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Abstract

Background: Hepatic veins, which are a link between portal and systemic circulation, traverse the liver substance and
drain different segments into the inferior vena cava (IVC). This venous outflow is important for adequate functioning
of liver homeostasis. The knowledge of the variations in the number and pattern of openings of the hepatic veins into
the floor of IVC is necessary, especially during liver resection and liver transplantation, particularly to decide the method
that would be adopted for these aforesaid procedures.

Methods: A total of 84 livers present in the Department of Anatomy, Goa Medical College, Goa, were used, from which
9 were excluded. The livers were formalin-fixed and were obtained from donated cadavers. The posterior wall of a retro-
hepatic segment of IVC was incised to examine the count of hepatic venous vasculature and the pattern of their openings.
Results: The number of hepatic vein openings ranged from 3 to 8. The majority of the livers (32%) had 6 openings. The
incidence of the right major hepatic vein was 97.3%, the middle major hepatic vein was 73.3%, and the left major
hepatic venous vasculature was 86.6%. The majority of the specimens (n = 25) showed a double opening pattern with 1
separate opening for the hepatic vein of the right side and the middle and left hepatic vein opened by a single trunk.

Conclusion: Hepatic venous vasculature showed numerous variations in its draining pattern in the IVC. Understanding
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these variations is important for hepatic surgeries to improve post-operative outcomes.

Highlights
What is current knowledge?

The literature provides various methods of liver transplantation with
respective outcomes, but there are a few studies that correlate the
variations in the pattern of hepatic venous outflow to the method selected
for hepatectomy.

What is new here?

The current study will help surgeons to decide the best method of the
liver transplantation procedure. This will reduce the chances of transplant
failure and improve postoperative outcomes.

Introduction

Hepatic veins are considered to be a communication between the portal and
systemic venous vasculature. These veins traverse the substance of the liver,
draining different segments of the liver and ultimately emptying into the floor of
the inferior vena cava (IVC).

There are 3 main channels of hepatic veins, namely right, middle, and left
hepatic veins. Lying in the sagittal plane is the middle hepatic vein and is thus
considered an important landmark in the field of radiology (1). The liver also has
minor hepatic venous vasculature, which is smaller in diameter than the major
veins.

The hepatic venous outflow is an important aspect of the functioning of liver
homeostasis. Hepatic venous obstruction can lead to various degrees of hepatic
dysfunction or failure. It is one of the major causes of portal venous hypertension.

In cirrhotic patients, patients with obstructive jaundice or those undergoing
liver transplantation, there may be occlusion to the hepatic venous outflow, which
can have a tremendous effect on the patient outcome (2). Thus, a detailed
understanding of the anatomical structure of hepatic venous vasculature with
regard to the IVC is of great importance to surgeons for procedures involving the
liver, such as liver transplantation, hepatic trauma, and hepatic resection. In this
study, we observed variations in the number, along with the pattern of openings
of the hepatic venous vasculature into the retro hepatic part of the IVC.

Methods

This research involved a comprehensive gross examination of the numerical and
pattern variations in the outflow of the hepatic venous vasculature into the

inferior vena cava (IVC). Prior to conducting the study, approval was obtained
from the Institutional Ethics Committee (code: GMC/IEC-20/02-01; dated
07/02/2020). The total number of livers studied was 84; they were available in
the Department of Anatomy, Goa Medical College, Goa. The livers were
formalin-fixed livers obtained from donated cadavers used for MBBS dissection
classes. Out of 84 livers examined, 9 livers were excluded.

The exclusion criteria were as follows:

1. Stripped off the hepatic part of the IVC.

2. Micronodular or macronodular cirrhosis of the liver; it can change the
diameter of the openings of the hepatic veins into the IVC.

The posterior wall of the hepatic part of the IVC was incised to examine the
number and patterns of major and minor hepatic venous vasculature outflow
channels in the floor of the IVC. Openings with a diameter [1 1 cm were
considered major hepatic veins, whereas the ones with a diameter between 0.5
and 1 cm were considered minor hepatic veins. The openings < 0.5 cm were not
considered in this study. An observation was made regarding the occurrence of a
single trunk for the left and middle hepatic veins. Measurements were taken using
a scale, and the values were noted in an Excel sheet. The pictures of the livers
with variations in the number and pattern were recorded and documented.

