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Abstract

Background: Inflow and outflow patency of the liver parenchyma is required to maximize the metabolic
function of the liver. However, the definition and distribution of hepatic venous drainage regions has yet
to be reported. The aim of this study was to define major hepatic venous tributaries and investigate the
mean drainage volume of each territory.

Methods: Three-dimensional (3D) simulations from the livers of 100 healthy donors were reviewed for
living donor liver transplantation to determine the distribution of the significant hepatic venous tributaries
and the drainage patterns of each segment.

Results: The left hepatic vein (LHV), middle hepatic vein (MHV), and right hepatic vein (RHV) contributed
a mean drainage of 20.7%, 32.7%, and 39.6% of the entire liver, respectively. Accessory hepatic veins
accounted for remaining 7.0%. The middle right hepatic vein (MRHV) and inferior right hepatic vein (IRHV)
accounted for a mean total drainage of 8.0% and 10.6%, respectively, when they present. In addition,
major tributaries of hepatic veins were clearly detected, and their typical distributions were described.
Conclusions: Knowledge of hepatic venous territories is necessary for complex hepatobiliary surgery.
This “venous drainage map” may provide useful information for complex liver surgery and
transplantation.
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Introduction

Knowledge of the vascular anatomy is important for safe liver
resection and transplantation. It has been widely accepted that
patency of the three major hepatic vascular structures, the hepatic
artery, portal vein and hepatic vein, and biliary tree is required for
maximum function of the corresponding liver territories.
Progress in liver surgery has highlighted the substantial dele-
terious effects of venous congestion on remnant liver function

and/or regeneration."”” A recent study reported that veno-
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occluded regions have approximately 40% of the maximum
function of corresponding regions.’ As the volume of future liver
remnant (FLR) is not always equal to the residual function of the
liver, venous reconstruction is recommended in cases where
congested regions in FLR develop because of excessive venous
deprivation after hepatectomy and insufficient net functional
reserve of FLR."

Recent developments in computer simulation techniques have
enabled visualization of the intrahepatic structures in three-
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dimensional (3D) formats from any angle preoperatively. This
precise visualization of the hepatic vascular territories has pro-
vided new insights into the surgical anatomy of the liver.” The 3D
liver analysis is widely used as a component of preoperative
work-up for liver resection and transplantation. However,
despite recent technical innovations in imaging studies, unex-
pected intraoperative decision-making is frequently required

Table 1 Definition of major hepatic venous tributaries

Tributaries of the LHV
Left superficial vein (LSV)

A tributary of the LHV or an isolated vein draining into IVC, not
observed on the left portal fissure, running beneath the
diaphragmatic surface of Segment Il, and draining cranial portion
of Segment I

Umbilical fissure vein (UFV)

A tributary arising from the LHV, MHV, or their confluence, not
observed on the left portal fissure, running toward the umbilical
fissure, and draining both Segment Ill and Segment IV

Tributaries of the MHV
Superior vein for Segment IV (V4sup)

A tributary of the LHV, MHV, or their confluence, not observed on
the umbilical fissure, draining superior part of Segment IV, and
never draining left side of umbilical fissure

Inferior vein for Segment IV (V4inf)

Tributaries of left peripheral portion of the MHV, draining inferior
half of Segment IV, and usually forming the MHV trunk meeting
with the drainage veins of Segment V

Ventral vein for Segment VIII (V8v)

A tributary of MHV, draining ventral part of Segment VIl and not
draining dorsal part of Segment VIl

Intermediate vein for Segment VIII (V8i)

A tributary of the MHV, not observe on the main portal fissure,
running between ventral and dorsal part of Segment VIII, and
draining both ventral and dorsal part of Segment VIiI

Veins for Segment V (V5)

Tributaries of right peripheral portion of the MHV, draining
Segment V, and forming the MHV trunk meeting with the inferior
veins for Segment IV

Tributaries of the RHV
Right superficial vein (RSV)

A tributary of the RHV or an isolated vein draining into IVC,
running beneath the diaphragmatic surface of Segment VI, and
draining cranial portion of Segment VIl

Dorsal vein for Segment ViII (V8d)

A tributary of RHV, draining dorsal part of Segment VIIl and not
draining ventral part of Segment VIl

Accessory veins
Inferior right hepatic vein (IRHV)

An isolated vein draining into IVC, usually running along P6 and
draining entire or caudal part of Segment VI

Middle right hepatic vein (MRHV)

Isolated veins draining into IVC, draining Segment VII, never
draining Segment VI
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during complex hepatobiliary surgery and knowledge of the
surgical anatomy of the liver remains crucial in such situations.

