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ABSTRACT

Introduction: Inferior Vena Cava (IVC) is the largest vein of the
body. It runs vertically upwards in the abdomen, behind the
liver. Its course is very constant in relation to liver. However, the
amount of liver parenchyma related to it can vary from person to
person. The data regarding its course and relations may be very
useful to radiologists and surgeons during surgical treatment
procedures for Budd-Chiari syndrome, liver carcinoma, liver
transplant, venous cannulations and many other clinical
procedures.

Aim: Aim of this study was to document the incidence of straight
and curved course of IVC in relation to liver and also to note the
pattern in which the liver tissue was related to the IVC.

Materials and Methods: In the current study, 95 adult
cadaveric livers were observed; specifically to study the course/
direction of the hepatic segment of IVC in relation to the liver.
The extent of liver tissue related to various aspects of IVC was
also studied. The course of the IVC was classified as straight
and curved; and the relationship of liver parenchyma to the IVC
was classified into 6 categories. The data was expressed as
percentage incidence.

INTRODUCTION

Inferior Vena Cava (IVC) is the largest vein in the body. It drains
the blood from the lower limbs, pelvis and abdomen into the right
atrium of the heart. It begins in front of the body of fifth lumbar
vertebra, by the union of right and left common iliac veins. It runs
vertically upwards in front of the vertebral column, being on the
right side of abdominal aorta. In relation to the liver, it lies in a
groove on its posterior surface or within a tunnel, surrounded by
the liver tissue. It pierces the central tendon of the diaphragm and
ends by opening into the right atrium of the heart [1].

Course of IVC is very constant, there being very few reports on
its variant course and relation to the liver. Knowledge of exact
course and relations of IVC with respect to liver is very important
to surgeons dealing with hepatic transplantation and lobectomy.
It is also very useful for radiologists, anatomists and pathologists.
Since there is very little data available on the course and relation
of hepatic segment of IVC with liver, we undertook this study. The
main objective of our study was to document the incidence of
straight and curved course of IVC in relation to liver and also to
note the pattern in which the liver tissue was related to the IVC.

MATERIALS AND METHODS

This was a cross-sectional study, conducted in the month of
February 2016. A total of 95 adult livers preserved in formalin tanks
were used in this study. The livers belonged to cadavers, whose
age ranged between 40 to 90 years. Gender wise separation was
not done but approximately 10% of the livers belonged to female

Results: In 78.94% cases, the IVC had a straight course in
relation to the liver; whereas in 21.06% cases, it had a left
sided curve (concavity of the curve towards the caudate lobe)
in its course. In 6.31% cases, IVC travelled in a tunnel, being
encircled by the liver parenchyma all around; in 36.84% cases,
it was covered by liver parenchyma on front and sides so that
only posterior surface of IVC was visible; in 3.15% cases it
was covered by liver tissue on front, sides and also partly on
posterior aspect; in 50.52% of cases, its anterior surface, sides
and left edge of the posterior surface was covered by liver
tissue; and in 3.15% cases it was covered only from the front
by the liver tissue.

Conclusion: The data being reported here might be useful for
surgeons while planning and executing various hepatic surgeries
and also to the radiologists in planning and performing venous
cannulation and therapeutic procedures. Since in many livers,
the curvature of IVC was associated with enlarged caudate lobe,
the curved IVC could hint about the increase in the volume of
caudate lobe or liver itself.

Keywords: Caudate lobe, Cavoplasty, Variation, Venoplasty

cadavers. Only healthy looking livers with presence of right and
left lobes were used in the study. The livers with damaged lobes
and obviously diseased ones were excluded from the study. In
this study, we specifically observed the direction/course of hepatic
segment of IVC (the part of IVC situated in the groove for IVC) and
also noted its relationship with the liver. The direction/course of IVC
was categorized as: i) Straight; and ii) Curved. The curved course
was further classified as: i) curved to the left; and i) curved to the
right. The percentage of their incidence was calculated. As for its
relationship with the liver, it was classified as: i) IVC completely
encircled by liver tissue from all sides; ii) IVC covered by liver
tissue on front and sides (right and left); iii) IVC covered by liver
tissue on front, sides and both (right and left) edges of posterior
surface; iv) IVC covered by liver tissue on front, sides and left edge
of posterior surface; v) IVC covered by liver tissue on front, sides
and right edge of posterior surface; vi) IVC covered by liver tissue
only from the front. The percentage occurrence of these relations
was calculated. Photographs of livers representing each of these
categories were taken.

