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Foreword

This book covers liver surgery of the Glissonean pedicles, particularly in the
context of minimally invasive liver resections (MILRs), its history, and the
detailed surgical techniques. The editors are very experienced HPB surgeons
from three prestigious European HPB centers and have the great merit to have
put together some of the best experts worldwide that have covered all the
aspects of this “new” approach to liver surgery. From history to anatomy,
ending with detailed description of pedicle isolation for each type of hepatec-
tomy, this work is a beautiful journey through the universe of anatomical liver
resections.

The main concept behind this approach is that to standardize MILR, it is
necessary to establish techniques to control the Glissonean pedicles that will
enable not only to avoid complications, but also to remove the optimal amount
of liver parenchyma. This technique is called “anatomic liver resection” and
is fundamental for all types of liver resection and known to provide safe and
favorable outcomes. However, many surgeons are not familiar with the
Glissonean pedicle approach and anatomic liver resection in MILR at pres-
ent. This very-well-written volume is the first one that is entirely focused on
Glissonean pedicle approach and will be extremely useful for the current and
the next generation of liver surgeons, helping them to handle with the
Glissonean pedicles.

Couinaud proposed various approaches to the Glissonean pedicles, as fol-
lows: (1) intrafascial approach, (2) extrafascial approach, and (3) extrafascial
and major fissural approach. The intrafascial approach means individual vas-
cular dissection, whereas the extrafascial approach is Glissonean pedicle iso-
lation in a broad sense. The extrafascial approach is further divided into two
categories: one without liver parenchymal destruction, and the other with
minor liver transection. The former is an extrahepatic Glissonean pedicle
approach.

We have demonstrated the comprehensive and precise anatomy of the liver
based on Laennec’s capsule that is a true membrane of the liver described by
Laennec in 1802, which was ignored for more than 200 years. The technique
of extrahepatic Glissonean pedicle isolation will come into practical use via
“the gate theory.” This means that the gaps between Laennec’s capsule and
the Glissonean pedicle can only be entered through the six gates defined by
the four anatomical landmarks (the Arantius plate, umbilical plate, cystic
plate, and pedicle of the caudate process (Glc)), and approach to the desired
gate enables us to isolate any extrahepatic Glissonean pedicle at will.
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Foreword

The remaining issue of MILR is to establish a technique to control the
hepatic vein. This is nearing completion owing to the fact that the Laennec’s
capsule also exists surrounding the hepatic vein and that is composed of two
layers, as revealed by Monden and Kiguchi. All the aforementioned concepts
are very well described and deepened throughout the pages of this book that
will contribute to broadening of the knowledge of the Glissonean approach
and to establishing of safe and curative MILR.

International Medical Center Atsushi Sugioka
Fujita Health University Hospital
Aichi, Japan



Preface

Great is the fortune of he who possesses a good bottle, a good book, and a good
friend—(Moliere).

As often happens, great ideas are conceived in a moment of relaxation, in
company of sincere friends and in front of a good glass of wine.

Same for this book, which came to life from a common intuition, on a
sunny day in June 2021.

Three friends, three hepatobiliary surgeons, meet in Barcelona, Spain, for
surgical training in liver resections. They discover that for all this time, they
have all been studying the same technique for hepatic resections coming from
the East: “the Glissonean approach to hepatic pedicles.” They are passionate
and thus was born the idea of sharing with the scientific community the latest
notions on this fascinating and relatively new method (at least for the Western
community) to perform anatomical liver resections in the context of mini-
mally invasive surgery. Friends soon become many more. This volume is, in
fact, the result of the work of some of the most talented Italian and European
hepatobiliary surgeons, plus some from the well-known Japanese school. An
experienced surgeon, like a young one, will find in this book some new con-
cepts on Glissonean anatomy of the liver based on the Laennec’s capsule,
precious notions of intraoperative ultrasound for the identification of bilio-
vascular pedicles, details of minimally invasive surgery techniques, and
numerous and valuable expert’s “tips and tricks” to be applied to each hepatic
segment to be resected. A large set of surgical videos available online com-
plete this work, which we invite you to savor slowly, just like sipping a good
glass of wine.

Special thanks go to all the friends and authors who have given their valu-
able contribution, and our warm appreciation goes to Professor A. Sugioka,
pioneer of this technique, who honored us with his enlightening foreword.

Rome, Italy Alessandro Anselmo

Barcelona, Spain Benedetto Ielpo
Luxembourg, Luxembourg Edoardo Rosso
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The History of Glissonean
Approach: From Takasaki to PAM

Consensus

Alessia Fassari, Vito de Blasi, and Edoardo Rosso

1.1 Historical Background

of Surgical Anatomy

Anatomy, as Leriche writes, is unquestionably the
oldest instrument of knowledge, and it remains the
basis of all surgery. We can think that it has already
said everything, but whenever surgery approaches
anew field, the anatomy must be reviewed, and the
experience shows that it provides details that were
missing. We don’t find something unknown, but
the point of view changes. We look for details that
a purely descriptive aspect had not preserved or
whose interest we had not seen.

The vasculo-biliary sheath, containing the
portal vein, the hepatic artery, and the bile duct,
was first discovered in 1640 by Johannis Walaeus
[1] and then described by the British anatomist
Francis Glisson in 1642 [2]. In 1802, Rene T. H.
Laennec [3] reported the existence of a proper
membrane distinct from the serosa.

A. Fassari

Department of Surgery, Unit of Oncologic and
Minimally Invasive Surgery, Sapienza University of
Rome, Rome, Italy

Unité des Maladies de 1’ Appareil Digestif et
Endocrine, Centre Hospitalier de Luxembourg,
Luxembourg, Luxembourg

V. de Blasi (D<) - E. Rosso

Unité des Maladies de 1’ Appareil Digestif et
Endocrine, Centre Hospitalier de Luxembourg,
Luxembourg, Luxembourg

e-mail: DeBlasi.Vito@chl.lu; rosso.edoardo@chl.lu

The plate system concept, a fibrous thickening
part of the Glissonean sheath, was established by
the French surgeon and anatomist Claude
Maurice Couinaud in his text Surgical Anatomy
of the Liver Revisited [4]. He proved the lack of
continuity between the Glissonean pedicle and
the Laennec’s capsule. However, the importance
of the latter was overlooked for two centuries.
Only in 2008 the histological study on cadaveric
livers published by Shogo Hayashi in Japan [5]
proved the existence of Laennec’s capsule envel-
oping the pedicles as a separate entity and
revealed that the so-called Glissonean capsule
derived from Laennec’s capsule and not from the
Glissonean sheath.

Subsequently, in 2017, Sugioka et al. from
Fujita University [6] reported a comprehensive
surgical anatomy of the liver based on Laennec’s
capsule giving a theoretical background to the
extrahepatic ~ Glissonean pedicle isolation.
Sugioka describes the Laennec’s capsule as a
dense fibrous layer beneath the serosa surround-
ing the bare area, the Glissonean pedicle, the cys-
tic fossa, and the outside of the hepatic vein. He
recognized the existence of four anatomical land-
marks (the Arantius plate, the umbilical plate, the
cystic plate, and the caudate process pedicle) and
six gates: (1) the caudal end of the Arantius plate,
(2) the junction between the round ligament and
the umbilical plate, (3) the right edge of the
Glissonean pedicle root of the umbilical portion,
(4) the left edge of the posterior extremity of the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 3
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cystic plate or the anterior Glissonean pedicle,
(5) the bifurcation of the right main Glissonean
pedicle, and (6) the space between the posterior
Glissonean pedicle and the caudate process pedi-
cle. The six gates represent the entry/exit points
to the plate system, the space between the
Laennec capsule and the Glissonean pedicle
enabling suprahilar, extrahepatic dissection with-
out parenchymal injury.

These preliminary anatomical considerations
are indispensable for understanding the Glissonean
pedicle approach. According to Couinaud three
main approaches to the inflow system at the
hepatic hilus are described: the classical intrafas-
cial, the extrafascial, and the extrafascial-transfis-
sural approaches. The two latter techniques are
considered the Glissonean approach.

The Extrafascial-Transfissural
Approach

1.2

The extrafascial and transfissural approach was
first introduced by Ton That Tung in Vietnam and
Tien-Yu Lin in Taiwan around 1960. Ton That
Tung is considered a pioneer of liver surgery.
Between 1960 and 1977, Tung performed a total
of 715 hepatic resections, 485 of which segmen-
tectomies and sectorectomies, and described them
in his text on liver anatomy and surgery, titled Les
Résections Majeures et Mineures du Foie (Major
and Minor Resections of the Liver) [7]. His solu-
tion to “bloodless” liver operations was a combi-
nation of the following techniques: hypothermia
below 30°C, inflow occlusion, and intraparenchy-
mal vessel ligation. He illustrated the anatomic
basis, the targeted Glissonean pedicle, the opera-
tive approach, and potential pitfalls of each resec-
tion. Tung’s scientific contribution was obscured
for many years due to the difficult political period
experienced in Vietnam until the end of the Cold
War. Only successively, in 1982, Bismuth recog-
nized the Ton That Tung’s technique as the pri-
mary parenchymatous transection method [8].
Tung used the technique of parenchymal tran-
section with the finger fracture method in order to
expose vessels requiring ligation. This method,
also called digitoclasia, was first described for

extrafascial-transfissural approach by Tien-Yu
Lin from the National Taiwan University in a
report published in 1958 [9]. Even now digitocla-
sia remains a useful method of separating liver
parenchyma. Successively, Henri Bismuth intro-
duced a variant called Kellyclasie, consisting in
the use of a clamp and crush technique instead of
fingers [10].

In 1986, Okamoto in Japan realized a small
variation of the extrafascial and transfissural
approach, the so-termed unroofing method [11].
This technique consists of transection of the liver
parenchyma at the segment IV above the hilar
plate gaining access to the Glissonean pedicles.

1.3  The Extrafascial Approach

In 1985, Couinaud [12] reported a simple method
for controlled left hepatectomy by performing
ligation without interruption of the left pedicle at
the hilum, providing immediate hemostasis of the
left liver with an easy and bloodless resection.

However, the term “Glissonean pedicle tran-
section method” was first used by Professor
Takasaki in Japan in 1986 [13]. According to the
surgical technique described by Takasaki, the
liver is divided into three sections (left, middle,
right) based on the ramification of the Glisson’s
pedicle tree. The bifurcation of the pedicle tree is
accessed through the detachment of the hilar
plate from above the basis of segment 4b with
subsequently extrafascial extrahepatic dissection
of the main left or right pedicle, as well as both
right sectional pedicles, without liver paren-
chyma injury.

Opposite to anterior transfissural approach, in
1989, Galperin [14] reported a new method for
selective exposure of Glissonean pedicles devel-
oping through a superficial T-shaped incision of
Glisson’s capsule in correspondence of pedicle
projection on posterior liver surface and the suc-
cessive use of surgeon’s forefinger into the
hepatic parenchyma in order to hook the pedicle.

In 1992, Launois and Jamieson [15] described
the peri-hilar posterior intrahepatic approach to
the hepatic sheaths of the segments of the right
liver through the dorsal fissure. Successively
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Marcel A. Machado introduced small incisions of
the hilar plate and strictly instrumental isolation
of the pedicle in order to make the posterior
approach safer [16].

Machado proved also the safety and feasibility
of minimally invasive surgery applied to
Glissonean approach resulting in a shorter opera-
tive time, lower blood loss, and low morbidity
[17]. However accurate preoperative tumor local-
ization, identification of potential anatomic pedi-
cle variations, and surgeon expertise are
mandatory for the success of laparoscopic
technique.

Recently the study group of Precision
Anatomy for Minimally Invasive Hepato-Biliary-
Pancreatic (PAM-HBP) surgery investigated and
confirmed the several advantages of the
Glissonean approach compared to the conven-
tional hilar approach. The PAM-HBP surgery
project (that will be described in details in the
next chapter) incorporates the opinions of inter-
national experts in hepatobiliary pancreatic sur-
gery and the evidence from the previous literature.
It also encouraged the use of endoscopic (laparo-
scopic and robotic) surgery that ensures higher
resolution and magnification of anatomical struc-
tures which can be used as landmarks to establish
the appropriate cutting lines during liver resec-
tions. However, as the PAM-HPB highlighted,
the lack of a precise anatomical understanding
has been the main impediment to the standardiza-
tion of the surgical technique for the Glissonean
pedicle approach [18].

As will be detailed in Chap. 3, a clear knowl-
edge of liver anatomy, especially of Laennec’s
capsule anatomy, is the basis and represents the
guide for any surgical procedure.
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Glissonean Pedicles, Landmarks,

and Gates

Alessandro Anselmo, Leandro Siragusa,
Bruno Sensi, and Giuseppe Tisone

2.1 The Definitions

The first step to achieve a safe extrahepatic
Glissonean approach at the hilum, without any
parenchymal disruption, is to properly under-
stand the novel comprehensive surgical anatomy
of the liver based on Laennec’s capsule and
therefore identify the landmarks and gates on the
inferior surface of the liver according to Sugioka
[1].

A “landmark” can be defined as an anatomical
part of the liver that can help to identify the gates.
A “gate” can be defined as a specific site at the
hilum where the Laennec’s capsule and
Glissonean sheath can be mechanically separated
with minimal or any parenchymal disruption. A
physical space exists and can be enlarged at this
level between the two membranes, allowing a
safe totally extrahepatic pedicle isolation.

Supplementary Information The online version con-
tains supplementary material available at https:/doi.
org/10.1007/978-3-031-35295-9_2.

A. Anselmo (D<) - L. Siragusa - B. Sensi - G. Tisone
HPB Surgery and Transplant Unit, Department of
Surgical Sciences, University of Rome “Tor Vergata,”,
Rome, Italy

e-mail: anselmo@med.uniromaZ2.it

2.2  ThelLiver Envelopes:
The Laennec’s Capsule

and the Glissonean Sheath

The “liver envelopes simulation model” (Fig. 2.1)
illustrates the various layers that coat the liver sur-
face in a “onion-like” fashion. The outer layer is
the peritoneum (serosa) that covers all the liver
and the hepato-duodenal ligament except the bare
areas. The Laennec’s capsule is the so-called
proper membrane of the liver and covers the entire
liver surface. The Glissonean sheath coats the liver
pedicles and follows their “tree-like” distribution
inside the liver parenchyma remaining in a tight
contact with the Laennec’s capsule except at the
site of the “gates” at its inferior surface. A thicken-
ing of the Glissonean sheath at the liver hilum
forms the plate systems that includes the Arantius,
hilar, and cystic plates (Fig. 2.2).
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B PLATE SYSTEM

Multilayer simulation model

Modified from Sugioka, 2017.

Fig. 2.1 Liver envelopes: Multilayer simulation model

Fig.2.2 Liver
envelopes: A schematic
3d drawing

nean sheath

To better explain the relationship between the
Laennec’s capsule and the Glissonean sheath, we
have elaborated the “two gloves” model (Fig. 2.3a)
in which the two anatomical structures are depicted
as two gloves that cover the two hands represent-
ing the liver surface and the hilar structures. The

Arantius plate

Round ligament

Umbilical plate

nean sheath

Hilar plate

plate

classical surgical maneuver called detachment (or
lowering) of the hilar plate is based on the exis-
tence of these two distinct membranes that cover
the liver parenchyma and the hilar structures and
that can be entered at the junction between the
hilar plate and the base of segment IV (Fig. 2.3b).



