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Abstract 
We present a rare case associating inferior vena cava’s (IVC) complex varia-
tions. Anatomical, embryological and clinical aspects are discussed. Duplica-
tion’s discovery was fortuitous during an abdominal ultrasound and was con-
firmed by the CT scan. The latter also highlighted azygos continuation, retro 
aortic renal vein and an iliac venous anomaly. These variants are important to 
know in order to be able to differentiate them from lymphadenopathy, pa-
ra-vertebral masses, and aortic pathologies. It is necessary to report them be-
fore any retroperitoneal surgery or interventional vascular procedure. 
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1. Introduction 

The prevalence of IBV developmental abnormalities in the general population 
ranges from 0.07% to 8.7% [1]. They are usually discovered during autopsies, but 
are increasingly found with the latest imaging techniques [2]. These abnormali-
ties are usually clinically silent [3]. They provide thrombosis and their know-
ledge helps to reduce or eliminate the risk of severe bleeding during retroperito-
neal surgery [2]. We report a case combining a duplication of the inferior vena 
cava (VCI), an azygos continuation, a retroaortic renal vein and an anatomical 
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variant of the iliac veins. The discovery was incidental during an abdominal ul-
trasound and was confirmed at CT. The presence of such a combination is rare 
in the literature. 

2. Observation 

It is a 69-year-old patient, hypertensive, carrier of the antigen HBs (marker viral 
hepatitis B), addressed to the radiology department of the hospital Aristide Le 
Dantec for a recurrent diffuse abdominal pain with alteration of the general 
state. No surgical history was found. 

The clinical examination found a soft abdomen, without palpable mass. The 
cardiac auscultation did not find overheard noises and the vascular examination 
found peripheral vascular pulses perceptible on the different arterial axes.  

The biological assessment revealed the presence of Ag HBs with the absence of 
Ac anti HBs. Creatinine was 12 mg/l, the blood count was negative for anemia 
and thrombocytopenia. Liver function showed no hepatic cytolysis or cholesta-
sis. 

Abdominal-pelvic ultrasound with ultrasound (SUPERSONIC® Magic) and 
3.5 MHz low-frequency probe coupled to B-Mode and Doppler. 

This examination revealed the presence of a left lateral aortic structure, oval in 
the axial plane, tubular in the frontal plane, with a venous Doppler signal (Figure 
1 and Figure 2). This venous structure originates from the left external iliac 
vein, passes through the left aortic lateral passage, and flows into the left renal 
vein (Figure 3). The left internal iliac vein is not visible. The IBV, located to the 
right of the abdominal aorta, is formed by the confluence of the right internal 
and external iliac veins. The left renal vein flows behind the aorta and into the 
IBV (Figure 4). 
 

 
Figure 1. Cross-sectional ultrasound section of the umbilical region showing the abdo-
minal aorta (orange arrow), ICV (arrowhead) and left aortic lateral vascular structure. 
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Figure 2. Longitudinal ultrasound image of the umbilical region showing flow in the left 
vena cava (blue arrow). 
 

 

Figure 3. Axial angular ultrasound slice in right lateral decubitus in B-mode passing 
through the left renal hilum, showing the left (star) IFV draining into the left renal vein. 
 

 

Figure 4. Cross-section ultrasound of the epigastric region showing the retro-aortic pas-
sage (blue arrow) of the left renal vein (red arrow) before jumping into the “right” ICV 
(green arrow). 
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Liver analysis showed drainage of the hepatic veins directly to the heart mass, 
with no visualization of retrohepatic IBV. 

The liver was not dysmorphic, homogeneous apart from some biliary cysts. 
These aspects made us evoke a double inferior vena cava. 
Ultrasound exploration of abdominal vascular structures was partially ham-

pered by digestive gas interpositions.  
In addition, there was a single millimetre bilateral inferior polar renal cyst and 

moderate diffuse aerocolic. 
Before these ultrasound images, two diagnostic hypotheses were discussed: a 

dilated gonadal vein or thrombosis of the hepatic retro vena cava. A comple-
mentary scanner (SIEMENS® SOMATOM definition AS 64 strips) with injection 
of iodized contrast agent at arterial and venous times was performed. The exam 
protocol included a chest-abdominal-pelvic scan with a 90 ml injection of 
iodized contrast agent at 350 mg/ml (OMNIPAQUE®) at arterial and portal 
times. Reconstructions, sagittal, coronal MIP and VRT were performed.  

The CT had confirmed a duplication of the inferior vena cava, with a left ICV 
extending the left external iliac vein, moving up the left side of the abdominal 
aorta (Figure 5) to the left renal vein (Figure 6). The latter passes behind the 
aorta and ends by jumping into the right IFV (Figure 7). The left renal vein is 
increased by a 13 mm caliber. 

The IBV originates from the confluence of the right internal and external iliac 
veins, then follows a classic path; receiving the right and left renal veins. It stops 
abruptly before entering the liver. The left internal iliac vein flows into the right 
ICV. 

