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Abstract 

HE KIDNEY is an essential organ in the mammalian body and has become a prominent focus of 

medical research. A thorough understanding of the branching patterns and courses of arterial 

vessels within the kidney is crucial, particularly when performing surgical procedures such as 

nephrectomy, renal transplantation, and renal biopsy. This study was conducted on the kidneys of ten 

adult donkeys. They were ethically anesthetized, euthanized, and embalmed. The extra-renal 

branching pattern was documented through gross examination. Following this, the kidneys of five 

donkeys were resected along with their intact renal arteries and subjected to radiographic analysis to 

illustrate both the excretory renal system and the distribution pattern and course of the arterial vessels 

within the kidneys. In most cases examined, the right and left renal arteries were represented by a 

single, robust stem originating from the lateral aspects of the abdominal aorta, just caudal to the origin 

of the cranial mesenteric artery. Each renal artery is subsequently divided into cranial, caudal, and 

hilar primary branches, subdivided into dorsal and ventral secondary branches. Notably, in one 

exceptional case, the left three primary divisions arose independently from the abdominal aorta. The 

interlobar arteries and their subdivisions from the secondary branches demonstrated nearly typical 

distribution, similar to that found in most other animals. This study underscores the significance of 

understanding the branching patterns and distribution of the renal artery in donkeys, highlighting key 

anatomical features that are crucial for veterinary studies and practices. 

Keywords: Donkey, Renal Arteries, Branching Pattern, Distribution 

Introduction 

The donkey is a crucial domesticated animal, 

particularly in arid and semi-arid regions. Its 

remarkable ability to adapt to harsh climates, which 

often feature limited water supplies and high 

temperatures, makes it an invaluable livestock 

species for transportation, agriculture, and rural 

livelihoods [1].  

        The kidney is an essential organ in the 

mammalian body and a significant focus of medical 

research, and analyzing the blood vessels of kidneys 

in both domestic and wild animals is crucial for 

understanding various aspects of their physiology 

and nutrition [2]. Thorough comprehensions of the 

anatomy of the renal arteries is vital for conducting 

surgical procedures such as renal biopsy [3] and 

nephrectomy [4]. Moreover, variations in the origin 

and distribution patterns of renal arteries are 

important for clinicians undertaking surgeries or 

interventional procedures involving the kidneys [5]. 

These variations have also played a significant role 

in the increasing prevalence of experimental renal 

transplantation, vascular reconstruction for 

congenital and acquired lesions, and the management 

of abdominal aortic aneurysms [6]. 

         Understanding the variations in renal 

vasculature is crucial for the examination and 

treatment of renal trauma, kidney transplantation, 

renal vascular hypertension, and renal artery 

embolization in various mammalian species, given 

the limited literature on renal artery branching in 
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donkeys. So, this study aims to clarify the branching 

patterns and arterial distribution in donkeys. 

Material and Methods 

Animals 

The work was conducted on the kidneys of ten 

apparent healthy adult donkeys,4-5 years’ age, and 

170:200 kg. body weight. The donkeys were sedated 

by intravenous administration of xylazine (0.5 

mg/kg), according to [7], and ethically euthanized by 

properly bled through the common carotid artery 

according to [8, 9]. Five animals were embalmed by 

injection via the common carotid artery with a 

mixture of 15% formalin, 15% glycerin, 5% 

methanol, 10% phenol, and 55% water according to 

[10].  

Techniques 

The extra-renal branching pattern of the renal 

arteries were thoroughly dissected, documented 

through gross examination of the ten cases, and 

photographed. 

        The kidneys of five non-embalmed donkeys 

were resected along with their intact renal arteries 

and subjected to radiographic analysis using 

SIMENS MULTIX at K.V. 70 and M.A./S. 32, after 

injecting with barium sulfate suspension (BaSO4; 

M.W. 233.39; OXFORD LAB FINE CHEM LLP) 

for studying detailed extra, and intra-renal branching 

pattern of the renal arteries. 

Nomenclature was adopted according to the 

Nomina Anatomica Veterinaria (2017), 6th. ed. [11]. 

