
Borthakur et al. J Vasc Bras. 2024;23:e20230120. https://doi.org/10.1590/1677-5449.202301202

C A SE  R EP O RTS ISSN 1677-7301 (Online)

1/5

Copyright© 2024 The authors. This is an Open Access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

A rare case of multiple visceral vascular variations around the kidneys: 
morphological and clinical aspects
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Abstract
Knowledge of the anatomical variations of the visceral branches of the abdominal aorta is important information for 
planning any surgeries in the region. We present here a rare constellation of variations of visceral vessels around the 
kidneys with a brief review of the recent literature. On the right side, an accessory renal artery was observed originating 
just distal to the main renal artery. The middle suprarenal artery was absent on the right side and there were two inferior 
suprarenal arteries originating from a branch of the main right renal artery. On the left side, the testicular artery had 
an arched course anterior to the left renal vein mimicking an unusual variety of nutcracker phenomenon. The right 
kidney was drained by two renal veins into the inferior vena cava. Knowledge of the coexistence of such complex 
anatomical variations might be helpful for clinicians during diagnostic and therapeutic procedures. 
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Resumo
O conhecimento das variações anatômicas dos ramos viscerais da aorta abdominal é uma informação importante 
para o planejamento de qualquer cirurgia nessa região. Neste relato, apresentamos um raro conjunto de variações de 
vasos viscerais ao redor dos rins, bem como uma breve revisão da literatura recente. No lado direito, foi observada 
uma artéria renal acessória originando-se distal à artéria renal principal. Não havia artéria suprarrenal média no 
lado direito, e havia duas artérias suprarrenais inferiores originando-se de um ramo da artéria renal direita. No lado 
esquerdo, a artéria testicular apresentava um curso arqueado anterior à veia renal esquerda, simulando uma variedade 
incomum do fenômeno do quebra-nozes. O rim direito era drenado por duas veias renais para a veia cava inferior. 
O conhecimento da coexistência de tais variações anatômicas complexas pode ser útil para os clínicos durante os 
procedimentos diagnósticos e terapêuticos. 
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INTRODUCTION

The terms ‘accessory renal artery’ and ‘aberrant 
renal artery’ are not synonymous. Any extra artery 
arising from the aorta and supplying the kidney is 
termed an ‘accessory renal artery’ whereas ‘aberrant 
renal artery’ indicates any extra artery supplying the 
kidney but arising from sources other than the aorta. 
Some authors have used ‘supernumerary renal artery’ 
to denote the same. Inconsistencies in the nomenclature 
prevail across the literature and the terms accessory 
renal artery, aberrant renal artery, and supernumerary 
renal artery are used interchangeably, though they are 
not the same.1,2 Satyapal et al.3 and Papaloucas et al.4 
proposed  that the term ‘additional’ for any artery in 
addition to the main renal artery be used to designate all 
different types of extra arteries supplying the kidneys. 
Some suggest that the term ‘aberrant renal artery’ 
should be reserved for those arteries supplying the 
kidney but not entering through the renal hilum. In this 
report, we use the term ‘accessory renal artery’ (ARA) 
for the unilateral variation observed. Occurrence of 
ARA is common, with a reported prevalence of around 
25-30%.5 The renal arteries are paired lateral branches 
from the abdominal aorta arising approximately at the 
transpyloric plane just caudal to the origin of the superior 
mesenteric artery. ARA are frequently encountered 
distal to the main renal artery and can arise from the 
aorta and other arteries in the vicinity.5,6

The arterial supply to the suprarenal gland is 
peculiar and does not follow the typical hilar entrance 
route. The suprarenal gland is usually supplied by 
the superior, middle, and inferior suprarenal arteries 
which are branches of the inferior phrenic artery, the 
abdominal aorta, and the renal artery respectively. 
Variant suprarenal arteries can be branches of either 
the abdominal aorta directly or from one of the major 
branches of the aorta.