In the history of liver surgery, the segmental anatomy of the
liver has been actively studied for more than 100 years according
to the patterns of portal or arterial/biliary ramification. However,
because of the technical difficulty of precisely evaluating the
distribution of venous drainage areas, only a few studies have
described the venous ramification patterns of the liver, particu-
larly regarding the peripheral distribution of venous tributaries.
In the present study, we describe the drainage patterns of major
venous tributaries of the liver based on the results of 3D vascular
analysis of 100 living donors for liver transplantation.

Methods

Subjects and 3D image reconstruction
The present study comprised 100 healthy donor candidates
(median age, 40 years; range, 20—63 years; male:female ratio,
52:48) who underwent 3D-CT analysis as part of preoperative
assessment for living donor liver transplantation (LDLT) at the
University of Tokyo Hospital between February, 2004 and May,
2009. All donor candidates underwent protocol contrast-
enhanced scanning and 3D reconstruction of intrahepatic
structures using liver simulation software (Organs Volume
Analysis; Hitachi Medico Inc, Tokyo, Japan), as reported
previously.®

Individual extraction of the portal and hepatic veins allowed
free compounding with each other or with liver parenchymal
data on a 3D workstation in order to determine intrahepatic
vascular structures and corresponding interrelations. The use of
this system allowed the vascular territories of the portal or he-
patic venous tributaries to be delineated in a 3D manner, and
semi-automatic estimation of the respective absolute and relative
volumes.

Definition of segment and venous tributaries

Liver segments were classified according to Couinaud’s classifi-
cation and nomenclature used in the present study was in
accordance with the Brisbane 2000 terminology.” Segment VIII
was subdivided into ventral and dorsal parts according to the
anatomical findings we reported previously.® Definitions of
venous tributaries are summarized in Table 1, which presents an
extension of our previous work on the venous drainage pattern
of the left liver.”

Data analysis

Clinical data were recorded using an Excel 2010 (Microsoft)
spreadsheet and analyzed using the statistical software, J]MP 9
(SAS Institute Japan, Tokyo, Japan). Non-parametric methods
were used for all statistical analyses. P-values < 0.05 were
considered statistically significant. All analyses in the present
study were performed in accordance with the ethical guidelines
for clinical studies of the University of Tokyo Hospital.

© 2016 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



HPB

1033

Results

Volumetric parameters for individual Counaud’s segments and
venous drainage areas of major hepatic venous tributaries are
summarized in Table 2. The sum of the mean drainage areas of
the left hepatic vein (LHV), the middle hepatic vein (MHV), and
the right hepatic vein (RHV) accounted for a mean proportion of
93.0%. The remaining 7.0% of the liver is drained by short he-
patic veins and accessory veins including the middle right hepatic
vein (MRHV)’ and inferior right hepatic vein (IRHV).'?

Left hepatic vein region

LHYV accounted for a mean proportion of 20.7% of the entire
hepatic venous drainage. Fig. 1 presents the typical distribution
and volumetric data for major venous tributaries of LHV. The
left superficial vein (LSV) and the umbilical fissure vein (UFV)
were observed in all subjects, with a significant diameter
(>3 mm) for each venous tributary observed on CT imaging in
46 and 96 of the 100 patients, respectively. The UFV was found to
drain into LHV in the majority of cases (87.2%). However, the
UFV was occasionally seen draining into MHV (7.3%). LSV
drains segment II, and the UFV drains both segments III and IV.
LSV accounted for a mean proportion of 22.9% of the drainage
of segment II, and the UFV accounted for a mean proportion of
18.5% of the drainage of the medial part of segment III and

Table 2 Volumetric data for Couinaud’s segments and venous
drainage areas

Volume (mL) vs. TLV (%)

