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Background: Development of inferior vena cava (IVC) is a complex process that involves
the anastomoses between three pairs of embryonic veins. Specific permutations exist
in the venous plane of the abdomen and pelvis resulting in variations such as single left
IVC, double IVC, and left renal retroaortic vein. Anomalies of the inferior vena cava and
renal veins occur infrequently but may contribute to serious morbidity throughout surgical
exploration if unidentified. Most anomalies remain asymptomatic until surgical intervention
or clinical presentation with thromboembolic complications. Aims and Objective: Our
research is aimed to link embryology with developmental disorder and the complications
associated with the anomalous vessels in the field of surgery. Materials and Methods: Ten
IUD fetuses (ranging from 20 weeks to term fetuses) were collected from the O&G
department of the college and injected locally with dilute formalin and placed in containers
filled with formalin. Dissection of the fetuses was done to identify congenital anomalies.
Results: The external appearance of the 28-week-old fetus showed no gross anomaly.
Examination abdominal cavity showed absent infrarenal segment of IVC and left renal vein.
The right renal vein was seen running a long course to the left side with tributaries of
lumbar veins and was seen continuing as the left femoral vein medial to the femoral artery.
Segments of suprarenal and renal IVC were present. Conclusion: Correlating anomalies
and variations of IVC and its tributaries to embryology. However, understanding of such
anomaly is necessary to avoid significant diagnostic pitfalls and in preoperative surgical
and radiological intervention planning.
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INTRODUCTION

the supracardinal at about 8 weeks. The subcardinal system
develops to the prerenal segment of IVC.”
It was eatly in the 20" century that the variation in the

anatomy of the inferior vena cava (IVC) and renal veins was
first noticed. An understanding of the related embryology
is the best way to comprehend the abnormalities observed.
IVC and renal venous embryogenesis is complex.'

The retroperitoneal venous system emerges from three
paired venous fetal systems. These are the posterior
cardinal, the subcardinal, and the supracardinal systems
which arise in a chronological order, the posterior cardinal
being dominant at 6 weeks, the subcardinal at 7 weeks and

Renal vein develops from anastomosis between the
subcardinal and supracardinal systems. The supracardinal
venous system develops to postrenal segment of the IVC
under the diaphragm.’

Embryology

IVC is a composite vessel in the adult which develops
in the posterior abdominal wall dorsal to the developing
peritoneal cavity. IVC develops by temporal remodelling
of venous complexes during the 6™ to 10" week of
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gestation.! The formation of the postrenal segment
(infrarenal part) of IVC is still not clearly described. The
function of IVC is initially carried out by the postcardinal
veins of ecither sides of body. The postcardinal veins
communicate via inter-post cardinal anastomosis in early
stage." The left sided veins divert more blood towards
right side and hence the left sided cardinal veins regress
towards later stage. At different gestational period, three
parallel pairs of cardinal veins form anastomotic channels
among themselves and undergo partial regression. The
remaining parts of these venous channels coalesce to
form the adult IVC and the bifurcation of the iliac veins.
The first pair of veins to form are the postcardinal veins
on the posterior abdominal wall of the fetus. Except for
the more distal part which becomes the iliac bifurcation,
this system completely regresses. The subcardinal veins
are situated anterior and medial to the postcardinal
veins. The left subcardinal vein regresses fully and the
right channel forms the suprarenal segment of IVC.
The supracardinal veins are located directly behind the
aorta. The left supracardinal system regress and the right
remains to form the infrarenal segment of IVC. Both the
subcardinal system and the supracardinal system form
extensive anastomotic channels at the level of renal vein.

These channels coalesce to form broad anterior and
posterior vein which drains the left kidney and binds to the
IVC. The vein posterior to the aorta eventually regresses
but the vein anterior to the aorta persists to become the left
renal vein. In summary, the right subcardinal vein forms a
suprarenal segment (prerenal segment) of the IVC, the right
supracardinal vein forms infrarenal (post renal) segment,
the postcardinal veins form an iliac bifurcation, and both
the subcardinal and supracardinal systems contribute to
the formation of the renal veins. With such a complex
embryogenesis process, IVC anomalies routinely occur.
There are about 15 different [IVC anomalies recorded, but
many are minor variations.*¢

Commonly reported anomalies of IVC

Isolated left IVC result from persistence of left supracardinal
vein and its reported in 0.2-0.5% population’ Double IVC
results from persistence of both supracardinal veins™®
Failure of subcardinal anastomosis leads to azygous and
hemiazygous continuation of IVC."®

Circumaortic renal vein and defective posterior subcardinal
anastomosis leads to variation in left renal vein.”®

Surgical significance of vena caval and renal vein
anomalies

Anomalous venous complexes tend to dilate and become
tortuous resulting in hemorrhage, which may be fatal.
Unascended, malrotated or horse- shoe kidneys tend to
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have anomalous renal vein or IVC. Duplicate IVC or
thrombus in IVC’ may require protection with filter."”

