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A Study of Variant Anatomy of
Gonadal Arteries in 40 Adult Males:

A Cross-sectional Cadaveric Study
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ABSTRACT

Introduction: The surgeons are witnessing an ever-increasing
range of operative procedures with increasing levels of complexity
in the abdominal cavity. So, the anatomy of blood vessels
of abdominal cavity has assumed much more importance.
Knowledge of variations in the gonadal artery is essential during
renal and gonadal surgery as these variations may influence the
blood flow to the kidney and gonads and cause some pathological
conditions such as varicocoele and gonadal atrophy.

Aim: To assess the prevalence of variations in origin and course
of the gonadal arteries and to discuss their clinical significance.

Materials and Methods: This cross-sectional cadaveric study
was done in 40 human cadavers which were well embalmed
and allotted for under graduate teaching in the Department of
Anatomy, Madurai Medical College Madurai, Tamil Nadu, India,
from the year June 2010 to May 2015. The human cadavers
were numbered serially from 1-40. The routine dissection of
abdomen was done. The origin and course of the gonadal
arteries were traced. Variations in number, origin and course
of the gonadal arteries were noted. The incidence of gonadal
artery arising from the renal artery was calculated. Prevalence

INTRODUCTION

Now-a-days many advanced new operative techniques like
endovascular and curative surgeries have been done within the
abdominal cavity. One of the prerequisites for successful and
safe surgery is not only a good understanding of the underlying
anatomy but also having awareness of the variations in anatomy
that may present itself during operative procedures. This is
particularly important during renal and gonadal surgery as these
anatomical variations can affect blood supply to these crucial
organs and can determine success and complications after
surgery [1]. The paired gonadal arteries originate at L2 level
from the abdominal aorta. They are long slender vessels which
slant down over the abdominal aorta and then lateral to it. They
pass over the psoas muscles on a line directed to the deep
inguinal ring. Anomalies of gonadal arteries include variations in
their origin, number and course. The gonadal artery originated
from the main or accessory renal artery in 5-6% of the cases
and is referred as an aberrant gonadal artery [1]. Among all the
paired and unpaired branches of abdominal aorta renal artery
variations are common [2-4]. Many case reports on variations
in the gonadal arteries were reported incidentally during the
studies of branching pattern of abdominal aorta and studies of
variations in renal arteries [2-5]. Course of the gonadal arteries
in relation to the renal pedicle was classified by Notkovitch [6]
three types-
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of variant origin of gonadal artery from renal artery was noted.
Software of MacBook pages was used to gather the data.
Categorical data were presented as mean and percentage.

Results: In the present study, in 36 cadavers (90%) the gonadal
artery was normal in source of origin, and took normal course
in 39 cadavers (97.5%). In the remaining cadavers different
variations were observed. The variations found in this study
include the gonadal arteries arising from the renal artery 4 (10%)
cadavers and according with course arching of left gonadal
artery over the left renal vein seen in 1 (2.5%) cadaver. In the
current study, the vertebral level of origin of the artery ranged
from the intervertebral disc of first and second lumbar vertebra
to upper 1/3 of the third lumbar vertebra on the right-side
and between upper 1/3™ of first lumbar to lower 1/3 of third
vertebra on the left-side.

Conclusion: During surgical and diagnostic interventions at the
level of renal, gonadal and para aortic vessels arterial variations
are clinically important to avoid risk of haemorrhage, ischaemia
of particular organs. Those arterial variations are not only
unilateral but also bilateral associations of vascular anomaly
must be considered.

Type | (84%): The gonadal artery arises from aorta behind or
below the renal vein; may pass anterior or posterior to inferior
vena cava.

Type Il (6%): The gonadal artery arises from the aorta above the
level of renal vein; always pass posterior to inferior venacava on the
right-side.

Type Il (8%): Gonadal artery after its origin from the aorta below
the level of renal vein, it makes a loop over the renal vein and
then it pass forwards. It is called as Arched Gondal artery which
is of surgical importance. According to the origin and number of
gonadal arteries another classification was done by Cigekcibasi
AE et al., [7]. Certain anomalies of kidneys are associated with
variation of gonadal arteries as both of them share common
embryological origin [8]. Hence, this study was conducted to
observe the variations in the origin of gonadal arteries in 40 male
cadavers.

