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ABSTRACT

The renal vein normally is located in front of tharta. However may course posterior to the aortaisvariation is

of importance during procedures in the retroperi#ahregion. The objective of this study was to stigate the

incidence of the retro — aortic left renal veiatotal of 13 cadavers and 10 visceral blocks wesed for the study
in the laboratory of Morphology of the University Bamplona. In two cadavers, three renal veins wertend to

bind and give rise to a common venous trunk coordmg to the left renal vein passing behind thetao
abdominal (retro-aortic) and ending at the inferieena cava at the level of the fourth vertebra lamKnowledge

of anomalies of left renal vein is essential foditdogists, endocrinologists, fertility specialistsrologists and

surgeons, in determining the feasibility of corgtiian-free surgical interventions
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INTRODUCTION

Variant patterns of arteries and veins are seererfrequently in abdomen than in any other parthef hody. A
knowledge of different types of variations depicteg renal and suprarenal veins is extremely immoria
exploration and treatment of renal trauma, rersidplantation, renovascular aneurysm and conseevatiradical
renal surgery [1-3]. A left renal vein passing lbehthe abdominal aorta is termed a retroaortic reffial vein
(RLRV), and this anomaly is a relatively uncommandition. Recent advances in computed tomograplty an
magnetic resonance imaging techniques make itlpless visualize the vascular structures in defsdditionally,
the congenital anomalies of the inferior vena cdWC) and its tributaries have become more freglyent
encountered in asymptomatic patients. RLRV anorsaééthough usually overlooked, are not rare [4&wever,
only a few cases showing clinical symptoms withs tahomaly have been reported [6]. It is also ofjisat
importance when a left renal surgery is considefeallure to recognize these anomalies may leadet@re
hemorrhage and severe renal damage [7]. Compressibe RLRV between the aorta and the vertebkadsvn to
be the cause of urological problems such as hermataricocele, and ureteropelvic junction obsirct{UPJO)
[8]. Knowledge of anatomic and morphologic variacand the practical importance of such variatieressential
in renal transplantation, renal and gonadal suegeruroradiology, gonadal color Doppler imaging astber
retroperitoneal, therapeutic and diagnostic procegiun view of its anatomical, embryological, el and surgical
importance, the present study was undertaken f@stigate the incidence of the RLRV.

EXPERIMENTAL SECTION
A total of 13 cadavers of both sexes (12 men anarhen) with different age group and and 10 viscblatks (46
renal veins) were used for the study in the MorpgwlLaboratory of the University of Pamplona. Thstdry of the

individual and the cause of death are not knowhe 3pecimens for the study of retro-aortic leftaterein were
obtained from cadavers and permission was obtdiea the Institutional Ethics Committee. Anteridscminal
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wall was opened by giving the following incisionsdaboth the kidneys were exposed as per the gnakeljiven in
the Cunningham’s manual of practical anatomy [9].

Incisions:
1. A vertical incision from xiphoid process to thyemphysis pubis surrounding the umbilicus.
2. A transverse incision from umbilicus to the tiglde and to the left side of the abdomen.

Steps

* The two upper skin flaps of the abdominal walreveeflected upwards and laterally and the lower $kin flaps
were reflected downwards and laterally.

* The various viscera in the abdomen were removeckpose the kidneys.

« The abdominal viscera and the intestines wer@vechto expose the kidney on the posterior abddmiab.

« Right and left kidneys were separated from thvirgyeal fat and fascia using fingers.

« The suprarenal glands were separated from thekilcarefully by inserting the fingers betweemthe

« The gross anatomy of both kidneys was studigghiticular to their arterial and venous supply.

RESULTS AND DISCUSSION

Out of 13 cadavers and 10 visceral blocks of thesemt study a standard text book pattern of reassvwas
observed in 21 ( 91,3%) cases. In the rest of , 2248 cases the left renal vein instead of passingoint of aorta,
passed behind it to drain into the IVC —definedaasetro-aortic left renal vein (RLRV). Instead odgsing
horizontally, it coursed obliquely downwards anih@al inferior vena cava at the level of of the fouvertebra
lumbar.

