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Abnormal Origin of the Double Inferior Vena Cava
with the Interiliac Vein and Anomalous Structure of
the Left Renal Hilum in a Human Cadaver

Origen Andémalo de la Vena Cava Inferior Doble con la Vena Interiliaca
y Estructura Andmala del Hilio Renal Izquierdo en un Cadaver Humano
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SUMMARY: This report presents a case of double inferior vena cava (DVIC), anomalous origin of the interiliac vein, and early
branching of the left renal artery sandwiching double left renal veins in a single male cadaver. In the cadaver, DIV @éihacaveim with
anomalous origin were identified: the latter collected blood from the right pelvic cavity, anastomosed with the rightlisteveal and
right common iliac vein to form a venous circuit, and finally drained into the left inferior vena cava. Additionally, anetratiuses at the
left renal hilum were observed, mainly characterized by early branching of the left renal artery, with complex crossivghigsatimong
the resulting segmental arteries, double left renal veins, and renal pelvis. This paper details these anatomical vad&mssesdheir
possible embryological evolution mechanisms and relevant clinical significance. Since these anatomical variations aféechéseamal
prognosis of retroperitoneal space and pelvic surgical procedures, familiarity with the knowledge of renal vascular anéiafedva
anomalies is crucial for surgeons.
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INTRODUCTION

The inferior vena cava (IVC) drains structures below Extensive intrarenal venous anastomoses converge
the diaphragm, formed by bilateral common iliac veiinto 2-3 hilar trunks, uniting into a single RV that runs
confluence slightly right of the 5th lumbar vertebra (anglanterior to the RA and drains into the IVC at nearly a right
40°-12C°, mean 78). Its tributaries (beyond common iliac angle. The right RV (RRV) has few extra-renal tributaries;
origins) divide into visceral (draining paired abdominathe left RV (LRV) receives left suprarenal, inferior phrenic,
organs/liver: hepatic, right testicular/ovarian, renal, rightapsular veins and an intermediate hemiazygos root
suprarenal veins) and parietal (inferior phrenic, lumbar veinguperiorly) plus left testicular, ovarian, ureteral veins
branches; most (except hepatic veins) accompalfipferiorly), with anastomoses to surrounding veins.
corresponding arteries.

Within the renal sinus, RV is typically anterior to

Renal vessels include renal arteries (RAs) and veifA. Anterior RA trunk branches pass anterior to RV and
(RVs). Paired RAs arise at right angles from the latera¢nal pelvis (RP) to supply renal segments; the posterior
abdominal aorta, just inferior to the superior mesentericunk runs posterior to RP, continuing as posterior
artery, dividing into anterior (apical/superior/middle/inferiorsegmental artery intra-renally.
segmental arteries) and posterior (continuing as posterior
segmental artery) trunks near the hilum. Common accessory  IVC and renal vessel variations are clinically crucial
(supernumerary/polar) RAs arise above/below the main R#gr retroperitoneal surgeries. This report describes two
entering the hilum or supplying renal poles/parenchyma.unusual anatomical variations from routine dissection at
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Wuhan University of Science and Technology School df) Numerical variation of the inferior vena cava(Fig. 1)
Medicine’'s Anatomy Department, enhancing
understanding of renal vasculature and IVC anatomy and  During a routine dissection, a numerical variation

physiological imaging. of the inferior vena cava (IVC) was observed. Two distinct
IVC channels were identified, ascending in parallel and
CASE REPORT converging to form a single vessel 21.9 mm inferior to the

hepatic border. The resulting common IVC, with a flattened

The anatomical variation described herein wadiameter of 36.8 mm, subsequently entered the liver. The
identified during a routine dissection conducted as part l&ft IVC (flattened diameter: 27.5 mm) coursed along the
a clinically oriented regional anatomy course. The dondeft side of the abdominal aorta. At the level of the first
was an 84-year-old male cadaver obtained through thembar vertebra (L1), it crossed anterior to the aorta to
Body Donation Program of the Wuhan Red Cross Sociejtyin the right IVC on the contralateral side. The right IVC
at Wuhan University of Science and Technology. Th@lattened diameter: 23.4 mm) maintained its course along
recorded cause of death was lung cancer. The authtrs right side of the abdominal aorta throughout its ascent.
confirm that all applicable local and international ethical
guidelines and laws governing the use of human cadave@jsributary anomaly of the left inferior vena cava(Fig. 1)
for anatomical research were strictly adhered to.
Additionally, the present analysis was approved by the An anatomical variation was observed in the left
Institutional Research Ethics Committee (Approval Noiliac venous system, consisting of an interiliac vein
2025216). (flattened diameter: 7.6 mm) that drained into the left
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Fig. 1. Images 1a and 1b show the double inferior vena cava, as well as a variant iliac interstitial vein originatingifybtn the
pelvic cavity and anastomosing with the right internal iliac vein and right common iliac veins. RIVC:right inferior vena cava,
LIVC:left inferior vena cava, AA:abdominal aorta, LTA:left testicular artery, LTV:left testicular vein, RTV:right testicutar ve
LARV:left anterior renal vein, RCIV:right common iliac vein, RIIV:right internal iliac vein, RIIA:right internal iliac afREy:right
external iliac vein, REIA:right external iliac artery, liV: interiliac vein, liV1: branch 1 of interiliac vein, liV2:bran¢ingeoiliac