The dilated azygo vein then takes over by draining all the blood from the IBV 
and passing through the posterior infra mediastinal space through the right pil-
lar of the diaphragm (Figure 7 and Figure 8). It rises along the right side of the 
thoracic spine and flows into the VCS next to T4. 
 

 

Figure 5. Axial scan image after contrast injection showing the two IVCs (black arrows) 
on either side of the abdominal aorta (blue arrow). 
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Figure 6. Volume reconstruction (MPR) scannographic image, showing the duplication 
of the inferior vena cava, azygos continuation, and left renal vein. 
 

 

Figure 7. Axial CT scan showing the absence of the retrohepatic portion of the IVC (ar-
row) and the existence of a dilated posterior infra mediatisnal vein corresponding to the 
azygos vein (star). Segment 8 hepatic cyst (arrowhead). 
 

The azygos vein is increased in caliber (27 mm) over its entire path, making 
with the arch of the aorta an aspect in double butt. 

The right inferior vena cava is larger (27 mm) than its left counterpart (17.5 
mm). 

Since the retro-hepatic portion of the IFV is not present, the hepatic veins in 
the modal position are drained directly into a small segment of the IFV before 
being thrown into the right atrium of the heart. 

Thus, we did not find any organic cause for the abdominal pain mentioned at 
admission. 

The patient and his treating physician were informed of these findings. In the 
face of functional pain, only symptomatic treatment with antispasmodic and ac-
tivated charcoal has been instituted. We recommended a regular hepatic control 
ultrasound to monitor for cirrhotic changes in the liver. No surgical treatment 
was indicated. 
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Figure 8. CT image in volume reconstruction (MPR), showing the duplication of the in-
ferior vena cava, the azygos continuation, and the left renal vein. a: aorta; az: azygos vein; 
v: inferiorvena cava. 

3. Discussion 

The prevalences of the duplication of the inferior vena cava, azygos continuation 
and retroaortic renal vein are respectively 0.2% - 3%; 0.6% and 2.1%. The pres-
ence of such a combination of variations is very rare [1] [4]. In this observation 
the patient presents a complex variation of the IBV including: the hepatic, renal, 
sub-renal and ilio-cave segment. 

Remember that the normal IBV is composed of 6 segments: hepatocardiac, 
hepatic, suprarenal, renal, sub-renal and ilio-cave. 

The evolution towards the definitive cave system is made from three pairs of 
primitive veins: the posterior cardinal veins, the sub-cardinal veins and the su-
pra-cardinal veins. These systems will develop and regress at different times with 
some temporal overlap, establishing numerous anastomoses between them [5] 
[6]. 

According to Bass, the major abnormalities are double IBV (with a prevalence 
of 0.2% - 3%), left IBV (0.2% - 0.5%), left renal vein retro aortic (2.1%), left renal 
vein circum aortic (8.7%) and the absence of the liver segment of IBV with azy-
gos prolongation of IBV (0.6%) [3] [7]. 

The duplication of the IVV is characterized by the presence of a second infe-
rior vena cava sub renal. It results from the persistence of the right and left su-
pra-cardinal veins while the left supra-cardinal vein should involuer.  

The left ICV can be located to the left of the abdominal aorta as in our obser-
vation or more rarely to the right of the same side as the right ICV [8]. 

In our patient, there was no communication between the two cellars veins but 
in about 70% of reported cases, we find inter iliac anastomosis. This is presented 
as a vein draining blood from a IVV to the contralateral one [9]. 
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Taking into account the size of the double ICV and the pre-aortic trunk, a 
morphological classification of this anomaly was proposed [4].  

Type I of duplication refers to a bilateral and symmetrical ICV of the same ca-
liber as the pre aortic trunk. In Type II, the two left and right IVCs are symme-
trical but their calibres are smaller than those of the pre aortic trunk. For Type 
III, the left IBV caliber is smaller than the right IBV and the pre aortic trunk ca-
liber.  

In our patient, the caliber measured on the scanner was 11 mm for the left 
VCI and 19 mm for the right VCI; suggesting a Type III duplication. 

Type III duplication would be the expression of a partial regression of the left 
supra cardinal vein [4]. 

The discovery of this malformation is often fortuitous as in our patient. Most 
cases of duplicated IBV are clinically silent, incidentally identified during imag-
ing, surgery or autopsy [3] [4] [10]. 

The clinical impact of this anomaly remains minor. However, this ilio-cave 
malformation can lead to several types of clinical manifestations, such as deep 
venous thrombosis (DVT), extrinsic urinary obstruction, nutcracker syndrome 
and pelvic congestion. Numerous case studies of idiopathic DVT in children 
have revealed an abnormality of IBD [6] [11]. Deep venous thrombosis (DVT) of 
the lower limbs is found in 6.5% of cases with inferior vena cava duplicity [5]. 
Duplication of the inferior vena cava would cause 0.5% unexplained macroscop-
ic hematuria and does not counter-indicate kidney transplantation [12] [13]. It 
can be confused with lymphadenopathy or lymphomatous flow [2] [4]. 