Figure 1. Case 1. Anterior View of RetroperitonealUpper Left Region Showing Details of Hiliar Renal Region. A.A: Abdominal aorta;

MRA: Main renal artery; RAUB: Renal artery-upper br anch; RALB: Renal artery-lower branch; RV: Renal vein; TV: Testicular vein;

TA: Testicular artery; SG: Suprarrenal gland; RLRV: Retro-aortic left renal vein; IPV: Inferior phreni c vein; Asterisk: double renal
veins embraced the main renal artery and the uppearterial branch

The size of the left kidneys was 13x6x5cms. Theousrdrainage of the left kidneys was through thezal veins
that bind and form a common venous trunk whichesponds to the left renal vein (In both casesdfiednal vein
has a diameter of 24 mm), which receives as trilegtathe adrenal vein, the inferior phrenic vding parietal
branches of the left lumbar region and under tegdealar vein, further, at the hilum was found tha renal veins
embraced the main renal artery and the upper alrtanch. Figures 1 and 2.
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Figure 2. Case 2. Anterior View of Retroperitonealpper Left Region Showing Details of Hiliar Renal Rgion. Anterior View of
Retroperitoneal Upper Left Region Showing Details bHiliar Renal Region. A.A: Abdominal aorta; MRA: M ain renal artery; RAUB:
Renal artery-upper branch; RALB: Renal artery-lower branch; RV: Renal vein; IVC: inferior vena cava;TV: Testicular vein; TA:
Testicular artery; RLRV: Retro-aortic left renal ve in; IPV: Inferior phrenic vein; SG: Suprarrenal gla nd; Asterisk: double renal veins
embraced the main renal artery and the upper arteral branch

The retro-aortic left renal vein has been studiganiany authors and its prevalence is presentedabieTl. This is
true for a single left renal vein passing retrotigally. However, the incidence of 2 left renal n&i one passing
anterior and other posterior to aorta i.e. rendacor circum-aortic venous ring varies from 0.38416.83%.

The left and right renal veins are of large sizacptl in front of the renal arteries and open ih®ibferior vena
cava almost at right angles (at the level of LZelera). The left renal vein is thrice the lengtttted right (2.5 cm to
7.5 cm) and has a much thicker muscular layer tharright. The left renal vein crosses the posteslzdominal
wall lying behind the splenic vein and the bodytlt# pancreas, and, near its termination, the éafalrvein passes
in front of the aorta just below the origin of theperior mesenteric artery. The two important remaf branches
that empty into the left renal vein are inferiothe gonadal vein and superiorly the left adrenab.v®ccasionally
the left renal vein may be duplicated, and in thesses one vein passes behind the aorta to joimfémgor vena
cava [24,25]. Variations of renal veins are usualiyically silent and remain unnoticed until diseo during
venography, operation or autopsy. To transplargesum, morphology acquires special significancegesiariations
influence technical feasibility of operation. Vai@ms restrict availability of vein for mobilizatioprocedures [26].
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Author Prevalence of retro-aortic left renal vein
. 16,8% Retro aortic
Pick and Anson (10) 3,4% Circum aortic
2-3% Retro aortic
6- 17% Circum aortic
1,8% Retro aortic
Reed etal. (12) 4.4% Circum aortic
Martinez-Almagro et al. (13} 1,72- 2,35%
3.7% Retro aortic
6,8% Circum aortic
Turgut et al. (15) 1 case
Kalsey et al. (16) 1 case
1,5- 8,7% Retro aortic
2% Circum aortic
Andrade et al. (18) 1 case
6,25
6,5% Circum aortic
. ) 7,8% Retro aortic
Dhar and Ajmani (20) 4,5% Circum aortic
Mendizabal (21) 22.5%
Karazincir (22) 2.2-9.3%
0,5- 6,8% Retro aortic
Tatar et al. (23) 0,3- 3,7% Circum aortic
0,3% Circum aortic
0,5%
6.6% Circum aortic
6.6% Retro aortic
0,3%- Circum aortic
0,5%- Retro aortic
0,3- 1,9%- Retro aortic
1,5-8,7% - Circum aortic
0,5- 6.8 %- Retro aortic
0,3- 3,7% - Circum aortic
3.6% - Retro aortic - tipo |
Karaman et al. (29) 1.2 %- Circum aortic.
1.4%- Retro aortic — tipo |l
0,3- 0,9% Retro aortic - tipo |
Aljabri et al. (30) 0,5%- 1,4- Circum aortic.
0,4- 0,9% - Retro aortic — tipo Il
6,6% Retro aortic - tipo |
Namburu et al. (31) 3,3% Circum aortic
1,6% Retro aortic — tipo Il
Ferreira H. (present study) 8,7%- Retroaortic-tipol