Similar to other visceral branches of the abdominal 
aorta, gonadal arteries and, in particular, the testicular 
arteries also exhibit anatomical variation. Arched 
testicular artery is a relatively rare variant and is 
classified as a type III variety in the Notkovich 
gonadal arteries classification.7 An arched testicular 
artery ascends after its origin, arches over the renal 
vein from dorsal to ventral aspect, and then descends 
further till it reaches the deep inguinal ring. We 
present herein a case of accessory right renal artery 
with other vascular variations coexisting in an elderly 
male cadaver.

CASE REPORT

Using standard dissection methods, the posterior 
abdominal wall of a 63-year-old embalmed male 
cadaver was dissected. The available medical records 
of the individual were unremarkable. An ARA was 
observed on the right side originating just distal to the 
main right renal artery at the level of the upper border 
of the L2 vertebral body. The ARA ran downward 
towards the inferior pole of the right kidney, passing 
anterior to the right renal pelvis. The diameters of 
the main renal artery and the ARA at origin on the 
right side were 0.84 cm and 0.26 cm respectively. 
Two renal veins were observed emerging from the 
right renal hilum which ran for a very short distance 
of 1.12 cm before draining into the inferior vena 
cava almost at right angles (Figure 1A). The middle 
suprarenal artery was absent on the right side and there 
were two inferior suprarenal arteries arising from a 
branch of the main right renal artery (Figure 1B). 
We also observed an arched testicular artery on the 
left side which originated from the anterolateral 
aspect of the abdominal aorta just caudal to the 
origin of the superior mesenteric artery in a plane 
posterior to the left renal vein (LRV) (Figure 1C). 

Figure 1. Dissected posterior abdominal wall showing the kidneys and other retroperitoneal structures. A) kidneys and suprarenal 
glands of both sides, B) kidney and suprarenal gland of right side, C) kidney and suprarenal gland of left side; a- abdominal aorta, 
b- inferior vena cava, c- celiac trunk, d- superior mesenteric artery, e- inferior mesenteric artery, f- right renal veins, g- left renal vein, 
h- left suprarenal vein, i- left renal artery, j- right renal artery, k- accessory right renal artery, l- right inferior phrenic artery, m- superior 
suprarenal artery, n- inferior suprarenal arteries, o- arching left testicular artery, p- right ureter, q- left ureter, r- right testicular vessels, 
s- left testicular vessels, t-right kidney, u- right suprarenal gland, v- left kidney, w- left suprarenal gland.
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It ascended up between the LRV and the aorta and 
appeared lateral to the left suprarenal vein. At the upper 
margin of the LRV it arched down and ran forward 
anterior to the LRV until it reached the deep inguinal 
ring. The right testicular artery had a normal course.

DISCUSSION

The vascular supply of the retroperitoneal viscera 
and gonads are derived from the lateral splanchnic 
branches of the dorsal aorta. According to the ‘Ladder 
theory’ propounded by Felix, the initial 5th – 9th 
paired splanchnic branches form a network called the 
‘rete arteriosum urogenitale’, giving rise to the arteries 
that supply the retroperitoneal viscera. Any deviation 
from the normal pattern in this network results in 
anomalous arteries. During the prenatal period, as the 
kidney ascends from its initial pelvic position to the 
postnatal lumbar position, it is successively supplied 
by the branches arising from regional arteries, most 
of which degenerate, and only the branch destined to 
form the future definitive renal artery at the L1-L2 level 
persists. On the other hand, the gonadal arteries are 
derived from the persistent branches of the mesonephric 
arteries around the developing renal pedicle.1

