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Abstract

The embryogenesis of the inferior vena cava is a complex process involving multiple
steps for the three pairs of embryonic veins. Improper completion of this process may lead to
anatomic anomalies of the inferior vena cava (IVC) and its tributaries. A rare case of combined
double inferior vena cava (DIVC) with abdominal aortic aneurysm (AAA) is described in a 60-
year-old Thai male cadaver. This case is discussed, together with embryogenesis, the congenital
anomalies of DIVC and IVCs in general, and the clinical significance of these anatomical
conditions. We conclude that it is important for physicians and medical educators to have a
comprehensive knowledge not just of normal anatomy but also of anatomical variations of the
IVC.
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Abbreviation

AA Abdominal aorta

AAA  Abdominal aortic aneurysm
CIV  Common iliac vein

DIVC Double inferior vena cava
IVC Inferior vena cava

IICV Interiliac communicating vein
v Internal iliac vein

LIVC Left inferior vena cava

1. Introduction

Congenital anomalies of the inferior
vena cava (IVC) result mainly from abnormal
embryological development. These anomalies
occur in 0.4 — 4.0% of the population [1].
Among these anomalies, double IVC (DIVC)
is the most common, with an incidence of 0.2
—3.0% [2-3]. There are 2 large veins that run
bilateral of the abdominal aorta that consist of
right IVC (RIVC) and left IVC (LIVC), which

join at the level of the kidney to become one
vein [4]. Most double IVC (DIVC) cases are
asymptomatic and diagnosed incidentally by
imaging, usually with magnetic resonance
imaging (MRI) or computed tomography
(CT) scanning performed for other reasons, or
they are found unexpectedly at the time of
resection of abdominal aortic aneurysm, or
during investigation of venous system
anomalies, or dissection of cadavers [5-9].
Many reports have been published on IVC
variations but few have focused on the
coexistence of DIVC and abdominal aortic
aneurysm (AAA). These anomalies are rare
and have significant clinical implications,
especially during abdominal aortic surgery.
An unexpected severe hemorrhage in this
operation is usually caused by unexpected
venous injury [10-13]. It is also clinically
important in certain situations in laparoscopic
nephrectomy [14] and for the treatment of
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thromboembolic diseases [15]. A double IVC
can be misdiagnosed as a pathological lesion,
such as a lymphadenopathy [16] or left pyelo-
ureteric dilatation [17].

Comprehensive knowledge not just of
normal anatomy but also anatomical
variations of the IVC is important for
establishing the presence of an associated
venous anomaly and reducing the associated
risks during abdominal surgery. Herein we
present a case of the coexistence of DIVC
with a typical confluence of the left renal vein
and the left inferior vena cava with AAA,
which was observed during routine dissection
of a 60-year-old Thai male cadaver. We also
discuss the embryological and clinical
significance, and review the main types of this
anatomical variation reported to date in the
literature.

2. Materials and Methods

Vascular anomalies were observed
during routine dissection of a 60-year-old
Thai male cadaver in a gross anatomy class.
The calibers of the vessels were measured
with compasses and a ruler as described in
previous studies [18-20].

3. Results

During  routine  retroperitoneal
dissection of a 60-year-old Thai male cadaver
in a gross anatomy class, DIVC was detected
together with an AAA Figure 1. Medical
records accompanying the cadaver indicated
the man had died from heart disease. The two
inferior vena cava originated in the pelvis and
ascended bilaterally along the abdominal
aorta. The RIVC ascended along the right side
of the abdominal aorta. The RIVC was 20 mm
in diameter and 70 mm in length and its
diameter increased to 25 mm after receiving
the right renal vein. The RIVC continued to
ascend and ended at the inferior part of the
right atrium of the heart.

The LIVC coursed cranially along the
left side of the abdominal aorta and terminated
by joining with the left renal vein (LRV). It
was 76 mm long with a diameter of 9 mm. The

LRV was 9 mm in diameter before
coalescencing with the LIVC and 15 mm in
diameter in the PT between the right and left
IVC in front of the abdominal aorta (AA).