Chuang et al. (11)

Trigaux et al. (14)

Bregman. (17)

Jafarpour & Mofidpour (19)

Hemalatha et al. (24)

Gupta et al. (25)

Satyapal et al. (26)

Kakros et al. (27)

Yesildag et al. (28)

Table 1. Incidence of Retro—Aortic Left Renal Vein

Ontogeny:
According to Singh and Pal [32], veins of abdomea derived from a series of longitudinal venousnrieds
(Figure 3) viz right and left posterior cardinaling (1); right and left subcardinal veins (2); tighnd left
supracardinal veins (3); intersubcardinal anast@negich may be anterior/posterior or both to aofdd;
supracardinal-subcardinal anastomosis (5); andt@masis between subcardinal and right hepatocarchatnel
(HCC) (6).

The left renal vein is derived from (Figure 4):

a) Mesonephric vein that originally drains intat lefibcardinal vein (1 in Figure 4).
b) A small part of left subcardinal vein (2 in Figu4).

¢) Intersubcardinal anastomosis which may be préeamr post-aortic (3 in Figure 4).

As the anastomosis which lies in front of aortaaliyupersists and the one which lies behind théaadisappears,
left renal vein has similar relationship with aorfdso the part of right subcardinal vein whereemtubcardinal
anastomosis joins forms part of inferior vena cdV&) so left renal vein drains into IVC.

The left suprarenal vein is remnant of the patetif subcardinal vein above the intersubcardinalstemosis (4 in
Figure 4). Thus it drains into left renal vein.
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Figure 3. Normal development of abdominal veins. HC: right hepatocardiac channel; 1: posterior cardiral veins; 2: subcardinal veins;
3: supracardinal veins; 4: intersubcardinal anastonosis; 5: supracardinal—-subcardinal anastomosis; Gnastomosis between subcardinal
vein and HCC. (from reference 34)

Arey [33] reasoned out the anomalous blood vesedig due to any of:
I. Choice of unusual paths in the primitive vascylexuses

Il. Persistence of vessels normally obliterated

Ill. Disappearance of vessels normally retained

IV. Incomplete development

V. Fusion and absorption of parts usually distinct.

The variant pattern observed in the present cadaagrbe explained ontogenically:
1. The retro-aortic left renal vein can be expldibg the persistence of posterior limb of renalasol

Figure 4. Normal development of left renal vein andeft suprarenal vein. 1: left mesonephric vein; 2part of left subcardinal vein
opposite the intersubcardinal anastomosis; 3: intesubcardinal anastomosis; 4: part of left subcardinhvein above the level of
intersubcardinal anastomosis. (from reference 34)
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Left renal vein anomalies are classified/categarireéo four types according to their appearanc&LRYV joining
the inferior vena cava (IVC) in the orthotopic gimsi; 11) RLRV joining the IVC at level L4—L5; lll)circumaortic
or collar left renal vein; 1V) RLRV joining the le€ommon iliac vein [35].