Total Liver Volume 1138.0 + 208.8 100

Left liver 377.0 + 81.6 332 +47

Right liver 7171 £ 1444 63.0 = 5.1
Segmental volume

Segment | 89.3 + 46.5 7.6 +33

Segment Il 94.1 + 35.0 8.3+3.0

Segment Il 112.6 + 38.8 10.0 + 3.2

Segment IV 128.6 + 37.7 11.3+238

Segment V 130.2 + 53.1 11.5+47

Segment VI 137.9 + 63.7 121 + 4.8

Segment VII 167.7 + 75.0 146 + 5.6

Segment VIII 269.3 +78.8 23.8+5.6
Venous drainage area

Left hepatic vein 2342 + 61.6 20.7 + 4.4

Middle hepatic vein 369.3 + 96.6 32777

Right hepatic vein 456.7 + 188.1 39.6 + 125

Accessory veins

Middle right hepatic vein® 88.4 + 53.7 8.0+4.8
Inferior right hepatic vein® 117.3 £+ 75.6 10.6 + 6.3

Figures represent mean + SD. TLV: total liver volume.
2 Average of 20 donors.
P Average of 34 donors.
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23.9% of the lateral part of segment IV. The majority of the
volume of segments II and III were drained by the main trunk of
LHYV. Of note, a mean proportion of 76.1% of segment IV was
observed draining into the MHYV, with the remaining 23.9% of
segment IV draining into LHV.

Middle hepatic vein region

MHYV accounted for a mean proportion of 32.7% of the entire
hepatic venous drainage. MHV has four major venous branches
on both sides (Fig. 2); the superior vein for segment IV (V4gy,)
draining the upper part of segment IV and meeting with MHV
near its root; the inferior vein for segment IV (V4;,¢) creating the
left junction of MHV; the intermediate vein for segment VIII
(V8i) running between the ventral and dorsal portal branches of
segment VII[; and the drainage vein for segment V (V5) creating
the right junction of MHV. The other major tributaries from
segment VIII are named as ventral branches of segment VIII
(V8v). Among these, V8i, V4, and V5 were observed in all
individuals in the present study. V4, is typically thin and was
identifiable on CT imaging in 64% of study subjects. Several
tributaries classified as V8v were observed in 52% of individuals.
Among them, V8v joining MHV below V8i was observed in 67%
of subjects and above V8i in 29% of subjects. The remaining 5.5%
of the entire liver volume in the MHV region was found to be
drained by small branches directly joining the main trunk of
MHYV. The main trunk of MHYV typically drains into the ventral
part of the right paramedian sector, with the dorsal part drained
by the RHYV, thereby creating a clear watershed at the plane of the
right paramedian portal pedicle and V8i. This watershed zone is
always clearly observable in segment VIII, as described in our
previous work.” However, the drainage pattern of the caudal part
of the right paramedian sector (i.e., segment V region) varies
among individuals, with V5 occasionally extending to the right
lateral sector and draining a proportion of segment VI (n = 8,
8%). Approximately half of the right paramedian sector is drained
by MHV (mean proportion, 56.1%), including the drainage
region of V8i (mean proportion, 15.6%), with the remaining part
drained by RHV (mean proportion, 43.9%). Patients witha MHV
drainage area greater than RHV drainage area are considered at
greater risk of venous congestion following living donor liver
transplantation.'’ In the present study, 19 cases (19.0%) had a
MHYV drainage area greater than RHV drainage area.

Right hepatic vein region

RHYV (also termed as “superior” right hepatic vein in some papers)
was found to account for a mean proportion of 39.6% of the entire
hepatic venous drainage in the present, and is known to have two
major branches (Fig. 3); the right superficial vein (RSV), and the
dorsal vein for segment VIII (V8d). RSV, which is a counterpart of
LSV, was observed in 98% subjects and typically has moderate
thickness. In the present study, RSV accounted for a mean pro-
portion of 4.8% of the entire hepatic venous drainage, and
accounted for a mean proportion of 10.9% of RHV region. RSV is
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Main trunk of LHV: 14.9%

Figure 1 Drainage area of left hepatic vein (LHV) tributaries
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Figure 2 Drainage area of middle hepatic vein (MHV) tributaries

V8i: 5.6%

i

V8v: 3.1%

typically located directly inferior to the caval ligament and is oc-
casionally as thick as the main trunk of RHV and was found to
account for a mean proportion of >20% of the right hepatic
venous territory (n = 20, 20%). Another major branch of RHV is
the V8d, which drains a major proportion of the dorsal area of the
right paramedian sector. The V8d was observed joining RHV in all
cases and was found to account for a mean proportion of 5.0% of
the entire hepatic venous drainage. In addition, V8i occasionally
drains into RHV instead of the ordinal ramification of MHV.'? In
the present study population, six (6%) individuals were found to
have aberrant ramifications of the V8i draining into RHV.

