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A practical study of the hepatic vascular system anatomy of the
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Background: This study aimed to examine the inflow and outflow vascular system of the caudate lobe and
determine its relevance to hepatobiliary surgery.

Methods: A total of 41 cadaveric liver specimens were dissected in 2019 to evaluate the inflow and outflow
vascular system of the caudate lobe.

Results: The Glisson’s pedicles of the paracaval portion were mainly from the right pedicle in 14 cases
(34.15%), mainly from the left pedicle in 22 cases (53.66%), and equally from the left and right pedicle in
5 cases (12.19%). Many thick branches of the portal vein were found behind the plane consisting of the hilar
plate and Arantius ligament, but none of them were thicker than 1 mm in front of the plane. All of the veins
of the caudate lobe drained into the inferior vena cava (IVC) via the anterior face. There was an avascular
zone without short hepatic veins (SHVs) consisting of loose connective tissue between the retrohepatic IVC
and caudate lobe, with its length and width being 45-97 mm and 6-15 mm, respectively.

Conclusions: The plane consisting of the hilar plate and Arantius ligament can be regarded as the

boundary between the caudate lobe and the other lobes. There is an avascular zone without SHVs consisting

of loose connective tissue between the retrohepatic IVC and caudate lobe.
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Introduction

The caudate lobe is a protuberance of irregular shape which
lies in the dorsal sector of the liver. This protuberance is
generally referred to as “Spiegel’s lobe”, after Spiegel who
first described it in 1627. In 1954, Couinaud studied a
number of liver specimens and divided the liver into eight
segments, designating the caudate lobe as segment I. In
1989, Couinaud proposed that the caudate lobe be divided
into two parts: the left Spiegel lobe, designated as segment
I; and the right part encompassing the paracaval portion,
designated as segment IX (1). In 1990, Nimura proposed

that segment IX be divided into two parts according to the
blood supply (2). Currently, a consensus has been reached,
and the caudate lobe is commonly divided into three
regions: the left Spiegel lobe (Couinaud’s segment I), the
paracaval portion (segment IX), and the caudate process
(segment X) (3). The left Spiegel lobe, the prominent part
of the caudate lobe, is located on the left of the inferior
vena cava (IVC) and underneath the lesser omentum. The
paracaval portion lies on the right sector of the caudate
lobe, posterior and inferior to the middle and right hepatic
veins in the front of and surrounding the IVC from the
anterior face. The caudate process lies between the right
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portal vein and the IVC, just to the right of the paracaval
portion connected with the right liver lobe, and sometimes
appears as a half-free protuberance.

The caudate lobe is an independent lobe with a special
anatomical location and complex structure. It spreads to
the hilum posterior and inferior to the bifurcation of the
portal vein, lies posterior to the portal pedicle and segment
IV, V and, VIII, and lies anterior to the retrohepatic IVC;
to its left is the left lobe of the liver, while its right is
connected with the right lobe with no specific mark (4).
The characteristic vascular system of the caudate lobe is
highly variable, which makes dealing with it complex and
challenging. It has blood flow from both the left and, to a
lesser extent, the right portal systems. Venous supply takes
place along its posterior part directly into the IVC via the
short hepatic veins (SHVs) of variable numbers and sizes.
Caudate biliary drainage occurs mainly via the left hepatic
duct, but it also involves small tributaries to the right, while
hepatic arterial flow is mostly via a solitary branch from the
main left hepatic artery.

Because of its particular anatomical location and variable
and intricate vascular system, surgery of the caudate lobe is
very difficult and considered a high risk for intraoperative
complications. Accordingly, a hepatobiliary surgeon
must be familiar with its vascular system and common
variation types, especially in isolated lobectomy, donor
liver procurement in living-donor liver transplantation, or
liver hanging maneuver. Surprisingly, there have been few
reported studies about surgical approaches for caudate lobe
resection.