2 Glissonean Pedicles, Landmarks, and Gates

Fig. 2.3 The “two gloves” model explains the relationship between Laennec’s capsule and Glissonean sheath and
provides the anatomical background to better understand the surgical maneuver called hilar plate detachment

2.3  How to Recognize

and Access the Gates

As described in Chapter 1, there are three main
methods to access the portal pedicles according to
Couinaud [2, 3] (Fig. 2.4). Identification of the four
landmarks and six gates on the inferior surface of the
liver is the key to perform the extrafascial approach
without any major parenchymal disruption.

Four defined anatomical structures that can be
visualized on the inferior aspect of the liver are
the landmarks. Landmark number one is the
Arantius plate; number two is the umbilical plate;
number three is the cystic plate; number four is
the caudate process Glissonean pedicle (Figs. 2.5,
2.6,2.7, and 2.8).

This four landmarks allow to identify the six
gates as follows:
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The three methods of
access to the portal
pedicle

are considered to be the Glissonean
pedicle approach.

dified from k Shun-ichi Ariizumi. Ann | Surg. 2018;2:124-128.

Fig. 2.4 The three methods of access to the portal pedicle. (A) Intrafascial, (B) Extrafascial, (C) Extrafascial and
Transfissural

A, Sugioka
(2017)

P

o "

Fig. 2.5 Landmark #1: Arantius Plate
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A. Sugioka (2017)

Fig. 2.6 Landmark #2: Umbilical plate

Fig. 2.7 Landmark #3: Cystic plate
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Fig. 2.8 Landmark #4: Caudate process Glissonean pedicle

A, Sugioka (2017)

Gate number one is located at the caudal end
of the Arantius plate (Fig. 2.9).

Gate number two is located at the junction
between the round ligament and the umbilical
plate (Fig. 2.10).

Gate number three is located at the right edge
of the Glissonean pedicle root of the umbilical
portion (Fig. 2.11).

To properly identify gate four and five, the

gallbladder should be removed performing a
peculiar type of cholecystectomy made by cutting
the cystic plate at the cystic neck (cystic plate
cholecystectomy) as depicted in Fig. 2.12.

Gate number four is located at the left edge of
the posterior extremity of the cystic plate or
the anterior Glissonean pedicle (Fig. 2.13).

?

Caudate pro f-“3 B
o N

Gate number five is located at the bifurcation
of the right main Glissonean pedicle
(Fig. 2.14).

Gate number six is located in the space between
the right posterior Glissonean pedicle and the
caudate process Glissonean pedicle (Glc)
(Fig. 2.195).

An overview of all the landmarks and gates is

provided in Figs. 2.16 and 2.17.

The extrahepatic isolation of the various

Glissonean pedicles at the liver hilum, as
shown above, permits the primary vascular
control and the safe execution of the most
common anatomical hepatic resections as
depicted in Figs. 2.18, 2.19, 2.20, 2.21, 2.22,
2.23, and 2.24 [4, 5].



2 Glissonean Pedicles, Landmarks, and Gates 13

Fig.2.9 Gate #1:
Caudal end of the
Arantius plate

e

The caudal end of the Arantiuss plate

Fig.2.10 Gate #2:
Junction between round
ligament and umbilical
plate

The junction between round lig. & umbilical plate

Fig.2.11 Gate #3:
Right edge of
Glissonean pedicle root
of the umbilical portion

-

Right edge of GP root of the umbilical portion
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Fig.2.12 Cystic plate
cholecystectomy

Fig.2.13 Gate #4: Left
edge of the posterior
extremity of the cystic
plate or the anterior
Glissonean pedicle

Fig.2.14 Gate #5:
Bifurcation of the right
main Glissonean pedicle
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Fig.2.15 Gate #6: The
space between the
posterior right
Glissonean pedicle

and the caudate

process Glissonean
pedicle (Glc)

Fig.2.16 Overview of
the landmarks

Caudate pi

Fig.2.17 Overview of
the gates
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Segmentectomy SlI

Machado et al.

Fig. 2.18 Extrahepatic Glissonean approach for SII segmentectomy

Segmentectomy Sl

4

Machado et al. Surgery 2016;160:643-51

Fig. 2.19 Extrahepatic Glissonean approach for SIII segmentectomy
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Left lateral
sectionectomy

-

Machado et al. Surgery 2016;160:643-51

Fig. 2.20 Extrahepatic Glissonean approach for SII-SIII left lateral sectionectomy

Left
Hemihepatectomy
S 1-1I-IV

h\

Fig. 2.21 Extrahepatic Glissonean approach for left hemihepatectomy
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Right anterior
sectionectomy

SV-Vil

Machado et al. Surgery 2016;160:643-

Fig. 2.22 Extrahepatic Glissonean approach for right anterior sectionectomy

Right posterior
sectionectomy
R

b

Machado et al. Surgery 2016;160:643-51

Right posterior GP

Fig. 2.23 Extrahepatic Glissonean approach for right posterior sectionectomy
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Right
Hemihepatectomy
S V-VI-VII-VIII

Right GP

Machado et al. Surgery 2016;160:643-51

Fig. 2.24 Extrahepatic Glissonean approach for right hemihepatectomy
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3.1 Introduction

Liver resection is the treatment of choice for
primitive and metastatic liver malignancies.
Modern liver surgery still encompasses major
hepatectomies but relies more and more on minor
resections that can range from small atypical
resections of peripheral lesions to segmentecto-
mies and complex nonanatomical resections. A
mandatory prerequisite for such resections is the
identification of the proper Glissonean pedicle to
be dissected and hepatic veins to be exposed on
the cut surface [1, 2].

Intraoperative ultrasonography has long been
reported as a useful tool for open liver surgery
[3-5] with a valuable role for intraoperative diag-
nosis of liver lesions and for guidance to resec-
tion. In years its role has upgraded to a
parenchyma navigation instrument, to meet the
needs of modern liver surgery.

Laparoscopic liver surgery has reached a
worldwide spread, and subsequent consensus
conferences gave wide acceptance and progres-
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sive attempts of standardization [6-8].
Hepatobiliary surgeons demonstrated the possi-
bility to perform most hepatectomies via a mini-
mally invasive approach, with adequate
oncological outcomes and better short-term
results than open surgery [9].

As for any laparoscopic procedure, laparo-
scopic liver surgery is performed without tactile
feedback along with a limited bidimensional field
of view. For these reasons, laparoscopic intraop-
erative ultrasonography (LUS) could have the
additional value to overcome laparoscopic limita-
tions providing real-time feedback during all
types of hepatectomy. At the same time, LUS is
as reliable for staging liver tumors as open intra-
operative ultrasound, with a similar performance
in detecting new nodules [10].

The role of LUS in the planning of liver resec-
tions relies in its capacity to provide the ultimate
staging of the disease and to provide the most
accurate real-time anatomical study. The combi-
nation of this information enables LUS-guided
laparoscopic liver resections [11] and allows to
tailor the resection according to patient’s specific
anatomy and tumor localization.

In this chapter the technique of the LUS ana-
tomical study will be described, focusing on the
identification of the Glissonean pedicles.
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3.2 Main Indications

and Contraindications

Intraoperative ultrasonography should be per-
formed during every liver resection. A first ultra-
sound scan aimed exclusively at the study of liver
anatomy is to be performed before any other
maneuver and before the study of known lesions
or the search for new ones. A systematic study of
liver anatomy is also recommended to improve
surgeon’s skill and to be prepared to deal with
complex anatomy or tumor anatomic relation-
ships when they occur. Intraoperative identifica-
tion of the Glissonean pedicles is indicated and
necessary whenever an anatomical resection is
required, whether it is a segmentectomy or sub-
segmentectomy. This may be the case when a
Glissonean pedicle is directly affected by a
tumor, and the whole segment must therefore be
resected, when a segment or segments are con-
gested for venous outflow impairment due to the
resection of the tributary hepatic vein (LUS is a
valuable tool to assess liver congestion too [12])
or for oncological reasons (i.e., hepatocellular
carcinoma). Intraoperative ultrasound is the most
reliable tool for intraoperative Glissonean pedi-
cle identification.

3.3  Surgical Technique (Key
Issues and Technique

Details)

LUS can be performed trough 2, 12-mm ports,
one for the 30° laparoscope and one for the lapa-
roscopic probe. While acceptable that LUS can be
performed with a two-way probe, a four-way
probe should be preferred as lateral transducer
movements can correct the sagittal orientation of
the laparoscopic probe. An important feature that
should be available is the intraoperative color
Doppler mode or better a high-definition blood
flow imaging mode with high spatial and tempo-
ral resolution. Such imaging modes are useful to
display small, slow blood flow vessels such as
peripheral Glissonean pedicles or branches of the
hepatic veins as well as in the assessment of
Glissonean pedicles after they have been clamped.

3.3.1 Patient Position

Patient position depends on the resection planned
and surgeons’ preferences. A complete LUS
study can be performed through the first two tro-
car placed. It does not require any liver mobiliza-
tion or the section of the round and falciform
ligament. LUS can be repeated throughout the
operation, using any 12-mm trocar. After the liver
mobilization required by the planned resection,
LUS helps to reassess anatomy and anatomical

relationships that are modified by liver
manipulation.
3.4 Exploration

The exploration is performed mainly with the
probe inserted in the most right-sided trocar. The
exploration begins by placing the probe on Sg4.
This central position, directly above the portal
bifurcation and the middle hepatic vein (MHV),
represents an ideal starting point for the explora-
tion, as well as a place where to return when in
trouble. Specifically, if a convex probe is used,
holding the probe in place and applying oscilla-
tory movements along the probe’s long (rocking)
and short (tilting) axis allows for a good overview.
The portal bifurcation is easily visualized. Small
tilting movements allows to visualize the right
and the left portal branches with the correspond-
ing artery and bile duct, even when it is not dilated.
Sliding the probe to the left, the left portal branch
can be followed till the umbilical portion. Here,
with the probe coming from the right, Sgda
Glissonean pedicles (G4a) can be longitudinally
scanned (Fig. 3.1a). Sliding the probe toward the
gallbladder Sg4b pedicles (G4b) are cross-
scanned (Fig. 3.1b). Often the most cranial G4b
arises very close to the origin of the most caudal
G4a. The identification of the boundaries of Sg4a
and Sg4b is a crucial point in Sg4 subsegmentec-
tomies (i.e., Sg4b-5 bisegmentectomy for gall-
bladder cancer). On the left side of the umbilical
portion of the left hepatic vein, the origin of Sg2
(G2) and Sg3 (G3) Glissonean pedicles can be
seen (Fig. 3.2). G2 arises from the cranial part of
the umbilical portion. It can be identified running
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Fig. 3.1 Sg4 Glissonean pedicles identification. (a) The
probe slides longitudinally in the arrow direction that is
parallel to Sg4a Glissonean pedicles (G4a). They are lon-
gitudinally scanned from the origin on the right side of the

above Sgl and the lesser omentum, below the left
hepatic vein (LHV). With the aforementioned
probe position, it is generally cross scanned. To
scan it longitudinally, the probe must be properly
angled using the lateral movements. Sliding the
probe caudally, G3 pedicle is identified above the
LHYV that can be very close to the middle part of
the pedicle. The left-to-right and bottom-to-top
direction of the probe, with an axis similar to the
G3 axis, allows it to be scanned longitudinally.
Lateral probe correction allows a cross scan.
Placing again the probe on Sg4 the right
Glissonean pedicle (RGP) is visualized. Slight
tilting movements allows the visualization of the
right anterior (G5-8) and posterior (G6-7)
Glissonean pedicle, with the cross-scanned RHV
running in between (Fig. 3.3). With the probe on
G5-8 sliding toward the gallbladder, Sg5
Glissonean pedicles (G5) are visualized in a

umbilical portion of the left portal branch (UP), heading
toward the middle hepatic vein (MHV). (b) Sg4b
Glissonean pedicles (G4b) are cross scanned sliding the
probe laterally (arrow) toward the gallbladder (GB)

cross-section. Several G5 can be identified,
sometimes arising also from Sg8 ventral pedicle.
Back on G5-8, with a longitudinal cranial slid-
ing, the origin of Sg8 dorsal (G8d) heading to the
RHV and ventral (G8v) pedicle and heading to
the MHYV is seen (Fig. 3.4). Rather frequently a
lateral (G8I) pedicle is present. It is identified as
the earliest Sg8 pedicle rising from the right ante-
rior pedicle, heading laterally above the RHV.
Back on Sg4, tilting the probe clockwise, the
posterior (G7-8) pedicle can be seen behind the
RHYV. Sliding the probe laterally, Sg6 pedicle
(GO6) is cross scanned. Several pedicles (often
superior and inferior) are visible. Sg7 pedicle (or
pedicles) are easily scanned sliding longitudinally
the probe cranially (Fig. 3.5a). G6—7 and its divi-
sion branches, G6 and G7, lie deep in the liver
parenchyma, close to the dorsal liver surface.
After right liver mobilization, LUS can be per-
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Fig.3.2 Sg2 and Sg3 Glissonean pedicles identification.
(a) Sg2 Glissonean pedicle (G2) is longitudinally scanned,
running below the left hepatic vein (LHV). The probe has
been rotated left to match the G2 direction and slides lon-
gitudinally as indicated by the arrow. (b) The probe has

Fig. 3.3 Right Glissonean pedicles identification. The
probe is placed on Sg4, scanning the right Glissonean pedi-
cle (RGP). With tilting counter-clockwise movements
(black arrow), the right anterior (G5-8) Glissonean pedicles

been straightened to match G3 direction. Sg3 Glissonean
pedicle (G3) is longitudinally scanned sliding the probe
longitudinally (arrow). LHV is cross scanned. It lies
below and very close to G3

and the cross scanned middle hepatic vein (MHV) are visu-
alized. Clockwise tilting movements (white arrow) allows to
see the right posterior (G6-7) Glissonean pedicle. The
cross-scanned right hepatic vein (RHV) runs in between



3 Intraoperative Ultrasound Pedicle Localization 25

Fig. 3.4 Sg8 Glissonean pedicles identification. The  will be longitudinally scanned. Sliding the probe laterally
probe scans the right anterior Glissonean pedicle (G5-8).  (white arrow) toward the middle hepatic vein (MHV), the
Sliding the probe longitudinally (black arrow), Sg8dorsal ~ Sg8 ventral Glissonean pedicle (G8v) will be cross
pedicle (G8d) heading to the right hepatic vein (RHV) scanned

Fig. 3.5 Sg7 Glissonean pedicle identification. (a) Sg7 Itlies deeply in the parenchyma. (b) After right liver mobi-
Glissonean pedicle (G7) is scanned from the ventral side, lization, it is scanned from the dorsal side, running close to
arising from the right posterior Glissonean pedicle (G6-7).  the dorsal liver surface, above the right hepatic vein (RHV)
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formed directly on the dorsal liver side. With this
probe setting, G6 and G7 can be longitudinally
scanned and visualized as the most superficial
structures, above the RHV (Fig. 3.5b). This
peculiar anatomical situation allows for the
Glissonean pedicle firs approach suitable for
anatomical Sg6-7 segmentectomies or sub-
segmentectomies [13, 14].

3.5  Special Tricks and Tips

Generally, the Glissonean pedicle exploration is
carried following the division of the pedicles
from the first-order branches, in the second-order,
and so on. When a pedicle is hard to identify this
way, it can be useful to perform a LUS scan from
the periphery to the center. For instance, if it is
difficult to identify G5 from the origin on G5-8,
where it can be mistaken for a G8I or its origin
from G8v can be misleading, it is convenient to
place the probe on the gallbladder bed, to identify
the tiny peripheral G5 around the gallbladder and
to follow them toward their origin.