Results 

In most examined kidneys, both the right and left 

renal arteries (Aa. Renales, dexter et sinister) 

typically originated from a single, pronounced stem 

located on the corresponding lateral aspect of the 

abdominal aorta, just caudal to the origin of the 

cranial mesenteric artery (Figs. 1, 3, 4, and 5). 

Notably, the right renal artery was slightly longer and 

originated more cranially than the left renal artery. In 

a rare case, the left renal artery (A. renalis sinister) 

emerged by three distinct branches on the left side of 

the abdominal aorta (Figs. 2/ 7, 8, and 9). These 

branches included a small caudal branch (Fig. 2/9) 

that entered the renal tissue at the caudal renal pole, a 

medium-sized cranial branch (Fig. 2/7) supplied the 

cranial renal pole, and a large hilar branch (Fig. 2/8) 

extended towards the renal hilus, where it divided 

into dorsal (Fig. 2/8/a) and ventral (Fig. 2/8/b) hilar 

branches. 

In most instances, the right renal artery (A. 

renalis dexter) (Fig. 2/2) detached near the medial 

border of the right kidney, giving rise to a relatively 

small primary cranial branch (Ramus cranialis) (Fig. 

2/3) that extended toward the renal hilus and directly 

entered the cranial pole of the right kidney. The 

continuation of the renal artery further produced one 

or two hilar branches (2/4,5), as well as a primary 

caudal branch (Ramus caudalis) (2/6). The caudal 

branch penetrated the caudal pole of the right kidney, 

while the hilar branches, when two were present, 

were identified as dorsal and ventral hilar branches. 

If only a single branch was present, it would be 

subdivided into dorsal and ventral branches, 

supplying the corresponding regions of the middle 

renal area. 

In certain instances, the right renal artery 

bifurcates at the renal sinus into a prominent cranial 

branch (R. cranialis) (Fig. 1/3) and another 

substantial branch. The cranial branch supplied the 

cranial pole of the kidney through a larger ventral 

subdivision (Fig. 1/3a) and a smaller dorsal 

subdivision (Fig. 1/3b). The dorsal branch continued 

toward the renal sinus, where it further divided into a 

robust dorsal hilar branch (Fig. 1/5) and a common 

trunk that leads to both the ventral hilar and caudal 

renal branches (Figs. 1/6, 1/7). In another case, the 

cranial primary branch (Figs. 3/3, 4/3) splined into 

two nearly equal secondary branches, dorsal and 

ventral. The renal artery continues toward the renal 

sinus, where it divides into a substantial hilar branch 

(Fig. 3/4) and a relatively smaller caudal primary 

branch (Figs. 3/7, 4/6). Both the hilar and caudal 

branches are further subdivided into dorsal and 

ventral secondary divisions (Figs. 3, 4). 

The left renal artery (A. renalis sinister) (Fig. 3/8) 

branched into three primary divisions after 

originating from the abdominal aorta. These included 

a left cranial branch (Ramus cranialis sinister) (Fig. 

3/9) supplying the cranial renal pole, a left caudal 

branch (Ramus caudalis sinister) (Fig. 3/12) that 

supplied the caudal renal pole, and a left hilar branch 

that further divided into dorsal (Fig. 3/11) and ventral 

(Fig. 3/10) branches directed toward the renal sinus, 

supplying the middle renal region (Fig. 3).  

In another description, the left renal artery 

divided into four primary branches before reaching 

the renal sinus. These consisted of a left cranial 

branch (Ramus cranialis sinister) (Fig. 5/2) 
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supplying the cranial renal pole, a left caudal branch 

(Ramus caudalis sinister) (Fig. 5/3) that reached the 

caudal renal pole, and two hilar branches (Figs. 

5/4,5) that extended into the renal hilus and further 

subdivide toward the middle renal region.  

In both the right and left kidneys, each of the 

three primary branches is further bifurcated into 

dorsal and ventral secondary branches. This resulted 

in a total of six secondary branches for each kidney. 