MATERIALS AND METHODS

The cross-sectional cadaveric study was conducted in Institute of
Anatomy, Madurai Medical College, Tamil Nadu, India, from June
2010 to May 2015. The study was done in 40 human cadavers
which were well embalmed and allotted for under graduate
teaching in the Institute of Anatomy, Madurai Medical College
Madurai. Since the study was conducted in human cadavers
allotted for undergraduate teaching of first year MBBS students
there was no ethical issues.
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Inclusion criteria: The cadaver which were well embalmed male,
not damaged was selected for the studly.

Exclusion criteria: The cadavers which were female sex, damaged
and not well embalmed and very old cadavers were excluded for
the study.

The human cadavers were numbered serially from 1 to 40. Manual
dissection was done in all 40 cadavers according to Romanes GJ
and Cunningham S, Cunninghan’s manual [9].

Dissection Procedure

The routine dissection of abdomen was done for educational
purposes abdominal cavity was opened by cutting and reflecting the
anterior abdominal wall muscles. Abdominal visceras were mobilised
to expose the origin of important branches of abdominal aorta. The
origin and course of the gonadal arteries were traced. Variations in
number, origin and course of the gonadal arteries were noted.

All the cadavers were donors and both direct and informed consent
were obtained by the institute for their bodies to use for teaching
and research purposes.

STATISTICAL ANALYSIS

Software of MacBook pages was used to gather the data.
Categorical data were presented as number and percentage.

RESULTS

Forty male cadavers which were selected for the study, aged
between 35 to 60 years the following observations were seen. In
35 (87.5%) cases gonadal artery was normal in its origin, number
and course. In the remaining 5 (12.5%) cases different variations
were observed which were stated as below.

Source of Origin
e In 36 out of 40 cadavers the gonadal artery was seen arising
from abdominal aorta.

e In the remaining four cadavers, gonadal artery of renal origin
was present [Table/Fig-1-4]. Among them in two cadavers
double gonadal arteries were seen.

In one cadaver the variant origin of gonadal artery was bilateral-
single on the right-side double on the left-side [Table/Fig-1]. In
this cadaver bilateral accessory renal arteries and bilateral renal

[Table/Fig-1]: Double gonadal arteries on the left side. Left upper gonadal artery arising from the left renal artery and left lower gonadal artery arising from the aorta. right
gonadal artery arising from the upper right renal artery; [Table/Fig-2]: Shows right gonadal artery arising from the right renal artery and left gonadal artery from the aorta;
[Table/Fig-3]: Shows left gonadal artery arising from the left renal artery. (Images from left to right)

URRA: Upper right renal artery; LRRA: Lower right renal artery; RGA: Right gonadal artery; LRA: Left renal artery; LUGA: Left upper gonadal artery; AA: Aorta; LLGA: Left lower gonadal artery; RGA: Right
gonadal artery; RRA: Right renal artery; LGA: Left gonadal artery
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origin of gonadal arteries were seen [Table/Fig-1]. On the left-side
double gonadal arteries were presented as superior testicular artery
originating from the main renal artery and inferior testicular artery
arising from abdominal aorta just below. The accessory renal artery
[Table/Fig-1]. On the right-side single gonadal artery originated from
the upper renal artery.

In three cadavers the variant origin of gonadal artery was unilateral.
In one cadaver single gonadal artery was arising from the right renal
artery [Table/Fig-2]. In another cadaver single gonadal artery was
originated from the upper hilar branch of left renal artery [Table/
Fig-3]. In one cadaver on the right-side, the double gonadal arteries
one as a medial artery and another as a lateral artery originated from
the renal artery [Table/Fig-4]. Gonadal artery arising from coeliac
trunk, superior mesenteric artery or middle suprarenal artery was
not seen. The incidence of gonadal artery arising from renal artery
was thus 10.0%.The incidence of variant origin of gonadal artery
from renal artery was shown in [Table/Fig-5].