Methods

To study the vascular system of the caudate lobe, we
dissected 41 cadaveric liver specimens at Ajou University
in May to August 2019. All of the liver specimens were
harvested from cadavers without hepatic disease, soaked in
10% formalin, and the caudate lobes within were carefully
dissected with scalpel, scissors, and vascular clamp. The
parenchyma was then removed from the lobe to reveal
all of the vascular system inside the caudate lobe. Next,
the posterior face of the retrohepatic IVC was cut open
to reveal its structure, and then the data regarding the
amounts, lengths, diameters, positions, and origins were
collected and analyzed. This study was approved by the
Ethics Board of Nanchang University Infectious Disease
Hospital.
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Results

The portal blood supply of the caudate lobe can typically be
described as follows: the portal blood supply of the Spiegel
lobe originates from near the superior border of the left
portal vein, while that of the caudate process starts from
the posterior branch of the right portal vein or is absent.
The portal supplies to the paracaval portion are generally
more variable; they mostly originate from near the superior
border of the right portal vein, although they occasionally
begin from the anterior branch of the right portal vein or
from the left portal vein (Figure I). In this study, it was
found that the portal veins of the paracaval portion were
mainly from the right pedicle in 14 cases (34.15%), mainly
from the left pedicle in 22 cases (53.66%), and equally from
both pedicles in 5 cases (12.19%) (Figure 2).

There are few reports that describe the paracaval portion
in detail. In this study, we suggested the line between the
corner part of the left portal vein and the left margin of the
IVC as the left boundary of the paracaval portion (Figure 34)
and the line between the bifurcation of the right portal vein
and the right margin of the IVC as the right boundary of
the paracaval portion (Figure 3B).

In our previous study, we proposed the right and ventral
margin of the caudate lobe (5). In the present study, we
proposed a plane consisting of the hilar plate and Arantius
ligament as the ventral margin of the caudate lobe; many
thick and strong branches of the portal vein were found
behind the plane, but none were thicker than 1 mm in front
of the plane (Figure 4).

The venous drainage of the caudate lobe that we
observed was as follows: all of the veins of the caudate lobe
drained anteriorly into the IVC and often assumed short
extrahepatic vascular features such as thin walls, and variable
numbers and locations. The number of SHVs were 4-16,
with an average of 8.61. The length of the retrohepatic
IVC was 5-10 cm. Either 1 or 2 thick veins, 5-10 mm in
diameter, drained from segment VI and/or segment VII,
known as the inferior right hepatic vein IRHV). There was
also an avascular zone without SHVs consisting of loose
connective tissue between the retrohepatic IVC and the
caudate lobe, with its length and width being 45-97 and
6-15 mm, respectively (Tables 1 and 2).

Discussion

The portal blood supply of the caudate lobe is very
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Figure 1 The portal vein of the paracaval portion. The arrows indicate the portal veins of the paracaval portion.

Portal veins of the
paracaval portion mainly
from the right pedicle
(34.15%)

Portal veins of the
paracaval portion mainly
from the left pedicle
(53.66%)

Portal veins of the
paracaval portion equally
from the left and right pedicles
(12.19%)

Figure 2 The portal veins of the paracaval portion.

important in liver surgery. Commonly, the portal blood
supply of the Spiegel lobe originates from near the superior
border of the left portal vein, and that of the caudate
process begins from the posterior branch of the right portal
vein, or is absent. The portal supply of the paracaval portion
is the most important, and it is generally more variable (6-8).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

It predominantly originates from near the superior border
of the left or right portal vein, although it occasionally starts
from the anterior branch of the right portal vein.

During the fetal period, the umbilical vein flows into
the IVC directly, atrophies, occludes 2-3 months after
birth, and forms the round and Arantius ligaments (9). In
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Figure 3 The left and right boundary of the paracaval portion. (A) The left boundary of the paracaval portion; (B) the right boundary of the

paracaval portion. IVC, inferior vena cava; LPV, left portal vein; RPV, right portal vein.
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Figure 4 The plane consisting of the hilar plate and Arantius

ligament.

the present study, we found that there were many thick
branches of the portal vein behind the panel but none of
these branches were thicker than 1 mm in front of the
plane. Therefore, we suggest that the plane consisting of
the hilar plate and Arantius ligament be regarded as the
boundary between the caudate lobe and other lobes.