From these secondary branches, interlobar arteries 

arose, extending into the medullary tissue up to the 

medullary-cortical junction, where they curved to 

form arcuate arteries (Arteriae Arcuatea) (Figs. 6/B, 

7/B). Interlobular arteries (Arteriae interlobulares) 

originated from the arcuate arteries, resulting in a 

sequential branching pattern of renal arterial 

distribution. The number of interlobar arteries 

derived from the six secondary divisions in both 

kidneys can vary; however, it typically ranges from 

19 to 22 in each kidney. Some of the interlobular 

arteries pierced the fibrous capsule to supply the 

perirenal fat. 

Grossly, it wasn't easy to recognize anastomoses 

between the adjacent arcuate arteries 

Discussion 

The present study builds upon the foundational 

work of various researchers regarding the origin of 

renal arteries in different species. [12] studied 

donkeys, [13] examined domestic animals, [14] 

focused on bovine calves, [15] investigated van cats, 

[16] researched camels, and [17] explored the hasak 

sheep. All these studies indicate that the renal arteries 

originate from the lateral aspects of the abdominal 

aorta, just caudal to the cranial mesenteric artery. In 

contrast, [18] found that in dogs, the renal arteries 

arise from the ventral surface of the abdominal aorta. 

Additionally, the kidneys of goats receive blood 

supply from the right and left renal arteries, which 

emerge from the ventromedial wall of the abdominal 

aorta, midway between the 3rd and 4th lumbar 

transverse processes) [19]. In their study, [20] 

described the presence of two right renal arteries in 

horses. 

A review of the literature shows that there is 

limited research on the perihilar branching pattern of 

the renal arteries. However, understanding this 

branching pattern is essential, especially with the 

advancements in radiological diagnostic technology 

[21]. In the study under investigation, and in one 

notable case, the left renal artery of a donkey was 

found to originate as three separate branches from 

the abdominal aorta: cranial, caudal, and hilar. 

Additionally, in some instances, the caudal branch of 

the right kidney in donkeys has been observed to 

emerge directly from the aorta [12]. Furthermore, in 

a rare case documented by [22], both the dorsal, and 

ventral divisions of the renal artery were noted to 

originate independently from the aorta in camels.  

Investigating the shape and branching patterns of 

the renal arteries is crucial for minimizing 

complications during kidney transplantation and 

surgical procedures [21]. However, the lack of 

extensive literature addressing the extra renal 

branching patterns of renal arteries poses a challenge 

for the authors, making it difficult to compare the 

variations observed in this study with those found in 

other animal species. 

The present search, revealed that each renal artery 

is subdivided into three primary branches: cranial, 

hilar, and caudal. This finding is consistent with the 

work of [12], who identified three branches in the 

right kidney of donkeys (caudal, dorsal, and ventral), 

and three in the left kidney (cranial, dorsal, and 

ventral). Additionally, [23] noted that in bovines, the 

renal artery divides into cranial, hilar, and caudal 

primary segmental arteries in 11.36% of cases, 

aligning with our findings. In camels, each renal 

artery bifurcates into dorsal and ventral divisions, as 

reported by several studies [24]; [16]; [22]; and [25]. 

Similar patterns have also been observed in buffalo 

[26], sheep [27]; [28], goats [29], and dogs [30]. 

Furthermore, [23] found that in bovines, the renal 

artery divides into cranial and caudal primary 

segmental arteries in 84.1% of cases. In contrast, [31] 

indicated the presence of a third branch originating 

from the renal artery in sheep. [23] also noted that in 

4.54% of bovine cases, four branches may arise from 

the renal artery: two cranial, one hilar, and one 

caudal primary segmental artery. 

The current study found that the number of 

interlobar arteries in each kidney ranged from 19 to 

22. In contrast, [12] observed 14 to 20 interlobar 

arteries in the right kidney and 9 to 10 in the left 

kidney of the same animal. In sheep, [17] recorded 

12 to 14 interlobar arteries in each kidney, while [32] 

reported only 2 to 5 interlobar arteries in the same 

species. [33] noted that each kidney in Capra hircus 

had 4 to 5 interlobar arteries. [25] found that camels 

had 6 to 8 interlobar arteries in the left kidney and 8 

in the right kidney. In dogs, [34] reported 9 to 12 

interlobar arteries in the right kidney and 11 to 15 in 

the left. There are significant ethnic and racial 

differences in the renal artery branches and 

branching patterns [21]. 