On the right side, we observed an accessory renal 
artery along with absence of the middle suprarenal 
artery. Accessory renal arteries with increased 
incidence on the right side are known.2,3 In up to 
5-20% of cases there are accessory superior and 
inferior polar arteries4,5 and in up to 10% of cases 
an ARA is described originating directly from the 
abdominal aorta, just like in this case.6 Aberrant 
polar renal arteries (APRA) constitute an important 
variety of aberrant renal arteries or ARA and are 
consistently observed in studies. APRAs are arteries 
supplying either the superior or inferior poles of the 
kidneys without passing through the renal hilum. 
An APRA may be a direct branch of the aorta or it 
may arise from any of the visceral branches of the 
aorta located in the vicinity. In 2023, Kumar et al.8 
described a unique case wherein three arteries were 
observed supplying the left kidney, two of which 
were superior and inferior polar arteries, arising 
from the aorta and the inferior mesenteric artery 
respectively. In addition to these, the superior polar 
artery further sprouted a left inferior suprarenal 
artery. In 2020, Cho and Yoon9 described a case 
with bilateral inferior renal polar arteries that were 
later confirmed to be inferior segmental arteries 
after intraparenchymal dissection. Several authors 
have documented APRA accidentally encountered 
during other abdominal surgeries.10,11 It is important 
to identify and preserve the APRA as it is a functional 
terminal artery and its damage could lead to ischemic 

renal damage and subsequent occurrence of renal 
failure. El-Sherbiny et al.12 demonstrated successful 
anastomosis of the inferior polar artery to the inferior 
epigastric artery during renal transplant. The present 
case can be classified as a ‘perforating renal artery’ 
as per the 2001 Vilhova et al.13 classification system. 
A perforating renal artery is one that arises from 
the aorta or from one of its branches, but has an 
extrahilar entrance and a smaller diameter than that 
of a segmental renal artery. It would be prudent to 
call it an accessory renal artery when the diameter 
of the extra artery is similar to that of the segmental 
renal artery. The inferior polar arteries are clinically 
more relevant as they can cause ureteric kinking and 
subsequently lead to obstruction. Extra-parenchymal 
ARA is an important consideration before various 
renal surgeries including renal transplantation. In a 
very recent article, Funes Hernandez et al.14 proposed 
that renin-dependent hypertension could also be due 
to presence of ARA, which is often overlooked.

Variations of the arterial supply to the suprarenal 
gland are clinically relevant for abdominal surgeries 
including the adrenalectomy operation. Anatomical 
variations in the inferior suprarenal artery are frequently 
noted. An absent middle suprarenal artery has been 
reported in up to 50% of cases on the right side and 
in 33% of cases on the left side in recent studies.15 
Concomitant presence of an aberrant gonadal artery 
with variant suprarenal arteries and increased number 
of inferior suprarenal arteries, like in the present case, 
has been described in previous reports.16

Kayalvizhi et al.17 in 2017 reported in their review 
that the incidence of ‘arched testicular artery’ or the 
‘arched gonadal artery of Luschka’ ranges from 1.7% to 
20.3%. The arched testicular artery observed here can 
be classified as type-III variety of the testicular artery, 
as per the Notkovich classification system. It resembled 
the description of two such cases by Naito et al.18 This 
aspect of arching of testicular artery over the LRV is 
particularly important as it can compress the LRV and 
impede the venous return not only from the left kidney 
but also from the left testis. Consequently varicocele, 
orthostatic proteinuria, and hematuria can occur.7 
Occurrence of the arched testicular artery has been 
noted on both sides, but with a predilection for the 
left side. The reason for the left sided preponderance 
is however not clear. The greater frequency of arched 
testicular arteries on the left side may also be one of 
the factors underlying the higher incidence of left-sided 
varicocele. There is also a possibility of occurrence 
of a situation similar to the nutcracker phenomenon 
with subsequent renal venous hypertension.19 
To date, an arched testicular artery has not been 
reported as the cause of nutcracker syndrome, but the 
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possibility of such an etiopathology cannot be ruled 
out, considering the aberrant anatomy. A short review 
of recent literature describing arched gonadal arteries 
is presented in Table 1. Clinicians need to check for 
the presence of such an arched testicular artery when 
performing renal surgery.21