vein, LEIV:left external iliac vein.
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inferior vena cava 32.4 mm superior to the confluence dj Variant structural arrangement of the left renal hilum
the left external and internal iliac veins. After collectindFig. 2)
venous return from the right hemipelvis, this anomalous
vessel ascended obliquely from a right inferior to left The left renal artery (RA) originated high from the left
superior direction for 97.9 mm before terminating in th&ateral wall of the abdominal aorta, with its ostium nearly level
left inferior vena cava. Along its course, it gave off branchesith the superior pole of the left kidney, and exhibited early
that anastomosed sequentially with the right internal ilidmranching. Its proximal segment (diameter: 5.8 mm) coursed
vein and the right common iliac vein, forming a distincinferolaterally for 17.9 mm before bifurcating into anterior
Venous circuit. and posterior divisions. The anterior division (diameter: 4.1
mm) extended 16.1 mm before further dividing into a superior
3) Numerical and tributary anomalies of the left renal segmental artery (3.3 mm) and an inferior segmental artery
vein (Fig. 2). (2.3 mm). These segmental arteries adopted an anteroposterior
orientation, coursing around the LARV approximately 10.1
The intrarenal veins of the left kidney converged ahm anterior to the renal hilum. The superior artery entered
the hilum to form two distinct left renal veins—anteriotthe hilum proper, whereas the inferior artery penetrated the
left renal vein (LARV) and posterior left renal veinrenal parenchyma directly below it. The posterior division
(LPRV)—that drained independently into the left IVC. Thé€diameter: 4.2 mm) entered the kidney posterior to the left
LARV (flattened diameter: 10.9 mm) entered the IVC 32.posterior renal vein. Together with the superior segmental
mm inferior to the junction of the left and right IVCs. Theartery (from the anterior division), it formed a vascular collar
LPRV (flattened diameter: 7.6 mm) inserted 2.9 mraround the LPRV. Thus, the sequence of structures within the
superior to the LARV. The left testicular vein (flattenedeft renal hilum, from anterior to posterior, was: the left anterior
diameter: 3.7 mm) drained into the venous angle formeehal vein, the superior segmental artery (anterior division of
by the confluence of the LARV and the left IVC. Ofthe left RA), the renal pelvis, the left posterior renal vein, and
particular note, the left adrenal vein (flattened diametethe posterior division of the left RA.
5.2 mm) did not terminate in the left renal vein but shared
a common ostium with the LPRV to empty directly into Additionally, a left testicular artery with a high origin
the left IVC.In contrast, the right renal vein exhibited 1.0 mm in diameter) was identified. It originated 10.0 mm
normal course and tributary pattern; however, it joined theelow the left renal artery on the anterolateral aortic wall,
right IVC at an acute angle of 43 degrees. crossed anterior to the left anterior renal vein, and ran parallel
to the right testicular vein.

T ST AT -

Fig. 2. Images 2a and 2b show the structural and positional abnormalities of the left renal hilum. LIVC:left inferior veifa/dafta
testicular vein, LTA:left testicular artery, LARV:left anterior renal vein, LPRV:left posterior renal vein, LIPV:left infénienic vein,
LRA:left renal artery, P:posterior branch, A:anterior branch, LAV:left adrenalvein, SRSA:superior branch of renal segrental art
IRSA: inferior branch of renal segmental artery, U:ureter, LK:left kidney.

DISCUSSION

Double inferior vena cava (DIVC), first describedencountered clinically (Evares al, 2001; Shawet al, 2003;
by Lucas in 1916 (Eldefrawgt al, 2011), is frequently Anneetal, 2005) and the most common IVC variation with
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an incidence of 0.2%—-3% (Bags$ al, 2000). Its Double Inferior Vena Cava Classification
variations mainly involve the drainage sites of the |
and right IVCs.