After a Glissonean pedicle is identified and
isolated, it is recommended to confirm the identi-
fication. The simplest tool is the intraoperative
color Doppler assessment once the pedicle has
been clamped. This method is more reliable than
the ischemic demarcation of the liver surface that
sometimes can be misleading for chronic hepa-
topathy and unlike the ICG negative staining can
be repeated throughout the resection.

3.6 Main Key Points

Anatomical liver resections can be required for
oncological reasons, for Glissonean pedicle
tumor infiltration, hepatic vein infiltration, or
because they allow parenchyma sparing resec-
tions. Nonetheless such resections are exposed to
peculiar difficulties and require careful identifi-
cation of the proper Glissonean pedicle to be dis-
sected or to be spared. LUS is an essential tool
for precise Glissonean pedicle identification and
guidance to resection.

References

1. Torzilli G, Montorsi M, Del Fabbro D, Palmisano
A, Donadon M, Makuuchi M. Ultrasonographically
guided surgical approach to liver tumours involving
the hepatic veins close to the caval confluence. Br
J Surg. 2006;93:1238-46. https://doi.org/10.1002/
bjs.5321.

2. Shimizu A, Kobayashi A, Yokoyama T, Nakata T,
Motoyama H, Kubota K, Furusawa N, Kitahara H,
Kitagawa N, Fukushima K, Shirota T, Miyagawa
S. Hepatectomy preserving drainage veins of the pos-
terior section for liver malignancy invading the right
hepatic vein: an alternative to right hepatectomy. Am
J Surg. 2012;204:717-23. https://doi.org/10.1016/j.
amjsurg.2012.02.011.

3. Makuuchi M, Hasegawa H, Yamazaki S. Ultrasonically
guided subsegmentectomy. Surg Gynecol Obstet.
1985;161:346-50.

4. Castaing D, EmondJ, Kunstlinger F, Bismuth H. Utility
of operative ultrasound in the surgical management of
liver tumors. Ann Surg. 1986;204(5):600-5. https://
doi.org/10.1097/00000658-198611000-00015.

5. Parker GA, Lawrence W Jr, Horsley JS 3rd, Neifeld JP,
Cook D, Walsh J, Brewer W, Koretz MJ. Intraoperative
ultrasound of the liver affects operative decision
making. Ann Surg. 1989;209(5):569-77. https://doi.
org/10.1097/00000658-198905000-00009.

6. Buell JF, Cherqui D, Geller DA, et al. The international
position on laparoscopic liver surgery: the Louisville
statement, 2008. Ann Surg. 2009;250(5):825-30.
https://doi.org/10.1097/s1a.0b013e3181b3b2dS8.

7. Wakabayashi G, Cherqui D, Geller DA, et al
Recommendations for laparoscopic liver resection: a
report from the second international consensus con-
ference held in Morioka. Ann Surg. 2015;261(4):619—
29. https://doi.org/10.1097/SLA.0000000000001184.

8. Abu Hilal M, Aldrighetti L, Dagher I, et al. The
Southampton consensus guidelines for laparoscopic
liver surgery: from indication to implementation.
Ann Surg. 2018;268(1):11-8. https://doi.org/10.1097/
SLA.0000000000002524.

9. Aghayan DL, Kazaryan AM, Dagenborg VJ, R@sok
BI, Fagerland MW, Waaler Bjgrnelv GM, Kristiansen
R, Flatmark K, Fretland AA, Edwin B. Long-term
oncologic outcomes after laparoscopic versus open
resection for colorectal liver metastases: a random-
ized trial. Ann Intern Med. 2021;174(2):175-82.
https://doi.org/10.7326/M20-4011.

10. Vigano L, Ferrero A, Amisano M, Russolillo N,
Capussotti L. Comparison of laparoscopic and open
intraoperative ultrasonography for staging liver
tumours. Br J Surg. 2013;100(4):535-42. https://doi.
org/10.1002/bjs.9025.

11. Ferrero A, Lo Tesoriere R, Russolillo N. Ultrasound
liver map technique for laparoscopic liver resections.
World J Surg. 2019:43(10):2607-11. https://doi.
org/10.1007/s00268-019-05046-3.


https://doi.org/10.1002/bjs.5321
https://doi.org/10.1002/bjs.5321
https://doi.org/10.1016/j.amjsurg.2012.02.011
https://doi.org/10.1016/j.amjsurg.2012.02.011
https://doi.org/10.1097/00000658-198611000-00015
https://doi.org/10.1097/00000658-198611000-00015
https://doi.org/10.1097/00000658-198905000-00009
https://doi.org/10.1097/00000658-198905000-00009
https://doi.org/10.1097/sla.0b013e3181b3b2d8
https://doi.org/10.1097/SLA.0000000000001184
https://doi.org/10.1097/SLA.0000000000002524
https://doi.org/10.1097/SLA.0000000000002524
https://doi.org/10.7326/M20-4011
https://doi.org/10.1002/bjs.9025
https://doi.org/10.1002/bjs.9025
https://doi.org/10.1007/s00268-019-05046-3
https://doi.org/10.1007/s00268-019-05046-3

3

Intraoperative Ultrasound Pedicle Localization

27

12. Lo Tesoriere R, Forchino F, Fracasso M, Russolillo N,

13.

Langella S, Ferrero A. Color Doppler intraoperative
ultrasonography evaluation of hepatic hemodynamics
for laparoscopic parenchyma-sparing liver resections.
J Gastrointest Surg. 2022;26(10):2111-8. https://doi.
org/10.1007/s11605-022-05430-w.

Okuda Y, Honda G, Kobayashi S, Sakamoto K,
Homma Y, Honjo M, Doi M. Intrahepatic glis-
sonean pedicle approach to segment 7 from the
dorsal side during laparoscopic anatomic hepatec-

14.

tomy of the cranial part of the right liver. ] Am Coll
Surg. 2018;226(2):e1-6. https://doi.org/10.1016/j.
jamcollsurg.2017.10.018.

Ferrero A, Lo Tesoriere R, Giovanardi F, Langella
S, Forchino F, Russolillo N. Laparoscopic right
posterior anatomic liver resections with Glissonean
pedicle-first and venous craniocaudal approach. Surg
Endosc. 2021;35(1):449-55. https://doi.org/10.1007/
500464-020-07916-7.


https://doi.org/10.1007/s11605-022-05430-w
https://doi.org/10.1007/s11605-022-05430-w
https://doi.org/10.1016/j.jamcollsurg.2017.10.018
https://doi.org/10.1016/j.jamcollsurg.2017.10.018
https://doi.org/10.1007/s00464-020-07916-7
https://doi.org/10.1007/s00464-020-07916-7

®

Check for
updates

Main Instruments for Hepatic
Transection and Minimally
Invasive Pedicle Dissection

Fernando Burdio, Sofia Jaume-Bottcher,
Patricia Sanchez-Velazquez, and Benedetto lelpo

4.1 Introduction

Hemorrhage and blood loss have been one of the
major complications of liver surgery since its
beginnings. Before the 1980s, hepatic resection
was associated with a high mortality rate, around
20%, largely due to intra- and postoperative hem-
orrhage [1]. Today, this procedure has become
much safer with an operative mortality of 1%,
intraoperative blood loss of <500 cc, and need for
transfusion in <10-30% of patients [2].

Improvements in perioperative care and a bet-
ter understanding of liver anatomy have led to a
decrease in  perioperative = morbimortality
(Fig. 4.1). Portal inflow compression to decrease
liver bleeding (as described by Pringle in 1908),
the use of subcostal incisions with retraction and
the development of clamp-crushing, selective
vascular control, parenchyma sparing surgery,
laparoscopic approach, and finger fracture tech-
nique have also been fundamental to the advances
in hepatic surgery [3].

Other implementations have been represented
by the use of indocyanine green (ICG) to study
hepatic vascularization intraoperatively, and the
introduction of preoperative planning and navi-
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gation software. Additionally, over the past
20 years, the number of surgical devices to facili-
tate parenchymal transection, vascular control,
and hemostasis in hepatic surgery have increased
resulting in a rapid development of various tech-
niques in liver resections [4]. The techniques
range from simple tissue-fracturing techniques
using the finger or a clamp to devices based on
more advanced technologies, such as the water
jet dissector, vascular stapler, harmonic scalpel,
Ligasure™ device, or radiofrequency (RF)-
assisted devices.

Numerous studies have been conducted com-
paring different liver transection techniques.

Laparoscopic view

Fig. 4.1 Introduction of laparoscopy allows for a cau-
dodorsal approach. Another important progress has been
the standardization of the systematic extrahepatic
Glissonean pedicle isolation with recognition of the “four
anatomical landmarks” and the “six gates (Gate I to Gate
VI)” as described in Chap. 3
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However, there are few prospective randomized
trials that disclose such comparisons, and those
published have failed to demonstrate the superi-
ority of one technique in comparison to the clas-
sic clamp-crushing method [5-6].

Therefore, the use of one device over another
depends most of the time on the type of resection,
the severity of liver injury, the length of the pro-
cedure, the cost, and personal preference of the
surgical team. The aim of this chapter is to review
and compare the most used instruments for
hepatic transection and minimally invasive
Glissonean pedicle dissection.

4.2  Vascular Staplers for Hepatic

Transection

The use of vascular staplers has been broadened
to include dividing hepatic parenchyma after ini-
tially being largely used for the division of major
arteries [7]. However, there is concern about the
risk of fracture and rupture with vascular staplers.
For parenchymal transection, generally, these
devices are combined with a clamp-crushing
method, as described here: (1) The transectional
line is marked and then the liver capsule is
divided using diathermy. (2) The liver tissue is
then shattered gradually with a clamp to prepare
for the future dissection of the hepatic paren-
chyma; then the stapler crushes the dissection
line. (3) The hepatic parenchyma can then be
divided and transected sequentially using vascu-
lar staplers.

Compared to traditional crush clamping liver
transection, vascular staplers seem to be more
effective in small vessels and in narrow surgical
fields, providing a better exposure of the surgical
field by limiting the continuous hemorrhaging of
these small vessels. Furthermore, vascular sta-
plers are less time-consuming, which is why they
also constitute a good option in emergency set-
tings, such as blunt trauma [8-9].

However, in 2014, a randomized clinical trial
by Rahbari et al. showed no difference in the
amount of intraoperative blood loss between the
stapler and clamp-crushing techniques. [10]

Alternatively, as seen by Fritzman et al. in 2018,
compared to the Ligasure™ device for parenchy-
mal transection in elective partial hepatectomy,
stapler hepatectomy was linked with less blood
loss and a shorter operating time [11].

4.3 Vessel Sealing Devices

in Hepatic Resection

The Ligasure™ device is a bipolar vessel-ligating
system that uses pressure and electrothermal
energy to fuse the collagen matrix in the vessel
wall to permanently occlude blood vessels up to
7 mm in diameter. This tool may also include a
built-in knife to enable quick and accurate divi-
sion of the sealed vessels [12]. It has also the
potential to reduce transection times since it
simultaneously causes parenchymal division and
vascular hemostasis. This device may break mul-
tiple partially sealed capillaries when it is applied
directly to the liver tissue, causing leaking from
the transection line. Therefore, some authors pre-
fer the combined use of Kelly clamp dissection
with the Ligasure™ sealing device to prevent this
leakage from any ruptured vessel, as shown in
Fig. 4.2.

In 2022, Muraki et al. published a propensity
score matching comparing monopolar and bipo-
lar sealing devices for hepatic parenchymal tran-
section, concluding that monopolar cautery
techniques had a significantly lower intraopera-
tive blood loss and lower total operating time,
whereas the bipolar group had a significantly
lower incidence rate of ascites and intra-
abdominal infections [13]. However, this is an
observational single-center stud, and as such has
its limitations in terms of applicability.

In another non-randomized study, by Liu et al.
in 2018, compared the Ligasure™ device and the
cavitron ultrasonic surgical aspirator (CUSA),
concluding that neither intraoperative blood loss
nor the need for blood transfusions increased
with the use of Ligasure™. No statistical differ-
ences were found in relation to postoperative
reperfusion injury, disease-free survival rate, or
2-year overall survival rate [14].
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Fig. 4.2 Combined use of Ligasure and clamp technique. Following the resection, the cut surface of the liver is exam-
ined for bile leaks, which, if found, are sutured

4.4 Ultrasonic Devices in Liver

Resection

Ultrasonic devices are one of the most affordable
instruments for hepatic transection. This method
uses mechanical wave energy combined with
aspiration to shatter the liver parenchyma tissue
and expose biliary ducts over 2 mm and small
hepatic vessels [15]. However, it is not able to
coagulate or seal blood vessels, which provides
the need to use titanium clips or other mechanical
items to produce hemostasis. One advantage of
CUSA is that it offers a well-defined transection
plane and great pedicle identification, which is
helpful when tumors are close to major blood
vessels. Additionally, it can be utilized in both
cirrhotic and non-cirrhotic livers [4].

An example of ultrasonic vessel-sealing
device used for transection of liver parenchyma is
the harmonic scalpel (Ethicon Endo-Surgery,
Inc.; Cincinnati, OH), which uses harmonic
energy to cut and seal vessels >3 mm using high-
frequency vibration of the instruments (over
55,000 Hz/s), both in laparoscopy and open sur-
gery. The basis of its functioning lies in protein
denaturation, not heat. Several early nonrandom-
ized studies linked the harmonic scalpel to a
marked rise in the frequency of postoperative bile
leakage when compared to the conventional
clamp-crushing method [16]. In 2020, Kamarajah

et al. published a meta-analysis comparing differ-
ent types of parenchymal transection techniques
during hepatectomy, observing that techniques
with bipolar cautery appear to be the quickest and
work best in minimizing blood loss. Harmonic
scalpel, on the other hand, has a lower risk of
overall and major complications [17].

Early randomized studies found no difference
in intraoperative and total blood loss between an
ultrasonic device and clamp crush technique, or
even found clamp-crushing technique to be supe-
rior in terms of resection time, blood loss, and
blood transfusions [18-19].

More recent studies however have found that
ultrasonic devices are safe in terms of blood loss,
transfusions, and postoperative complications,
even when compared to other transection devices
such as water jet dissection or TissueLink. Other
prospective trials found that the harmonic scalpel
was safer than the standard control utilizing
suture material for small blood vessels (diame-
ter <2 mm) and showed a tendency toward mini-
mization of blood loss [20-21].

4,5 Radiofrequency-Assisted

Devices in Liver Resection

With the use of RF electrodes, liver parenchyma
is pre-thermocoagulated, causing a 0.1-1.5-cm-
wide line of coagulative necrosis in a sphere of
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tissue surrounding the probe. As a result, the tis-
sue becomes precoagulated and is ready to be
transected with a scalpel. This method, pio-
neered by Weber et al., aims at a bloodless liver
resection [22]. A recent meta-analysis by Jayant
et al, comparing liver resection with one
RF-based device (Habib™-4X) with the clamp-
crush technique concluded that the use of the
RF-based device was associated with lower
blood loss and lower blood transfusion require-
ment [23].

Still, there are some studies which compare
RF-assisted liver resection to crush-clamp
techniques that have found a higher rate of
intra-abdominal infections with RF-assisted
resection [24].

This may be caused by the higher amount
of tissue necrosis generated with RF in com-
parison with other techniques. Some early
studies also proposed the possibility of heat
injury to important biliary structures with RF,
leading to an increase in bile leaks and bile
stricture. However, later studies, such as Li
et al., have not found a statistically significant
association between RF-based devices and
bile leak [25].

There are different devices that use RF energy,
such as Habib 4X System, Cool-tip System
(Radionics, and TissueLink. The system of appli-
cation can also be classified according to the RF
applicator in use as “needle” RF-assisted liver
resection devices, “handheld instrument”
RF-assisted devices, or combined ablation and
resection (CARe) devices.