Conclusion 

A thorough understanding of the structural 

variations of renal arteries is essential for effectively 

evaluating renal angiograms. These arteries function 

as end arteries, meaning that any obstruction can lead 

to degeneration of the kidney segment they supply. 
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This complexity creates significant challenges during 

kidney transplant procedures, as damage to these 

arteries can result in postoperative hemorrhage. To 

preserve the renal segment during surgery, it is 

critical for urologists to maintain each of the multiple 

renal arteries. Consequently, performing a renal 

angiography prior to surgery is vital. Furthermore, 

surgeons must be cognizant of renal artery variations, 

as an inadvertent rupture during renal surgery can 

lead to severe bleeding or infarction of the renal 

parenchyma. 
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Fig. 1. A photograph of a donkey's kidneys, illustrating the origin and extra renal branching patterns of the renal 

arteries.  

1. Abdominal Aorta (Aorta abdominalis), 2. Right Renal Artery (A. renalis dexter), 3. Right Cranial Branch (Ramus cranialis 

dexter), 4. Right Hilar Branch, a. Dorsal Branch of the Right Hilar Branch (Ramus dorsalis de right hilar branch), b. Ventral 

Branch of the Right Hilar Branch (Ramus ventralis de right hilar branch), 5. Caudal Branch of the Right Renal Artery (Ramus 

caudalis de A. renalis dexter), 6. Left Renal Artery (A. renalis sinister), 7. Left Cranial Branch (Ramus cranialis sinister), 8. 

Left Hilar Branch, 9. Caudal Branch of the Left Renal Artery (Ramus caudalis de A. renalis sinister),  
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Fig. 2. A photograph of a donkey's kidneys, showing the origin and branching pattern of the renal arteries.  

1. Abdominal aorta (Aorta abdominalis), 2. Right renal artery (A. renalis dexter), 3. Right cranial branch (Ramus cranialis 

dexter), 4. Dorsal branch of the right hilar branch (Ramus dorsalis de right hilar branch), 5. Ventral branch of the right hilar 

branch (Ramus ventralis of right hilar branch), 6. Caudal branch of the right renal artery (Ramus caudalis de A. renalis 

dexter), 7. Cranial branch of the left renal artery (Ramus cranialis de A. renalis sinister), dividing into: c. Dorsal branch of 

the cranial branch (Ramus dorsalis de Ramus cranialis), and d. Ventral branch of the cranial branch (Ramus ventralis de 

Ramus cranialis). 

 8. Left hilar branch dividing into: a. Dorsal branch of the left hilar branch (Ramus dorsalis of left hilar branch), and b. 

Ventral branch of the left hilar branch (Ramus ventralis of left hilar branch), 9. Caudal branch of the left renal artery (Ramus 

caudalis de A. renalis sinister) dividing into: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. A photograph of a donkey's left (A) and right (B) kidneys, illustrating the origin and branching patterns of the 

renal arteries, ventral view).  

1. Abdominal aorta (Aorta abdominalis), 2. Left renal artery (A. renalis sinister), 3. Left ventral cranial branch (Ramus 

cranialis vetntralis sinister), 4. Left dorsal cranial branch (Ramus cranialis dorsalis sinister). 5. Left ventral hilar branch, 6. 

Left dorsal hilar branch, 7. Left caudal branch (Ramus caudalis sinister), 8 Right renal artery (A. renalis dexter), 9. Right 

cranial branch (R. cranialis dexter) dividing into a. R. dorsalis, and b. R. vetntralis), 10. Right hilar branch, derives, c.  

Ramus vetntralis, and d. R. dorsalis, 11. Right caudal branch (R. caudalis dexter), derives, e. ventral branch, and f. dorsal 

branch 
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Fig. 4. A photograph of a donkey's kidneys, showing the origin and branching pattern of the renal arteries.  

