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ABSTRACT

Introduction: Classically each kidney is supplied by a single
renal artery. In its course renal artery divides into anterior and
posterior division, both of these division further divide into
segmental arteries that are apical, upper, middle, lower and
posterior. Segmental arteries are representing an end artery and
they form independent renal segments. In their course they are
closely related with collecting system. So, a thorough in depth
knowledge of the variations in segmental arteries is a basic
requirement for surgeons.

Aim: To observe and investigate the anatomical variations in
arterial pattern of upper segmental renal artery and its relations
with collecting system of ducts in human kidneys.

Materials and Methods: Fifty human kidneys of both sexes
were observed and studied by corrosion cast method. Different
colour coded cast material (butyl butyrate) like red for artery
and black for collecting ducts were used. 20% solution of butyl
butyrate in acetone was injected into renal artery and ureter of
the kidneys. After polymerization (24 hours) these kidneys were
kept immersed in a bath of concentrated KOH solution at 50°C
for 24-48 hours for corrosion to obtain the endocasts. These
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endocasts were cleaned and washed under running tap water
and photographed.

Results: In present study upper segmental artery was found in
49 (98%) kidneys. It was absent in 1 (2%) kidney. We observed
four types of variations in arterial pattern of upper segmental
artery namely Upper Segmental Artery Type-1 (USAT1), Upper
Segmental Artery Type-2 (USAT2), Upper Segmental Artery
Type-3 (USAT3), Upper Segmental Artery Type-4 (USAT4) and
they were found in 20 (40%), 14 (28%), 10 (20%), 5 (10%)
kidneys respectively. We also observed two different variations
in the anatomical relations between upper segmental artery
and collecting system namely Upper Segmental Artery Group
-1 (USAG1) and Upper Segmental Artery Group-2 (USAG2).
USAG1 was found in 40 (80%) kidneys and USAG2 in 9 (18%)
kidneys respectively.

Conclusion: Anatomical knowledge of these variations is very
important and useful for the uro-surgeons for best outcome and
minimal complications in and during nephrectomies, removal
of calculi, surgery of renal tumors or other various intrarenal
surgeries.
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INTRODUCTION

Kidney is one of the very vital viscera in human body which is involved
in excreting the nitrogenous wastes from the body through urine
and so is essential for life. Classically each kidney is supplied by a
single renal artery. In its course renal artery divides into anterior and
posterior division, both of these division further divide into segmental
arteries that are apical, upper, middle, lower and posterior. Renal
vascular segmentation was originally recognized by John Hunter [1]
and Brodel M [2]. Graves laid the foundation of segmental pattern of
intrarenal arterial distribution and its variation [3]. He divided the renal
parenchyma into five segments. Kher observed that anterior division
gives origin to apical segmental artery first and then to upper, middle
and lower segmental arteries [4]. Verma [5] studied the intrarenal
branching pattern of renal artery and observed more variations than
Graves [3]. Sykes described the relation between the tubules and
arterial segments [6]. Saxena has done the radiographic study and
described four to five arterial segments according to variations in
branching pattern of renal artery [7]. Longia and Ajmani studied
the intrarenal arterial pattern of Kidney by corrosion cast method
and found variations in arterial pattern of segmental arteries [8,9].
Sampaio studied the anatomical relationship between the upper
segmental artery and collecting system [10]. Anatomical knowledge
about the upper segmental artery of human kidney is important
for performing intrarenal operations, to avoid postoperative
complications and injury to the adjacent parenchyma. A serious
and troublesome complication of endoscopic intrarenal operation
is bleeding from an injured vessel. To diminish the risk of such
injury, the surgeon must know and recall the spatial position of the
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intrarenal vascular structures and their anatomical relations with the
collecting system of the kidneys [11]. Objective of our study was to
observe variations in the arterial pattern of upper segmental renal
artery and its anatomical relations with collecting system in human
kidneys.

MATERIALS AND METHODS

Anatomical variations of upper segmental artery of kidney were
observed by corrosion cast method in 50 human Kidneys of both
sexes (30 male and 20 female) aged between 18 to 60 years. This
study was done in Sarojini Naidu Medical College, Agra during 2009
to 2010. Kidneys were obtained from postmortem bodies within 24
hours after death. Cases with renal trauma, gross renal pathology
and signs of decomposition were excluded. We dissected out renal
artery, from renal pelvis and ureter at the hilum of the Kidneys.
Washed the renal vessel with 0.9% saline solution till the renal vein
showed the clear fluid coming out of it. 20% solution of butyl butyrate
in acetone was injected into renal artery and ureter. The solution was
injected till the increase in resistance was observed. After injection
renal artery and ureter were tied by thread and kept in 10% formal
saline for polymerization for 24 hour. After polymerization injected
kidneys were kept in a bath of concentrated KOH at 50°C for 24-
48 hours for corrosion to obtain endocasts. These endocasts were
cleaned and washed in running tap water, and photographed.

