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Abstract
The duplication of the inferior vena cava is a rare variation resulting from an alteration in the 
embryogenesis of the cardinal venous system. Although there are various types of double infe-
rior vena cava and is prevalent in 2-3% of the population, the continuation of left inferior vena 
cava as hemiazygos vein is a very unusual variant and hence this case is reported for its rar-
ity and clinical significance. During dissection of an eighty-seven-year-old female cadaver, the 
presence of the double inferior vena cava was noted. A detailed dissection was done of the 
major veins of the abdomen and traced till their drainage into the thorax. The right and left 
inferior vena cava were connected by a venous bridge which coursed deep to the abdominal 
aorta. The right inferior vena cava followed its usual course and drained into the right atrium, 
while the left inferior vena cava entered the thoracic cavity as the hemiazygos vein and drained 
into the azygos vein. Anatomical knowledge of the rare variant prevents misdiagnosis and aids 
in the proper interpretation of radiological images. Also, awareness of this vascular anomaly 
guides the surgeons during retroperitoneal procedures when encountering intraoperative dif-
ficulties.
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Introduction

The duplication of the inferior vena cava (IVC) has been reported to occur in 2 to 
3% of the population (Spentzouris et al., 2014). The inferior vena cava is usually the 
single largest vein draining the blood from the lower part of the body and is on the 
right side. The complexity of the development of inferior vena cava explains the mul-
tiple variations associated with the venous system (Chuang VP et al., 1974; Bass et 
al., 2000). These variations are usually asymptomatic, although they have significant 
clinical implications in certain radiological and surgical settings (Nishibe et al., 2004; 
Ang et al., 2013). The failure of regression of the left supracardinal vein results in the 
formation of the double IVC. In most cases of double IVC, the left IVC crosses over to 
the right side and drains into the right IVC (Bass et al., 2000). This case is a very rare 
variant of the double IVC, and it deserves embryological reasoning and clinical cor-
relation.
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Materials and methods

During the posterior abdominal wall dissection of an eighty-seven-year-old female 
cadaver, an abnormal vein (left IVC) was found to the left of the abdominal aorta. 
The vein was traced proximally and distally. The common iliac veins were dissected 
out and the formation of the right and left IVC were noted. The diaphragm was dis-
sected, and the right IVC was traced to its termination in the right atrium. The azy-
gos vein and the hemiazygos vein were dissected up to their termination. The veins 
and arteries were painted with acrylic tube paints (Trade name - Reeves) in ultrama-
rine blue and crimson red colors and photographed. 

Results

The right IVC was in line with the right common iliac vein, and the left IVC was 
in continuity with the left common iliac vein. The right IVC was larger than the left. 
There was a bridging vein at the level of L4 (fourth lumbar vertebra) that coursed 
posterior to the abdominal aorta (Figures 1, 2). There was another small vein at the 
level of L5 bridging the two common iliac veins. The right renal, gonadal and the 
suprarenal veins drained into the right IVC. The right IVC entered the diaphragm 
through the normal IVC opening in the central tendon and opened into the right atri-
um. The left IVC ascended to the left of the abdominal aorta and continued as the 
hemiazygos vein. The left renal vein was shorter since it drained into the left IVC. 
The left gonadal and the left suprarenal veins drained into the left renal vein. The 
hemiazygos vein passed posterior to the medial arcuate ligament of the diaphragm 
and entered the thoracic cavity. 

The azygos vein was smaller than the hemiazygos vein. At the level of T8 (Eighth 
thoracic vertebra), the hemiazygos vein united with the azygos vein to form the com-
mon azygos trunk. The common azygos trunk drained into the superior vena cava 
at the level of T3. There was no accessory hemiazygos vein. The 5th, 6th, and 7th left 
posterior intercostal veins (PICV), the right superior intercostal vein, and the 5th to 
8th right PICVs drained into the common azygos trunk. The 8th to 11th left PICVs 
and the left subcostal vein drained into the hemiazygos vein.  The 9th to 11th right 
PICVs and the right subcostal vein drained into the azygos vein. The 1st to 4th pos-
terior intercostal veins followed the normal course and termination on both the sides.

Discussion

The embryogenesis of IVC involves the development, anastomosis, and regres-
sion of three pairs of the complex system of veins from the sixth week to the tenth 
week of intra-uterine life.  They are posterior cardinal, supracardinal and subcardinal 
veins (Figure 3). The common iliac veins and the anastomosis between the common 
iliac veins develop from the posterior cardinal veins. The infrarenal segment of the 
IVC develops from the right supracardinal vein. The renal segment develops from the 
supra-subcardinal anastomosis. The suprarenal segment develops from the right sub-
cardinal vein.  The hepatic segment develops from the vitelline vein. The intersubcar-
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dinal anastomosis and the left supra-subcardinal anastomosis remain as the left renal 
vein. The suprarenal portion of the supracardinal veins on both the sides gets dis-
connected from the infrarenal part and continues as the azygos and the hemiazygos 
veins. All the other parts of this venous system disappear (Chuang et al., 1974). 