The RHV drainage territory is unique in having accessory
veins, such as the middle MRHYV, and the IRHV. Of note, IRHV is
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defined as an isolated vein which drains segment VI and joins
IVC independently. Any accessory hepatic vein found to drain
segment VII, but with no contribution to drainage of segment
VI, is defined as MRHYV rather than IRHV. In the present study
population, 20% and 34% of subjects were found to have MRHV
and IRHV with significant diameters (>3 mm) on CT imaging,
respectively. MRHV and IRHV were found to account for a mean
proportion of 8.0% and 10.6% of the entire hepatic venous
drainage, respectively. Multiple MRHV with diameters of less
than 3 mm may be observed as short hepatic veins intra-
operatively; however, such veins are not clearly identifiable on
CT imaging and, as such, were not taken into account in the 3D
analysis of the present study. Similarly, IRHV with diameters of
less than 3 mm may present but not observed on CT imaging. By
contrast, patients in whom IRHV was detected had only one
IRHYV, and no donor had two or more IRHV. Of note, in patients
with the presence of MRHV alone (n = 8), IRHV alone (n = 22),
and coexistence of MRHV and IRHV (n = 12), RHV accounted
for a mean proportion of 40.2%, 34.1%, and 20.9% of the entire
hepatic venous drainage, respectively (Fig. 4a—c).

Based on volumetric analysis, segment VI was found to be
drained by RHV, IRHYV, and rarely V6, which drains into MHV as
reported previously.'” In patients with an IRHV present (n = 34),
a mean proportion of 70.8% of segment VI was found to be
drained by IRHV, with the entire part of segment VI drained
exclusively by a large IRHV in 11 cases (11/34, 32%). In the 11
cases found to have a large IRHV in the present study, IRHV was
found to drain the entire part of segment VI, in addition to a
proportion of segment VII, accounting for a mean proportion of
28.8% of the drainage area of segment VII and 14.5% of the
drainage area of the entire liver, respectively.

Venous drainage of the caudate lobe

The caudate lobe is typically drained by short hepatic veins
directly connecting with the inferior vena cava. In the present
study, the short hepatic veins contributed to a mean proportion
of 1.8% [interquartile range (IQR), 1.1%-2.6%] of the total
hepatic venous drainage, which corresponds to 24.5% (IQR,
14.4%—-41.7%) of segment I. The contribution of the short he-
patic veins was calculated by subtracting the drainage area of all
tributaries from the total liver volume. Of the 100 donors, 80
(80%) donors had relatively thick caudate veins detectable on CT
imaging. The caudate veins were named as the proper hepatic
veins of the caudate lobe by Kogure et al.'* and are reportedly
detected in all adult cadaveric livers. However, no caudate veins
with a significant diameter (>3 mm) were observed on CT im-
aging in the present study. Accordingly, detailed volumetric
analysis was difficult for segment I.

Discussion

15—17 . . ..
To date, several reports ™’ described the anatomic variation of
hepatic veins. However, no nomenclature for the hepatic venous
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Figure 3 Drainage area of right hepatic vein (RHV) tributaries

tributaries has yet been established, and there is a lack of data
regarding the hepatic regions drained by each tributary. In the
present study, we describe major tributaries of hepatic veins and
created a “venous drainage map” to clarify the typical ramifica-
tions and distribution of the venous tributaries. The nomen-
clature of venous tributaries used in the present study was based
on the segment drainage areas, with characteristic veins named
individually. Additionally, the appellation commonly used to
describe the hepatic territories during living donor liver trans-
plantation was adopted as a priority.