Both testicular veins had a straight
shape and opened into an ipsilateral DIVC. At
the level of the left kidney, the left testicular
vein (LTV) opened into the LRV near its
termination, while the right testicular vein
(RTV) opened directly into the RIVC.

The AAA was located between the
RIVC and LIVC and began about 40 mm
below the renal arteries not involving the
bifurcation, and had a maximum transverse
diameter of 50 mm. The diameters of the aorta
before bifurcation, and of the right and left
common iliac arteries, were 30 mm, 13 mm,
and 15 mm, respectively.

Other important measurements of the
vessels of the abdomen are presented on the
schematic arrangement Figure 1b. The origin,
the course, and the territories of the other
vessels followed the normal pattern. The
kidneys and the ureters were also normal. No
other anatomical anomalies were
encountered.
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LRV
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drawing (b) of the double inferior vena cava.

4. Discussion

Embryogenesis of the IVC is a
complex but well-characterized event. It
occurs during the 4™- 8" week of gestation [1],
and consists of multiple steps involving the
development, regression, anastomosis and
replacement of the three paired embryonic
veins [2,21]. In order of their appearance,
these are the posterior cardinal veins, the
subcardinal veins, and the supracardinal
veins. The posterior cardinal veins appear first
and these veins regress, except for the distal
aspects which become the sacral segment of
the IVC, common iliac veins, internal and
external iliac veins. Then the left and right
subcardinal veins grow caudally and medial to
the posterior cardinal veins. The right
subcardinal vein remains to form the segment
of IVC between the liver and the kidneys
called the suprarenal IVC, while the left
subcardinal vein completely regresses.
Subsequently, a new pair of supracardinal
veins develop, located directly posterior to the
aorta. The left supracardinal vein then
regresses, and the right supracardinal vein
forms an abdominal segment of the IVC
which is located inferior to the kidneys and
called the infrarenal 1IVC [22]. The normal
IVC is converted to a unilateral, right-sided

system, consisting of four components from
the following embryonic structures: (1) the
terminal (suprahepatic) segment from the
right vitelline vein, (2) the suprarenal segment
between the liver and the kidneys from the
right vitelline vein and the right subcardinal
vein, (3) the abdominal IVC (infrarenal IVC)
from the right supracardinal vein, and (4) the
sacral segment of the IVC from the most distal
part of the bilateral posterior cardinal veins
and the right supracardinal vein. Figure 2
shows the development of the IVC from the
cardinal veins [22-23].
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Because development of the IVC is a complex
process, abnormalities during any step in its
formation can result in congenital anomalies.
Fifteen types of IVC anomaly have been
reported in mammals [24]. The most
commonly used classification system is based

on the embryonic vein that the anomaly is
derived from [21]. Major clinically important
anomalies of the IVC, together with
information on their incidence, are listed in
Table 1.

Table 1. Classification of IVC anomalies and their incidence in humans.

Classification of 1VC anomalies Incidence Study

Anomalies of the postcardinal veins

- Retrocaval/circumcaval ureter <0.1% [25-28]

Anomalies of the subcardinal veins

- Interruption of the inferior vena cava with azygous / 0.6% [2]
hemiazygous continuation

Anomalies of the supracardinal veins

- Persistence of the left supracardinal vein: Left inferior 0.2-0.5% [29]
vena cava

- Persistence of both left and right supracardinal veins: 0.2-3.0% [2,30]
Double inferior vena cava

Anomalies of the renal segment

- Circumaortic venous ring 1.6-14.0% [31-32]

- Retroaortic renal vein 3.2% [32]

- Multiple renal veins 9.7% [33]

DIVC is one of the most common of all
the IVC anomalies, and is considered to be
due to the persistence of both supracardinal
veins [2]. Normally, the double LIVC drains
into the LRV, which then crosses anterior to
the aorta (preaortic trunk; PT) and joins the
RIVC. This is called incomplete DIVC [3].
The LIVC is smaller than the RIVC and the
normal LRV could be attributed to inadequate
obstruction of the wvessel, resulting in
persistence of the aberrant vessel [7].

