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The structure of kidney in general and its vascular pattern in 
particular have always been the subject of investigation. Considerable 
amount of work on renal vascular pattern has been done by different 
workers time to time specially in human beings. This investigation was 
made in the light of conservative renal surgery and to observe various 
normal and abnormal branching pattern of renal artery. The segmental 
pattern of distribution of renal artery with in the kidney was first methodically 
reported by Graves in 1954, in human kidney. Subsequently most of the 
later investigators agreed with the pattern of Graves except for somo 
minor variations. In domestic animals, the study on renal vascular 
pattern appears to be very lass. However, some work on this aspect of 
dog and some laboratory animals has been reported from time to time. The 
attention on health care of domestic animals is increasing day by day and 
localised renal affection in these animals are not rare. It appears from the 
literature that partial nephrectomy in these large domestic animals could 
not be done possibly due to lack of knowledge of segmental disposition 
of renal vessels and the technique of the said operation. 

The present study was undertaken to facilitate the surgeons for 
performing conservative renal surgery and to record the pattern of 
distribution of the vessels inside the kidneys in Indian buffalo. 

Materials and Methods 

Twelve adult buffaloes were utilised for this purpose. The breed 
and the weight of the animals were not considered. The animals were 
sacrificed and the kidneys (left and right) were collected along with 
their renal vessels. 

Cellulose acetate moulding granules (CAMG) *, a plastic alloy 
was utilised for the preparation of casts of the blood vessels. A 15 gm% 
CAMG solution was prepared by mixing 15 g CAMG with 100 ml 
acetone and adding 100 mg plastic colour (T. Red) *" to it. 
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The kidneys were cleared properly and placed in luk©warm water 
fir 15 to 20 minutes. The organs were flushed out with normal saline 
solutions to clear out the debries and clots from tl~e vossels. The CAMG 
solution was injected into the renal artery with the help of the plastic 
syringe with gentle constant manual pressure till tha organ became 
sufficiently tense. After the injection, the vessel was tied and the speci-
mens were kept in refrigerator for three to four hours for setting the 
injected mass. The maceration was done by allowing the renal tissue 
for natural decay. This was preferred in this study over other procedures 
adopted by different workers by treating the specimens with weak acid or 
alkali, because the casts prepared 6y corrosive agents made the specimens 
more brittle, wi~ich was not desired for further study. For natural decay, 
the kidneys were kept in a trey of water at room temperature. The trays 
were labelled properly to recognise different parts of the casts when tha 
soft tissue was destroyed. After 20 to 25 days the macerated tissue was 
washed out by slow running tap water and the coloured cellulose acetate 
cast was left with some fat at the hilar region. 

Tho fat was removed by placing the cast in a container of hot water 
(70 to 80"C} for 10 minutes and washed in tap water. The procedure 
was repeated several times until the whole of the fat was dissolved. The 
main branches were labelled properly and preserved in a jar for further 
observation. 

Results and Discussion 

Both the kidneys of buffalo are lobulated and are of unequal shape 
and size. The renal arteries (right and left) originated from the ventral 
aspect of the aorta. Right renal artery passed laterally and caudally, 
crossed the dorsal surface of the caudal venacava and entered the hilus 
of the right kidney at its ventral surface. The left renal artery originated 
in the same level or a little caudally, passed obliquely downward, back-
ward and entered the hilus of the left kidney at its dorsal surface 
(fig-1). 

Right renal artery—It was observed that after entry this artery gave off 
three segmental (first order) branches in a radiating manner (fig. 2-3 and 
table—I). These were a) Cranial branch, b) Middle branch, and 
c) Caudal branch. 

Cranial branch—This was the smallost of the three branches, originated 
from the crania! aspect of the renal artery and proceeded straight towards 
the cranial end of the kidney. It gave off 5.0+_ 0.82 interlobar (second 
order) branches at its termination to supply the cranial pole of the kidney. 
Middle branch—This artery originated as a lateral extension of the parent 
stem and was placed at the middle of the three branches. (t extended 
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towards the lateral aspect of the kidney and gave rise to 4.5+_0.58 second 
order of branches from its outer border to supply the cranio-lateral and a 
portion of the mid-lateral part of the kidney. 