Results
Numerical Variations

In this research, all the livers examined were drained by both major and minor
hepatic venous vasculature. In total, the number of openings of hepatic venous
vasculature in IVC ranged from 3 to 8 (Table 1; Figurel). Seven livers with only
3 openings had an incidence of 9.3%, whereas 4 livers with an incidence of 5.3%
had 8 openings. The majority of the livers (n = 24; 32%) had 6 openings (Table
1).

The combined number of major hepatic venous vasculature varied from 1 to
4 (Table 2). In 60% of the total number of livers examined, there were 3 major
hepatic venous openings, followed by 2 major openings seen in 20 livers with an
incidence of 26.7%. Six livers had only 1 major opening, with an incidence of
8% (Table 2).

Table 1. The number of hepatic veins with incidence

Total No. of openings of hepatic veins | No. of cases (n =75) %
3 07 9.3
4 13 17.3
5 17 22.7
6 24 32
7 10 13.3
8 04 5.3
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Table 2. The incidence of major hepatic veins

No. of major hepatic veins No. of livers (n = 75) %
1 06 8
2 20 26.7
3 45 60
4 04 5.3

Pattern Variations

Considering the pattern of the outflow channel of the hepatic venous vasculature
in the IVC (Table 3), the majority of the specimens (n = 25) showed a double
opening pattern with 1 separate opening for the right side major hepatic vein and
a single channel for the middle and left hepatic veins. Twenty-one livers showed
a single opening pattern with a separate opening for the right, middle, and left
hepatic veins. Three livers showed a triple opening pattern, having a single lumen
for the right hepatic vein and 3 lumens draining into a single trunk for the left and
middle hepatic veins (Figure 2).

Table 3. The patterns of opening of major hepatic venous vasculature

Combination patters Patterns of the opening (frequency)

of hepatic veins

Quadruple
opening
Right hepatic vein + 25 3 1

joined MHV and LHV

Joined left + middle vein|
without right hepatic - 01

vein
Separate openings of
right, middle with left 21 - - -
vein
right vein only, without 5
middle + left vein
Left vein only, without 1
right vein + middle vein.

right + left vein without 14

middle vein

Single opening| Double opening |Triple opening|

Abbreviations: MHV, Middle Hepatic Vein; LHV, Left Hepatic Vein.

Figure 2. The triple opening pattern for left and middle hepatic veins in the floor of the
inferior vena cava
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Only 1 liver had a double opening for left and middle major veins into a single
trunk with an absent right major hepatic vein.

Fourteen livers had a separate lumen for each of the left and right hepatic
veins, and the middle hepatic vein was not present (Figure 3). Twenty-one livers
had separate openings for the right, left, and middle hepatic veins (Figure 4).

Left hepatic vein
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Figure 3. Separate openings for right and left hepatic veins with the absent middle hepatic

vein in the floor of the inferior vena cava
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Figure 4. Superior aspects of the liver showing separate openings for right, middle, and left
hepatic veins in the floor of the inferior vena cava

Out of the 75 livers examined, 29 livers had a single trunk for middle and
left hepatic veins with 38.7% incidence (Table 4; Figure5).

Table 4. The incidence of occurrence of middle, left, and right major hepatic veins

Hepatic vein No. of livers %
Right major hepatic vein 73 97.3
Middle major hepatic vein 55 73.3
Left major hepatic vein 65 86.6

Incidence of single trunk for left and middle hepatic veins

= livers with common trunk for middle and left hepatic vein

= livers without a common trunk for middle and left hepatic vein
Figure5. The incidence of a single trunk for the left with middle hepatic veins
Discussion

Hepatic venous channels link the portal and systemic circulation. They are
formed in the liver parenchyma and terminate by opening into the floor of the
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IVC. In our study, these veins were divided into major (> 1 cm) and minor (0.5
to 1 cm) hepatic veins, depending upon the diameter of their opening into the
floor of the IVC.