RESULTS

A total of 75 livers (78.94%) had a straight course of IVC in relation
to them. The IVC ascended vertically in relation to their posterior
surfaces. In the remaining 20 (21.06%) livers it had a curved
course. Among these 20 livers with curved course of IVC, all had a
left sided curve. There was not even a single liver with a right sided
curve of the IVC [Table/Fig-1].
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Direction/Course of IVC

Number of livers

Percentage (%)

[Table/Fig-1]: Showing the

number and percentage of s

IVC. Total number of livers used in the study = 95.

Straight 75 78.94
Curved 20 21.052
Curved to the right 0 0

Curved to the left 20 21.052

traight and curved course of

Relationship
of liver tissue
with IVC

Number of livers

Percentage (%)

Liver tissue encircling
IVC from all the sides

6.31

IVC covered by liver
tissue on front and
sides (right and left)

35

36.84

IVC covered by liver
tissue on front, sides

and both (right and left)
edges of posterior surface

3.15

IVC covered by

liver tissue on front,
sides and left edge
of posterior surface

48

50.52

IVC covered by liver
tissue on front,
sides and right
edge of posterior
surface

IVC covered by
liver tissue only
from the front

e showing the extent of |

Total number of livers used in the study =

3.15

issue covering the inferior vena cava.
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With respect to relationship of liver tissue with IVC, 6 livers (6.31%)
had IVC totally encircled by liver tissue, there being no classic
groove for IVC on the posterior surface of the liver. Thirty five
livers (36.84%) had a normal groove for IVC, wherein, the liver
tissue was related to the front and sides (right and left) of the IVC.
In 3 livers (8.15%) the groove for IVC was very deep, where the
liver tissue not only covered the front and sides of the IVC, but
also covered the right and left edges of its posterior surface. It
was interesting to note that in 48 livers (50.52%), the liver tissue
covered the IVC from front, sides and the left edge of its posterior
surface. In all these livers, it was the right edge of the caudate
lobe of the liver encroaching on to the posterior surface of IVC. In
3 livers (3.15%) the IVC was totally outside the liver. In them, the
anterior surface of IVC just touched the posterior surface of the
liver. There was no groove for IVC in these livers. The hepatic veins
just left the posterior surface and ended into the IVC in these livers
[Table/Fig-2].

The percentage statistics and the examples of curved course and
relations of liver tissue to the IVC have been shown in [Tables/
Fig-1-10].

DISCUSSION

Most of the reported variations of the IVC are its congenital
anomalies. The popular among them include congenital absence
of IVC [2] and its duplication [3-5]. Azygos continuation of IVC
is another one among its noted anomalies [6]. The above said
anomalies are usually associated with other anomalies, either of
heart or any other viscera. As far as the course of IVC in relation to
the liver is concerned, very few studies have been conducted in the
past. In a study conducted by Sahni et al., the IVC formed a gentle
left sided curve in 33.6% of livers. This study was conducted on

[Table/Fig-3]: Photograph of posterior surface of the liver showing left sided curve of the inferior Vena Cava (IVC).
(LL - left lobe; CL — caudate lobe; RL - right lobe)
[Table/Fig-4]: Photograph of posterior surface of the liver showing liver tissue incompletely covering the posterior surface of the inferior Vena Cava (IVC).
(LL - left lobe; CL — caudate lobe; RL - right lobe)

[Table/Fig-5]: Photograph of posterior surface of the liver showing liver tissue encircling the inferior Vena Ccava (IVC).
(LL - left lobe; CL — caudate lobe; RL - right lobe)

[Table/Fig-6]: Photograph of posterior surface of the liver showing liver tissue encircling the posterior surface of the inferior Vena Cava (IVC).
(LL - left lobe; CL — caudate lobe; RL - right lobe)
[Table/Fig-7]: Photograph of posterior surface of the liver showing liver tissue partially covering the posterior surface of the inferior vena cava (IVC) from left and right.
(LL - left lobe; CL — caudate lobe; RL - right lobe)
[Table/Fig-8]: Photograph of posterior surface of the liver showing liver tissue partially covering the posterior surface of the inferior vena cava (IVC) from left and right.
(LL - left lobe; CL — caudate lobe; RL - right lobe)
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[Table/Fig-9]: Photograph of posterior surface of the liver showing liver tissue
covering the posterior surface of the inferior Vena Cava (IVC) from the left side only.
(LL - left lobe; CL — caudate lobe; RL - right lobe)