© ©

Figure 5. Schematic illustration of the differenttypes of retroaortic left renal vein anomalies. (Atype I, (B) type Il, (C) type llI, (D)
type IV. (from reference 35)

Clinical and Surgical Implications:

Left renal vein hypertension syndrome, also knowrNaitcracker Syndrome (NCS), was described by wvas f
described by Deschepper in 1972. It defines thepcession of left renal vein with the developmentefal venous
hypertension that if transmitted backwards to theepchyma, could result in various symptoms likdateral
haematuria, proteinuria and varicocele left [36heTcompression mechanism or the nutcracker pheremisn
diverse, the most frequent type being trappinchadortic-mesenteric space which is due to anewlyditatation
of aorta (anterior Nutcracker phenomenon). The fdehal vein as it lies between the aorta and tgesor
mesenteric artery (SMA), resembles a nut betweetjaths of a nutcracker. There are two forms of Ni@Buding
the anterior nutcracker phenomenon and the postauiaracker phenomenon. Anterior NCS describegtigpsion
of LRV due to compression of the vein between tiygesior mesenteric artery and the abdominal a&taterior
NCS refers to hypertension of the LRV due to corspien of the vein between the abdominal aorta &ed t
vertebral column. Nutcracker syndrome may preséifit ieft flank and/or abdominal pain, hematuria ¢mscopic
or microscopic), and uretero pelvi junction obstiart (UPJO). The etiology of Nutcracker syndrome hat yet
been medically proven. However, several factors beapf cause for the disorder including inadeqgs#tetching of
the left renal vein or abnormal branching of the/ASMlormally, the SMA originates from the aorta 8@ degree
angle and travels about 4-5mm before taking a dadelscent, which typically avoids compression of ttRV.
However, in the case of NCS the SMA branches frioenatorta at an acute angle, immediately descermdindal to
the vessel which increases the risk of compressidhe LRV [37]. The third part of the duodenurayralso add
to the pincer effect on the LRV [38]. The key syomptin detecting posterior NCS is hematuria. Heniatisr the
most common symptom and is due to rupture of thal-warices into the collecting system, secondarglevated
venous pressurdt is well known that the gonadal, ascending lumteairenal, ureteral, and capsular veins are
potential collateral venous pathways in cases oflrerein compression or obstruction. Pain is thgt maost
common symptom. Congested kidney and renal infsetendary to posterior nutcracker phenomenon eey to
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bacterial localization and abscess formation. Adttrombosis is a recognized complication of infecand sepsis.
Neonatal cases with septicaemia, renal absces® dugcracker phenomenon were reported.

Retro-aortic left renal vein has been also assediatith Pelvic Congestion Syndrome in females whigh
characterized by lower abdominal pain, dysmenoahdgspareunia, vulval, gluteal or thigh variced amotional
disturbances. It may be obstructed by pressure fretnoperitoneal growths leading to congestion ioin&y. If

prolonged, it may give rise to a form of Chronitelrstitial Nephritis [34].

Compression of retro-aortic left renal vein cansealeft renal to gonadal vein reflux resultingamer limb varices
and varicocele which may produce difficulties irespatogenesis and may lead to infertility. Varidecgccurs in
the left hemiscrotum in most of the cases. Theardar the left side predominance may be explaseatomically.
The left spermatic vein is one of the longest vémnthe body, entering the left renal vein at apeedicular angle.
The intravascular pressure in the left renal veihigher than that on the right, as it is compré$sdween the aorta
and the superior mesenteric artery. This phenomenases increased pressure in the left gonadal waich can
dilate and cause incompetence of the valve leafledisling to retrograde flow of blood toward thstiein the erect
position. Among all these, the most commonly acegphechanism is the elevated hydrostatic presduteedeft
renal and spermatic veins. RLRV probably causesglaeh pressure in the spermatic vein and dilatedpgdaiform
plexus [38].

Diagnosis of renal vein anomalies is important infation in retroperitoneal surgery. Unawarenesthigfsituation

during retroperitoneal surgery can result in blagdinephrectomy, and even death. Surgeons predelethrenal

vein in renal transplantation because of its lorigegth. Because of this, it is important to kndwe tourse of the
left renal vein and whether it is pre-aortic or.dbis also important to be aware of anomalieshefrenal vein for
distinctive diagnosis of retroperitoneal tumorgraperitoneal lymph node pathologies, and aortiseiition. Before
the renal surgery, careful reading of the preopar® LRV imaging study helps to avoid fatal comations during
the operation 35). The risk of venous injury ish@gin patients with a circumaortic renal collaarthin those with
an IVC anomaly. The large anterior component o&mat collar can easily mislead the surgeon to thlinking

operation that the development of a left renal visimormal and that there is no retroaortic compon&he

posterior component usually runs obliquely, doteahe aorta, entering the IVC caudal to the enfrthe anterior
component. When proximal aortic isolation is pearfed blindly, injury to the posterior component dfet
circumaortic renal collar likely occurs. Circumfatial aortic isolation is not recommended when tri®maly is
suspected [23].