Cauda/branch —It was the largest of the first order branches. It passed 
caudally in a more or less straight manner and supplied the caudo-medial, 
caudal and caudo-lateral aspe:,t of the kidney. Along its course it gave off 
a number (7.5+_ 1.2.9) of second order branches at intervals, which were 
oriented in different directions. Most of these second order branches 
were found to arise from the main trunk either at right angles at intervals 
or in a diverging manner from the terminal part of the first order branches. 
These vessels represented interlobar arteries. 

Left renal artery—Just after entry the left renal artery divided into four 
segmental branches (fig. 2 & 4, table —I). These were a) Cranio-
medial branch, b) Cranio-lateral branch, c) Caudo-(atero-ventral branch 
and d) Caudo-medio-dorsal branch. 

Cranio-media/ branch—This was fairly a large branch, originated from 
the media{ border of the renal artery. It was distributed to the cranial 

Fig. 1. 
Schematic diagram of the kidneys of buffalo along with vessels (dorsal 

view). 1. Left kidney; 2. Right kidney; 3. Posterior aorta 
4. Posterior venacava; 5. Left renal artery; 6. Right renal artery; 

7. Left ureter; 8. Right ureter. 
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Fig. 2. 
Schematic diagram of the cast of the left and right rend arteries along 
with the posterior aorta of Buffalo (dorsal view). 1. left renal artery; . 

A. Craniomedial branch; B. Cranio-lateral branch; C. Caudo-
latero-ventral branch; D. Caudo-msdio-dorsal branch; 

2. Right renal artery; A. Cranial branch; B. Middle branch; 
C. Caudal branch. 

end and to a large area of the lateral aspect of the kidney. Further caudal 
extension of this cranio-medial branch was detected in a few casts in this 
investigation. Along the course this vessel gave off 6.50+0.57 second 
order branches from its outer border at intervals. 

Cranio-/atera/ branch- This small vessel arose from the lateral border of 
the left renal artery and was directed ventrally and laterally. In 40% 
specimens under this investigation it was observed that this artery 
originated in common with the cranio-medial branch from the left renal 
artery. It was found to subdivide into 3.75±0.50 second order branches 
in a diverging manner, which were distributed to a small area of the 
cranio-lateral aspect of the kidney. 

Caudo-/atero-ventral branch --This vessel originated from the caudal 
continuation of the renal artery. It was directed caudally, laterally and 
ventrally, gave rise to 5.00±0.82 second order of branches along its 
course to supply the corresponding Caudo-lateral part of the kidney. 
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Caudomedio-dorsa/ branch— It was a large branch directed caudally, 
dorsally, medially and fiound to be main continuation of the left renal 
artery. Along its course, this vessel provided 8.0+0.82 second order 
branches at different levels which were oriented in different directions 
to supply the caudo-medial aspect of the kidney. 

The pattern of branching of the renal arteries was found to be 
specific and definite in each of the kidneys in this species of animal. 

Fig. 3. 

Cast of right renal artery of buffalo (dorsal view). 
A. Cranial branch; B. Middl3 branch; C. Caudal branch; 

1. First order (segmental) branch; 2. Second order (interlobar) branch; 
3. Third order (arcuate) branch; 4. Fourth order (interlobular) branch. 
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Fig. 4. 
Cast of left renal artery of Buffalo (dorsal view) 

A. Cranio-medial branch; B. Cranio-lateral branch; 
C. Caudo-latero-ventral branch; D. Caudo-medio-dorsal branch. 

This finding is in agreement with Bordel (1901) and Graves (1954), who 
reported that at the hilus the renal artery divided as a rule into four to 
five branches in man. Chatgerjee and Datta (1963), Poddar (1964), 
David (1964), and Datta (1966) also made similar observation. They 
reported that in human kidney the renal artery divided typical (y into five 
segmental branches. The left renal artery divided into four and the 
right renal artery into three first order branches. These vessels corres-
ponded to segmental arteries. Due to gross morphological differences 
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between tha left and right kidneys, probabl,~ the branching pattern 
betweon the left and right renal arteries also differed. This observation 
is not in accordance with the findings of Motwani and Harneja (1932), 
who reported that human and buffalo kidneys were analogus in respect 
to the number of segments which were five in each. It seems likely 
thct the aforesaid workers studied the tonal vasculature of one side with 
the assumption that kidneys of both sides were similar in vascular disposi-
tion. However, Ghosal (1975) reported that in the coin, both tha left and 
right renal arteries divided into several branches within the hilus. 