Normal iliac vein communication

The development of the human embryonic I\
was elaborated by McClure and Butler (Malekial.,
2012). The IVC and its tributaries derive from three ps
of primitive parallel veins: posterior cardinai
subcardinal, and supracardinal veins. The |
supracardinal vein regresses, while some |
supracardinal-subcardinal anastomotic branches pe
in the left renal vein. The cephalic parts of pair
supracardinal veins drain into subcardinal veins, and il e
posterior aorta gradually regresses into common i “'y e
veins. Thus, the IVC from inferior to superior comprisi T ommetsc o ol c v B
common iliac veins, a short segment of the right poste
cardinal vein, posterior-supracardinal anastomoses, Sntaciios (Ropedery ISR Ity SRy
of the r_|ght supracardlna_ll vem, ”ght Sup_racardlnall-:. . 3: Classification of double inferior vena cava.
subcardinal anastomoses, right subcardinal vein, and hepa{%
segment of the IVC (Mathewst al, 1999). Multiple Renal veins (RVs) are a key aspect of complex IVC
embryological theories explain DIVC occurrence: the lefievelopment, briefly addressed in the aforementioned
IVC may result from failure of regression of the leftembryonic discussion. During embryogenesis, subcardinal
supracardinal vein’s caudal segment or lack of anastomosesl supracardinal veins form a complex periaortic venous
between primitive cardinal veins (Ohwaetzal, 2007). plexus in the mid-renal region, termed the periaortic renal

venous ring. Typically, the plexus’s dorsal parts regress, while

In a case report and literature review on double inferisentral parts persist and develop into left and right RVs. If
vena cava accompanied by an intersubiliac vein, @@h ventral parts regress and dorsal parts persist, the left renal
(2012) proposed a subclassification of this anomaly based wain (LRV) lies posterior to the aorta (retroaortic LRV
the branching pattern of the intersubiliac vein (Fig. 3)JRLRV]types 1-2-4). Preservation of both ventral and dorsal
However, the present case is unique: here, the main trunkpafrts forms type 3 periaortic LRV (RLRV).
the intersubiliac vein originates from the right pelvis and
courses to drain into the left inferior vena cava. Along its path, RVs play a critical role in the complex embryological
it sequentially gives off branches that anastomose with tlevelopment of the IVC, the basis of which has been outlined
right internal iliac vein and the right common iliac vein, therebpreviously. Between the sixth and eighth weeks of embryonic
forming a venous loop. This distinctive anatomicatevelopment, the subcardinal and supracardinal veins give
configuration underscores the rarity and clinical significancese to a complex venous plexus surrounding the aorta in the
of the present case. Studies have established that doumlesonephric region, known as the circumaortic renal venous
inferior vena cava is associated with an increased risk of desgllar. Typically, the dorsal limb of this plexus regresses,
vein thrombosis (DVT) and venous thromboembolic diseasehereas the ventral limb persists and differentiates into the
(Garget al, 2019). In interventional venous radiology,right and left renal veins. Variations in this developmental
congenital inferior vena cava anomalies are recognized riskquence result in distinct anatomical outcomes. Regression
factors for DVT, where the specific anatomy of the intersubiliaof the ventral anastomosis, coupled with persistence of the
vein often critically influences therapeutic planning (Ceen dorsal anastomosis, results in a LRV that courses posterior
al., 2012). During retroperitoneal surgeries, such as anteriar the aorta, corresponding to types 1, 2, or 4 of RLRV.
lumbar interbody fusion (Inamasu & Guiot, 2005), théPersistence of both the ventral and dorsal segments leads to
intersubiliac vein may be inadvertently injured, leading tthe formation of a type 3 RLRYV, also known as a circumaortic
intraoperative hemorrhage. Furthermore, during intervaénal vein. The RLRV, characterized by the LRV passing
debulking surgery for advanced ovarian cancer involvingetween the aorta and the vertebral column, is an anatomical
retroperitoneal lymphadenectomy, failure to recognize sustariant with four recognized subtypes: Type 1: The LRV
anatomical variations—and subsequent adherence d¢ourses posterior to the aorta and drains into the IVC at the
conventional surgical approaches—can readily lead tgpical anatomical site. Type 2: The LRV joins the IVC at a
intersubiliac vein injury and significant hemorrhage (Matsuokeore caudal level, typically corresponding to the L4-L5
et al, 2018). vertebrae. Type 3: Representing the circumaortic variant,
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RLRV Type Incidence Rates was noted to traverse and potentially compress both
Only the incidence rate ranges are colored (0% to minimum is transparent) renal V6|ns A|th0Ugh the CompI'ESSIVE meChar"Sm
differs from that observed in classic Nutcracker

Syndrome (NCS), it should be emphasized that any
anatomical structure exerting extrinsic compression on
the renal vein may give rise to the clinical features of
secondary NCS.