Due to its particular location in the liver and its
independent vascular system, surgery associated with
the caudate lobe is difficult and highly risky (10). With
the development of three-dimensional (3D) technology,
precision surgical technology has been widely used,
and 3D-printed models provide a great added value to
clinical practice (11). Indeed, the most challenging part
is the paracaval portion: owing to the paracaval portion’s
unique location in the dorsal sector adjacent to the right
and middle hepatic veins, not only must all of the SHVs
be reliably dealt with, but the IVC and hepatic vein must

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

also be carefully protected. Additionally, the surgery must
be carried out under direct vision, the SHVs should be
inferiorly-to-superiorly severed along the retrohepatic IVC
seriatim, and some thick SHVs should be sutured soon
after being severed to minimize hemorrhage. Although,
there are generally no SHVs on the anterior face of the
IVC, neoplasm vessels occasionally drain into the IVC (12),
which should be considered during the surgery. Multiple
anatomical variations were observed in the SHVs; the
SHV’s had an average of 5-12 branches, drained into the
IVC from different directions, and some tiny SHVs also
drained into the middle and left hepatic veins (13-15).

There were a number of SHVs that drained the caudate
lobe, while others drained the posterior lobe that is inferior
to the right hepatic veins IRHV) (16). In addition, multiple
anatomical variations of the IRHV were observed, often
displaying a thick diameter and low confluent position.

Liu er al. have reported the occurrence rate of IRHVs
with an average of 1-8 SHVs to be 87.2% (17), which is
consistent with the 84% occurrence rate reported by Dai
et al. (18). There is a relationship between IRHV and the
right hepatic vein: the thicker the IRHV, the thinner the
right hepatic vein, and vice versa. We divided the IRHV
into three groups: the superior IRHV, median IRHV, and
inferior IRHV. In this study we found that the occurrence
rate of IRHV was 75.61, and the average diameter was
6.76 mm. Thick IRHVs mainly drained into the venous
blood of segments VI and VII, but became shallower as they
approached the IVC.

In 1989, Couinaud found that there is a clearance
without SHVs consisting of loose connective tissue between
the retrohepatic IVC and the caudate lobe, suggesting
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Table 1 Short hepatic veins and inferior right hepatic vein

Number Amount of  Diameter of SHVs flow SHVs flow SHVs flow Avascular Amount of Diameter of
SHVs SHVs (mm) into sup1/3 into mid1/3 into inf1/3 zone (mm) IRHV IRHV (mm)

1 6 0.5-1.2 0 3 3 50x10 - -

2 8 0.5-3.0 0 6 2 55x15 1 5

3 12 0.5-2.0 0 9 3 53x7 1 10

4 18 0.5-3.0 5 6 7 71x6 - -

5 8 1.0-4.0 1 4 3 48x12 2 5.0; 5.0
6 7 0.5-2.0 1 5 1 45x13 - -

7 11 1.0-2.0 4 5 2 73x9 - -

8 8 0.5-4.0 2 3 3 49x10 1 8

9 10 0.4-2.0 0 4 6 62x12 1 5

10 9 1.0-3.0 0 2 7 45x10 2 7.0;9.0
11 4 1.0-3.0 0 1 3 52x14 2 9.0; 10.0
12 8 1.0-3.0 1 1 6 61x15 - -

13 8 0.5-4.5 2 2 4 72x7 2 5.0; 5.0
14 5 0.4-3.0 1 0 4 51x11 - -

15 8 0.5-3.0 1 2 5 63x9 1 5

16 6 0.5-4.0 3 1 2 53x10 1 8

17 7 0.5-3.0 2 2 3 65x10 1 9

18 9 0.5-2.5 3 3 3 75x12 1 5.0; 5.0
19 5 0.5-2.0 1 1 3 45%8 - -
20 6 0.5-2.0 2 1 3 67x10 1 5

21 7 0.5-2.0 2 2 3 65x7 1 5
22 5 0.5-3.0 1 2 2 55x8 1 6
23 7 0.5-2.5 2 1 4 47x8 1 8
24 6 0.5-4.0 1 1 4 51x7 2 5.0; 8.0
25 8 0.5-2.5 2 2 4 75x10 - -
26 14 0.3-2.0 3 5 6 70x9 - -
27 15 0.5-4.0 5 8 2 97x11 1 8
28 16 0.5-4.0 5 7 4 75x8 2 5.0; 8.0
29 11 0.3-2.0 0 4 7 47x7 1 5

30 9 0.5-4.0 2 1 6 48x12 1 6

31 10 0.5-4.0 1 4 5 45%9 1 9
32 7 0.5-3.0 1 2 4 55x7 1 7

33 10 0.5-2.0 2 3 5 57x12 1 7

34 11 0.5-4.0 3 3 5 68x11 1 8

Table 1 (continued)
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Table 1 (continued)