4.5.1 TissueLink”

The TissueLink™ radiofrequency-assisted devices
uses low radiofrequency monopolar energy up to
3 mm of depth to generate heat that is transmitted
through a metal probe and saline irrigation,
achieving parenchymal dissection and hemosta-
sis. Its drawback is an irregular transmission, and
it’s also slower and more expensive than other
devices, such as the ultrasonic dissector or water
dissector [26-27].

4.5.2 Aquamantys’

Aquamantys® is another saline-coupled bipolar
technique for reducing intraoperative blood loss
combining bipolar radiofrequency energy with
continuously flowing saline at the electrode tip.
Its difference with TissueLink™ resides in the use
of bipolar energy, while TissueLink™ uses mono-
polar energy (Fig. 4.3) [28].

A study by Hammond et al. showed that
Aquamantys® produced a wide band of coagula-
tion adjacent to the line of transection, but this
was not reflected in the necrotic band width,
which was not significantly higher when com-
pared to others such as Ligasure™ or CUSA [29].
However, this is an observational study under-
taken in a non-perfused benchtop cadaveric
model, and more randomized studies are needed.

4.5.3 Coolingbis’

The Coolingbis system (Vecmedical, Montcada I
Reixac, Barcelona, Spain) is a type of handheld
RF-assisted device, which consists of an inter-
nally refrigerated RF highly powered monopolar
instrument equipped with a built-in knife that
allows for hemostasis and deeper parenchymal
ablation, while simultaneously performing preci-
sion cutting of the tissue that has been coagulated
(Fig. 4.4).

The device consists of a closed hollow steel
tube (length: 30 cm; diameter: 3.5 mm) with a 1.5-
mm tube inside that uses a peristaltic pump to

Fig.4.3 Liverparenchyma dissection using Aquamantys®
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Fig. 4.4 Top: Lateral view of the probe showing the distal
section (D) with the attached sharp blade and the proximal
section (P) as well as the advance direction. Bottom: Cross
views of a tissue fragment showing two sequential applica-

deliver cold water (0°C) to the electrode’s tip at a
rate of about 130 mL/min. The outer tube, which is
connected via an electric connection to a radiofre-
quency generator, returns the warmed solution to
the outside collector. The device consists of two
separate components in a single unit: a coagula-
tion system with a blunt, non-insulated, cooled-tip
that coagulates the liver surface just by coming
into touch with it; and an optional cutting system
with a 2-mm-wide blade attached distally to the tip
that slices the precoagulated tissue. The tissue is
first coagulated by the proximal blunt tip of the
instrument as it is dragged backward and is then
cut by the blade at the tip. Only the portion of pre-
viously coagulated tissue is transected (generally
2 mm). As a result, the tissue is only coagulated
once, preventing overheating (Fig. 4.5) [30-31].
A recent retrospective study by Villamonte
et al. studied 185 patients with a resection margin
<10 mm and found that the use of Coolingbis on

r@D—B——®
"v"
Second application

tions, each consisting of two steps. First, the tissue is heated
and coagulated by application of radiofrequency currents
(arrows) using the proximal section (1 and 4). Second, the
blade cuts the tissue previously coagulated (2 and 5)

Fig. 4.5 Parenchymal transection using Coolingbis

the resection surface during liver resection can
also lower local hepatic recurrence in comparison
to traditional hemostatic techniques. [32] More
randomized studies are needed to support these
findings.
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4.6 Water Jet-Assisted Devices

in Liver Resection

The water jet (WJ) technique uses a high-pressure
water jet to break apart liver tissue and selectively
isolate small vascular and biliary structures,
thereby reducing blood loss. Afterward these
ducts and vessels must be ligated individually in
a second step, whereas other techniques allow for
transection and hemostasis simultaneously [33].

There are also some concerns regarding ves-
sels breaking with this technique. On the other
hand, an advantage of using the WJ technique is
the absence of any thermal damage in the sur-
rounding tissue. A recent study by Hanaki et al.
demonstrated this lower thermal damage to the
detached liver section with WJ in comparison
with CUSA. Still, it is a single-center retrospec-
tive study, and more randomized data is needed
to support its efficacy [34].

4.7 “Clamp-Crush” Technique

This technique has been introduced more than
30 years ago, consisting in fracturing the liver
parenchyma, preserving the main structures such
as veins and pedicles. These structures are lately
sectioned after ligation. This technique has been
the gold standard procedure up until the introduc-
tion in the late 90s of the previously mentioned
modern techniques. However, this technique is
still a common procedure among liver surgeons,
in combination with the use of the previous mod-
ern described devices. Several meta-analyses
attempt to show the benefits of the energy devices
in the liver transection compared with the classi-
cal “clamp-crush” technique. [17] However, none
of them have been able to show relevant differ-
ences. Being most of the included studies retro-
spective and with heterogeneous populations, it
is important to highlight that the evidence of the
superiority of one technique above others is still
low. With the widespread use of the liver laparo-
scopic resection, as the ‘“clamp-crush” though
laparoscopy is more difficult, its use apparently
decreased in the last decade. However, currently,
this technique is gaining popularity again thanks

to the introduction of the robotic platform. In
fact, the robotic system overcomes the movement
limitations of the laparoscopic instruments, mak-
ing the “clamp-crushing” of the liver parenchyma
much easier, and for this reason, its popularity
increased in the last years. In addition, the robotic
forceps can be used with a double bipolar energy,

enhancing the classical “‘clamp-crushing”
technique.
4.8 Minimally Invasive Pedicle

Dissection

As introduced before, a better understanding of
hepatic anatomy is one of the most important
aspects to minimize intraoperative blood loss in
hepatic surgeries. In that context hepatic inflow
and outflow control are essential.

4.8.1 HepaticInflow Control

Vascular staplers allow for intrahepatic pedicle
ligation of the portal pedicles, permitting simul-
taneous ligation of the portal vein, hepatic artery,
and bile ducts. These sheaths can be approached
either anteriorly or posteriorly from behind the
porta hepatis by performing several hepatotomies
[35]. However, it should be noted that when a
tumor is less than 2 cm from the hepatic hilus, an
extrahepatic pedicle technique is preferable.

(a) Left pedicle ligation. The left portal pedicle
can be isolated with a low risk of harming the
hilus by lowering the hilar plate (Fig. 4.6,
incision c) in the back of segment 4. Care
must be made to ligate the left portal pedicle
distal to the sources of the branches to the
caudate lobe if the caudate lobe is to be pre-
served (Fig. 4.6, incision at sites ¢ and e). If
instead, the caudate lobe is to be preserved,
these branches must be tied off (Fig. 4.6,
incision at sites ¢ and f). Constant traction is
applied to the umbilical tape downward, and
a vascular clamp is positioned on the portal
pedicle’s specimen side. After that, the left
portal pedicle is severed.
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Fig. 4.6 Sites for hepatotomy in portal pedicle ligation
by a posterior intrahepatic approach. The undersurface of
the liver is illustrated. Incisions at (a, b) allow isolation of
the right main portal pedicle. Incision at (c) allows lower-
ing of the hilar plate. Incisions at sites (a, d) allow isola-
tion of the right posterior portal pedicle. Incisions at sites
(b, d) allow isolation of the right anterior portal pedicle.
Incisions at sites (c, e) allow isolation of the left main por-
tal pedicle if the caudate process is to be preserved.
Incisions at sites (c, f) allow isolation of the left main por-
tal pedicle if the caudate process is to be removed

(b) Right pedicle ligation. First, the right lobe of
the liver needs to be completely mobilized, the
most inferior small hepatic veins or any major
auxiliary right hepatic veins from the back of
the liver to the vena cava must be split, and the
gallbladder must be removed. Following that,
a hepatotomy is made across the caudate pro-
cess, often 1-2 cm deep. In the gallbladder
bed, a second hepatotomy is performed. It is
also crucial to lower the hilar plate in segment
4’s back. A vascular clamp can be used to pre-
cisely delineate the segments that a particular
sheath supplies. While applying steady trac-
tion to the umbilical tape to the left, the liver
tissue on top the major right pedicle is tran-
sected by a vascular stapler. The umbilical
tape’s grip prevents unintentionally applying
staples too closely to the hilus.

4.8.2 Hepatic Outflow Control

Post-sinusoid blood gathers in either the left,
middle, or right hepatic vein before draining

directly to the inferior vena cava (IVC) behind
the liver, along with numerous other short retro-
hepatic veins that also drain to the IVC. That is
why hepatic outflow control is mainly based on
management of the IVC. The total hepatic vascu-
lar exclusion (THVE) technique was first
described by Dr. Heaney and later modified by
Dr. Huguet in 1978, and it was not until 1995 that
Dr. Elias introduced selective hepatic vascular
exclusion (SHVE), which allows control of the
hepatic outflow with preservation of caval flow,
resulting in a decrease in hemodynamic compli-
cations [36].

These procedures, however, are more techni-
cally challenging since they ask for individualiz-
ing of both the infra- and suprahepatic IVC.

Endo-GIA staplers (United States Surgical
Corporation; Norwalk, CT) can make it much
easier to ligate any of the major hepatic veins
thanks to the application of staple lines on both
sides of the vascular division, thereby sealing the
stump on the IVC as well as the hepatic stump on
the specimen side, where sewing is frequently
challenging due to the orientation of the surgical
specimen [37].

4.9 Instruments to Encircle
the Hepatoduodenal
Ligament

4.9.1 Endo Retract” Maxi and Endo

Mini-Retract™

There are two laparoscopic devices from the
same manufacturer that allow for laparoscopic
encircling of the hepatoduodenal ligament as a
tourniquet to obtain a complete interruption of
blood inflow: Endo Retract™ Maxi (Covidien
Japan, Tokyo, Japan) and Endo Mini-Retract ™
(Covidien Japan, Tokyo, Japan) [38]. However,
the Endo Retract™ Maxi poses some difficulties
because of a quite uncomfortable design of the
device and the need for two handed handling.
On the other hand, Endo Mini-Retract™ solves
these issues with the use of a more gently curved
arm and a smaller, blunter shape of the retractor

tip. However, it has the disadvantage of the
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absence of any hole at the tip of the arm that can
be circumvented with the use of a shortened
Nelaton catheter, improving both the ease and the
safety of the procedure [39].

4.9.2 Goldfinger

The Goldfinger (GF) dissector is a device that
was originally designed for retrogastric tunnel
dissection. For that purpose, GF is used to per-
form 1-2-cm-deep transection of the liver paren-
chyma along the confluence of the caudate
process and paracaval region anterior to the retro-
gastric tunnel. The GF is then put through the
tunnel for blunt dissection, and the cad-
retrogastric tunnel is established with careful
articulation of its adaptable tip flexing between
30° and 45° (approximately one-third of the total
retrogastric tunnel) [40].

Several studies have also found that the use
of the Goldfinger dissector in cases of modified
hanging maneuver for laparoscopic right and
left hepatectomy is safe, reproducible, and can
facilitate liver dissection during major hepatec-
tomy [41].

4,10 Conclusions

There are few published randomized studies
assessing liver transection techniques, and most
of them have been unable to demonstrate any sig-
nificant improvement over traditional techniques,
particularly the clamp-crushing technique. In a
recent Cochrane Systematic Review of 67 ran-
domized clinical trials, which included 6197
patients, no evidence was found that using spe-
cial equipment for liver resection is of any benefit
in decreasing the mortality, morbidity, or blood
transfusion requirements in liver surgery. Most of
the trials included had a high risk of bias [42].
Most literature reviews conclude that the sur-
gical device used in a laparoscopic approach
should be the one the surgeon is most familiar
with [43-44]. In 2021, the Expert Consensus
Guidelines on Minimally Invasive Donor
Hepatectomy for Living Donor Liver
Transplantation concludes that parenchymal

transection is left to the surgeon’s preferences. To
prevent harm to larger structures, especially
hepatic veins, it is advised against blindly using
energy devices deeper than the superficial region
of the liver [45].

The introduction of robotic surgery improves
“dexterity” in vascular control, but the use of
energy devices in these types of surgeries depends
on the assistant which may be a limitation.
Hawksworth et al. published an observational
study of 20 patients undergoing robotic major
hepatectomies and concluded that the use of
CUSA may improve safety and reduce morbidity
in these procedures. However due to the short-
ness of the current laparoscopic CUSA probe and
the poor port placement for its introduction, there
was a need for an assist port placement, which
could limit the full range of the robotic arms. [46]

Currently there is no level 1 evidence to sug-
gest that any robotic transection devices are supe-
rior to the simple clamp-crushing technique
reported over 40 years ago. Therefore, nowadays
there is no systematic review nor meta-analysis
that supports solid evidence on the best technique
for parenchymal resection in robotic surgery.
However, the combination of surgical skills and
technical development is well demonstrated and
ever evolving.
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Glissonean Pedicles

for Liver-Sparing Parenchymal
Resection Lesson Learned
from Open Surgery

Fabio Procopio and Guido Torzilli

5.1 Introduction
Intraoperative ultrasound (IOUS) guidance is an
indispensable tool for driving parenchyma spar-
ing surgery. Indeed, IOUS allows an accurate
three-dimensional estimation of the relationship
between the tumor, Glissonean pedicles, and
hepatic veins, by a precise definition of the integ-
rity of the vessel wall. This enables to address the
suitability or not of tumor-vessel detachment: the
so-called R1 vascular (Rlvasc) surgery. In the
case of Glissonean pedicles, bile duct dilation,
presence of tumor thrombus, and invasion of the
vessel wall are signs suggesting undetachable
conditions, which demand vessel amputation.
This approach was initially proposed for hepa-
tocellular carcinoma (HCC) and subsequently for
colorectal liver metastasis (CLM) and mass-
forming cholangiocellular carcinoma (MFCCC),
showing encouraging results in terms of local
control [1-3]. These first experiences have been
further confirmed in larger series of patients with
CLM [4, 5] and HCC [6], strengthening the reli-
ability of Rlvasc for these tumors. Conversely,
for MFCCC Rlvasc showed a local recurrence
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rate similar to that of tumor exposure in contact
with the liver parenchyma (R 1par) [7].

IOUS guidance and R1vasc constitute the key
factors for a novel policy. Indeed, the surgeon
intentionally challenges the major vessels and
their exposure and lets them drive the course of
the liver resection: the so-called vessel-guided
hepatectomy [8]. Sparing the main Glissonean
pedicles and main hepatic veins allows to keep
cleared from the tumors the core of the organ and
getting toward the liver’s core becomes some-
thing to be pursued. Technically this means
searching for vessels, either Glissonean pedicles
or hepatic veins, just a few millimeters below the
liver surface, and then proceeding with the dis-
section being driven by them. Following the ves-
sels from the surface to the deep parenchyma
means in fact an anatomical approach, but with
infinite trajectories according to the selected ves-
sel, and consequently infinite solutions, maxi-
mizing the parenchyma sparing not just
challenging the complexity of the liver, but being
guided exactly by such complexity. The liver
anatomy guides the surgeons with IOUS acting
as interpreter before vessel exposure. In addition
to that, IOUS recognition and tracing of pecu-
liarities as accessory hepatic veins and/or com-
municating veins between adjacent hepatic veins
further expand technical solutions in the case of
unsuitability of Rlvasc surgery. Therefore, an
interaction with the liver anatomy, tumor, and
surrounding structures results in a multitude of
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surgical options [9, 10], increasing the salvage-
ability in the case of relapse [5, 11, 12].