The number of second order branches in the Left renal artery ranged 
from 3-9 and in th© right renal artery from 4--9 (table-I). No data about 
second order branches in buffalo could be available in the Qxisting 
literature. The number of arcuate {third order) branches originated from 
each second order at t`13 base of tha renal pyramd ranged from 2-5 
(table-II). This is in virtual agreement with the works of Nlorison {1926), 

Table I 

Number of second order (interlobar) branchas originated from the first 
~' order (segmental branches) of renal arteries in buffalo 

LEFT RENAL ARTERY 

Segmental branches Second order branches 
range mean SD 

A. Cranio-medial 6 —7 6.50 + U.57 

B. Cranio-lateral 3 --4 3.75 + 0.50 

C. Caudo-latero-ventral 4-6 5.00 + 0.82 

D. Caudo-medio-dorsal 7-9 8.00 -+• 0.82 

R1GHT RENAL ARTERY 

A. Cranial 4-6 5.00 + 0.82 

B. Middle 4-5 4.50 + 0.58 

C. Caudal 6-9 7.50 + 1.29 

Table II 

Number of third order (arcuate) branchas arose from each second order 
branch of the renal arteries in buffalo 

Vessel 

Left renal artery 

Right renal artery 

~'ol. 20, f~a. 1, ,tune 1Q80 

range mean SD 

3-5 4.00 •+- 0.93 

2-5 3.62 + 0.92 
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Bosa (1955) and reports of Ham (1979), Wardn~r (1975) rind Brown 
(1981) . Since the kidneys are multilobulated, and the lobes are of various 
sizes, the interlobar arteries of the second order presented a great variation 
in their number (3-9) and their sizes. 

Thy third order branches were curved with the convexity directed 
towards the periphery of the organ. These branches corresponded to the 
arcuate arteries. A number of finor blood vessels originated from the 
convexity of the lattor branches and entered the cortical portion of the 
kidney In a bushy manner (fig. 3.4). These smaller vessels were the 
interlobular arteries. This observation was supported by Morrison (1926) 
Bose (195 }, Arnautovic (1959), Ham (1971 }, Brown (1981) and Jain 
et a/. (1985), who reported that in marr, dog and in common laboratory 
animals, bunches of small interlobular arteries arose from the convexity 
of the arcuate arteries at frequent intervals and passed vertically up through 
the cortex of tho kidney. 

Communications between the branches of any order of the renal 
arteries were not detected in this investigation. 

No arterial avascular zone along the lateral border of the kidneys 
(the so called Brodel's line) was found. This may be due to the fact 
that in multilobar kidneys, the numerous lobes are disposed in irregular 
manner and thereby maintenance of a regular and linear arterial avascular 
zone is not possible, despite of the fact that the branches of the renal 
arteries do not anastomose with one another. 

In the entire observation it is amply clear that partial nephrectomy 
in this species of animals might be a laborious procedure but never-the-
fess, the infra-hilar branches of the renal artery if properly visualised by 
removing the fat in the renal pelvis, can be clampad selectively for the 
aforesaid purpose. 

Summary 

The intrarenal arterial pattern was studied in the buffalo kidneys 
by cellulose acetate cysts prepared after natural decay. The left renal 
artery provided four and the right renal artery three first order branches. 
The disposition of these first order branches were found almost similar in 
the kidneys of same side but considerable differences were observed 
between the disposition of left and right renal arteries. This might be due 
to the difference in gross morphology between the right and left kidneys 
in this species of animals. These vessels were of unequal sizes and were 
distributed to the corresponding aspect of the kidney after giving rise to 
variable number of second order branches along their courses which 
corresponded to the interlobar arteries. Each of these second order
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branches after a straight course divided into 3 to 4 third order branches at 
the cortico-medullary junction in a curvad manner, the latter represented 
the arcuate arteries. From the convexity of these third order branches, a 
number of smaller branches originated and distributed in the cortex in a 
straight and radiating manner. These vessels were interlobular arteries. 
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