[Table/Fig-10]: Photograph of posterior surface of the liver showing the inferior vena cava
(IVC) which is covered by liver only on its front surface.
(LL — left lobe; CL — caudate lobe; RL - right lobe)

livers of northwest Indian population [7]. Our study was on South
Indian livers and we documented the left sided curvature of IVC
in 21.06% of cases, which is lower compared to the northwest
part of India. We could not get even a single case where the IVC
had a curvature to the right. Even in literature survey, we could
not find any reports on right sided curvature of the IVC in relation
to the liver. In most of the livers with a left sided curvature, the
right border of the caudate lobe was also curved. The possible
reason for the curvature of the IVC was the extra growth of the
right border of the caudate lobe. But in our study we did not
see the associated enlargement of caudate lobe in most of the
livers. Curvature in the IVC might cause complications in invasive
procedures. A haemodialysis catheter may be misdirected when
the IVCis curved [8]. The curved course also might cause problems
in procedures like IVC filter placement [9] and IVC filter retrieval
[10]. The radiologists may be in a disadvantage when the IVC is
curved in procedures like Trans jugular Intrahepatic Portosystemic
Shunt [11] and Trans-femoral Trans-caval Core-Needle Liver
Biopsy [12].

The relationship of liver tissue to the surfaces of IVC is variable
and systematic studies about this fact are lacking. IVC may range
from being totally outside the liver tissue to totally within the liver,
being surrounded by a ring of hepatic tissue. The classic text book
description about relationship of IVC says that it is found in a deep
groove called “groove for inferior vena cava”. We categorized this
relationship of liver parenchyma with the IVC into 6 types. Type 1 is
where the IVC was totally embedded in the liver parenchyma and
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Type 6 is where it was totally outside the liver. In the past, a study
somewhat similar to our study was conducted by Bundi et al., on
Kenyan population. In their study, IVC was found in a complete
tunnel in 32.5% of the cases and in incomplete tunnel in 43.8% of
the cases [13]. In our study, the incidence of complete tunnel for
IVC was five times less compared to their study (6.31%). In some
conditions like Budd-Chiari syndrome, the caudate lobe enlarges.
In such cases, the IVC gets surrounded by the hypertrophied
caudate lobe resulting in its placement in a complete tunnel
[14,15]. All livers included in our study looked healthy without any
signs of overgrowth of caudate lobe.

The knowledge of relationship of liver parenchyma with the hepatic
segment of IVC is of importance in many clinical, radiological and
surgical procedures. It is essential for the success of hepatic
venoplasty and cavoplasty for Budd-Chiari syndrome with
obstructed retro-hepatic IVC [16]. The understanding of the exact
relationship of IVC with liver could be of utmost importance in
venoplasty of hepatic veins during liver transplant surgeries [17], in
hepatectomy with caudate lobe resection [18], Surgery for retro-
hepatic caval thrombus [19], IVC resection and hemi-hepatectomy
for leiomyosarcoma [20] also. Some other procedures which
require the knowledge of precise relations of IVC with the liver and
its possible variations include living donor liver transplant with IVC
replacement [21], resection of IVC and liver in hepatic malignancy
[22], extended right hepatectomy with a modified hanging
maneuver [18] and laparoscopic caudate lobe resection [23]. The
observations of the current study could be useful in surgeries like
retro-hepatic vena caval thrombus removal [19], endovascular
treatments like stent placements in cases of iatrogenic injuries of
IVC [24], Intra hepatic porto-caval shunt placement [25] and in
ultrasonography techniques to assess the infiltration of malignant
cells into retrohepatic segment of IVC [26].

LIMITATION

One of the limitations of the current study is the small sample size.
The same study can be extended to more than thousand livers.
We did not study the segmental structure of the liver and correlate
it with the IVC. Future studies could be designed in this direction.

CONCLUSION

The current study is a unique study since there are very few reports
in literature on such studies. The data gathered through this study
might help surgeons during partial or extended hepatectomy,
caudate lobe excision, in hepatic venoplasty and cavoplasty,
IVC filter placement and retrieval. It may also help in radiological
procedures like trans-femoral, trans-caval core needle liver biopsy.
Since in some of the livers, the curvature of IVC was associated
with enlarged caudate lobe, the curved IVC could hint about the
increase in the volume of caudate lobe or liver itself.
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