1. Abdominal aorta (Aorta abdominalis), 2. Right renal artery (A. renalis dexter), 3. Right cranial branch (Ramus cranialis 

dexter), 4. Right ventral hilar branch (Ramus ventralis of right hilar branch), 5. Right dorsal hilar branch (Ramus dorsalis of 

right hilar branch), 6. Right caudal branch (Ramus caudalis dexter), 7. Left renal artery (A. renalis sinister), 8. Left cranial 

branch (Ramus cranialis sinister), 9. Left ventral hilar branch (Ramus ventralis of left hilar branch), 10. Left dorsal hilar 

branch (Ramus dorsalis of left hilar branch), 11. Left caudal branch (Ramus caudalis sinister), 12. Stump of the cranial 

mesenteric artery 

 

 
 

Fig. 5. A photograph of a left donkey's kidney, illustrating the origin and branching pattern of the renal arteries.  

1. Left renal artery (Arteria renalis sinistra), 2. Cranial branch (Ramus cranialis) that dividing into: a. dorsal branch (R. 

dorsalis), and b. ventral branch (R. Ventralis), 3. Caudal branch (Ramus caudalis), 4. Ventral hilar branch, 5. Dorsal hilar 

branch, 6. Ureter  
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Fig. 6. This radiograph illustrates the left kidney of a donkey in a dorsoventral view, highlighting the branching 

pattern and distribution of the left renal artery.  

1.  Left renal artery (A. renalis sinister), 2. Left cranial branch (Ramus cranialis sinister), 3. Left hilar branch, 4. Left caudal 

branch (Ramus caudalis sinister), 5. Left cranial ventral branch (Ramus ventralis cranialis sinister), 6. Left cranial dorsal 

branch (Ramus dorsalis cranialis sinister), 7. Ramus ventralis of the left hilar branch, 8. Ramus dorsalis of the left hilar 

branch, 9. Left caudal ventral branch (Ramus ventralis caudalis sinister), 10. Left caudal dorsal branch (Ramus dorsalis 

caudalis sinister), A.  Interlobar arteries (Arteriae interlobares), B. Arcuate arteries (Arteriae arcuatea), C. Interlobular 

arteries (Arteriae interlobulares). 

 
 

Fig. 7. A radiograph of a donkey's kidneys, viewed from a dorsoventral perspective, illustrates the branching pattern 

and distribution of the left renal artery.  

The components are labeled as follows: 1. Left renal artery (A. renalis sinister), 2. Cranial primary branch of the left renal 

artery (Ramus cranialis sinister), 3. Dorsal branch of the left hilar branch (Ramus dorsalis of the left hilar branch), 4. Ventral 

branch of the left hilar branch (Ramus ventralis of the left hilar branch) 5. Caudal primary branch of the left renal artery 

(Ramus caudalis sinister). 



ABDELRAHMAN G. ABDELGAWAD et al. 

Egypt. J. Vet. Sci.  

8 

 
 

Fig. 8. This radiograph depicts the right kidney of a donkey in a dorsoventral view, highlighting the branching 

pattern and distribution of the right renal artery.  

1. Right renal artery (A. renalis dextra), 2. Cranial primary branch (Ramus cranialis dexter), 3. Hilar branch 4. Caudal 

primary branch (Ramus caudalis dexter), 5. Dorsal secondary branch of the cranial primary branch (Ramus dorsalis), 6. 

Ventral secondary branch of the cranial primary branch (Ramus ventralis), 7. Dorsal hilar branch (Ramus dorsalis of the right 

hilar branch), 8. Ventral hilar branch (Ramus ventralis of the right hilar branch), 9. Dorsal secondary branch of the caudal 

primary branch (Ramus dorsalis caudalis dexter), 10. Ventral secondary branch of the caudal primary branch (Ramus 

ventralis caudalis dexter), A. Interlobar arteries (Arteriae interlobares), B. Arcuate arteries (Arteriae arcuatea), C. Interlobular 

arteries (Arteriae interlobulares). 
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1