CONCLUSIONS

RLRV Type

This report documents a rare combination of
vascular anomalies involving the inferior vena cava
; . : .. (IVC) and the left renal hilum. The specific findings
Incidence Rate (%) include duplicate IVCs ascending in parallel before
converging, an anomalous interiliac vein connecting
the right hemipelvis to the left IVC, a unilateral
duplication of the LRV with independent drainage,
this type comprises both an anterior and a retroaortic vencarsd an early-branching renal artery forming an entrapment
limb that converge before entering the IVC. Type 4: The LR¢onfiguration around these venous structures. To our
descends from the renal hilum and terminates in the ldhowledge, this specific combination of vascular variants
common iliac vein at the L4-L5 vertebral level (Yaman &as not been previously described in the literature. The
Arslan, 2025) (Fig.4). unique anatomical architecture observed herein provides
critical morphological insights for retroperitoneal and pelvic
Furthermore, Satyapadt al. (1995) defined an surgeries, with significant implications for minimizing
"additional renal vein" as a distinct vessel originating clearlatrogenic vascular injury in these regions.
from the renal hilum and draining independently into the IVC.
They reported that a single additional renal vein on the IhCKNOWLEDGEMENTS
side 'S relatively uncommon, W'.th an incidence of The authors sincerely thank those who donated their
approximately 2.6%. This report describes a complex left rerE;\I

S ) . . P odies to science so that anatomical research could be
venous variation associated with a duplicated inferior vena

cava, characterized by two independent left renal vei Serformed. Results from such research can potentially

. . - Increase mankind’s overall knowledge that can then improve
Embryologically, this pattern appears to originate from a

. 4 . . . patient care. Therefore, these donors and their families
circumaortic renal vein (type 3 RLRV). Unlike the ClaSsmgeserve our highest gratitude. We would also like to thank

configuration, the presence of a I_eft-5|ded IV(? may alter tr}ﬁe partners involved in this anatomy and the teachers of the
developmental trajectory, potentially preventing the dorsal
atomy department.

component (retroaortic portion) from passing behind the aorfa’
As aresult, both the dorsal and ventral (preaortic) components

. . . . CUI, C.; ZHAO, Q.; ZHOU, Z.; CHENG, J.; ZHANG, C.; LIU,
drain separately and directly into the left-sided IVC. X. & LI, M. Origen an6malo de la vena cava inferior doble con la

) ] ) ) _ vena interiliaca y estructura anémala del hilio renal izquierdo en un
The anatomical configuration of the renal veins carriegagaver humanont. J. Morphol., 44(2554-659, 2026.
significant clinical relevance in abdominal surgical procedures, _
including nephrectomy and donor nephrectomy for renal RESUMEN: Este informe presenta un caso de vena cava

transplantation (Hostiuet al, 2019). Preoperative inferior doble (VCID), en un cadaver masculino, con origen anémalo

de la vena interiliaca y ramificacion precoz de la arteria renal izquierda

identification of anatomical variants is essential to preve%e rodea las venas renales izquierdas dobles. En el cadaver, se

intraoperative venous injury and related hemorrhagigentificaron la VCID y una vena interiliaca de origen anémalo: esta
complications (Karkost al, 2001; Ayaz & Ayaz, 2016). For dultima recogia sangre de la cavidad pélvica derecha, se anastomosaba
example, during vascular reconstruction utilizing a left renabn la vena iliaca interna derecha y la vena iliaca comln derecha
vein graft in oncology patients (Ohwaea al., 2007), para formar un circuito venoso y, finalmente, drenaba en la vena cava
unrecognized variations can result in inadvertent vasculﬁﬁe”or izquierda. Ademas, se observaron estructuras anémalas en el

iniury and subsequent sianificant hemorrhaae lio renal izquierdo, caracterizadas principalmente por una
jury q 9 ge. ramificacion precoz de la arteria renal izquierda, con complejas

) ) relaciones de cruce entre las arterias segmentarias resultantes, venas
Moreover, in the present case, an early-branching l@8nales izquierdas dobles y pelvis renal. Este articulo detalla estas
renal artery (Ramaet al, 2007; Garcia-Barriost al, 2024) variaciones anatémicas y analiza sus posibles mecanismos de
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Fig. 4. Retroaortic left renal vein type.
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evolucion embriolégica y su relevancia clinica. Dado que est&baw, M. B. K.; Cutress, M.; Papavassiliou, V.; White, S.; Thompson, M.

variaciones anatémicas afectan los resultados y el pronostico de los& Sayers, R. Duplicated inferior vena cava and crossed renal ectopia

procedimientos quirlrgicos retroperitoneales y pélvicos, es With abdominal aortic aneurysm: preoperative anatomic studies facilitate

fundamental que los cirujanos conozcan las anomalias vascularesSurgeryClin. Anat., 16(4B55-7, 2003.
renales y de la vena cava inferior. Y

aman, V. & Arslan, S. An accessory left renal vein draining into the left

ovarian veinindian J. Thorac. Cardiovasc. Surg., 41847-50, 2025.

PALABRAS CLAVE: Vena interiliaca; Vena cava
inferior; Arteria renal; Vena renal.
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