All the variations observed in this case could be 
due to aberrations in development of visceral vessels 
controlled by a common molecular regulator. Most of 
these variations are non-lethal, as is evident from the 
age of the cadaver. However, these variations are of 
tremendous importance, since the abdominal cavity 
is frequently explored by surgeons and clinicians for 
operative procedures and other interventions. Our case 
reiterates the old dictum that if an anomaly is detected 
in one vessel, there are chances of encountering other 
related anomalies as well. Knowledge of these variations 
is imperative for anatomists, radiologists, and surgeons.

CONCLUSIONS

Coexistence of multiple vascular anomalies 
around the kidney is a rare situation. Such variants 
are prone to iatrogenic damage in the absence of 
prior knowledge of them. An anomalous arched 
testicular artery can be the cause of unexplained renal 
venous hypertension and should be suspected. With 
the advent of newer minimally invasive and robotic 
surgeries, ignorance of these variations might lead 
to an unsuccessful and disastrous outcome.

REFERENCES

1. Tardo DT, Briggs C, Ahern G, Pitman A, Sinha S. Anatomical 
variations of the renal arterial vasculature: an Australian perspective. 
J Med Imaging Radiat Oncol. 2017;61(5):643-9. http://dx.doi.
org/10.1111/1754-9485.12618. PMid:28466967.

2. Budhiraja V, Rastogi R, JainV, Bankwar V. Anatomical variations 
of renal artery and its clinical correlations: a cadaveric study from 
central India. J Morphol Sci.2013;30:228-33.

3. Satyapal KS, Haffejee AA, Singh B, Ramsaroop L, Robbs JV, Kalideen 
JM. Additional renal arteries incidence and morphometry. Surg 
Radiol Anat. 2001;23(1):33-8. http://dx.doi.org/10.1007/s00276-
001-0033-y. PMid:11370140.

4. Papaloucas C, Fiska A, Demetriou T. Additional renal arteries. Clin 
Anat. 2007;20(4):475-475. http://dx.doi.org/10.1002/ca.20465. 
PMid:17309064.

5. Lama CP, Pradhan A. Variations of renal artery in cadavers. Nepal Med 
Coll J. 2019;21(3):214-9. http://dx.doi.org/10.3126/nmcj.v21i3.26461.

6. Aristotle S, Sundarapandian, Felicia C. Anatomical study of variations 
in the blood supply of kidneys.J Clin Diagn Res. 2013;7(8):1555-7.  
PMid:24086837.

7. Notkovich H. Testicular artery arching over renal vein: clinical and 
pathological considerations with special reference to varicocele. 
Br J Urol. 1955;27(3):267-71. http://dx.doi.org/10.1111/j.1464-
410X.1955.tb03479.x. PMid:13269815.

8. Kumar N, Padur AA, Kappettu Gadahad MR, Shanthakumar 
SR. Clinically important left superior polar artery giving rise 
to a left inferior suprarenal artery and an aberrant left inferior 
polar artery: a case report.J  Vasc Bras. 2023;22:4-7. http://dx.doi.
org/10.1590/1677-5449.202300122. PMid:37576723.

9. Cho Y, Yoon SP. Bilateral inferior renal polar arteries with a high origin 
from the abdominal aorta. Folia Morphol (Warsz). 2021;80(1):215-8. 
http://dx.doi.org/10.5603/FM.a2020.0040. PMid:32301105.

10. Karadağ C, Birge O, Bakir MS, Doğan S, Tuncer HA, Şimşek T. 
Encountering the accessory polar renal artery during retroperitoneal 
lymphadenectomy. Clin Case Rep. 2020;177-179(1):177-9. 
http://dx.doi.org/10.1002/ccr3.3493. PMid:33505687.

11. Lee WM, Choi JS, Bae J, Jung US, Eom JM. Encountering the 
accessory polar renal artery during laparoscopic para-aortic 
lymphadenectomy. J Minim Invasive Gynecol. 2018;25(1):10-1. 
http://dx.doi.org/10.1016/j.jmig.2017.03.015. PMid:28347879.

12. El-Sherbiny M, Abou-Elela A, Morsy A, Salah M, Foda A. The use 
of the inferior epigastric artery for accessory lower polar artery 
revascularization in live donor renal transplantation. Int Urol 
Nephrol. 2008;40(2):283-7. http://dx.doi.org/10.1007/s11255-
007-9257-z. PMid:17721826.

13. Vilhova I, Kryvko YY, Maciejewski R. The radioanatomical research 
of plural renal arteries. Folia Morphol (Warsz). 2001;60(4):337-41. 
PMid:11770346.

14. Funes Hernandez M, Bhalla V, Isom RT. Hypothesis: accessory 
renal arteries may be an overlooked cause of renin-dependent 
hypertension. J Hum Hypertens. 2022;36(5):493-7. http://dx.doi.
org/10.1038/s41371-021-00632-2. PMid:34785773.

15. Manso JC, DiDio LJA. Anatomical variations of the human suprarenal 
arteries. Ann Anat. 2000;182(5):483-8. http://dx.doi.org/10.1016/
S0940-9602(00)80064-3. PMid:11035646.

16. Priya A, Narayan RK, Ghosh SK. Prevalence and clinical relevance 
of the anatomical variations of suprarenal arteries: a review. Anat 
Cell Biol. 2022;55(1):28-39. http://dx.doi.org/10.5115/acb.21.211. 
PMid:35046145.

Table 1. Observations made by various authors of occurrences of arched gonadal arteries.
Authors Population and sample size Right side Left side

Notkovich7 Israeli, 50 cases 4% 16% of cases

Pai et al.20 Indian, 34 cases - 1 case

Naito et al.18 Japanese, 2 cases - 2 cases

Lelli et al.19 Spanish, single case - 1 case

Wadhwa and Soni21 Indian, 30 cases - 1 case

Mamatha et al.22 Indian, single case - 1 case

Grine and Kramer23 South African, 123 cases - 7% of cases

Li24 Chinese, single case - 1 case

https://doi.org/10.1111/1754-9485.12618
https://doi.org/10.1111/1754-9485.12618
https://pubmed.ncbi.nlm.nih.gov/28466967
https://doi.org/10.1007/s00276-001-0033-y
https://doi.org/10.1007/s00276-001-0033-y
https://pubmed.ncbi.nlm.nih.gov/11370140
https://doi.org/10.1002/ca.20465
https://pubmed.ncbi.nlm.nih.gov/17309064
https://pubmed.ncbi.nlm.nih.gov/17309064
https://doi.org/10.3126/nmcj.v21i3.26461
https://pubmed.ncbi.nlm.nih.gov/24086837
https://pubmed.ncbi.nlm.nih.gov/24086837
https://doi.org/10.1111/j.1464-410X.1955.tb03479.x
https://doi.org/10.1111/j.1464-410X.1955.tb03479.x
https://pubmed.ncbi.nlm.nih.gov/13269815
https://doi.org/10.1590/1677-5449.202300122
https://doi.org/10.1590/1677-5449.202300122
https://pubmed.ncbi.nlm.nih.gov/37576723
https://doi.org/10.5603/FM.a2020.0040
https://pubmed.ncbi.nlm.nih.gov/32301105
https://doi.org/10.1002/ccr3.3493
https://pubmed.ncbi.nlm.nih.gov/33505687
https://doi.org/10.1016/j.jmig.2017.03.015
https://pubmed.ncbi.nlm.nih.gov/28347879
https://doi.org/10.1007/s11255-007-9257-z
https://doi.org/10.1007/s11255-007-9257-z
https://pubmed.ncbi.nlm.nih.gov/17721826
https://pubmed.ncbi.nlm.nih.gov/11770346
https://pubmed.ncbi.nlm.nih.gov/11770346
https://doi.org/10.1038/s41371-021-00632-2
https://doi.org/10.1038/s41371-021-00632-2
https://pubmed.ncbi.nlm.nih.gov/34785773
https://doi.org/10.1016/S0940-9602(00)80064-3
https://doi.org/10.1016/S0940-9602(00)80064-3
https://pubmed.ncbi.nlm.nih.gov/11035646
https://doi.org/10.5115/acb.21.211
https://pubmed.ncbi.nlm.nih.gov/35046145
https://pubmed.ncbi.nlm.nih.gov/35046145


Vascular variations around the kidneys

5/5Borthakur et al. J Vasc Bras. 2024;23:e20230120. https://doi.org/10.1590/1677-5449.202301202

17. Kayalvizhi I, Narayan RK, Kumar P. Anatomical variations of 
testicular artery: a review. Folia Morphol (Warsz). 2017;76(4):541-50. 
http://dx.doi.org/10.5603/FM.a2017.0035. PMid:28394009.

18. Naito M, Terayama H, Nakamura Y, Hayashi S, Miyaki T, Itoh M. 
Left testicular artery arching over the ipsilateral renal vein. Asian 
J Androl. 2006;8(1):107-10. http://dx.doi.org/10.1111/j.1745-
7262.2006.00101.x. PMid:16372128.

19. Lelli F, Maurelli V, Maranillo E, Valderrama-Canales FJ. Arched and 
retrocaval testicular arteries: a case report. Eur J Anat. 2007;11:119-22.

20. Pai MM, Vadgaonkar R, Rai R,  et  al. A cadaveric study of the 
testicular artery in the South Indian population. Singapore Med 
J. 2008;49(7):551-5. PMid:18695863.

21. Wadhwa A, Soni S. A study of Gonadal Arteries in 30 adult human 
cadavers. Clin Med Insights Reprod Heal. 2010;4:1-5. https://doi.
org/10.4137/CMRH.S3680.

22. Mamatha Y, Prakash BS, Padma Latha K, Ramesh BR. Variant 
course of left gonadal artery. Int J Anat Var. 2010;3:132-3.

23. Grine FE, Kramer B. Arched gonadal arteries in the South African 
negro. J Anat. 1981;132(Pt 3):387-90. PMid:7298490.

24. Li J. A retrocaval right testicular artery with an arching left testicular 
artery. Eur J Anat. 2015;19:85-6.

Correspondence 
Monica Baxla 

All India Institute of Medical Sciences – AIIMS, Department of 
Anatomy, Gross Anatomy Laboratory 

CEP 110029 - New Delhi, India 
Tel.: +91 77810-11128 

E-mail: dr.monicabaxla@gmail.com

Author information 
DB, MAA, RK, MB - MD, All India Institute of Medical Sciences 

(AIIMS). 
NR - PhD, All India Institute of Medical Sciences (AIIMS).

Author contributions 
Conception and design: DB, MB 

Analysis and interpretation: DB, MB 
Data collection: DB, MAA, RK 

Writing the article: DB, RK, MAA, NR 
Critical revision of the article: DB, NR, MB 

Final approval of the article*: DB, MAA, NR, RK, MB 
Statistical analysis: N/A. 

Overall responsibility: DB, MB

*All authors have read and approved of the final version of the 
article submitted to J Vasc Bras.

https://doi.org/10.5603/FM.a2017.0035
https://pubmed.ncbi.nlm.nih.gov/28394009
https://doi.org/10.1111/j.1745-7262.2006.00101.x
https://doi.org/10.1111/j.1745-7262.2006.00101.x
https://pubmed.ncbi.nlm.nih.gov/16372128
https://pubmed.ncbi.nlm.nih.gov/18695863
https://pubmed.ncbi.nlm.nih.gov/7298490