LHYV drains approximately 20% of the entire liver. Congestion
of LHV territory seldom becomes a clinical issue as the liver
volume drained by LHV is typically small enough relative to
remnant liver volume. The main trunk of LHV, supplied by the
veins draining segment II (V2) and segment III (V3) and
running between segment II and I1I, forms a common trunk with
MHY and drains into IVC. In rare cases, LHV and MHYV do not
form a common trunk and independently join IVC, as reported
by Nakamura;'” however, LHV and MHV were observed creating
a common trunk in the present study population. LSV running
beneath the diaphragmatic surface of segment II and draining the
cranial part of segment II is rarely observed in the transection
plane during hepatectomy. However, LSV occasionally commu-
nicates with the left inferior phrenic vein and directly drains into
IVC® despite this communication being rarely identified on CT
imaging. Surgeons should take care to avoid injury to LSV during
mobilization of the left liver. The UFV runs between segments III
and IV and drains into LHV, and occasionally into MHV.
Therefore, the UFV is used as a landmark vein between segments
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IIT and IV during liver transection, for instance during anatomic
resection of segment IV.

From a clinical standpoint, congestion of the MHV region,
which was found to drain approximately 30% of the entire liver
in the present study, is often more important than the other
major hepatic veins as MHV runs along the mid-plane of the
liver, known as the Rex-Cantlie line, and drains both sides of the
liver. As discussed above, MHV drains 76.1% of segment IV.
Accordingly, deprivation of MHV after extended right hepatec-
tomy or left liver grafting without MHV may result in significant
venous congestion in the majority of segment IV. The findings of
the present study indicate approximately 26% of the left liver will
be congested after such surgery unless the majority of segment
IV is drained by LHV. The line of resection in associating liver
partition and portal vein ligation for staged hepatectomy
(ALPPS) is usually determined along the falciform ligament but
sometimes occurs along the mid-plane of the liver. In the cases
where the transection line is set along the mid-plane of the liver,
significant reliance on MHV for segment IV drainage may
contribute to the high morbidity associated with this proced-

9
ure.lg’l

In the present study, the combined proportion of the
entire liver drained by V8i, V8v, and V5 was 19.5%, representing
31.0% of drainage of the right liver. This finding highlights the
importance of V8i and V5 reconstruction during right liver
grafting without MHV.”’

RHYV drains the largest hepatic territory of all hepatic veins,
accounting for 39.6% of the venous drainage of entire liver.
Although RSV is the counterpart of LSV, RSV was found to have
a significant diameter in almost all patients included in the
present study, whereas LSV had a significant diameter in
approximately half of all patients. However, LSV was observed to
have a significant diameter in almost all cases on intraoperative
ultrasonography, differing from the results of CT imaging. This
discrepancy may be attributable to the fact that LSV runs
immediately inferior to the left diaphragm and the effect of the
heart beating may interfere with visualization of LSV on CT
imaging. RSV seldom communicates with the right inferior
phrenic vein, which directly communicates with IVC,”' whereas
LSV is occasionally observed communicating with the left infe-
rior phrenic vein.® A clinically important finding of the present
study is the demonstration that RSV frequently runs immediately
inferior to the caval ligament. This finding indicates careful
handling of the caval ligament by ligation or sealing with
adequate energy devices is particularly important during mobi-
lization of the right hemiliver. The main trunk of RHV is formed
by veins of segments VI (V6) and VII (V7), whose ramifications
are multifarious and difficult to simply classify, as reported
elsewhere.”” The presence of IRHV, which drains the entirety of
segment VI, is associated with the absence of V6, with the main
trunk of RHV instead formed exclusively by V7. In the present
study, V8d was observed in all cases and always drained into
RHYV. Generally, division of V8d is not a clinical concern during
extended right lateral sectorectomy, sacrificing RHV, as the
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RHV: 40.2%
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RHV: 6.0%

b RHV+RHV (n=22)

IRHV: 10.2%

C  RHV+MRHV+IRHV (n=12)
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Figure 4 (a) Drainage area of the right hepatic vein (RHV) region in cases where the middle right hepatic vein. (MRHV) was present (n = 8). (b)
Drainage area of the right hepatic vein (RHV) region in cases where the inferior right hepatic vein. (IRHV) was present (n = 22). (c) Drainage area of
the right hepatic vein (RHV) region in cases where the middle right hepatic vein. (MRHV) and inferior right hepatic vein (IRHV) were present

n=12)

proportion of the remnant liver volume drained by V8d is
relatively small.