Therefore, the current study is aim to developmental
anomalies of IVC and its complications in surgical field.

MATERIALS AND METHODS

Ten IUD fetuses were collected in the college from
O&G department and dissected to study abnormal
retroperitoneal vessels. Fetuses ranging from 20
weeks gestational age to term fetuses were collected
and injected with dilute formalin locally and kept in
containers filled with formalin. Dissection of fetuses
was performed to identify congenital abnormalities. In
this case (28" week gestational age) midline incision was
put in the abdomen extending from xiphoid process to
pubic symphysis. As noted, incision was further extended
to lower limb along mid-inguinal point downward to
trace the veins. Since the veins were slender, they were
traced with utmost care.

RESULTS

The external features did not have significant anomalous
appearance in the 28th week-old fetus. On dissecting the
abdomen for retroperitoneal vessels, infra-renal portion
of IVC was not observed. The right renal vein was seen
following a long path to the left, joined by lumbar veins on
the left side and was seen in continuity as the left femoral
vein medial to the femoral artery. Ureters of both sides were
seen draining to urinary bladder. Figure 1 showing absent
infra-renal part of IVC. Vertebral column seen behind aorta
with absent IVC. Figure 2 showing left kidney, ureter, left
renal artery and absent left renal vein, Prerenal IVC is seen,
Figure 3 showing anomalous right renal vein and inferior
venacava. Figure 4 showing left renal vein crossing to left
side and lying medial to left femoral artery.

Figure 1: Image showing absent infra-renal part of IVC. Vertebral
column seen behind aorta with absent IVC
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Figure 2: Image showing left kidney, ureter, left renal artery and absent
left renal vein. Prerenal IVC is seen

Figure 4 : left renal vein crossing to right side

DISCUSSION

IVC anomalies are manifestations of complex
developmental process. A surgeon needs to be aware
of the potential problems arising from IVC anomalies.
Nephrectomy, adrenalectomy and sympathectomy in a
patient with IVC anomalies may be dangerous. Patient
with double IVC, the IVC may be intervened with either
a filter or plication to avoid pulmonary emboli. Although
rare, IVC anomalies may present challenges for the surgeon,
who operates on retroperitoneal structures.
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Congenital defect of IVC occurs at six to eight weeks
gestation due to an anomalous embryonic growth of the
supracardinal vein, subcardinal vein and supracardinal-
subcardinal anastomosis.'" The maldevelopment of the
supracardinal vein results in absent infrarenal part of IVC.
Defective subcardinal vein gives rise to absent or defective
suprarenal portion of inferior venacava and renal veins.
The renal segment of inferior venacava and common iliac
veins is derived from posterior cardinal vein."

In this case, the absence of infra-renal part of IVC suggests
anomalous right supra-cardinal venous development which
resulted in absence of infra-renal part of IVC. Since renal
veins develop from supracardinal- subcardinal anastomosis
that forms a dorsal arch of the aortic collar, the absence
of the left renal vein and the anomalous right renal vein
suggest defective anastomosis between the supracardinal
and subcardinal veins. In this case, the continuity of
the right renal vein with lumbar veins and continuing as
left femoral vein to the left side indicates a defect in the
posterior cardinal anastomosis and persistence of the left
posterior cardinal vein. Anomalous anastomosis existed
between left supracardinal vein and left posterior cardinal
vein. The anomalous link between left supracardinal and
right subcardinal vein lead to right renal vein crossing to
left and continuing as left femoral vein.

Perinatal inferior venacava thrombosis result in hypoplasia
or absence of inferior venacava.'” The dilated right renal
vein indicates its possibility for developing thrombosis. The
etiology of absent infra-renal IVC is unclear according to
the above author."? The author suggests that dysgenesis of
the right supracardinal vein may be a possible mechanism,
and also includes that a single embryological event does
not fully explain the absence of infrarenal IVC.

Surgical correlation

It’s found that in 5 per cent young people, deep
vein thrombosis is associated with inferior venacava
abnormalities. It is assumed that venous return with an
anomalous inferior venacava is insufficient and can lead
to venous stasis in the lower limb that may precipitate
thrombosis.”” IVC abnormalities may be associated with
congenital anomalies in organs such as liver, heart, and
lung, because embryological development occurs during
the same time."" IVC dysfunction is also associated with
dextrocardia, atrial septal defect, atrioventricular canal,
pulmonary artery stenosis.'* Patients with congenital
anomalous IVC often suffer from frequent non-healing
venous ulcers.”” Huntington and McLure proposed almost
14 theoretical variations in the IVC infra-renal section.
Patients with absent IVC segments can develop venous
insufficiency symptoms in lower limbs.'®
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CONCLUSION

Although anomalies in the venacava are rare, preoperative
identification can prevent morbidity and enable better
planning of operational procedures. This knowledge is
particularly relevant in circumstances involving surgeries
of the venous system. During preoperative examination,
it is important to take adequate precautions in identifying
anatomical anomaly save injury.
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