Abdominal Aortic Aneurysm (AAA) when ruptured inta Retro aortic left renal vein unique syndrome
characterized by the: continuous Abdominal briti@ninal and left flank pain with an associatedsptile mass.
Accurate preoperative diagnosis is an importaneetspf preventing fatal bleeding from an RLRV. latipnts with
a ruptured AAA, the abdominal aorta should be netmicted as soon as possible, because the carsdafosuch
patients are often unstable. If an RLRV is not ggiped, it can easily be injured when encircling torta or
dissecting the posterior aortic wall. Careful ewadilon of the preoperative computerized tomograptuglys can
therefore decrease fatal complications. The riskarfous injury is particularly high in cases of trpd AAA
because the border between the dorsal side of bd®nzinal aorta and the RLRV may be obscured by
retroperitoneal hematoma. Techniques to reduceiskeof venous injury were previously reported. Ecling of
the aorta with a tape is not usually necessarymg@iag of the proximal side of the AAA in a vertiadirection is
recommended, so that only the anterior and lateidds of the neck of the AAA need to be dissected].|
Hashizume et al. recommended intraluminal anastmnadsthe graft without dissecting the posteriorliwin our
case, the proximal aorta was transected and tHegea carefully anastomosed to the posterior aavkll with
direct vision of the RLRV [40].

CONCLUSION

Retro- aortic left renal vein is an important vdacwariation and the detection of which is crudialavoid the
complication of catastrophic hemorrhage. Widesprese of diagnostic multidetector computed tomogyajrh
retroperitoneal diseases, particularly kidney tusnean identify changes in the renal vascularipatiore easily,
and thus allows urologists to plan a safe anddessplicated aortic, renal, and retroperitoneal spygFor patients
with gross hematuria or flank and inguinal pairdiidualized treatment such as conservative cayeloplasty,
varicocelectomy, and nephrectomy should be selettadwledge of anomalies of left renal vein is edise for

radiologists, endocrinologists, fertility speci#dis urologists and surgeons, in determining thesifidgty of

complication-free surgical interventions in thiggien as well as the post-operative management ésual far

anatomists.

1017



Johnn Taylor Casadiego Duran and Humberto FerreiraArquez J. Chem. Pharm. Res., 2016, 8(8):1011-1018

Acknowledgements

The author thanked to the University of Pamplonarésearch support and/or financial support andgiaMeoz
University Hospital for the donation of cadaversrntfied, unclaimed by any family, or persons rexpble for
their care, process subject to compliance witHegal regulations in force in the Republic of Colian

REFERENCES

[1] FJ Sampaio; AH Aragad. Urol., 199Q 144, 1089-1093.

[2] KS Satyapal; JM Kalideen; AA Haffejee; B Singhy RobbsSurg Radiol Anaf1999 21, 77-81.

[3] B Senecail; J Bobeuf; P Forlodou; M Nonesitirg Radiol Anat2003,25, 465—-467.

[4] J Mayo; R Gray; E St Louis; H Grosman; M Mclgiin; D Wise.AJR Am J Roentgenpl983 140,339-345.
[5] SA Royal; PW CallenAJR Am J Roentgenpl 979132, 759-763.

[6] M Hayashi; T Kume; H Nihiral Urol., 198Q0124,12-16.

[7] TV Thomas.Arch Surg, 1970100,738-740.

[8] H Cuéllar i Calabria; S Quiroga Gomez; C Se¢lda€erqueda; R Boyé de la Presa; A Miranda; A Adza
CastellsEur Radiol.,200515,1745-1751.