 ، يظش.قسى انخششٚخ ٔالأجُت، كهٛت انطب انبٛطش٘، جبيؼت انؼشٚش 
  ، يظش.قسى انخششٚخ ٔالأجُت، كهٛت انطب انبٛطش٘، جبيؼت قُبة انسٕٚس 2

  

 الملخص

نهبذٕد انطبٛت.  ٚؼذ انفٓى انشبيم لأًَبط نكهٗ ْٙ ػضٕ أسبسٙ فٙ جسى انزذٚٛبث ٔأطبذج يذٕسا ببسصا حؼخبش ا 

ٔدٔساث الأٔػٛت انششٚبَٛت انًخفشػت داخم انكهٗ أيشا ببنغ الأًْٛت ، خبطت ػُذ إجشاء انؼًهٛبث انجشادٛت يزم خضػت 

، كجى 211: 171سُٕاث ٔحضٌ يٍ  5:  4 ٚخشأح ػًشْب يٍأجشٚج ْزِ انذساست ػهٗ كهٗ ػششة دًٛش ببنغت   .انكهٗ

خخذٚش ٔانقخم انًُظًت لأخلاقٛبث إسخخذاو انذٕٛاٌ فٙ انبذٕد انؼهًٛت يٍ دٛذ ان نهًؼبٚٛشانخؼبيم يٓب طبقب ٔانخٙ حى 

 انشدٛى ٔانخذُٛظ.

حى حٕرٛق ًَظ انخفشع خبسس انكهٗ يٍ خلال انفذض انؼٛبَٙ. بؼذ رنك ، حى اسخئظبل كهٛخٙ خًست دًٛش يغ ششاُٚٛٓب  

نخذهٛم الإشؼبػٙ نخٕضٛخ كم يٍ انجٓبص انكهٕ٘ الإخشاجٙ ًَٔظ حٕصٚغ ٔيسبس انكهٕٚت انسهًٛت ٔإخضبػٓب نهخظٕٚش ٔا

 الأٔػٛت انششٚبَٛت داخم انكهٗ.

فٙ يؼظى انذبلاث انخٙ حى فذظٓب ، حى حًزٛم كم يٍ انششاٍٚٛ انكهٕٚت انًُٛٗ ٔانٛسشٖ بجزع ٔادذ قٕ٘ ُٚشأ يٍ 

ًسبسٚقٙ الأيبيٙ. ُٚقسى كم ششٚبٌ كهٕ٘ بؼذ رنك إنٗ انجٕاَب انجبَبٛت نهششٚبٌ الأٔسطٙ انبطُٙ ، خهف انششٚبٌ ان

فشٔع أٔنٛت أيبيٛت ٔخهفٛت ٔانُقٛشٚت ، ٔانخٙ حُقسى بذٔسْب إنٗ فشٔع ربَٕٚت ظٓشٚت ٔبطُٛت. ٔانجذٚش ببنزكش أَّ فٙ دبنت 

 ٙ يببششة. اسخزُبئٛت ٔادذة ، َشأث الأفشع الأٔنٛت انزلارت نهكهٗ انٛسشٖ بشكم يسخقم يٍ انششٚبٌ الأٔسطٙ انبطُ

ْزا ٔقذ أظٓشث انششاٍٚٛ بٍٛ انفظٕص ٔحقسًٛبحٓب انفشػٛت يٍ انفشٔع انزبَٕٚت حٕصٚؼب ًَٕرجٛب يشببٓب نخهك انًٕجٕدة 

 .فٙ يؼظى انذٕٛاَبث الأخشٖ

حؤكذ ْزِ انذساست ػهٗ أًْٛت فٓى أًَبط حفشػبث ٔحٕصٚغ انششاٍٚٛ انكهٕٚت فٙ انذًٛش ، يغ حسهٛظ انضٕء ػهٗ انسًبث 

 .ٚذٛت انشئٛسٛت انخٙ حؼخبش دبسًت نهذساسبث ٔانًًبسسبث انبٛطشٚتانخشش

 .انذًبس ، انششاٍٚٛ انكهٕٚت ، ًَظ انخفشع ، انخٕصٚغ الكلمات الذالة:


