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Variation or newly identified glissonian pedicles between the
lateral and medial sections of the liver, using cadaver dissection
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Purpose: Studies of liver anatomy have developed alongside clinical achievements, as
these types of research complement each other. The aim of this study is to determine
whether or not the portal vein branches (P4d) in ‘Nagino’s trisectionectomy’ exist,
and to examine their characteristics using cadaver dissection.

Methods: From April 2012 to July 2012, 31 adult cadavers were delicately dissected.
We defined a ‘NewGP’ as an extra glissonian pedicle (GP) other than the traditional
GPs that supply segments II, III, IVa, and IVb in the ordinary direction, and
anatomically located superior to the umbilical fissure (UF).

Results: We identified ‘NewGPs’ based on the UF and UF vein. The incidence of
‘NewGPs” was 30/31 (96.8%). The diameter of the ‘NewGPs’ ranged from 3.5 to 5.6
mm, which was not significantly different from that of traditional GPs (II-, III-, or
IV-GP), which have diameters ranging from 3.7 to 9.7 mm.

Conclusion: We think that the P4d in ‘Nagino’s trisectionectomy’ correspond to the
‘TVa NewGP’ and the additional pedicle. We believe the clinical significance of the
‘NewGP’ is to complement the traditional II, III, IVa, and IVb pedicles in supplying
the liver.

INTRODUCTION

Controversies regarding the anatomy of the liver have not yet been fully resolved,
even among liver surgeons. Classical anatomic classifications such as those of
Couinaud [1] and Healey and Schroy [2] are based on the characteristics of the portal
vein and bile duct, respectively. More recently, Ryu and Cho [3] provided a new
anatomic description based on the portal segmentation and drainage veins. Universal
terminology for hepatic anatomy and liver resection has only recently been adopted [4].

The left hemiliver is known to vary with regard to the number of glissonian
pedicles (GPs) compared to those of the right hemiliver, which illustrates the sliding
origin of the glissonian pedicle [5]. Strasberg [6,7] criticized Couinaud’s classification,
insisting that the umbilical fissure (UF) is a landmark for the border of the left
medial and lateral sections as based on Healey’s classification. Actually, the left
medial section is much larger in area and volume than the lateral section according
to Couinaud. On the contrary, when we consider the UF as a border landmark based
on Healey’s classification, the area and volume of the left medial and lateral sections
are similar to each other. Couinaud [8] partly agreed with Strasberg’s criticism, but
he maintains that the umbilical fissure vein (UFV; tributary of the left hepatic vein)
should be considered a portal fissure, and that resection of the academic lobe is a
portal resection.
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Meanwhile, many liver resection and liver transplantation
surgeries are performed worldwide, and clinical outcomes have
recently improved. Studies of liver anatomy have developed
alongside clinical and technical achievements, and these
types of research complement each other. One of the new
pioneering technical advancements, ‘the hanging maneuver’,
was recently introduced [9] and consequential anatomical
studies have been published [10,11]. We developed ‘a ventral
hilum exposure method’ for liver resection [12,13], which was
based on anatomical studies relevant to this specific surgical
technique [14,15].

Recently, Nagino et al. [16] reported an anatomic right liver
trisectionectomy. Several branches of the umbilical portion of
the portal vein (P4d) [17] were carefully ligated, and then the
cranial side of the umbilical portion of the left portal vein was
completely detached from the umbilical plate. This maneuver
was one of the important points they emphasized in their
article. However, P4d are somewhat odd and unfamiliar to
many surgeons, and this may make them hesitant to accept
and apply Nagino’s procedure in patients undergoing liver
trisectionectomy.

Table 1. Characteristics of traditional GP (Il Ill, [Va, and IVb) and additional
pedicle

No. of branches, Diameter (mm),
mean (range) mean (rangel
I 1.8 (1-4) 7.7(2-18)
Il 1.5(1-5) 9.7(2-17)
IVa 1.5(0-3) 3.701-8)
Vb 3.7(2-5) 5.5(2-12)
Additional pedicle 1.301-2) 1.901-4)

GP, glissonian pedicle.

Fig. 1. Case 16 shows segment Il and Il GPs of the left hemiliver. Some part of
the left hepatic vein was lifted upward in the field. The forcep indicates additional
pedicle. GP, glissonian pedicle; LHV, left hepatic vein; LMS, left medial section.
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The aim of this study is to determine whether or not portal
vein branches (P4d) exist, and evaluate their characteristics
using cadaver dissection. We believe our study provides
more scientific evidence in support of Nagino’s anatomic
trisectonectomy as did other anatomical studies for the
hanging maneuver and our ventral hilum exposure method.

Here, we document for the first time new GPs, including
P4d, observed superior to the UF during cadaver dissection,
and we discuss the clinical significance of these structures in
liver surgery.

METHODS

We dissected thirty-one adult cadavers from April 2012
to July 2012. The specimens were delicately dissected
simultaneously from the visceral (inferior) and diaphragmatic
(superior) surfaces. The hepatic parenchyma was removed
using mosquito clamps under direct vision in order to identify
the GP and hepatic veins. Two hepatobiliary surgeons who

Fig. 2. Case 10 shows segment IVa and IVb GPs of the left hemiliver. GP,
glissonian pedicle; LMS, left medial section; LLS, left lateral section.

Fig. 3. Case 1 shows additional pedicle (arrow) and one of NewGP (arrowheads|.
GP, glissonian pedicle; LMS, left medial section.



each had ten years of experience operating on patients with
liver disease participated in the dissections.

All identified GPs were dissected, except those with
a diameter less than 1 mm. The left and middle hepatic
veins and their branches were dissected, except in cases of
vasculature with a diameter less than 1 mm. We estimated
the number of I, III, Iva, and IVb segment GP. The number
of ‘additional pedicles’ introduced by Launois and Jamieson
(18] and their diameters were also determined. We followed
the hepatic vein classification system described by Reichert et
al. [19]. Type A is union of segment II and III hepatic veins to
form the principal left hepatic vein at the UFE. Type B involves
separate large hepatic veins, each draining an individual
segment that unite to form the left hepatic vein at the level of
the inferior vena cava. Type C is a union of segment II and III
draining hepatic veins in the liver parenchyma to form the left

Table 2. Characteristics of the LHV and the UFV

LHV URV
Type Incidence Existence Origin Incidence
A 21/31 (67.8) 26/31(83.8) LHV 23/31(88.5)
B 8/311(25.8) MHV 1/31(3.8)
C 2/31 (6.5) Independent 2131 (7.6)

Values are presented as number (%).
LHV, left hepatic vein; UFV, umbilical fissure vein; MHV, middle hepatic vein; UFV,
umbilical fissure vein.
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hepatic vein lateral to the UF.

Unexpectedly, we found variation or new GP during
the cadaver dissection. We defined these newly identified
GPs (‘NewGPs’) as extra glissonian pedicles other than the
traditionally described GPs that supply the II, III, IVa, and IVDb
segments, and are anatomically located superior to the UF. We
subdivided the ‘NewGPs’ into ‘II NewGPs’, ‘Il NewGPs’, TVa
NewGPs’, ‘IVb NewGPs’, and ‘central NewGPs’ (neutral to
traditional GP) according to their distance from the traditional
GP origin. ‘Central NewGPs’ had the same or very similar
distances from the traditional GP origin.

RESULTS

The characteristics of traditional GPs, including segments I,
III, IVa, IVb, and the additional pedicles are reported in Table 1.
One to four segment II GPs were found in each case, and had
an average diameter of 77 mm. We found one to five segment
IIT GPs in each case with average diameter of 9.7 mm. There
were zero to three segment IVa GPs in each case, and the
average diameter was 3.7 mm. Two to five segment IVb GPs
were identified in each case, and they had an average diameter
of 5.5 mm. The overall incidence of additional pedicles was
one to two in each case, with an average diameter of 1.9 mm.

The IT and IIT segment GPs of the left hemiliver are shown
in Fig. 1, and the IVa and IVb segment GPs of the left
hemiliver are shown in Fig. 2.

Additional pedicles are shown in Fig. 3. All cases in this

Fig. 4. Drainage pattern of the left and middle hepatic vein according to Reichert et al. [12]. (A)
Type A: Case 4 shows a union of segment Il and Il veins to form a principal left hepatic vein at
the UF. (B) Type B: Case 16 shows separate large veins, each draining an individual segment,
that united to form the left hepatic vein at the level of the inferior vena cava. (C) Type C: Case
21 shows a union of segment Il and Il draining veins in the parenchyma of the graft to form the
left hepatic vein medial to the UF. LHV, left hepatic vein; MHV, middle hepatic vein; UF, umbilical
fissure; LMS, left medial section.
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study had the pedicles in addition to those of the IVa segment.
These pedicles originated just before II GP origin, not just
after the II GP origin. We analyzed the characteristics of the
left hepatic vein and the UFV, and the results are reported in
Table 2. Based on the methods described by Reichert et al.
[19], all of the left and middle hepatic vein types can be seen
in Fig. 4. All the left hepatic veins were mainly type A, with
an incidence of 67.8%. The UFV was identified in only 83.8%
of cases. The UFV mainly drained into the left hepatic vein,
with an incidence of 88.5%. The incidence of drainage into the
middle hepatic vein was 3.8%, and independent drainage from
the left hepatic vein or middle hepatic vein was identified

Table 3. NewGP based on the UF

. Number of branches, ~ Diameter (mm),
Incidence, n (%)
mean (range) mean (range)

[l NewGP 6/31(19.4) 1.210-2) 3.6(2-5)
Il NewGP 17131 (54.8) 1.410-2) 5.3(1.5-9.0)
Central NewGP  28/31(90.3) 1.810-3) 4.701-11)
[Va NewGP 20/31 (64.5) 1.4(0-2) 3.5(2-6)
IVb NewGP 24/31(77.4) 1.6 (0-4) 5.6(2-10)

GP, glissonian pedicle; UF, umbilical fissure.

JKSS

in 7.6% of cases. Case-by—case descriptions of the UFV are
provided in Fig. 5. Five cases had no definite UFV.

We identified a pedicle as a ‘NewGP’ based on the UF (Table
3). The incidence of ‘NewGPs was 30/31 (96.8%). ‘Central
NewGPs” were the most prevalent (28/31, 90.3%), and ‘Il
NewGPs’ were the least prevalent (6/31, 19.4%). The diameters
of these ‘NewGPs’ ranged from 3.5 to 5.6 mm, which was not
significantly different compared to traditional GPs, having
a diameter ranging from 3.7 to 9.7 mm (Table 1). Typical
‘NewGPs’ are shown in Figs. 6, 7. These cases had several
‘NewGPs’ superior and perpendicular to the UF, which clearly
differentiates them from the traditional GPs.

DISCUSSION

There are various methods for examining cadaver livers,
including dissection, casting, radiology, and ultrasound [14,20].
Each of these methods has advantages and disadvantages.
We believe that the most critical factor is how thoroughly
the investigator examines the morphology in adherence to
their intentions. We used the method of dissection to evaluate
the anatomy of liver GPs. Without casting, we could not
distinguish arteries, portal veins and bile ducts, but the GPs we
dissected corresponded primarily to the portal vein anatomy.

Fig. 5. Multiple types of the UFV, case by case. (A) Case 3 shows the UFV (arrowheads] from left hepatic vein. (B] Case 22 shows the UFV (arrowheads) from the middle
hepatic vein. (C) Case 1 shows the UFV (arrowheads| independent on the left hepatic vein or middle hepatic vein. (D) Case 2 shows no definite UFV related to the left hepatic
vein or middle hepatic vein. Forceps indicates the branches of the left hepatic vein and middle hepatic vein, respectively. LHV, left hepatic vein; MHV, middle hepatic vein;
UF, umbilical fissure; UFV, umbilical fissure vein; LMS, left medial section; LLS, left lateral section.
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Fig. 7. NewGPs of case 5. This panel shows that IVa NewGP" (arrows) is located
superior (anatomically) to the UF near traditional IVa GP (arrowheads). GP,
glissonian pedicle; UF, umbilical fissure; LMS, left medial section; LLS, left lateral
section; MHV, middle hepatic vein; LHV, left hepatic vein.

The dissectors in our study were hepatic surgeons who had
been practicing for ten years each, and the dissection protocol
was similar to that used for clinical hepatic resection; mainly
the glissonian pedicle approach. This method of dissection is
very familiar to many surgeons, and thus the contribution of
anatomists need not be included in this study.

The characteristics of the GPs for segments II, III, IVa,
and IVb were similar to those of findings described in other
studies in terms of the number and structure of the pedicles
[5,18,21]. We found ‘NewGPs’ through cadaver dissection.
Multiple ‘NewGPs’” were noted, and were usually located

Fig. 6. NewGPs of case 8. Panels A and B show that three NewGPs are located superior
(anatomically) and perpendicular to the UF between the UFV and Il GP. (C) Two fingers push Ill
NewGP and IVb NewGP. A ‘central NewGP" appears between them. GP, glissonian pedicle; UF,
umbilical fissure; UFV, umbilical fissure vein; LMS, left medial section; LLS, left lateral section.

between the left medial and left lateral sections. We analyzed
the number of GPs, including ‘NewGPs’ based on the UF and
the UFV (Table 4). When considering only traditional GPs in
this study, the incidence of segments II, III, IVa, and IVb was
1.8, 1.5, 1.5, and 3.7, respectively. When considering ‘NewGPs’
based on both the UF and the UFV, the incidence of all GPs
increased. A greater increase in segment III GPs was noted
when ‘NewGPs’ were identified based on the UFV, because
we found many UFVs were located very close to the origins
of ‘central NewGPs’. Most UFVs originated from the left
hepatic vein, and we classified cases of ‘central NewGP’ that
were very close to the UFV as part of the left lateral section.
Of course, we think that these ‘central NewGPs’ could be
segment IVb GPs rather than segment III GPs. Summing
the number of ‘NewGPs’ and traditional pedicles indicated
that we found many more pedicles than two previous studies
[18,21], and a similar number to one prior study [5] (Table 4).
Retrospectively, we believe that the absence of ‘NewGPs’ in
our previous study [21] was by chance. One possible reason
is that we dissected from only the visceral (inferior) surface.
Couinaud [5] described multiple branches of the umbilical
portion of GPs but he classified these branches into segment
IVa or IVb GPs. We posit that all ‘NewGPs’ are not necessarily
IVa or IVb GPs, and that they are partly II and III GPs as
well as IVa or IVb GPs. Additionally, we did find that ‘central
NewGPs’, ‘II NewGPs’, and ‘III NewGPs’ were not part of
Couinaud’s description.

We proposed that Healey’s classification is superior to
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Table 4. Number of GP with or without NewGP based on the UF and the UFV

JKSS

Mean no. Mean no. with NewGP by UF Mean no. with NewGP by UFV Mean no. in other article or textbook
I 1.8 2.1 2.2 Usually only a single GP [5,18]
Il 1.5 1.9 3.7 1-2, occasionally 3 [18], 2.2 [5]
Central - 1.6 0.1
IVa 15 2.5 2.5 1.6[21]
Vb 3.7 49 49 3.4121]

IVa + [Vb

20r3[18], 7.2 (5]

GP, glissonian pedicle; UF, umbilical fissure; UFV, umbilical fissure vein.

Fig. 8. Computed tomography of a 54-year-old woman shows the only portal vein
of “NewGP” that was located anatomically superior to the umbilical fissure. From
left to right, arrows and a long arrowhead indicate ‘IVb NewGP’, “central NewGP’,
and ‘Il NewGP”. GP, glissonian pedicle.

Couinaud’s in its description of the left lateral section and the
medial section [22]. When we used the UF as a landmark,
we could almost always localize ‘NewGPs> (30/31, 96.8%).
In addition, it was frequently difficult to classify ‘central
NewGPs’ as traditional III or IVb GP. This is one of the
reasons we can insist that ‘NewGPs’ really are new. We believe
that ‘central NewGPs’ together with the UF can serve as a
new border between the left medial section and lateral section.

There was a problem using UFV as a landmark for ‘NewGP’
as much as using UF. There were several ambiguous situations
with regard to variation in the characteristics of the UFV. Most
‘central NewGPs’ could be classified as one of the traditional
GPs, IIT or IVb. In two cases, ‘central NewGPs’ could not be
classified into any traditional category because the UFV was
not apparent and all ‘central NewGPs” had a similar distance
from the left and middle hepatic veins (Fig. 5D). Couinaud [8]
reported that only 29% of cases had a long tributary following
the length of the UF, and Hwang et al. [23] reported that only
354% of cases had a prominent UFV.
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Fig. 9. Schematic illustration of NewGP and additional pedicle compared with
traditional GPs. ‘A’ (branches filled with black color) shows a traditional IVa GP, a
IVa NewGP, an additional pedicle, and a Il NewGP from left to right. ‘B’ (branches
filled with black color) shows a [Vb NewGP, a central NewGPs, and a Il NewGP
from left to right. GP, glissonian pedicle.

The tip of the ‘NewGP’ can be seen clinically with
commonly—used imaging techniques such as computed tomo-
graphy. However, what is seen is only the portal vein of the
‘NewGP” (Fig. 8). More studies focused on this specific area
of liver anatomy are necessary to define this new GP or more
accurately identify it as a variation or a branch of a GP.

When we perform anatomical resection of the liver
with procedures such as left lateral sectionectomy or left
hemihepatectomy, clinical outcomes of the surgery are rarely
affected because the clamping and ligation of the ‘NewGP’
do not cause significant discoloration of the remnant liver.
The ‘NewGP’ may also be comparably less prevalent and
may not result in unfavorable patient progression. We believe
the clinical significance of the ‘NewGP’ is supplementing
the traditional GPs including II, III, IVa, and IVb pedicles in
supplying the liver. For example, cases 9 and 13 had no IVa
GP in the left medial section. Case 9 had its supply from the
common origin of the IVb GP, and had one additional pedicle
with no ‘NewGP’. Case 13 had its supply from the common



origin of the IVb GP, and had one additional pedicle with
one instance of a ‘IVa NewGP’. Thus, we can conclude that
traditional GPs and additional pedicles as well as ‘NewGPs’
simultaneously supply this region of the liver.

We think Nagino’s P4d [16] correspond to the ‘IVa NewGP?
in the present study and the additional pedicle described by
Launois and Jamieson [18]. ‘Additional pedicles’ just before the
segment II glissonian branch were found in all the cases in
this study. These structures coursed over the left hepatic vein
and linked to some portion of the IVa segment. We reported
additional pedicles in a previous study [21]. We believe the
characteristics reported in that study and those identified in
the present study are consistent with the findings reported in
Launois’ textbook [18]. We suggest a schematic illustration (Fig.
9) for NewGP and additional pedicle, which is modified from
Couinaud’s description [5] based on this study.

In conclusion, we think that the P4d in Nagino’s trisec—
tionectomy [16] are the same as the ‘IVa NewGPs’ in the
present study and the additional pedicles described by Launois
and Jamieson [18]. This is the first study to report variations or
new GPs, which could serve as part of the border between the
left medial section and lateral section. We believe its clinical
significance is supplementing the traditional II, III, IVa, and
IVb pedicles in supplying the liver. Additionally, these findings
can be applied to liver surgery such as right trisectionectomy
using the conventional (separative) technique or glissonian
approach.
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