[9] GJ Romanes. Cunningham’s Manual of Practicaatdmy. 15th Edn. Oxford: Oxford University Pre$886;
176-177.

[10] JW Pick ; BJ Anson] Urol., 194Q 44,411-434.

[11] VP Chuang; CE Mena, PA Hoskira:. J Radiol, 1974 47, 214-218.

[12] MD Reed; AC Friedman; P Nealey Comput Assist Tomagi982 6, 1124-1126.

[13] A Martinez-Almagro; V Almenar Garcia; V Martz Sanjuan; T Hernandez Gil de Tejada; P Lorente
Montalvo. Surg Radiol Anat1992 14, 361-366.

[14] JP Trigaux; S Vandroogenbroek; JF De Wispelabt Lacrosse; J Jamagd.Vasc Interv Radiall9989,339-
345,

[15] HB Turgut; MK Bircan; ES Hatipoglu; S Dogruy@lin Anat, 1996 9, 133-135.

[16] G Kalsey; VVG Patnaik; R Singld.Anat Soc India1999 48, 105-107.

[17] RA Bregman; AK Afifi; R Miyauchi. Virtual Hogital: Illustrated encyclopedia of human renal @etg 2000;
15-18.

[18] FM Andrade; RP Rocha; HM Pereira; RMP Fernand®A Babinski.lnt J Morphol, 2005 23, 5-8.

[19] M Jafarpour, H MofidpouMed J Iran Hosp 2002 5, 25-27.

[20] P Dhar; ML Ajmani.nt Med J.,2004 (2)

[21] S Mendizabal; E Roman; A Serrano; O Berb&jrdon.Nefrologia, 2005 25, 141-146.

[22] S Karazincir; A Balci; S Gorur; H Sumbas; ANpe€r.J Ultrasound Med 2007, 26, 601-604.

[23] | Tatar; HG Tore; H Hamidi Celik; M KarcaaitabaAnatomy, 2008 2,72-76

[24] K Hemalatha, R Narayani, M Moorthy, MP Kort Jagadeesa®ombay Hospital 12008 50, 6-9.

[25] Gupta et alJournal of Clinical and Diagnostic ResearcB011, November (Suppl-1), Vol-5(6), 1140-1143.
[26] KS Satyapal; JM Kalideen; AA Haffejee; B Singlv Robbs Surg Radiol Anat199921,77-81.

[27] CD Karkos; IA Bruce; GJ Thomson; ME LambekhnVasc Surg200115,703-708.

[28] B Karaman; M Koplay; E Ozturk; CC Basekim; Hj@; H Mutlu et al Acta Radiol, 2007,48,355-360.

[29] A Yesildag; E Adanir; M Koroglu; B Baykal; Oyar; UK Gulsoy.Tani Girisim Radyal 200410,140-143.
[30]B Aljabri; PS McDonald; R Satin; LS Stein; DI b@and; OK Steinmetz.Annals of Vascular
Surgery,2011,15(6),615-618.

[31] Namburu Bhanu Sudha Parimala; Pitta Venkatandhka; Sangam Muralidhar Reddynt J Anat Res.,
20153(3),1381-1386.

[32] I Singh; GP Pal. Human Embryology. 8th Ed.e@hai, Macmillan India Pres2009 228-229.

[33] LB Arey. Developmental Anatomy. 6th Ed., Pldiddphia, W.B. Saunders Cd.957 375-377.

[34] RK Singla, T Sharma, R GuptdAV., 201Q (3),134-137.

[35] Nam et alKorean J Urol.201051,276-280.

[36] A De Schepper] Belge. RadioJ1972 55, 507-511.

[37] J Aichroth, T FoxJournal of Diagnostic Medical Sonograph2012.

[38] H Arslan; O Etlik; K Ceylan; O Temizoz; M KamaEur Radiol, 2005Aug,15(8),1717-1720.

[39] T Oda; Y Zaima; H Fukuda, S Imai, E NakamuraleAngiol, 2014 2, 137.

[40] K Hashizume; S Taniguchi; T Ariyoshi; Y Hisata Tanigawa et alAnn Vasc Dis 2013 6, 658-661.

1018