The variations of IVC have been classified into four types based on its develop-
ment: Anomalies of the posterior cardinal veins, subcardinal veins, supracardinal 
veins and renal segment (Chuang et al., 1974). The present case resulted from the 
abnormal persistence of the entire extent of left supracardinal vein (Figure 3). The 
infrarenal segment of the left supracardinal vein was represented by the left IVC, and 
the suprarenal portion of the left supracardinal vein was represented by the hemiazy-

Figure 1 – The image shows the duplication of IVC 
and the relationship between the veins and the 
abdominal aorta.

Figure 2 – The image shows the large veins, their 
course, and tributaries after the removal of the 
abdominal aorta. 
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gos vein. Various abnormalities have been reported in associated with the double IVC 
some of them being, congenital heart disease, congenital absence of right kidney, rec-
tal ectopia, right retrocaval ureter and transcaval ureter (Spentzouris et al., 2014) but 
none of those variations were noted in the present case.

Duplication of the IVC may be asymmetric (in part) or symmetric (in total) 
(Spentzouris et al., 2014). The most common variant is the union of the left IVC with 
the left renal vein and its drainage into the right IVC (Peter et al., 2009). Usually, 
it joins the right IVC in front or behind the aorta at the level of or just above the 
left renal vein and occasionally at a lower level (Mayo et al., 1983). The present case 
showed an extremely rare variant of the left IVC continuing as the hemiazygos vein 
in the presence of a normal right IVC. 

The larger of the two vessels of double IVC is called as the dominant vein. In 
many instances as this case, the right vena cava is dominant (Mathews et al., 1999). 
A case closely similar to this had a non-dominant right IVC, and the hemiazygos 
vein drained into a persistent left-sided superior vena cava (Brochert and Reynolds, 
2001). While the present case showed a normal course and drainage of the right IVC, 
variations have been noted in the past. Two case reports showed azygos continua-

Figure 3 – The image is a schematic representation of the development of inferior vena cava and the embry-
ological reasoning of the variation noted in this case.
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tion of the right IVC (Mayo et al., 1983; Soltes et al., 1992) and another had a right 
IVC drained by the retro-aortic right renal vein that opened into left IVC (Bass et al., 
2000).  The absence of accessory hemiazygos vein noted in this case was reported in 
15% of the cases (Silveira et al., 2012).

Pelvic venous variations of double IVC are classified into five types. Although the 
most common type is a double IVC with no interiliac communication (about 40%) 
(Yagi et al., 2014), in this case, the connection was present. Abnormal veins can be 
dilated and tortuous, and therefore blood flow can be altered. This increases the 
chances of thromboembolic events (Eldefrawy et al., 2011). The success of IVC filter 
is affected by this variation since it still provides a pathway for recurrent pulmonary 
emboli from the lower extremity (Yagi et al., 2014). Hence separate filters are needed 
for both IVCs. 

Radiologically, double IVC can be mistaken as a pathological lesion such as ret-
roperitoneal lymphadenopathy or left pyelo-ureteric dilation (Ng and Ng, 2009). The 
abnormally large hemiazygos vein was misdiagnosed as mediastinal mass, and per-
cutaneous biopsy had been attempted in the past (Eldefrawy et al., 2011). 

Preoperative diagnosis of the anomalies would reduce the complication rate of 
the abdominal aortic operations. In donor nephrectomy, the left renal vein is usually 
preferred because it is long. However, the short left renal vein associated with this 
variant may lead to serious technical difficulties (Yagi et al., 2014). Besides, misiden-
tifying a double IVC as a large tributary of the renal vein could be dangerous for the 
donor, if it were to be ligated (Peter et al., 2009). At times, a double IVC has been 
mistaken for an abnormal form of a gonadal vessel and ligated (Gupta et al., 2002). 
The venous variation noted may pose technical difficulties during retroperitoneal 
surgeries by complicating dissection and increasing the risk of hemorrhage (Aljabri 
et al., 2001, Ang et al., 2013).

The double IVC with the hemiazygos continuation of the left IVC is an uncom-
mon and clinically significant variation that may be incidentally diagnosed during 
imaging procedures. The knowledge of this variation will aid in the preoperative 
diagnosis and will enable appropriate surgical planning. It will also avoid misinter-
pretation such as mediastinal lymphadenopathy or para-aortic mass and the hence 
dangerous biopsy could be prevented. This case is brought into light to report a rare 
variation and to add knowledge to the atypical clinical presentations.
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