Number Amount of Diameter of SHVs flow SHVs flow SHVs flow Avascular Amount of Diameter of
SHVs SHVs (mm) into sup1/3 into mid1/3 into inf1/3 zone (mm) IRHV IRHV (mm)

35 7 0.5-3.0 2 1 4 59%9 1 7

36 6 0.5-3.0 1 1 4 60x7 1 6

37 8 0.5-4.0 1 3 4 65x10 1 6

38 11 0.5-4.0 3 6 2 70x11 1 6

39 7 0.5-3.0 2 1 4 50x8 1 8

40 8 0.5-3.0 1 1 6 67x12 - -

41 7 0.5-3.0 0 3 4 78x10 1 7

Average 8.61 0.546-2.980 19.55% 34.56% 45.89% 59.976x9.829 75.61% 6.757

SHVs, short hepatic veins; IRHV, inferior right hepatic vein.

Table 2 Portal vein of the paracaval portion

Numoer  mount T pectefromrat pesice  andrgnt
1 3 3.5 0.8; 1.3 +

2 3 4.2 0.5;1.5 +

3 4 3.3;4.0 0.9;1.2 +

4 5 1.1; 8.2 0.8;0.9;1.3 +

5 2 2.3 3.5 +
6 3 3 1.1;1.7 +

7 3 0.8 1.4;3.5 +
8 4 1.5; 4.1 0.8;2.2 +

9 3 1.0;2.2 1.6 +

10 3 0.9; 3.2 2.3 +

11 2 2.2 3.5 +
12 5 0.8;1.2 1.2;3.0; 3.6 +
13 3 14;2.6 3.3 +

14 2 4 23 +

15 3 4.3 1.5;2.6 +

16 3 1.2;2.8 5 +
17 2 3.8 3.8 +
18 2 2.5 4 +
19 3 1.8;2.5 3.3 +

20 2 2.6 3.9 +
21 3 3.5 1.1;1.4 +

Table 2 (continued)
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Diameter (mm)

Diameter (mm)

Mainly originated  Mainly originated Equally from left

Number Amount left right from left pedicle  from right pedicle and right
22 5 3.0;2.4 0.9;1.1;1.2 +

23 3 1.3;1.5 2.8 +
24 3 0.8; 3.0 1.7 +

25 4 1.2;1.0 1.5;2.9 +

26 3 1.1; 23 3.4 +
27 3 1.2;3.8 2.2 +

28 3 1.0; 2.2 1.5 +

29 2 2.5 2.5 +
30 5 0.9;1.5; 3.8 1.1;2.4 +

31 5 1.1;1.4;2.0 2.6;4.1 +

32 4 0.9;1.2 3.2;41 +

33 3 2.8;3.0 3 +

34 3 2.0 2.2;2.8 +

35 4 0.9; 3.5 1.0; 3.5 +
36 4 0.8;1.3; 3.9 1.8 +

37 2 1.8 3.6 +

38 3 1.8; 3.2 1.8 +

39 2 2.8 1.5 +

40 4 1.1;1.2 2.8;2.8 +

41 4 1.2;3.0 3.6;1.5 +

Average 3.22 2.2 53.66% 34.15% 12.19%

that there is an avascular zone without SHVs (19). Sato
and Meng reported a clearance width of 5-15 mm and a
length of 4.1-7.8 cm (15,20). Later, in 2001, Belghiti ez a/.
reported a liver hanging maneuver in a complicated liver
neoplasm (21) in which they placed a springy band through
the clearance, hung the liver, and successfully performed
right hemihepatectomy from an anterior approach. The
hanging maneuver has a very minimal hemodynamic
influence, making it especially suitable for complicated
hepatectomy and donor liver procurement in living-donor
liver transplantation. We measured the length and width
of the avascular zone and determined that they were 40-78
and 5-15 mm, respectively, with an average of 59.976 and
9.829 mm, respectively.

Liver surgery has now become a routine procedure,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and a hepatobiliary surgeon should be very familiar with
the anatomical structure and common variation types,
particularly when performing caudate lobectomy, donor
liver procurement in living-donor liver transplantation, and
liver hanging maneuver. Therefore, we present the results
of our research with emphasis on their significance to
hepatobiliary surgeons.
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