Vertebral Level of Origin
In the current study, of 40 male cadavers, the vertebral level of origin
of the artery ranged from the intervertebral disc of first and second
lumbar vertebra to upper 1/3 of the third lumbar vertebra on the
right-side and between upper 1/3* of first lumbar to lower 1/34 of
third vertebra on the left-side.

In 33 out of 40 cadavers both right and left gonadal arteries were
originated at the level of second lumbar vertebra.

* |n two cadavers right gonadal artery was originated at the
level of intervertebral disc of first and second lumbar vertebra
and the level of left gonadal artery was upper 1/3 of first
lumbar vertebra.

e In one cadaver the vertebral level of right gonadal artery was
upper 1/3 of third lumbar vertebra and the level of left gonadal
artery was lower 1/3 of third lumbar vertebra.

e |n four cadavers variant origin of gonadal arteries from renal
arteries had their vertebral level corresponding to level of
renal arteries.

Course of Gonadal Arteries

In this study, out of 40 cases, 39 shows normal course. In all these
39 cases each artery runs obliquely downwards and posterior to
the peritoneum on the psoas major muscle. Descending on the
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[Table/Fig-4]: Double gonadal arteries on the right side. Right medial gonadal
artery and right lateral gonadal artery arising from the right renal artery and left
gonadal artery from the aorta.

RLGA: Right lateral gonadal artery; RMGA: Right medial gonadal artery; RRA: Right renal artery;
LGA: Left gonadal artery

B Normal (aorta): 36 M Variation (renal artery):4

: Incidence of gonadal artery origin from renal artery.
Total cases=40; Variant origin of gonadal artery from renal artery=4 (10%)

posterior abdominal wall, each testicular artery enters the inguinal
canal through the deep inguinal ring. According to left gonadal
artery in one case the left gonadal artery took its origin from the
abdominal aorta distal to the origin of renal artery and then instead
of descending it ascended upwards behind the left renal vein and
then loops at its upper border to run downwards accompanying the
testicular vein [Table/Fig-6]. According to Notkovitch H this type is
called as arched testicular artery of Luschka [6].

DISCUSSION

In the present study, among the 40 male cadavers, the gonadal
artery was originated from the abdominal aorta in 36 cadavers
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[Table/Fig-6]: Shows arching of left gonadal artery over the left renal vein.
LGA: Left gonadal artery; LRV: Left renal vein

(90%), single on each side in 38 cadavers (95%) and normal course
in 39 cadavers (97.5%), whereas in 10% variant origin of gonadal
artery from renal artery were seen. And 5% had double gonadal
arteries, 2.5% showed arched course. The gonadal arteries are
originated from the abdominal aorta at the level of second lumbar
vertebra. Each artery runs obliquely downwards and posterior to
the peritoneum on the psoas major muscle. Descending on the
posterior abdominal wall, each testicular artery enters the inguinal
canal through the deep inguinal ring and accompanies the ductus
deferens to testis [10]. With the advancement of newer surgical
and diagnostic techniques, understanding of variations of gonadal
arteries and their relations to the adjacent structures is essential in
avoiding the complications during surgery.

Aberrant gonadal artery: According to Notkovitch H gonadal
arteries of renal origin were found in 14% of cases taking origin
either from the main renal artery or from its branches or from
an accessory renal artery [6]. Gonadal artery was found to be
arising from renal artery by different authors in percentage range
of 3-16.18% as compared to present study finding of 10%. The
observations of major cadaveric studies on variant origin of gonadal
artery done by various authors [11-16] and the prevalence of the
variations on left and right were tabulated [Table/Fig-7]. Source of
table Wadhwa A and Sandeep S [14]. There was no significant side
differences observed. Cigekcibasi AE et al., found that the gonadal
arteries originating from the renal artery are developed from the
middle group of lateral mesonephric duct [7]. Shoja MM and Shane
R called this variation as aberrant gonadal artery [1]. He revealed
that these arteries tend to originate from kidneys which have an
accessory arterial supply. He also hypothesised that persistence
of aberrant gonadal artery and accessory renal artery are a part
of common embryologic error. Though the development of normal
vasculogenesis is influenced by many factors, the exact cause for
abnormal renal and gonadal arteries is not known. While conducting
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operations near a renal pedicle or in the retroperitoneum [2] the
surgeons should be considered about the aberrant origin and
course of gonadal arteries.