The major right hepatic vein (known as the vena hepatica dextra) lies
between the posterior and anterior sectors of the right liver lobe; then, it drains
superior areas of the anterior sector and posterior sectors of the right liver lobe
(3). This one is the largest hepatic vein. In the current study, the incidence of the
major right hepatic vein was 97.3% (Table 4).

The major left vein (known as the vena hepatica sinistra) drains lateral
sectors, along with the superior part of the medial sectors (3)(4). This was seen
in 65 livers with incidence of 86.6% (Table 4).

The major middle hepatic vein (also known as the vena hepatica media) lies
between the right and left anatomical lobes of the liver and drains the inferior
aspect of the right anterior sectors, along with the inferior aspect of the medial
sectors (4). This was seen in 55 livers with an incidence of 73.3% (Table 4).

Accessory hepatic venous vasculature also drains into the lower aspect of the
floor of the IVC (8). These were not included in our study.

In Fersia et al ’s study (2010) (7), the incidence of occurrence of all 3 major
veins of the liver was 50% compared to an incidence of 66.6% observed in our
study.

Considering the pattern of the outflow of the veins into the IVC, there were
a total of 29 livers (incidence = 38.6%) with a single major right hepatic vein
with a united trunk for the left and middle major veins of the liver. This is
comparable to Chi-Hua Fang et al, in which the incidence was 61% (9).

In Hung et al ’s study, the incidence of the presence of a single trunk for the
left with middle hepatic vein was 90% (2), compared to the 38.7% incidence
found in our study (Table 5).

Table 5. The incidence of single trunk for left with middle hepatic veins

Variable Vietnamese study — Hung et al 2020 (2) (%) [Present study (%)
Common trunk 90 38.7
INo common trunk 10 61.3

The awareness of anatomical variations of the drainage pattern of hepatic
venous vasculature into the floor of the IVC is essential for physicians and
surgeons to understand any pathophysiology in relation to hepatic vein outflow
obstruction. This helps in deciding treatment modalities for portal hypertension
and thus improving outcomes.

The knowledge of anatomical variations of hepatic veins is highly beneficial
to liver transplant surgeons to understand the reconstruction technique that needs
to be used to create a new orifice to anastomose combined diameter of left and
middle donor hepatic venous vasculature to the recipient's IVC. The occurrence
of a single trunk for left and middle hepatic veins is of utmost importance when
performing a liver transplant. According to Camargo et al (1996), the incidence
of the common trunk is about 62% to 97% (5). In the study by H. V. Duong et al
(2019), the technique that was studied to create a new opening was the sectioning
of the middle and left hepatic veins before the confluence so that its diameter
matches the diameter of the recipient's IVC (2). According to Meunier et al
(1993), a technique known as “piggy-back” method, could be used, in which the
retro-hepatic segment IVC is joined to the common trunk of the receiver. The
advantage of this technique is that it avoids the need for dissection or
manipulation of the recipient's IVC. This can help to reduce blood loss, in turn
maintaining hemodynamics (6). According to Zhitao Chen et al, the piggyback
procedure prevents the chance of possibility of postoperative renal impairment
following liver transplantation (10). Belghiti et al (1992) documented and
developed the modified piggy-back procedure, which consisted of cavocaval
anastomosis done side-to-side on the anterior aspect of the receiver’s right major
hepatic vein, thereby reducing outflow obstruction (11).

Conclusion

The liver venous vasculature does show numerous variations in its draining
pattern into the retro-hepatic segment of IVC. This knowledge plays a significant
role in understanding the severity of hepatic venous outflow obstruction, as it
depends on the number of obstructed hepatic veins (8). It is also imperative to
evaluate the morphology of the venous drainage prior to any hepatic surgeries,
especially in the transplantation of the liver, to prevent the massacre of life-
threatening hemorrhage, thus improving postoperative outcomes.
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