RESULTS

Fifty fresh human kidneys were studied by corrosion cast method
and upper segmental artery was seen in 49 (98%) kidneys. It was



Gyan Prakash Mishra et al., Anatomical Variations of Upper Segmental Renal Artery and Clinical Significance

absent in 1 (2%) kidney. We observed four types of variations in
arterial pattern of upper segmental artery namely Upper Segmental
Artery Type-1 (USAT1), Upper Segmental Artery Type-2 (USAT2),
Upper Segmental Artery Type-3 (USAT3), Upper Segmental Artery
Type-4 (USAT4) and they were found in 20 (40%), 14 (28%), 10
(20%), 5 (10%) kidneys respectively, shown in [Table/Fig-1]. USAT1
arose from anterior division of renal artery and found in 20 (40%)
kidneys [Table/Fig-2]. Out of these in 4 (8%) kidneys the origin was
extra renal, in 15 (30%) kidneys intrarenal and 1 (2%) kidney at the
hilum. USAT2 arose with middle segmental artery and found in 14
(28%) kidneys [Table/Fig-3]. Out of these in 10 (20%) Kidneys the
origin was intrarenal and in 4 (8%) kidneys at hilum. USAT3 arose
with apical segmental artery and found in 10 (20%) kidneys [Table/
Fig-4]. Out of these in 1(2%) kidney the origin was extra renal, in
7 (14%) kidneys intrarenal and in 2 (4%) at hilum. USAT4 arose
from posterior division of renal artery and found in 5 (10%) kidneys
[Table/Fig-5]. Out of these in 1 (2%) kidney the origin was extra
renal, in 4 (8%) kidneys intrarenal. We also observed variations in
relation between collecting system and upper segmental artery.
These variations have been divided into two groups namely Upper

Sex Kidneys USAT1 arose | USAT2 arose | USAT3 arose
. . . . . USAT4 arose from
from anterior | with middle with apical . -
L posterior division
division of segmental segmental £ renal arte
renal artery artery artery ° Y
Male 30(60%) 12(24%) 7(14%) 6(12%) 4(8%)
Female | 20(40%) 8(16%) 7(14%) 4(8%) 1(2%)
Total 50(100%) 20(40%) 14(28%) 10(20%) 5(10%)

[Table/Fig-1]: Showing variations in branching pattern of upper segmental artery. In
1 case upper segmental artery was absent

[Table/Fig-2]: Anterior view showing USAT1 and USAG1. A-Renal Artery, B-Anterior
Division, D-Upper Segmental Artery (USAT1 and USAG1), E-Middle Segmental Artery,
F-Apical Segmental Artery, G-Ureter, J-Lower Segmental Artery

[Table/Fig-3]: Anterior view showing USAT2 and USAG1. A-Renal Artery, D-Upper
Segmental Artery (USAT2 and USAG1), E-Middle Segmental Artery, F-Apical
Segmental Artery, H- Pelvis, J-Lower Segmental Artery

[Table/Fig-4]: Anterior view showing USAT3 and USAG1. A-Renal Artery, D-Upper
Segmental Artery (USAT3 and USAG1), E-Middle Segmental Artery, F-Apical
Segmental Artery, H- Pelvis, |- Upper Major Calyx.

[Table/Fig-5]: Anterior view showing USAT4 and USAG2. A-Renal Artery, B-Anterior
Division, C-Posterior Division, D-Upper Segmental Artery (USAT4 and USAG2),

E-Middle Segmental Artery, G-Ureter, H-Pelvis, |-Upper Major Calyx, J-Lower

Segmental Artery
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Segmental Artery Group-1 (USAG1) and Upper Segmental Artery
Group-2 (USAG2). USAG1 ran in front of upper major calyx and
seen in 40 (80%) kidneys [Table/Fig-2,3]. USAG2 ran upward medial
to the pelvis and upper major calyx and found in 9 (18%) kidneys
[Table/Fig-5].