In our case, the LIVC did not drain into
the LRV, but after receiving the LRV it
continued with a major PT that travelled
obliquely and emptied into the RIVC. This
anomaly is known as a complete DIVC, as
classified by Natsis et al. [7]. The most
common etiology of complete DIVC is
persistence of the left suprasubcardinal and
postsubcardinal anastomosis, and probably of
the intersubcardinal anastomosis, which in
turn results in persistence of the left
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supracardinal vein. Complete DIV C is further
classified into three types according to the size
of the right and left IVC and the presence of
the PT [7]. A type | or major double comprises
of two bilaterally symmetrical trunks and a PT
of the same caliber. A type Il or minor double
comprises of two bilaterally symmetrical
trunks, smaller than the PT. A type Il or
asymmetric double comprises of a small
LIVC, larger RIVC and even larger PT. Our
case may be classified as a complete DIVC
type IlI.

Other authors have further classified
DIVCs according to the pattern of interiliac
(communicating) veins (IICV). An IICV is
defined as a vein that drains blood from the
iliac veins, including the common, internal, or
external iliac veins, into the contralateral side
of the DIVC [22, 34]. An IICV originates
from iliac anastomosis between the posterior
cardinal veins, displays various patterns and
interconnects the two IVCs [19, 22, 35].
Based on this, Chen et al [22] classified four
types of DIVC as follows: type 2a, DIVC with
no IICV; type 2b, DIVC with IICV from the
left common iliac vein (CIV); type 2c, DIVC
with 1ICV from the right CIV; and type 2d,
IICV connecting the DIVC, runs transversely.
Morita et al. [34] classified five types of
DIVC with types 2a, 2b and 2c defined in
accordance with the recommendations of
Chen et al. [22]. Type 2d was defined as a
DIVC with an IICV from the left internal iliac
vein (11V), and type 2e was defined as a DIVC
with an 1ICV from the right I1V. According to
both Chen et al. [22] and Morita et al. [34], our
case may be classified as type2a.

Clinically, an IICV has the potential
to interfere with and cause problems during
related surgery and interventional radiology.
In anterior lumbar interbody fusion (ALIF),
this vein might cause problems due to
unexpected hemorrhage during
retroperitoneal surgery because it runs across
and in front of the anterior lumbar and sacral
region. It might also cause problems during
IVC filter placement because congenital IVC
anomalies are a risk factor for deep venous
thrombosis and this vein therefore serves as a
decisive factor in determining the strategy for
venous interventional radiology [22, 34].

The most detailed descriptions of
DIVC are from anatomical studies of cadavers
dissected during medical school anatomy
courses [36]. Additionally in recent years,
DIVCs have increasingly been reported
following the use of advanced computed
tomography  angiography  methods to
investigate IVC anomalies [37]. There are
multiple classification systems for DIVCs,
which we have reviewed here and used to
characterize our case Table 2.
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Table 2. Types of DIVC variation reported by various authors and their classification according
to gross appearance.

Study Descriptive Schematic Classification
method Hllustration of Natsis Morita Chen 2012
IVC anatomy 2010 2007
Our case Cadaver Complete 2a 2a
dissection type 11
Itoh et al. [38] Cadaver Complete
dissection type I
Polgui etal. [20] | Computer Complete
Tomography type 111
Castro et al. [39] Computer Complete
Tomography type |
Raza et al. [40] Organ Complete
transplantation type |
Saad et al. [36] Phlebography Complete
type |
Tanka [41] Computer Incomplete
Tomography
Yano et al. [19] Cadaver 2b 2b
dissection
Chen et al. [22] Cadaver 2b 2b
dissection
Sartori et al. [42] Phlebography 2c 2c
Xue et al. [43] Cadaver 2c 2c
dissection
Benerjee et al. Cadaver 2c 2c
[35] dissection
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According to a radiological report by
Morita et al. [34], IVC anomalies are
significantly more common in men (39 of
3821 cases — 1%) than in women (12 of 2473
cases — 0.5%); men/women ratio is 2:1
(p=0.02). A study by Chen et al. [22]
confirmed this finding. Chen et al. analyzed
109 cases of IVC anomalies published in the
literature between 1967 and 2011 and found
that the ratio of men/women is 72:37.