Precise understanding of the venous drainage pattern of
segment VI is clinically important as preservation of IRHV
reportedly expands the indications for surgery in cases requiring
concomitant resection of RHV because of tumor invasion.”” The
presence of a sizable MRHV or IRHYV is also clinically important
as they are frequently reconstructed during living donor trans-
plantation using right liver grafts at our institution.”*’

Although detailed descriptions of the hepatic venous drainage
patterns have not previously been reported, the gross venous
drainage territories have been reported in several studies.
Newmann et al.”® calculated the drainage volume of four major
branches of MHV by 3D CT imaging and classified the
branching pattern of MHYV into three types, with a particular
focus on V4, and V5. In their report, V5 (which extends to

HPB 2016, 18, 1031-1038

segment VI) was found to be present in 10% of cases, a result
corroborated by the findings of the present study. Radtke et al."'
investigated the drainage territories of major hepatic veins,
including the accessory hepatic veins, and provided classifica-
tions according to venous dominance type. Two categories, the
large MHYV territory type and small RHV with large accessory
vein (MRHV or IRHV) territory type, were defined as high risk
for venous congestion after liver transplantation. In the present
study, V8i and V5 accounted for a mean proportion of 5.6% and
10.8% of total hepatic venous drainage, a relatively large pro-
portion of the venous drainage of the remnant liver volume even
in average-sized donor grafts. Hence, donor grafts with a larger
MHYV than RHYV are considered high risk for congestion after
living donor transplantation if the corresponding veins are not
reconstructed. As described previously, RHV region tended to
be smaller (20.9%) in individuals in whom MRHYV and IRHV

© 2016 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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were present than in those in whom either of these veins where
absent. In such cases, congestion in the territories of the
accessory hepatic veins may be large enough to be clinically
significant.

Although a proportion of patients do not require venous
reconstruction despite deprivation of major venous drainage
routes because of the presence of peripheral venous connections
offering a bypass route for venous drainage,”” such venous
connections are typically thin and difficult to detect by preop-
erative imaging studies. Therefore, detailed surgical planning and
knowledge of vascular anatomy is crucial for reducing surgical
complications and poor outcomes.

Calculation of venous drainage area is not always required in
surgical planning for typical hepatectomies. However, for com-
plex liver resections or living donor liver transplantation, it is
strongly recommended to calculate drainage areas for major
venous tributaries to determine whether venous reconstruction
is necessary or nor’ to avoid excessive venous congestion or
preservation of hepatic functional reserve especially for the cases
with marginal future liver remnant volumes.

There is currently a lack of consensus regarding the definition
of the hepatic venous tributaries, even among liver surgeons. In
addition, the names of the hepatic venous tributaries have not
been summarized in detail by previous studies. In a proportion
of previous reports, LSV and UFV are termed the left superior
vein and left medial vein, respectively,'””** with the UFV occa-
sionally referred to as the fissural vein. Regarding MHV tribu-
taries, the names of V4, V5 and V8 are widely accepted,
particularly in the setting of liver transplantation; however, they
are not typically classified in detail into Vdgup, V4ins V8i, and
V8v. In a small proportion of previous reports, Vdgup, V4ins V8i,
and V5 were termed the left superior branch, left inferior branch,
right superior branch, and right inferior branch, respectively.”®
Further, RSV is often referred to as the right superior vein,
similar to LSV. Few reports have provided definitions of V8d.'?
The terms MRHV and IRHV are also widely used among hepa-
tobiliary surgeons.

In the present study, we provide simple definitions of major
hepatic venous tributaries based on the findings of 3D venog-
raphy using CT imaging. We believe these unified definitions will
have utility in increasing knowledge of hepatic venous anatomy.
In the present report, the drainage area of every major tributary
was defined and demonstrated to contribute to the drainage of
significant corresponding liver volumes. This “venous drainage
map” derived from the results of the present study demonstrates
the typical drainage pattern of hepatic veins and may have utility
in increasing understanding of hepatic venous anatomy.

In conclusion, we defined major hepatic venous tributaries
and investigated the drainage volumes for each territory using 3D
liver analysis software. The demonstration of the hepatic venous
anatomy and corresponding drainage patterns may provide
practically useful guides for decision making related to vascular
reconstruction during complex hepatobiliary surgery.
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