DISCUSSION

In present study we found four types of variations in arterial pattern
of upper segmental artery namely USAT1, USAT2, USAT3, USAT4
and these variations are seen in 40%, 28%, 20%, 10% kidneys
respectively. Variations in arterial pattern of upper segmental artery
have been noticed by other authors too, shown in [Table/Fig-6]. H
Fine studied 107 Kidneys by corrosion cast method and reported
USAT1, USAT2 and USAT3in 46.72%, 19.62% and 31.77 % kidneys
respectively [12]. They were not found USAT4 in their study. A study
conducted by Ecaterina Daescu on 60 Kidneys by dissection method
and observed variations in artery of superior (apical), anterior superior
(upper), and anterior inferior (middle) segment [13]. They were seen
USAT1 in 40% cases. This was similar to that observed by us. They
were also found USAT3 and USAT4 in 51.67% and 1.67% cases
respectively. In their study USAT2 was not reported but in one case
they were found a different branching pattern as upper segmental
artery arose with apical and middle segmental arteries at one point.
In our study we found percentage of USAT3 was lesser and USAT4
was greater than that reported by them [13]. A study of 40 Kidneys
by angiography and corrosion cast methods and reported USAT3 in
60% cases [14]. This percentage was greater than that observed by
us. In our study we found USAT3 only in 20% cases. In their study
they were not reported USAT1, USAT2 and USAT3. Chandragirish
S studied 100 Kidneys by corrosion cast technique and found
variations in anterior division of renal artery, superior (apical), anterior
superior (upper) and anterior inferior (middle) segmental arteries [15-
17]. They reported USAT1, USAT2 and USAT3 in 19%, 16% and
12% kidneys respectively. In their study USAT1 was reported only
in 19% cases while in our study we found it in 40% cases. On the
basis of discussion with study of other authors it was observed,
USAT3 was most common variation of upper segmental artery which
arose with apical segmental artery. Prior apical segmental resection
surgeon should exclude the presence of USATS to avoid injury of it,
because this end artery can lead ischemia in upper renal segment
of human kidney. We also observed the two different variations in
relation between upper segmental artery and collecting system
namely USAG1 and USAG2. USAG1 found in 80% kidneys and
USAG2 in 18% kidneys. One corrosion cast study of 107 Kidneys
observed USAG1 and USAG2 in 16% and 73% kidneys respectively
[12]. Another corrosion cast study of 82 kidneys observed USAG2
in 86.6% kidneys [10]. These variations are of utmost importance
during puncture in endourological procedures and intrarenal
operations to avoid risk of bleeding. Knowledge of the variations of
renal vascular anatomy has importance in exploration and treatment

Types H Fine et | Ecaterina Chandragirish | Rani Neerja Present
al., [12] Daescu et etal., [15-17] etal., [14] -

al., [13] v

USAT1, arose 46.72% 40% 19% | - 40%

from anterior

division of renal

artery

USAT2, arose with | 19.62% |  ------ 16% | - 28%

middle segmental

artery

USATS, arose with | 31.77% | 51.67% 12% 60% 20%

apical segmental

artery

USAT4, arose from | ------ 1.67% | - | 10%

posterior division

of renal artery

[Table/Fig-6]: Comparative study on arterial pattern of upper segmental artery
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of renal trauma, renal transplantation, renal artery embolization,
surgery for abdominal aortic aneurysm and conservative or radical
renal surgery [18]. Anatomical knowledge of these variations is
helpful for uro surgeon in preoperative planning and prevents injury
of arteries and collecting system during intrarenal operations.

CONCLUSION AND CLINICAL
SIGNIFICANCE

In present study, we found variations in branching pattern of upper
segmental artery. It arose with or from apical, middle and posterior
segmental artery in 20%, 28% and 10% cases. Prior upper
segmental resection surgeon should exclude the origin of apical or
middle or posterior segmental artery with or from upper segmental
artery to prevent the injury of that, during ligation of upper segmental
artery or other surgical procedures. In our study, we also found
variations in relation between upper segmental artery and collecting
system. These variations are of utmost importance during puncture
in endourological procedures and intrarenal operations to avoid risk
of bleeding.

The precise knowledge of renal vasculature is of valuable contribution
for surgeons in performing more and more conservative renal
surgeries like partial and segmental resection of renal tissue instead
of going for radical nephrectomy which cause extensive damage
and can also lead to intraoperative and postoperative complications.
These conservative methods can thus lead to preservation of healthy
and functional renal parenchyma which is the main aim of modern
surgical procedures and this aim can be achieved only after knowing
precisely about the arterial pattern of upper segmental artery and its
relation with collecting system. Moreover, it is of valuable contribution
of development of new and different techniques for removal of renal
calculi like percutaneous nephrolithotomy, further open surgical
nephrectomy can be replaced by laproscopic nephrectomy and
easy removal of renal tumours.
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