Recognition of IBV duplication is relevant in retroperitoneal surgery (espe-
cially thora-phreno-laparotomy) given the risk of massive per-operative he-
morrhage in the event of unfamiliarity or vascular interventions, to avoid recur-
rent pulmonary embolism after the installation of a cave filter [1] [2] [3] [4]. 

Azygos continuation of the VCI also called agenesis of the hepatic segment of 
the VCI with azygos continuation is a congenital abnormality in which the re-
trohepatic portion of the inferior vena cava is absent. Venous drainage of the 
suprarenal segment is done via the azygos vein. The hepatic veins are drained 
directly into the right atrium through the inter-hepatocardiac segment of the 
IBV as in our patient [2] [3] [13] [14]. 

The embryological basis is the lack of formation of the right sub-cardinal 
anastomosis. This rare abnormality has a prevalence of 0.6% in patients with 
congenital heart disease, but less than 0.1% in the general population [13].  

Clinically, asymptomatically, it is often incidental. Azygos continuation is 
found in 5% of patients under 30 years of age with unexplained deep vein 
thrombosis [14]. 

This congenital abnormality may be isolated, but is often part of a more com-
plex syndrome that includes heart defects, situs inversus or polysplene syndrome 
[1] [10] [12]. In our observation, this anomaly was isolated. It can be suspected 
before a mediastinal enlargement to the chest radiography evoking in addition a 
right paratracheal mass or a para-vertebral polyadenopathy [2] [3] [13]. It can 
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also mimic aortic pathology, because these dilated vessels are parallel to the des-
cending thoracic aorta, and can be confused with aortic pathology (dissection, 
aneurysm or rupture) during trans-esophageal echocardiography [1]. 

In young patients, IVV abnormalities should be systematically investigated for 
recurrent and idiopathic DVT [11] [15]. 

It is important to know the anatomy of this variant before planning a cardiac 
bypass, cardiac catheterization, azygo ligature during a thoracotomy or por-
to-cave decompression surgery [1] [2] [16]. 

The retroaortic left renal vein results from the regression of supra-sub-cardinal 
anterior anastomosis and the persistence of posterior supra-sub-cardinal anas-
tomosis, so that a single renal vein passes behind the aorta. This variant, together 
with the left renal vein around the aortic, constitutes the most frequent anatom-
ical variants of IBV [5]. 

The presence of the left aortic renal vein can cause clinical symptoms such as 
abdominal pain and/or hematuria [2] [3]. Our patient came in for abdominal 
pain that could be explained by this variant. 

Anatomical variants of the left renal vein (number, aortic retropath, periaortic 
venous ring) are of particular importance in renal and vascular surgery. In indi-
cations such as segmental nephrectomy, kidney transplant, abdominal aortic 
aneurysm, retroperitoneal nodule surgery, testicular tumors or porto cave deri-
vations, these variants could influence the operating technique in one way or 
another [4]. 

The iliac veins and the bifurcation of the iliac veins derive from the 
non-regression of the distal portion of the posterior cardinal vein. The variations 
of the iliac veins result from a poor development of the posterior cardinal system 
during the separation of the iliac veins. Among these variations, we find: a con-
trolateral drainage of an internal iliac vein as in our observation or more rarely a 
junction between the two internal iliac veins that form a single trunk before their 
termination in the VCI [2]. 

However, these iliac variations are important to recognize in case of pelvic 
surgery as part of lymph node curage, kidney transplant, or hysterectomy in 
women. Our patient suffers from benign prostatic hypertrophy and could poten-
tially be treated surgically by urologists. 

In some cases, several variants may coexist in the form of a double IVC with a 
left renal vein retroaortic and azygo and/or hemi azygos prolongation. The asso-
ciation of these three anatomical variants of the inferior vena cava is rare. Ah-
matoglu et al. described the same malformations but with different iliac venous 
variations [2].  

The main risk in this patient with Ag HBs is deep vein thrombosis, hence the 
need for close liver control.  

The second main risk is massive hemorrhage during a possible endovascular 
procedure, biopsy or abdominal or thoracic surgery. 

The most commonly used imaging means are phlebography, doppler ultra-
sound, scanner and MRI. 
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Phlebography is the most reliable way but has the disadvantage of being inva-
sive. 

Doppler ultrasound is the most practical way, but still limited exploration in 
case of interposition of digestive gas, or obesity. Because of its cost, the MRI is 
not a preferred method, although it is non-irradiant.  

CT remains the most reliable means, which offers with the latest innovations, 
images of better «pseudo angiographic» resolution thanks to volume reconstruc-
tions.  

4. Conclusions 

A replication of the inferior vena cava associated with retrohepatic agenesis of 
IBV with azygos continuation was incidentally discovered during an abdominal 
ultrasound, and was confirmed by CT in a 69-year-old patient. Embryological, 
anatomical, radiological and clinical aspects were discussed. The diagnosis is 
based on computed tomography with injection of iodized contrast agent, which 
reveals these different congenital abnormalities. 

Knowledge of these abnormalities is necessary, in order to avoid dramatic 
surgical complications in case of endovascular or retroperitoneal surgery. 

The role of the radiologist is to know how to recognize these different anoma-
lies in order to avoid any misinterpretation.  
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