Year of published | No. of | Right | Left Total
Authors article cases % % | percentage
Cauldwell E and
Anson B [11] 2005 232 5.6 4.3 10.0
Pick JW and Anson
BJ [12] 1940 50 10.0 | 6.1 16.1
Anson BJ and Kurth
LE [13] 1955 60 3.0 - 3.0
Notkovich H [6] 1955 100 8.1 6.5 14.6
Wadhwa A and
Sandeep S [14] 2010 60 6.6 3.3 10.0
Gupta Aetal., [15] 2011 60 3.3 3.3 6.6
Mamatha H et al., [16] 2015 40 2.5 10 12.5
Present study 2021 40 7.5 2.5 10.0

[Table/Fig-7]: Prevalence of gonadal artery origin from renal artery [6,11-16].

A gonadal artery originating from an inferior polar renal artery
becomes a major contraindication as it may be injured during
the percutaneous treatment of the syndrome of pelviureteral
junction [17], the aberrant gonadal artery is of major significance
in nephrectomy and renal transplant when aberrant gonadal artery
supply the blood to the gonad, without any additional supply from
the aorta or any other arterial sources. According to double gonadal
arteries majority of case reports were unilateral except by Rusu
MC and Paraskevas GK et al., [4,18]. In the present study, double
gonadal arteries were seen in 2 cases as unilateral only. So, the
preservation and knowledge about the abnormal gonadal arteries
are more important to avoid any damage to the gonads. It becomes
mandatory to undergo detailed Doppler and ultrasound examination
of the renal hilum prior to any surgical intervention [19]. A case of
left malignant renal tumour developed infarction of left testis after
that case underwent transcatheter embolisation of left renal artery
due to the testicular artery and its branches arises from the renal
artery [20].

Arched gonadal artery: When the gonadal arteries originated
from the renal artery nearer to hilum of the kidney, they were
placed lateral to the ureter. In various other sites of origin, they
are located medially near their origin, then course on the anterior
surface of ureter to be on lateral side. In their descending course
the present study agreed with the text book account i.e., right
testicular artery passing anterior to inferior vena cava in all cases.
In 1 case (2.5%) the left testicular artery arose directly from the
aorta and arched over the renal vein giving a type lll pattern. This
type Il variation has previously been reported by Notkovitch H,
Pick JW and Anson BJ, Anson BJ and Kurth LE [6,12,13]. The
arched gonadal arteries arise from the aorta behind or below the
renal vein and course upwards to arch over the renal vein. The
arched gonadal arteries are important of clinical and surgical point
of view [21] as the compression of the renal vein due to looping
of the left testicular artery leads to varicocele of left testis. The
renal vein hypertension also leads to proteinuria and haematuria.
The compression of testicular artery as it passes between two
divisions of renal vein leads to degeneration of testis as described
by Satheesa NB [22].

The branches of the mesonephric arteries that is caudal to the renal
pedicle gives rise to the definitive gonadal arteries as others atrophy.
When the kidneys ascend and the gonads descend, the gonadal
arteries taking embryological origin from the arteries lying cranial to
the renal pedicle will have to undergo an arched course around the
renal vein as the kidneys ascends further higher up as in the present
cadaveric study. The gonadal artery variations are more on the left-side

www.ijars.net . l

as the kidney on the left-side ascends further higher up than the right-
side [23].

Limitation(s)
The limitations of this cadaveric study was that it has not been
proved experimentally about the origins of the gonadal arteries
embryologically.

CONCLUSION(S)
The observations of this study concluded that the gonadal artery
originated from the abdominal aorta in 90% of the cases and the
variant origin of gonadal artery from renal artery was 10%. Variations
were seen both unilateral and bilateral. In 5% double gonadal
arteries were seen. Accessory gonadal arteries took origin from
aorta in 2.5% and from renal artery itself in 2.5%. The presence of
such arterial variations is clinically significant during renal surgeries
like partial or complete nephrectomy and renal transplants. Renal
origin of gonadal artery without accessory from aorta or any other
arteries may lead to necrosis of gonad during such surgeries.
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