Kudo et al. found that multiple renal
veins are common on the right side (up to
15%), whereas anomalies on the left side are
rare. The incidence of retroaortic left renal
vein was found to be 1.2-3.3%. The incidence
of circumaortic left renal vein was reported to
be 1.5-8.7% in one study and 2.5% in another
[13]. In our case, the left and right renal veins
followed the normal pattern. This indicates
the  complexity of the underlying
embryological  development role that

anastomoses plays in the different
morphological patterns [7].
Anatomical  variations of the

testicular vein have been reported in previous
studies [42, 44-45]. The testicular vein
deviates from the normal pattern in 21.3% of
specimens. The most common pattern of
variation was a double, and these were more
common on the left side [46]. In the case of
DIVC, the left gonadal vein (testicular vein in
men, ovarian vein in women) tends to open
into the left renal vein [40].

In the present case, the right testicular
vein drained into the RIVC caudal to the right
renal vein, while the single LTV drained into
the LRV on the level of the renal hilum. This
indicates that anastomosis between the left
supracardinal vein and the left side of the
subcardinal sinus differs from that on the right
side during embryogenesis. Additionally, this
anatomical difference induces relatively weak
haemodynamics in the LTV and is considered
to be a cause of left-sided varicoceles [40].
Ipsilateral scrotal edema has also been
reported in a case of laparoscopic left donor
nephrectomy with a double inferior vena cava
[14]. The left gonadal vein can be

misinterpreted as a DIVC because it runs
close to the ipsilateral IVC and drains into the
left renal vein [22].

According to previous literature,
DIVC is a rare but well-recognized
developmental variation [20]. However, its
coexistence with AAA has only been
described in a few studies. In these previous
reports, the dual anomaly was detected in
patients undergoing an abdominal CT scan for
other diseases [20, 47], during abdominal
aortic surgery [12,48], or during cadaveric
dissection [18].

AAA can co-exist not just with DIVC
but with other retroperitoneal venous
anomalies. For example, AAA has been
reported in patients with a left-sided inferior
vena cava [6, 49-51], and in patients with a
retroaortic left renal vein [13, 52].

The presence of a DIVC is unusual
and poses a potential hazard to surgeons
during abdominal aortic surgery [11, 20], or in
other  related procedures such  as
phlebography, renal  vein  sampling,
retroperitoneal  dissection, and  renal
operations [13]. In abdominal aortic surgery,
excessive intraoperative bleeding is usually
caused by unexpected venous injury
hemorrhage [11-12]. Significant venous
bleeding can occur if major retroperitoneal
venous anomalies are present. Venous
hemorrhage can be more troublesome than
arterial hemorrhage [11]. Anomalous veins
are typically thin-walled and dilated, so
manipulation in these areas is challenging and
poses a high risk of massive hemorrhage [17].
In summary, the incidence of DIVC is low,
and most cases are diagnosed incidentally on
imaging for other reasons. However, this
venous anomaly has important clinical

implications, particularly during
retroperitoneal surgery and other
interventional procedures.
5. Conclusion

Double IVC with an unusual

confluence of the left renal vein to the left
IVC, coexisting with abdominal aortic
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aneurysm is a rare condition. However, it can
lead to complications and is clinically
important in situations such as retroperitoneal
surgery. Therefore, it is very important for
physicians and medical educators to have a
comprehensive knowledge not just of normal
anatomy but also of different types of
anatomical variation of the I\VVC as well.
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