umesh-Khanal-2/publication/333903996_Measurement_of_Renal_Arteries_Using_Multi_detector_Computed_Tomography_A_Study_in_Tertiary_Care_Hospital_in_Nepal/links/5d0bb39ea6fdcc1178231c51/Measurement-of-Renal-Arteries-Using-Multi-detector-Computed-Tomography-A-Study-in-Tertiary-Care-Hospital-in-Nepal.pdf
https://www.researchgate.net/profile/Umesh-Khanal-2/publication/333903996_Measurement_of_Renal_Arteries_Using_Multi_detector_Computed_Tomography_A_Study_in_Tertiary_Care_Hospital_in_Nepal/links/5d0bb39ea6fdcc1178231c51/Measurement-of-Renal-Arteries-Using-Multi-detector-Computed-Tomography-A-Study-in-Tertiary-Care-Hospital-in-Nepal.pdf
https://www.scielo.br/j/rcbc/a/9hKmVSPGBT7mhcWktGdMskd/abstract/?lang=en
https://www.scielo.br/j/rcbc/a/9hKmVSPGBT7mhcWktGdMskd/abstract/?lang=en
https://www.scielo.br/j/rcbc/a/9hKmVSPGBT7mhcWktGdMskd/abstract/?lang=en
http://zolcat.com/press/journal/sn/vol2/no2/sn.2.2.1.pdf
http://zolcat.com/press/journal/sn/vol2/no2/sn.2.2.1.pdf
http://zolcat.com/press/journal/sn/vol2/no2/sn.2.2.1.pdf
http://zolcat.com/press/journal/sn/vol2/no2/sn.2.2.1.pdf
https://journals.viamedica.pl/folia_morphologica/article/view/15984
https://journals.viamedica.pl/folia_morphologica/article/view/15984
https://journals.viamedica.pl/folia_morphologica/article/view/15984
https://onlinelibrary.wiley.com/doi/abs/10.7863/jum.2003.22.5.433
https://onlinelibrary.wiley.com/doi/abs/10.7863/jum.2003.22.5.433
https://onlinelibrary.wiley.com/doi/abs/10.7863/jum.2003.22.5.433
https://onlinelibrary.wiley.com/doi/abs/10.7863/jum.2003.22.5.433
http://erepository.uonbi.ac.ke/handle/11295/102376
http://erepository.uonbi.ac.ke/handle/11295/102376
http://erepository.uonbi.ac.ke/handle/11295/102376
http://erepository.uonbi.ac.ke/handle/11295/102376
http://erepository.uonbi.ac.ke/handle/11295/102376
https://europepmc.org/article/med/13502578
https://europepmc.org/article/med/13502578
https://europepmc.org/article/med/13502578
https://www.jcdr.net/ReadXMLFile.aspx?id=7342
https://www.jcdr.net/ReadXMLFile.aspx?id=7342
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.647295
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.647295
https://journals.sagepub.com/doi/abs/10.1177/028418517201200509?journalCode=acrb
https://journals.sagepub.com/doi/abs/10.1177/028418517201200509?journalCode=acrb
https://journals.sagepub.com/doi/abs/10.1177/028418517201200509?journalCode=acrb