5.2 Intraoperative Ultrasound
Criteria and Surgical Policy
for Tumor in Contact

with a Glissonean Pedicle

The R1vasc policy according to the type of tumor
is schematically represented in Fig. 5.1 [1]. A
capsulated HCC is detached from the Glissonean
pedicle in the case of integrity of the vessel wall
at IOUS without any sign of bile duct dilation

(Fig. 5.1a). Similarly, the pedicle can be spared
when it is in contact with a CLM once IOUS has
confirmed the integrity of the vessel wall, the
absence of bile duct dilation, and the extent of
contact is up to two-third of the pedicle circum-
ference (Fig. 5.1a) [2]. In the case of bile duct
dilation (Fig. 5.1b), invasion of the vessel wall
(Fig. 5.1d), and, for CLM, contact wider than
two-thirds of pedicle circumference (Fig. 5.1e),
the Glissonean triad has to be divided. Similarly,
the pedicle has to be also sacrificed in the case of
a tumor thrombus (Figs. 5.1c, e). In these cases,
extension of the hepatectomy is always
considered.

DETACH

RESECT

Fig. 5.1 This schema visually emphasizes the oncologic suitability of R1 vascular policy. T tumor, GP Glissonean
pedicle, BDTT bile duct tumor thrombus, 77 tumor thrombus
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5.3  Parenchyma-Sparing
Resection for Centrally

Located Tumors

The principal output of this approach is to make
feasible small-sized resections even in the pres-
ence of a tumor in contact with first- or second-
order portal branches, which can be represented
schematically by a new resection planning as

Fig. 5.2 Resection areas (blue) adopted for lesions cen-
trally located due to contact with the first- or second-order
Glissonean pedicles (a) on the left, (b) posteriorly, (c)
anteriorly, and (d) on the right. 7' tumor, /VC inferior vena

shown in Fig. 5.2. This becomes feasible by
performing more complex dissection under
strict IOUS guidance, and even standardizing
procedures based on the pattern of lesion distri-
bution and IOUS tumor-vessel relationships:
this is the case for the so-called lower transver-
sal hepatectomy (Fig. 5.3) [11], liver tunnel
(Fig. 5.4) [12], and horseshoe hepatectomy
(Fig. 5.5) [13].

IvC

cava, LPV left portal vein, P5-8 portal branch to the right
anterior section, P67 portal branch to the right posterior
section, UP umbilical portion
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Fig. 5.3 Lower transversal hepatectomy for multiple
colorectal liver metastases. (a) Preoperative magnetic
resonance imaging shows multiple lesions (green arrows)
with one in contact with portal branch to right posterior
section and one involving the Glissonean pedicle for seg-
ment 4 inferior with subsequent segmental bile duct dila-
tion. (b) Preoperative three-dimensional virtual cast
showing the bilateral distribution of the lesions in an esti-
mated future liver remnant of 70% and the surgical plan.

F. Procopio and G. Torzilli

(¢) On the left, demarcation area of the lower transversal
hepatectomy (red area); on the right, the cut surface at the
end of the removal of colorectal liver metastases with
exposure of stumps of pedicle for segment 4 inferior
(P4inf), pedicle for segment 5 (P5s), pedicle for segment
6 (P6s), and exposure of the portal branches to right ante-
rior (P5-8) and posterior section (P6—7). RHV right
hepatic vein
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Fig. 5.4 (a) Computed tomography showing a tumor
located between the segment 8 and the paracaval portion
of the segment 1 closed to the portal vein bifurcation. (b)
The preoperative three-dimensional virtual cast showing
the relationship between the tumor and the intrahepatic
vascular structures; (c¢) the schema of the surgical plan
consisting in the liver tunnel. (d) IOUS imaging shows the
contact of the tumor with the right (RPV) and left portal
vein (LPV) at their origin and the invasion of the middle

hepatic vein (MHV) at the caval confluence. (e)
Identification and mapping at the color Doppler of com-
municating veins between RHV and MHV. (f) Liver tun-
nel at the end of the resection with exposure of the stumps
of MHV (MHYV:s), pedicle for segment 8 (P8s), pedicle for
segment 4 superior (P4sup), and exposure of the left por-
tal pedicle (LPV), portal branch to right anterior section
(P5-8), and inferior vena cava (IVC)
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Fig.5.4 (continued)
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Fig. 5.5 (a) Preoperative CT scan showing multiple
bilobar colorectal liver metastases (marked by green
arrows). Two major clusters in right posterior section are
visible (b—d). Intraoperative images and comparison with
the three-dimensional reconstruction (e-g). The green-
dotted arrows indicate the transection plane. The three

hepatic veins (left, LHV; middle, MHV; and right, RHV)
are exposed on the cut surface, and the RHV has been cut
at its proximal third (stump is visible on the cut surface
(RHVs). P6-7, right posterior portal branch; P8d, stump
of P8 dorsal; P4s, stump of P4 superior; P5-8, anterior
portal branch
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5.4 Anatomical Resections by
Intraoperative Ultrasound-
Guided Glissonean Pedicle

Compression

These resections are carried out by following the
planes that divide hemilivers, sections, segments,
and subsegments. Technical requirements for
accomplishing truly anatomic sectionectomies
and formal major hepatectomies are uniformly
accepted and could be divided into two modali-
ties: one based on the dissection of the vascular
elements at hepatic hilum and one based on blunt
encirclement of the hemiliver or sectional pedi-
cles from the hepatic hilum. Conversely, an ana-
tomical segmental and subsegmental resection
demands the recognition of the feeding
Glissonean pedicle, its branching, and the related
area perfused. Segmentectomy and subsegmen-
tectomy are mainly selected for removing HCC
with the purpose to balance between the need to
be oncologically radical and the need to preserve
the underlying liver function, which is often com-
promised. The first procedure described in this
area was the systematic segmentectomy devised
in the early 1980s [14], which consists of punc-
ture of the portal branch feeding the tumor and
subsequent injection of dye; more recently, ICG-
fluorescence has substituted the dye injection
[15, 16]. Initially used for HCC located in the left
hemiliver [17], Glissonean pedicle compression
has been successfully extended to any segmental
location [18, 19] and sectionectomies [20, 21].
This approach has proven its oncological suit-

ability both in terms of long-term local control
and overall survival [22].

5.4.1 Segmentectomies

and Subsegmentectomies

The procedure can be summarized as shown in
Fig. 5.6. Once the feeding Glissonean pedicle is
identified at IOUS (Fig. 5.7¢c, e), it is compressed
by using the IOUS probe on one side of the liver
and a finger on the opposite side, confirming a
proper compression by IOUS real-time control
(Fig. 5.7d, f); in this way, it is possible to induce
a transient ischemia of the portion of the liver
distal to the compression site (Fig. 5.7g). This
portion can be marked with electrocautery, the
compression is released, and the resection is car-
ried out (Fig. 5.7h). This technique is simple,
fast, noninvasive, not dependent on the vessel
diameter, and most importantly, reversible, with
the possibility of modifying the site of compres-
sion if necessary. More recently, ICG intrave-
nously injected by the anesthesiologist once the
compression has been started has allowed to fur-
ther enhance the demarcation with a counter-
fluorescence of the area to be spared, overcoming
those situations of nuanced demarcation
(Fig. 5.8) [23].

The compression can be also used in a counter-
compression manner, borrowing from the coun-
terstaining technique proposed by Takayama and
colleagues [24] for defining the adjacent segmen-
tal margins. For segments such as I and IV supe-

Fig. 5.6 (a) For segmentectomy by means of compres-
sion, the feeding Glissonean pedicle (GP) is identified and
compressed at the point targeted by intraoperative ultra-
sound (red arrows), resulting in discoloring of the seg-

mental area (blue area in b), which in this way can be
marked with the electrocautery and selectively removed.
F finger, P, probe, HCC hepatocellular carcinoma
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Fig. 5.7 Anatomical segment 7-8 dorsal subsegmentec-
tomy by intraoperative ultrasound (IOUS) compression
technique. (a) Preoperative imaging showing the tumor’s
location and its relation with intrahepatic vessels. (b)
Preoperative virtual cast on preoperative CT scan. (¢) The
IOUS scan shows the portal branch (P8d) feeding the
tumor in segment 8 dorsal. (d) Once identified under
IOUS guidance, P8d compression is carried out by means
of the probe and the surgeon’s finger (F) positioned on the

opposite side: the segmental area results then discolored
(arrows in g). (e) The portal branch feeding the segment 7
(P7) is identified at IOUS and compressed (f). (h)
Resection area. (i) After anatomical resection of segment
7-8d subsegmentectomy showing the right hepatic vein
(RHV) and the stumps of P7 (P7s) and P8d (P8ds) on the
cut surface as landmarks of a true anatomical resection.
HCC hepatocellular carcinoma, MHV middle hepatic
vein, T tumor
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Fig. 5.8 This sequence of pictures shows the ICG com-
pression technique provided by compression of multiple
tumor-bearing pedicles to cover the entire tumor located
into segments § dorsal and 4 superior. (a) At IOUS on the
left, the P8 dorsal is shown at the site the surgeon aims to
start the compression maneuver, and, on the right, the
compression is carried out using the probe and the sur-
geon’s finger (indicated by F). (b) Under IOUS-guided P8
dorsal compression, ICG is administered intravenously, so
that the compressed area results in a not-stained one, and

rior, for which direct compression of the feeding
portal branch is difficult, if not unfeasible, com-
pressing the adjacent segmental branch allows
definition of their segmental margins [17].

In the event of HCC with tumor thrombus in
the feeding portal branch, staining and compres-

it is then marked on the liver surface (e) using electrocau-
tery. (c) At IOUS on the left, the P4 superior is shown and
then, on the right, compressed under IOUS guidance. (d)
The additional demarcation area is identified by visualiz-
ing a slight decrement of fluorescence intensity and then
(e) marked on liver surface. (f) The cut surface at the end
of the resection where the root of right hepatic vein (RHV)
and the middle hepatic vein (MHV) are shown. P4sup
Glissonean pedicle to segment 4 superior (S4sup), P8d
Glissonean pedicle to S8 dorsal (S8d)

sion techniques cannot be performed to demarcate
the segment. In such cases, intravenous injection
of ICG once the proper hepatic artery is selec-
tively clamped at the hepatic hilum enables the
demarcation of the segmental margin by counter-
fluorescence [25].
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5.4.2 Right Posterior Sectionectomy

As for segmentectomies, the demarcation of the
sectional area to be removed is advocated. Among
methods proposed for obtaining this demarca-
tion, extrahepatic isolation of the right-sided
sectional pedicles consists of careful and meticu-
lous skeletonization of each sectional arterial and
portal branch [26]. Alternatively, the three
Glissonean pedicles in their surrounding fibrous
sheath could be encircled as a whole, with or
without the use of a hepatotomy incision [27]. As
an alternative to these established techniques, the
compression technique could be applied [21].
The hepatic pedicle is encircled with a tourniquet
but not dissected.

At IOUS, the portal pedicle for the right pos-
terior section (segments VI and VII) is identified
as well as the branches for segments VI and VII;
the level targeted for compression is then decided
(Fig. 5.9a). The surgeon’s nondominant hand is
positioned behind the right hemiliver, and the
probe is positioned with the dominant hand to
show the sectional portal branch at the level of
interest, which corresponds to the most distal
portion of the vessel in relation to its origin but
proximal to the tumor to be removed. The sur-
geon next uses the fingertips of the nondominant
hand and the IOUS probe as instruments to com-
press the liver bilaterally at the targeted position,
resulting in compression of the sectional portal
branch in the previously identified tract. When
there is no common sectional pedicle to seg-
ments VI and VII, compression is applied to the
respective segmental portal pedicle as previously

described. This maneuver is constantly moni-
tored in real time by IOUS by means of the probe
used for compression, and compression is main-
tained until the surface of the right posterior sec-
tion lateral to the compression site starts to
discolor (Fig. 5.9b). At this time, the assistant
marks the discolored area with the electrocau-
tery device, and the compression is released. In
this way, a 3D plane has been drawn on the liver
surface that passes through the portal branch at
the level of compression; liver resection is then
carried out following this plane (Fig. 5.9¢).

For right posterior sectionectomy, the demar-
cation could be emphasized adopting the counter-
fluorescence technique, as described for
segmentectomies [23].

5.4.3 Right Anterior Sectionectomy

As for the right posterior section, the hilar dissec-
tion or the encirclement of the sectional Glissonean
pedicles are the most commonly adopted tech-
niques for defining the resection area in a fully
anatomic manner. The counter-compression tech-
nique has also been applied for this purpose [20].
The portal pedicle feeding the right posterior sec-
tion (segments VI and VII) is identified at IOUS,
and the level targeted for compression is then
detected just after its origin from the right portal
branch. Demarcation of the right posterior section
is carried out as previously described. To demar-
cate the left-sided demarcation line, the left portal
vein (LPV) is identified at IOUS, and the level tar-
geted for compression is then identified just past

Fig.5.9 (a) At IOUS on the left, the right posterior pedi-
cle (P6-7) is shown at the site the surgeon aims to start the
compression maneuver, and, on the right, the compression
is carried out using the probe and the surgeon’s finger
(indicated by F). (b) Under IOUS-guided P67 compres-

sion, the right posterior section area results then discol-
ored. (¢) After anatomical right posterior sectionectomy
showing the right hepatic vein (RHV), HCC hepatocellu-
lar carcinoma, RHV right hepatic vein, P6-7 right poste-
rior Glissonean pedicle
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Fig. 5.10 This sequence of pictures shows the counter-
compression technique in order to demarcate the right
anterior section (a). To demarcate the left-sided demarca-
tion line, the left portal vein (LPV) is identified at IOUS
(b), and the level targeted for compression is then identi-
fied just past its origin from the main portal vein. LPV
compression is performed and is released once Cantlie’s
line becomes evident by left hemiliver discoloration (a)
and enhanced as a not-stained area after intravenous ICG

its origin from the main portal vein. LPV compres-
sion is performed and is released once Cantlie’s
line becomes evident by left hemiliver discolor-
ation, and it is demarcated with electrocautery
(Fig. 5.10). Once the right anterior section is
defined, resection can be performed.

injection (c). (d) At IOUS on the left, the right posterior
pedicle (P6-7) is shown at the site the surgeon aims to start
the compression maneuver, and, on the right, the com-
pression is carried out using the probe and the surgeon’s
finger (indicated by F) with discoloration of the right pos-
terior section (e). (f) The cut surface at the end of the right
anterior sectionectomy with the exposure the right (RHV)
and middle hepatic vein (MHV) and the stump od the
right anterior Glissonean pedicle (P5-8s)

In the event of a tumor thrombus occluding
the right anterior portal branch, as described
for the segmentectomy, the counter-fluores-
cence can be realized just clamping the proper
hepatic artery and injecting intravenously the
ICG [25].
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Dissection Plan

and Intraoperative
Ultrasound-Guided Hooking
Technique for Main
Glissonean Pedicle Section

5.5

The main advantage of IOUS-guided resection is
modification of the traditional way to dissect the
liver tissue, which was originally done on vertical
planes to avoid the tumor exposure on the cut sur-
face. IOUS allows the surgeon to follow the dis-
section plane in real time, to see it constantly in
relation to the tumor edge, and then to modify its
direction when needed. This is because the dis-
section plane can be visualized on the IOUS
image, which appears as an echogenic line
because of the entrapment of air bubbles and
clots between facing cut surfaces. If the dissec-
tion plane is not clearly visible, it can be better
visualized by inserting plain gauze between fac-
ing surfaces. These techniques allow the surgeon
to keep the proper dissection plane and early rec-
ognition of an improper one. In this way, it is pos-
sible to carry out a rounded trajectory of the
dissection plane around the tumor, avoiding
tumor exposure, its eventual disruption, and
potentially cancer seeding other than allowing
the surgeon to spare important vascular struc-
tures. This results in more conservative but radi-
cal treatments and in a lower rate of major
hepatectomies.

The artifacts that may appear on IOUS some-
times mask structures critical to the dissection
plan, such as portal branches, which should be
either ligated or preserved. For this reason, to
better visualize the targeted point where the por-
tal branch should be divided, the “hooking tech-
nique” has been devised [28-30]. When the

Glissonean sheath is exposed and skeletonized, it
is encircled with a stitch. Under US control, the
stitch hooking the exposed vessel is then gently
pulled up, which stretches the portal branch
slightly; this traction point is demonstrated
clearly by IOUS. If the exposed portal branch is
not clearly visible because it has collapsed, the
portal triad is unclamped. If the target site is cor-
rect, the portal branch is ligated and divided, and
resection is completed under IOUS guidance.
Conversely, if the exposed vessel was not the
targeted one, it is spared, and unnecessary sacri-
fice of further liver parenchyma is avoided. A
practical example of using the hooking technique
is during ventral or dorsal subsegmentectomy of
segment VIII. The portal trunk to this segment
may show bifurcation in its dorsal branch and
ventral trunk near the origin of the portal vessel
to segment V. In this situation, there is the risk of
ligating and dividing the portal branch of seg-
ment V, instead of the planned subsegmental
branch of segment VIII, and necrosis of segment
V may occur. Under IOUS control, the hooking
technique enables the identification of the branch,
which was encircled, and then the surgeon can
decide with certainty whether to ligate it
(Fig. 5.11).

The hooking technique is also useful with
tumor thrombus in portal branches [1]. Once the
portal branch is skeletonized, it is encircled with
a stitch, which is gently pulled up under IOUS
control; this traction stretches the portal branch
slightly, and the traction point is demonstrated
clearly by IOUS. If the traction point is not at the
level of the tumor thrombus, it is possible to
ligate the portal branch and proceed with the liver
resection, ensuring that the thrombus will not
migrate because of surgical manipulation.
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Fig. 5.11 (a) IOUS images showing multiple colorectal
liver metastases (marked in green) with a lesion in contact
with the middle (MHV) and right hepatic vein (RHV) at
the hepato-caval confluence. Benign lesions located in
segment 4 superior and in segment 7 are marked in purple.
(b) AtIOUS, on the left, the subsegmental pedicle for seg-
ment 8§ dorsal encircled by stitch (yellow arrow) is visual-
ized; on the right, the encircled vessel is pulled up by the
stitch (yellow arrow), and at IOUS the visualization of the
traction point makes sure which vessel is the one encir-

cled, and then it is divided, accordingly. (¢) Three-
dimensional virtual cast showing in blue the extension of
the resection area in the case of division of the portal
branch of segment V, instead of the planned subsegmental
branch of segment 8. (d) The cut surface with the expo-
sure of the middle hepatic vein (MHYV), the right hepatic
vein (RHV), and the stumps of the portal pedicle for sub-
segment 8 dorsal (P8d) and an accessory vein for segment
8 (V8s). P7 portal branch for segment 7, IVC inferior vena
cava
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MHY

C RHV _

Fig.5.11 (continued)
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Anatomic Versus Nonanatomic

Resection

Umberto Cillo, Andrea Marchini,
Francesco Enrico D’Amico, and Enrico Gringeri

6.1 Introduction
The difference between anatomical (AR) and non-
anatomical (NAR) liver resection is based on a dif-
ferent approach to the drainage and blood supply of
the anatomical location of the tumor during the
resection. In ARs the tumor is resected along with
the anatomical functional portion of the liver where
it is located, thereby achieving complete excision of
the tumor-bearing portal tributaries supplied by a
major branch of the portal vein and hepatic artery.
NARs (also known as atypical, wedge, partial,
parenchymal sparing or a la demande resections)
do not respect precise anatomical planes, usually
involving a less extensive parenchymal removal,
such as a portion of a liver segment or portions of
adjacent segments, just to obtain negative margins
regardless of the drainage and blood supply of the
anatomical location of the tumor.

The concept of anatomic resection was intro-
duced by Goldsmith and Woodburne in the mid-
1950s describing a liver resection (lobectomy)

Supplementary Information The online version con-
tains supplementary material available at https://doi.
org/10.1007/978-3-031-35295-9_6.

U. Cillo (<) - A. Marchini - F. E. D’ Amico -

E. Gringeri

Department of Surgery, Oncology and
Gastroenterology, Hepato-biliary-pancreatic Surgery
and Liver Transplantation Unit, Padova University
Hospital, Padova, Italy

e-mail: cillo@unipd.it

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023

performed strictly in accordance with the internal
anatomy of the liver [1]. The term ““anatomic resec-
tion” (AR) was first proposed with dye-staining
technique by Makuuchi in the 1980s [2] and later
with the Glissonean pedicle transection method [3].
In 1992, Gagner et al. reported the first laparo-
scopic nonanatomical resection of a focal nodu-
lar hyperplasia and colorectal liver metastases
[4]. In 1996, Azagra et al. published the first lapa-
roscopic AR (left lateral segmentectomy) [5].
Despite an increasing interest and spread of mini-
mally invasive liver resection (MILR) in the last
years, major anatomical hepatectomies are still
performed with an open approach by most [6].

Main Indications

and Contraindications
of Anatomic

and Nonanatomic MILR

6.2

MILR indications vary from nonmalignant and
trauma to primary and secondary tumors. The
most frequent indications of liver resection for
malignancy are hepatocellular carcinoma (HCC),
colorectal liver metastases (CRLM), and cholan-
giocarcinoma (CCA) and most studies investigat-
ing differences between AR and NAR concerns
these tumors.

The choice of AR vs NAR is guided by the
patient’s general conditions, location, dimen-
sions and number of the target parenchymal
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lesions, proximity to major vessels, future liver
volume, liver function, operative time, and pre-
dicted procedural difficulties. In complex cases
the indication for surgery should be carried out
after discussion in a multidisciplinary meeting.

The preoperative complexity should be evalu-
ated using scoring systems such as IWATE score
system [7, 8].

First of all the surgeon should consider the limits
of the minimally invasive approach according to his
personal experience: MILR is usually preferred for
anterolateral segments of the liver (I, III, IVb, V,
VI), while resection of the posterior segments (I,
VII, VIII, IVa) is considered more complex and
should be performed only in high volume centers.

Another key point is the planning of the
amount of parenchyma to be removed to avoid
liver recurrence in malignant tumors. AR should
ideally guarantee an excision of the high-risk
area for micro-portal invasion and occult intrahe-
patic metastases in HCC [9].

In NAR, the necessity of maintaining an ade-
quate vascular inflow and outflow of the adjacent
parenchyma can be useful in preserving the liver
parenchyma as much as possible, with conse-
quent improved postoperative liver function
(especially in patients with cirrhosis), allowing to
perform multimodality treatments in the case of
tumor recurrence, including iterative resections.

Preoperative 3D study is recommended for
evaluating the future liver remnant and the ana-
tomical relationship of the target lesion/s and
thus to guide the choice of AR vs NAR.

One randomized controlled trial comparing
AR vs NAR in HCC is available, concluding that
AR is potentially more oncologically effective
with better results in recurrence rate in the same
hepatic section, with no significant differences in
complications rates [10]. AR seems to provide
better DFS, OS, and wider surgical margins com-
pared to NAR also in a meta-analysis for solitary
HCC, although being associated with a longer
operating time and greater blood loss [11].

However, whether to perform AR or NAR in
HCC still remains controversial, as for CCA for
which few literature is available.

AR does not seem to bring prognostic benefits
compared to NAR for the treatment of CRLM
and seems to be inferior to NAR in terms of dura-
tion of operation and incidence of postoperative
morbidity and mortality. [12].

6.3  Surgical Technique (Key
Issues and Technique

Details)

Nowadays the terminology used for AR usually
refers to the Brisbane terminology [13], recently
updated [14] with the recommendation to not use
the terms “segmentectomy” and “subsegmentec-
tomy” for NAR. A “New World terminology” for
liver resection has also been published recently
[15].

In MILR the patient position and trocar place-
ment is usually similar for AR and NAR and is
arranged according to the location of the target
parenchyma. The trocars position should reflect
the transection line that the surgeon would like to
approach and the planning of the consecutive
opening of planes needed to have a better exposi-
tion and safety.

The technique to perform AR contemplates
intraoperative  ultrasonography,  Glissonean
approach, dye injection into the portal vein, and/
or ICG staining (negative/positive).

In AR the key steps are the exposition of the
intersegmental planes (IPs), achieved by expos-
ing the intersegmental/sectional veins (IVs),
which is performed by the majority of surgeons
during major hepatectomies. Fundamental land-
marks are the root of major hepatic veins, the
demarcation line on the liver surface, the I'Vs, and
the root of the responsible Glissonean pedicles.
Other beneficial landmarks are IVC, falciform
ligaments, umbilical fissure, Rex-Cantlie’s line,
hilar plate system, Rouviere’s sulcus, and gall-
bladder fossa.

As the major or larger veins are the most
important landmarks to perform an AR, their
continuous exposition from the root side can be
considered an alternative to the Glissonean
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approach. Regarding such hepatic vein-guided
approach, a new three-categories classification
has been recently introduced, dividing it in
cranio-ventral, cranio-dorsal, and caudo-
peripheral approach. To expose the root of the
major hepatic veins from the inferior vena cava
(IVC) during anatomic MILRs, inferior phrenic
veins, Arantius ligament, and the IVC ligament
are important landmarks. Arantius ligament is the
most important to identify the middle and left
hepatic veins, while to identify the root of the
right hepatic vein the intrahepatic and extrahe-
patic approach could be both applied.

Considering NAR, anatomical landmarks are
still important for a correct surgical plan, and
ultrasonography, contrast-enhanced US, and ICG
fluorescence  are  useful intraoperatively.
Preoperative 3D simulation is a recommended
tool for understanding the anatomical relation-
ship between the tumor and remnant liver
vasculature.

It should not forget that, not following ana-
tomical planes, NAR can sometimes be trickier
than AR, even though target lesions for which
NAR is indicated are usually smaller.

NAR can lead to an ischemic area to the rem-
nant part of the liver (DEBRIS) which may imply
infectious complications, when dimensionally
relevant [16].

In NAR the basic technique of parenchymal
transection is similar to the AR, but the principle
is to achieve a safe surgical margin regardless of
Couinaud’s segments. The devices used for the
transection are the same described in Chap. 5, but
being target lesions usually smaller and superfi-
cial, advanced bipolar are used more frequently.

Either Pringle maneuver or selective vascular
control can be applied to both AR and NAR.

6.4  Main Key Points

The choice between AR and NAR in minimally
invasive liver surgery should be tailored to the
patient, disease, and functional features. NAR
can spare hepatic parenchyma and can be useful
especially in compromised liver function, but its
oncological outcomes are still controversial.
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Trocars and Patient Position

Gemma Bosch Silvela

and Patricia Sanchez-Velazquez

7.1 Introduction

Positioning the patient on the operating table is as
much important as any other pre-surgical prepa-
ration, and it belongs to safety care in terms of
patient recovery.

Therefore, the choice of a correct position and
an adequate weight distribution is of utmost
importance for the protection of the patient, pre-
venting from nerve or pressure injuries. The posi-
tion in which the patient is placed is closely
related to the surgical procedure to be performed,
taking into account the access route chosen by
the surgeon and other factors contemplated by
the anesthesiologist (e.g., cardiopulmonary
problems).

In liver cancer, as in other cancers, surgical
treatment consists of removing the tumor while
respecting safety margins. To that purpose, the
knowledge of the anatomy and the relationship
of the tumor to the different Glissonean pedi-
cles and its isolation will be essential to know
which gates and landmarks must be identified
(Chap. 2).

Therefore, it is easy to understand the rele-
vance of patient positioning and trocar placement
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according to the anatomical area and liver seg-
ments affected by the tumor, allowing to ease
safe and comfortable access for the operating
surgeon.

In this chapter, the author’s aim is to get the
readers familiarized with the trocars placement
and patient position in the anatomical liver
resection.

7.2  Key Issues and Technique

Details of Trocars

and Patient Position in Main

Extrahepatic Glissonean

Pedicle Isolation by

Laparoscopic and Robotic

Approach

7.2.1 LeftLiver Resections

— Segmentectomy I

— Segmentectomy II

— Segmentectomy III

— Segmentectomy IV

— Left lateral bisegmentectomy (II + III)

— Left hepatectomy (II + IIT + IV)

— Extended left hemihepatectomy (I + II +
III + IV + VIII+V)
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7.2.1.1 Patient Position and Trocars

. A flexible laparoscope is

Placement for Laparoscopic
and Robotic Approach

. In left-side resection, the patient is placed

supine, in a 20° reverse Trendelenburg
position with legs apart and arms tucked along
the body (robotic technique) or totally open
(laparoscopic technique) (Fig. 7.1). The table
is slightly tilted to the right side to better
expose the left liver.

. A 10-mm supraumbilical port is placed using

the open Hasson technique, especially in the
laparoscopic approach. Closed pneumoperito-
neum with Veress needle technique is equally
correct, depending on surgeon’s preferences
and is preferred in the robotic approach to
avoid gas leakage.

. A pneumoperitoneum is created by insuffla-

tion using carbon dioxide. Intra-abdominal
pressure is maintained below 10—-12 mmHg.
subsequently
inserted through the supraumbilical port or
directly the robotic optical in robotic approach
in order to proceed with the placement of the
rest of the trocars under direct vision.

. For the laparoscopic technique, four additional

ports: 10 mm, 1 port 8—10 cm from the umbili-
cal port on the right side and 1 port 8—10 cm on
the left side and 5 mm, 1 port at lateral third of
right clavicle in transversal level and 1 port
2-3 cm below the left costal margin (Fig. 7.2)
are inserted. The 10-mm ports are operational

6. For laparoscopic approach, the surgeon is

positioned mainly between patient’s legs
and occasionally on the patient’s right
(Fig. 7.3).

. For robotic approach, the 8-mm trocar for

the first robotic arm, which is the optical
port (n°2), is placed in the right midclavicu-
lar line. The second trocar (n°1) is placed in
the same line of the previous one (with at
least 6-8-cm distance from the previous) at
left side. The trocar for the third robotic arm
(n°3) is placed in the left anterior axillary
line (6-8 cm from the optical trocar). The
last robotic arm port is placed in the left
side at the same line of the previous one. An
auxiliary 10-mm assistant port (A) is placed
in supraumbilical area (Fig. 7.4a) in order
to apply suction. In some cases, another
assistant port (T) can be necessary 5—6 cm
below the left costal margin (Fig. 7.4b) in
order to utilize extra instruments, specially
the cavitron ultrasonic surgical aspirator
(CUSA) and dissect the Gate 1 in Arantius
ligament.

Fig. 7.1 Supine position in robotic approach, with legs
apart and arms tucked along the body

ports, while the 5-mm ports are used for retrac-
tion and suction instruments.
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7.2.2 RightLiver Resections

— Segment V and VI segmentectomy
— Segment VIII and VII segmentectomy

Fig. 7.2 Trocars placement in laparoscopic technique.
Optical supra-umbilical port (scope) and four additional
port: (/) 5 mm: lateral third of right clavicle, (2) 10 mm:
6-8 cm on the right side of optical port, (3) 10 m:; 6-8 cm
on the left side of optical port, and (4) 5 mm: left subcostal
port also known as subxiphoid trocar

Fig.7.3 A. Surgeons
position in laparoscopic
approach

— Right posterior sectionectomy (VI + VII)
— Right anterior sectionectomy (V + VIII)
— Right hepatectomy

The right anterior segments are approached in
the same way as the left liver, simply with the
table slightly rotated to the left to expose—in this
case—the right liver.

Therefore, we will focus on patient position-
ing and trocar arrangement in the right posterior
sectionectomy.




62

G. B. Silvela and P. Sanchez-Velazquez

Fig. 7.4 (a) Robotic ports (numbers 1 to 4) are placed as
shown. Number 2 port is usually used for the endoscope.
An additional 12-mm assistant trocar (a) is placed

7.2.3 Right Posterior Sectionectomy
(V1,vi)

The position of the patient is particularly impor-
tant when approaching the posterior segments of
the right liver, as these are difficult to access.
Down below, we discuss the most important posi-
tions, step by step.

7.2.3.1 Patient Position and Trocars
Placement For Laparoscopic
and Robotic Approach
1. Inthe right-side resection, the patient is placed
in the left decubitus, common known as
“sims” position (Fig. 7.5), or semi-decubitus
position, also known as “swimmer” position
(Fig. 7.6)—with the right arm brought to the
left side. Both positions are valid, and the

between robotic ports number 2 and 3, usually as an
umbilical port. T represents the site of the left subcostal
assistant port. (b) Assistant ports

choice or indication of each of them depends
basically on the surgeon’s preferences.

2. A pneumoperitoneum is created by insuffla-
tion using carbon dioxide. Both techniques
(open or closed) are valid; it depends on sur-
geon’s preferences and endoscope placement.
Intra-abdominal pressure is maintained below
10-12 mmHg.

3. A flexible laparoscope is subsequently
inserted through the optical port in order to
proceed with the placement of the rest of the
trocars under direct vision.

4. For the laparoscopic technique, in the left lat-
eral decubitus, four ports in the right of the
patients are placed: first 10-mm port is placed
subcostal (1-2 cm below costal rim) in the
right midclavicular line, and the next 10-mm
port 68 cm to the right and equidistant to the
previously described; 5-mm port at the lateral
limit of the patient about 2-3 cm above the
iliac crest rim and 1 subxiphoid port dis-
creetly to the right, below the subcostal rim
(Fig. 7.7a, b). An extra intercostal trocar
could be used as an additional retractor if
necessary (Fig. 7.7c¢).

In the semi-decubitus or swimmer position,
the trocars placement is very similar to the
previous (Fig. 7.8a, b).

5. For robotic approach, in the left decubitus,
the 8-mm trocar for the first robotic arm,
which is the optical port, is placed on the
middle third of the right costal margin. The
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Fig. 7.5 Left lateral decubitus or sims position. The
patient is placed in lateral decubitus position, with the
upper extremities placed on armrests, making sure that the
head is aligned with the trunk. The lower limbs will be
overlapped, usually leaving the lower limb fully extended
and the upper limb at a slight angle of inclination, to avoid

Fig.7.6 Semi-decubitus or swimmer position. It is about
placing the patient in a supine position with legs apart and
upper trunk rotated contralateral to the side in which we
are going to intervene, that is to say, with the right arm

overlapping the protrusions of the knee and ankle joints.
They can also be crossed backward as shown in the figure
on the right. To ensure patient stability and safety, two
lateral fixators are installed on hard areas (e.g., the ante-
rior fixator can be supported on the pelvis and the poste-
rior fixator on the coccyx)

inclined and fixed toward the left side. In this way, with a
maximum rotation of the patient a good exposure of the
right liver is achieved
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Fig. 7.8 Swimmer position: trocars placement in laparo-
scopic and robotic technique. In laparoscopic approach,
optical supra-umbilical port (scope) and four additional
port are used: (/) 5 mm: lateral third of right clavicle, (2)
10 mm: 12-16 cm in the right side of optical port, (3)
10 mm: 6-8 cm in the right side of optical port, and (4)
5 mm: midline subxiphoid trocar (Fig. 7.9b). In Fig. 7.9a,

second and third trocar are placed in the
same line of the previous one (almost 6-8 cm
of separation) at left and right side, respec-
tively. The last robotic arm port is placed in
the subxiphoid site. An auxiliary 10-mm
assistant port may be necessary in supra-/
infra-umbical area (Fig. 7.9). As a trick, all
trocars have to be equidistant from each
other and follow an oblique line below the
costal rim.

In semi-decubitus, trocars are placed equidis-
tant and tracing an oblique line, very similar to

in red we show the laparoscopic placements. In green,
robotic ports (numbers 1 to 4) are placed as shown.
Number 2 port is usually used for endoscope. An addi-
tional 12-mm assistant trocar (Aux) is placed between
robotic ports number 2 and 3, usually as an infra-umbilical
port. In some cases, another assistant port can be useful
5-6 cm below the subxiphoid site

laparoscopy but with more flow rates. In addition,
if necessary, an auxiliary trocar may be added
between position 3 and 4, subxiphoid, or both
(Fig. 7.8a).

optical port (scope) and tree additional port:
(1) 5 mm; the most lateral port in the extern limit
up to the iliac crest; (2) 10 mm: optical port,
15 cm in the right side of umbilical site, between
1 and 3; (3) 10 mm: 6-8 cm in the left side of
optical port; and (4) 5 mm: right subcostal port
also known as subxiphoid trocar. In some cases,
an extra 5-mm intercostal port can be necessary
as we can see on the left
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Fig. 7.9 (a, b) Left lateral decubitus: trocars placement
in robotic technique: Robotic ports (numbers 1 to 4) are
placed as shown. Number 2 port is usually used for endo-

7.3  Tips and Tricks

— Each patient’s different body architecture
might jeopardize the standard port placement
and position; therefore, surgeons have to learn
how to adapt the position of the patient and the
arrangement of the trocars to facilitate the pro-
cedure. Thus, sometimes it iS necessary to
exchange assistants or auxiliary ports on
demand.

— In the lateral decubitus, adding thoracic or
abdominal partition, also known as pillet can
be a great help when it comes to enlarging the
space in the abdominal cavity.

— In some special resections as well as the right
extended hemihepatectomy—segments
(V + VI+ VII + VIII £ IV) and the mesohepa-
tectomy (segments IV + V + VIII)—it may be
necessary to change the patient’s position
from supine to lateral decubitus in order to
correctly approach the posterior right
segments.

— In auxiliary ports may be helpful to use spe-
cific insufflation management system which

scope. An additional 12-mm assistant trocar (A/aux) is
placed between robotic ports number 2 and 3, usually as
an infra-umbilical port

provides constant smoke evacuation, stable
pneumoperitoneum, and valve-free access
along with a 12-mm port which enables its use
as an operating port.
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8.1 Introduction

Minimally invasive isolated anatomical liver
resection (MILS) of segment I (S1), also known
as caudate lobectomy, is a technically challeng-
ing surgical procedure. The difficulty of this pro-
cedure is mainly due to the complex anatomic
location of the caudate lobe, with its close rela-
tionships to major vessels, including the inferior
vena cava (IVC) behind it, the portal bifurcation
and the middle (MHV) and right hepatic veins
(RHV) representing the upper limit or roof of its
intrahepatic part. Furthermore, the caudate lobe
is an independent lobe with a special vascular
and biliary anatomy, with many anatomical vas-
cular variations [1]. Classically, it can be consid-
ered as composed by three anatomical portions:
the Spiegel lobe, that is, the portion protruding
toward the left of the IVC; the paracaval portion
that lies on the IVC; and the caudate process that
protrudes on the right side of IVC (the so-called
segment IX), between the main right portal
branches, the IVC and the right posterior section

Supplementary Information The online version con-
tains supplementary material available at https://doi.
org/10.1007/978-3-031-35295-9_8.

G. Cassese - R. I. Troisi (D<)

Division of Hepato-Pancreato-Biliary, Minimally
Invasive and Robotic Surgery, and Transplantation
Service, Department of Clinical Medicine and Surgery,
“Federico II” University Hospital, Naples, Italy

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023

(SVI). Similarly, each portion of the segment I
can have one or more portal branches making its
dissection complex. Indeed, previous anatomical
studies reported that caudate lobe usually has a
total of five portal branches (48% of cases) or
four branches (26%) [2]. The biliary ducts (often
very thin) are usually 3-4 (39% and 34% of
cases, respectively). For the Spiegelian lobe, por-
tal pedicles mainly derive from the left portal
vein (60%) or both left portal vein and mean por-
tal trunk (17%). For the paracaval portion, portal
branches arises mainly from the left portal vein
(>70%). For the caudate process, portal vessels
are originating from the left portal vein in almost
50% of cases, but a portal branch cannot be iden-
tifiable in up to 20% of cases. In the case of direct
right posterior branching of the main portal vein
trunk, the caudate vessels can come from the
right posterior pedicle. All the hepatic veins
draining S1, go directly into the IVC on its ante-
rior surface.

Despite the aforementioned difficulties, iso-
lated caudate lobectomy is being increasingly
performed and reported in literature, since iso-
lated segment I resection offers the possibility of
both a radical anatomical resection and a sparing
of the functional surrounding hepatic paren-
chyma. As expected, laparoscopic resection of
the caudate lobe is even more challenging and
rarely performed. To date only six comparative
studies can be found in the literature, and still
describe few cases. A propensity score-matched
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study comparing 18 laparoscopic with 36 open
resections concluded that the MILS approach is
characterized by a significant lower bleeding
(100 vs. 300 mL, respectively; p <0.001) and
shorter length of stay (6.0 vs. 8.0 days, respec-
tively, p = 0.003) respect to the conventional
approach [3]. Another experience from a
high-volume institution on 21 patients showed no
differences with regard to median operation time
(204.5 vs. 200 min, p = 0.397), estimated blood
loss (250 vs. 400 mL, p = 0.214), hospital stay (4
vs. 7 days, p = 0.298), and overall postoperative
complication rate (p = 0.375) [4]. No compara-
tive studies referring the role of the robotic
approach have been published so far.

In this chapter, the authors aim to familiarize
readers with the Glissonean approach for ana-
tomical MILS of segment I through the recogni-
tion of the surgical anatomy: technical steps,
indications, and tips are herein presented.

8.2  Main Indications
Minimally invasive isolated anatomical liver
resection of segment I is indicated mainly for
primitive or secondary (i.e., colorectal liver
metastases) liver malignancies located in SI.
Owing to its complexity, vascular supply, and to
oncological reasons described elsewhere, paren-
chymal sparing nonanatomical resections are
preferred for benign and metastatic diseases [5].
A tumoral invasion of major vessels is consid-
ered a relative contraindication, and the need for
vascular and/or biliary reconstruction should be
discussed case by case.

8.3  Surgical Technique

The S1 resection generally consists only of the
Spigelian lobe (Video 8.1). More rarely, it is nec-
essary to remove the entire caudate anatomically,
i.e., also resecting the portion situated on the
right side of the cava (segm IX). Different surgi-
cal approaches for open caudate lobectomy have
been described: left-sided, right-sided, combined
left- and right-sided, retrograde, and anterior

transhepatic [6—8]. The most common approach
is the intraglissonian one, with identification of
the left hepatic artery, the left edge of the portal
trunk, and the left portal vein with the small
branches originating from the caudate. For the
purposes of this manual, the extrafascial approach
will be described, with the combined left- and
right-sided approaches that should be preferred
in the case of minimally invasive resection of the
entire S1. Indeed, the Glissonean approach for
the inflow control through the Sugioka’s Gates is
a possibility, but more complex to implement in
the case of a caudectomy. However it has been
reported as technically feasible and safe, and it
can be useful to help a careful demarcation of the
caudate lobe, since S1 anatomy may vary [9].
The Glissonean approach for the inflow control
can be performed through the selective isolation
and ligation of the portal branches for segment I
(gates 1 and 6 according to Sugioka), found at the
caudal end of the Arantius plate and at the space
between right posterior pedicle and the gate 1, as
described elsewhere [10]. However, while the
Spigelian lobe is clearly separated from the left
lobe of the liver, the margins of the caudate pro-
cess can be difficult to identify. Furthermore, the
portal vascularization can have several variations
at this level. Thus, the authors can suggest an
alternative procedure: to selectively isolate the
pedicle S6-7 and then to temporarily clamp the
right and left portal veins. Right after, ICG can be
injected directly into the portal trunk, allowing to
obtain a positive staining of the whole caudate
lobe (cfr below). This technique can be techni-
cally challenging but is extremely useful in guid-
ing a complete anatomical S1 resection, including
the whole supracaval portion that has the middle
hepatic vein as its roof between the two hepatic
lobes [11].

MILS: Patient Position
and Trocar Placement

8.3.1

1. Patient is positioned in supine position, with
15° reverse Trendelenburg inclination, with
legs apart and arms tucked along the body; the
table is slightly tilted to the left side.
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. A 10-mm umbilical port is placed through the
open Hasson technique.

. A pneumoperitoneum is created by insuffla-
tion using carbon dioxide. Intra-abdominal
pressure is maintained below 12 mmHg.

. The laparoscopic high-definition camera is
inserted through the umbilical port. A careful
exploration of the abdominal cavity is carried
out to rule out any undetected organ or perito-
neal metastases.

. For the laparoscopic approach, four ports are
needed. Another 10-mm port is then placed
around 10 cm above and on the left with respect
to the first one, and another 10 mm is placed
around 10 cm on the right of the first one. A
5-mm trocar is placed at the epigastrium. The
10-mm ports are operational ports, while the
5-mm ports are used mainly for retraction
instruments and suction. In the case of robotic
resection with the Intuitive Xi platform, the
8-mm trocars are placed in a linear fashion as
for every hepatic resection, and the first umbili-
cal trocar is used by the assistant surgeon.

8.3.2 Exploration and Mobilization

6. The left liver is mobilized and rotated to the

right. To this aim, the falciform ligament is
divided from the anterior abdominal wall
toward the supra-hepatic IVC. A useful tip is
to leave the falciform ligament and round lig-
ament long enough to use them for the trac-
tion during the following steps. The left
triangular ligament is then divided to free the
left lateral section. Usually, some mobiliza-
tion of right hemi-liver is also required, in par-
ticular the right-posterior section from the
retroperitoneum with the right adrenal gland,
and from the diaphragm.

. The gastro-hepatic ligament is divided to
expose and mobilize the Spigelian lobe. The
fibrous attachments between the caudate lobe
and the IVC are divided. Intraoperative ultra-
sound is performed to ensure the tumor is lim-

ited to the S1 segment and to investigate its
relationships with the major vessels.
Laparoscopic ultrasonography (LUS) is per-
formed to confirm the position and the nature
of the disease, as well as its relationships with
the adjacent vascular structures to exclude
macrovascular invasion.

. The liver is lifted up and mobilized using the

stump of the round ligament (by the assistant
in laparoscopy, or arm 4 in robotic surgery).

8.3.3 Transection of the Pedicle

10.

11.

12.

13.

14.

15.

16.

A vascular tape is placed around the main
hepatic pedicle and placed into a tourniquet,
in case extracorporeal Pringle maneuver is
necessary.

Laparoscopic cholecystectomy will make
easier the access the Gate 6, to control and
entirely remove the caudate process.

The caudate end of the Arantius plate is
approached at Gate 1. The first Glissonean
pedicle for the Spiegel lobe is carefully iso-
lated with blunt dissection and encircled on a
vascular tape. There are usually two
Glissonean pedicles at this level.

Moving on the right, the Gate 6 is approached
between the right posterior Glissonean pedi-
cle and the Gate 1. The Glissonean pedicle
for the caudate process is then carefully iso-
lated and encircled on a vascular tape.

The right posterior Glissonean pedicle is
carefully isolated and temporarily clamped
with a bulldog clamp, as described in detail
in previous chapters. The counter demarca-
tion between the caudate process and the
right posterior section is marked with elec-
trocautery. The bulldog clamp is the removed.
The previously isolated pedicles for S1 are
now secured with two hem-o-locks or tita-
nium clips and sectioned (Fig. 8.1).

The entire demarcation of the caudate lobe
can be refined, even by using IV ICG (see
below) (Fig. 8.2).
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Fig. 8.1 Securing a portal branch for S1 from the left
portal vein

Fig. 8.2 ICG-guided negative counterstaining of SI
(Spiegelian lobe)

8.3.4 Hepatic Transection

17.

18.

Superficial parenchymal transection is per-
formed with harmonic scalpel, and the
deeper portion is usually performed with
laparoscopic CUSA. This however remains
at the discretion of the surgeon. CUSA is
preferred to peel the inferior part of the portal
vessels in case of larger lesions pushing the
hilum below the bifurcation.

Usually starting from the left side, following
the natural anatomic division of the Spiegel
lobe, the posterior surface of the caudate lobe
is freed from the IVC and the short hepatic
veins that are controlled with clips (Fig. 8.3).
All the additional portal branches to the
Spiegel lobe encountered during the transec-

F

19.

20.

21.

22.

23.

24.

g.

8.3 Securing a Spiegelian vein with a titanium clip

tion are ligated and cut. The liver paren-
chyma is resected just below the Arantius
ligament, separating the liver parenchyma
from the inferior surface of the MHV and
LHYV that are identified and preserved.

The peripheral part of the RHV is identified
and spared, after continuing the transection of
the paracaval portion until its inferior margin.
The caudate process and the paracaval por-
tion are retracted to the left side. Moving to
the right, lifting the right hepatic pedicle, and
having the middle hepatic vein as “roof” of
the excavation cavity, the resection of the
caudate process is carried out, dividing it
from the surrounding right liver parenchyma.
Eventual additional branches from the cau-
date process are secured and divided.

This transection line will meet the section
started from the left side. A caudal inferior
approach will resolve parenchymal resection
of the right part of segment I, until the infe-
rior surface of RHV.

The specimen is extracted through an exten-
sion of the umbilical incision, if small, or
through a Pfannenstiel incision, using a vinyl
bag.

The tourniquet for Pringle maneuver is
removed.

After specimen extraction, a final check of
the hemostasis is performed. Very useful is to
check also some bile leaks from the hilar
plate. A white dye test could be a good solu-
tion to identify small leaks. A closed drain
can be placed behind the hepatic hilum.
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8.4  Special Tricks and Tips

* In the case of bleeding, Pringle maneuver is
very efficient during S1 resection and can be
applied to facilitate the parenchymal transec-
tion. Additionally, clamping the IVC may be
helpful.

e ENDOGIAs is not recommended because of
the narrow spaces for the transection and the
small vessels.

e ICG can be injected to obtain a positive coun-
terstaining and check the transection margins.
After the isolation of the pedicle S6-7, by
closing the right and left portal veins and
injecting ICG green directly into the portal
trunk, it is possible to have a positive staining
of the whole caudate lobe.

e Intravenous ICG injection of 0.025 mg/kg of
ICG can be injected after the closure of the
Glissonean pedicles for S1 to obtain a nega-
tive counterstaining and check the transection
margins.

8.5 Main Key Points

Laparoscopic liver resection of S1 with the
Glissonean approach for the inflow control is a
challenging procedure requiring great care in dis-
section, identification of anatomical structures,
and preservation of portal bifurcation to carry out
a proper (oncological) resection.

A deeper knowledge of the surgical anatomy,
with eventual vascular and biliary variations, is
crucial for S1 anatomical resection. Both open
and MILS skills should be mastered in order to
avoid rare but life-threatening complications for
such deep-located challenging lesions.

While technically challenging, the advent of
technological advances and the development of
new methodological approaches could reduce the
difficulty of such an approach, while retaining
the benefits of the traditional operation.
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Isolated segment II liver resection could be per-
formed in the case of parenchymal sparing strategy,
to preserve as much as possible parenchyma of the
left lobe, especially in patients who underwent liver
resection with an underlying liver disease. To
achieve this anatomical segmentectomy, a correct
study of preoperative CT scan is mandatory to cor-
rectly understand the anatomy of the left lobe of the
liver, even if left lobe anatomical variations are
fewer compared to the right lobe of the liver.

In this case, a Glissonean approach represents
the ideal approach to achieve an anatomical
resection, associated with the use of indocyanine
green fluorescence to correctly define the limits
of anatomical resection.

Indications
and Contraindications

9.1

Main indication for this selective liver resection
is most commonly a malignant lesion occupying
Segment II, with no evidence of extrahepatic dis-
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eases nor infiltration of the left main pedicle,
allowing to achieve a correct RO resection. A
more conservative attitude could be accepted in
the case of benign disease or in the case of neces-
sity to perform a R1-vascular resection.

Contraindication could be considered the con-
tact with the origin of the left hepatic vein because
a correct outflow should be guaranteed to
Segment III.

9.2  Surgical Technique (Key
Issues and Technique

Details)

The Glissonean approach is recommended for
minimally invasive approach, either in robotic
and laparoscopy, and it’s feasible and safe once
anatomical landmark are recognized. For a cor-
rect identification of the anatomy of the left lobe,
a section of the round and falciform ligament
could allow to lift the left lobe in order to identify
the anatomy of the left liver pedicles for Segment
IL, 111, and IV (Fig. 9.1). In most cases we can
find a separate pedicle for Segments II and III on
the preoperative study on the CT scan.
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Fig. 9.1 Overview of left liver pedicles

Once the ligament between the left lobe and
the caudate lobe is sectioned, we could identify
the left side gates. Gate 1 could be localized at
the end of the Arantius plate, while Gate 2 is at
the connection between the round ligament and
umbilical plate. The connection of Gates 1-2
allows to identify Segments II and III pedicle. A
division among pedicle 2 and 3 could be identify,
and if it’s not visible, a small parenchymal tran-
section could be performed to find the origin of
the pedicle for Segment II.

9.3 Patient Position and Port

Placement

A more detailed description of the technical steps
is found below.

9.3.1 Patient Position and Trocar

Placement (Fig. 9.2)

1. Patient is positioned in a supine, 15° reverse
Trendelenburg position with legs apart and
arms tucked along the body; the table is
slightly tilted to the right side.

2. A 10-mm upper umbilical port is placed using
the open Hasson technique.

3. A pneumoperitoneum is created by insuffla-
tion using carbon dioxide. Intra-abdominal
pressure is maintained below 12 mmHg.

4. A laparoscope is subsequently inserted
through the umbilical port.

5. For the laparoscopic technique, four addi-
tional ports (10 mm, 1 port 8—15 cm from the

Fig.9.2 Trocar placement

optical port on the right side and 1 port
8—15 cm from the optical port on the left side;
5 mm, 1 epigastric port 1 port 2 cm below the
left costal margin) are created under direct
vision. The 10-mm ports are operational ports,
while the 5-mm ports are used for channel
retraction instruments and suction.

6. For robotic approach, the 8-mm trocar for the
first robotic arm is placed on the umbilical
line, which is the optical port. The second tro-
car is placed in the same lime of the previous
one (almost 6-8 cm) at left side. The trocar
for the third robotic arm is placed in the left
anterior axillary line (6—8 cm from the optical
trocar). The last robotic arm port is placed in
the left side at the same line of the previous
one.

7. For laparoscopy approach, the surgeon is
positioned mainly between the patient’s legs
and occasionally on the patient’s right. In
robotic approach, the assistant surgeon is
placed between patient’s legs.
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9.3.2 Exploration and Mobilization

8.

10.

11.

Following complete examination, ultraso-
nography is performed to detect disease
missed at preoperative imaging, to identify
the lesion’s proximity with major structures,
and to further define their anatomy in view of
transection.

The round ligament is identified and divided
close to the abdominal wall, while the falci-
form ligament is divided from the anterior
abdominal wall toward the suprahepatic infe-
rior vena cava. The round ligament will be
used to lift and traction the liver. In the initial
phase, there is no necessity to mobilize the
left triangular ligament.

The traction of the round ligament, performed
via epigastric port or robotic arm NR4 (below
left subcostal margin), could better expose
the left pedicle, with the identification of ped-
icle for Segments II, III, and IV.

Five-mm tape is subsequently placed around
the hepatoduodenal ligament for use in the
Pringle maneuver if needed.

9.3.3 Transection of the Glissonean

12.

13.

14.

Pedicle

The liver is retracted using a fan retractor in
order to identify the gates.

As shown in the previous chapter, Gate 1 is
first localized at the caudal end of the
Arantius plate, while Gate 3 is localized at
the junction between the round ligament and
the umbilical plate. Connecting Gates 1 and
3 allows the selective identification of the
Glissonean pedicle of Segments II, III, and
IV, allowing for an anatomical left
hepatectomy.

The dissected Glissonean pedicle of Segment
II is temporarily clamped using a bulldog
clamp or a laparoscopic forceps in order to
confirm the demarcation between the left and
right liver based on ischemic discoloration.
This can be further confirmed through the use
of indocyanine green fluorescence, as well.

Fig. 9.3 Segment II pedicle

15. The Glissonean pedicle (Fig. 9.3) is then
sectioned using various means, depending
on surgeon’s preference. This includes
using endo-GIA vascular stapler (as showed
in the video), hem-o-lok clips or direct
ligation.

9.3.4 Hepatic Transection (Fig. 9.4)

16. A cavitron ultrasonic surgical aspirator
(CUSA) and harmonic scalpel is used to
transect parenchyma, following the ischemic
demarcation of Segment II. In the case of
robotic approach, a double kellyklasia with
bipolar forceps could be used in order to
achieve correct resection margin.

17. The intraparenchymal anatomy of the middle
hepatic vein is again confirmed via
ultrasonography.

18. The liver transection plane continues
between the Segments II and III, following
the demarcation line, with the section of
venous branches of left hepatic vein (Fig. 9.5)
among clips or hem-o-lok or using endo-GIA
vascular stapler is then used to staple the vein
transversely.

19. After complete resection and hemostasis, an
hemostatic patch might be used.

20. The specimen is placed in an endobag and
extracted through a Pfannenstiel incision.
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Fig. 9.5 Left hepatic vein branch section
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10.1 Introduction

Hepatic resection is considered the optimal treat-
ment for primary and secondary liver tumors.
However major hepatectomy for hepatocellular
carcinoma (HCC) is limited because the high
incidence of cirrhosis.

Anatomical segmentectomy has better onco-
logical results compared to nonanatomical liver
resection in the surgical treatment of HCC [1].

Anatomical segmentectomy is often more
complicated and difficult than major hepatec-
tomy even in open surgery [2].

However, the difficult of the procedure does
not justify a more extensive resection with a lapa-
roscopic approach than that which would be
required by open approach.

Over the last decade, laparoscopic hepatec-
tomy has been increasingly performed through-
out the world [3]. Left lateral sectionectomy has
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been recognized as the standard approach for
tumors located in segments 2 and/or 3 [3], but
there have been few reports about laparoscopic
segmentectomy of segment 2 or 3 [4, 5]. We
think that for the segment 3, the thickness of
parenchyma, anatomical position, and Glissonean
pedicle located in front of the camera makes this
procedure easier than the right anatomical
segmentectomy.

In this chapter, the authors describe the main
points of anatomical segmentectomy of segment
3 (S3), technical steps, indications, and tips.

Indications
and Contraindications

10.2

Indications of anatomical segmentectomy of S3
are malignant tumors as HCC, very small intra-
hepatic cholangiocarcinoma, and colorectal
metastases. Also, some benign lesions as ade-
noma can be treated by segmentectomy.

But the main indication remains the HCC in
cirrhotic patients when a parenchymal sparing is
needed.

The contraindications of this approach are
only anatomical:

— Tumors of segment 3 located very close to
round ligament and infiltrating the left portal
vein or pedicle of segment 2

— Tumors located close to left hepatic vein
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In both cases anatomical segmentectomy of
S3 can be replaced by a left lateral
sectionectomy.

10.2.1 Surgical Technique (Key Issues
and Technique Details)

The Glissonean approach is the most important
point in anatomical segmentectomy. The first
step in this intervention is the dissection and
clamping of S3 pedicle. The consequent demar-
cation line in concerned territory allows an ana-
tomical parenchymal resection. In the majority of
cases, especially in cirrhotic livers, the pedicle is
located more deeply, and parenchyma transection
is needed to access as showed in the video.

A more detailed description of the surgical
procedure will be given later in the chapter.

10.3 Equipment and Instruments

Apart from standard laparoscopic surgery equip-
ment, the following instruments are required:

— Grasping forceps with long jaws to hold and
spread the left lobe.

— A 10-mm dissector to control the Glissonean
and venous structures specifically treated.

— 30° camera.

— We recommend a device for maintaining the
pneumoperitoneum and smoke aspiration
allowing the use of an insufflation pressure at
a maximum of 12 mmHg (IFS Airseal, 0,
Conmed, Utica, NY, USA).

— A linear stapler (Endo GIA(), Covidien,
Mansfield, MA, USA or EchelonO, Ethicon
Endo Surgery, Cincinnati, OH, USA).

— Five- and 10-mm secure plastic clips (Hem-o-
loko, Teleflex Medical, Research Triangle
Park, NC, USA and/or Lapro—ClipO, Covidien,
Mansfield, MA, USA).

— An ultrasonic energy device such as
HarmonicO, Ethicon Endo-Surgery,
Cincinnati, OH, USA, or thermo-fusion device
such as LigasureO, Covidien, Mansfield, MA,

USA, or mixed type ThunderbeatO, Olympus,
Tokyo, Japan.

— An ultrasonic dissector coupled to a monopo-
lar coagulator (CUSAC), Integra, Plainsboro,
NJ, USA).

10.4 Patient Position

The patient is placed in supine 15° reverse
Trendelenburg position with split legs. Right arm
is placed along the body.

We usually use intermittent pneumatic com-
pression device.

The surgeon stands between the patient’s legs,
the first assistant is to the left of the patient, and
the second one to the right.

10.5 Trocarts Placement
(Fig. 10.1)

We usually use five ports.

e A first 10-mm upper umbilical port is placed
with the open technique. A pneumoperitoneum

Pringle maneuver

Fig. 10.1 Trocars position



10 Segment lll Hepatectomy

81

is insufflated to maintain an intrabdominal

pressure below 12 mmHg.

e Then a 30° camera is inserted through the
umbilical port.

e Four additional ports are placed under direct
vision:

— A 12-mm port used for insufflation is
placed on the left midclavicular line 2 cm
below the costal margin.

— A second 12-mm port is placed on the right
midclavicular line in traversal level.

— A 5-mm port is placed in the right flank and
another 5-mm port 2 cm under the xiphoid
process.

The 12-mm ports are operational ports, and
the 5-mm ports are used for retraction or
suction.

10.6 Surgical Procedure
10.6.1 Exploration and Mobilization

— The patient is positioned progressively in
reverse Trendelenburg, as much as the hemo-
dynamic status allows, taking advantage of
gravity to facilitate exposure.

— The object of exploration is to exclude contra-
indication to surgery: ascites, signs of portal
hypertension, and peritoneal carcinomatosis
in the event of malignancy. We always realize
a preoperative ultrasound of the whole liver to
detect missed lesions and to identify the exact
position of the lesion especially in relation to
major vascular structures.

— The means of fixity of left lobe are divided: the
round ligament and the falciform ligament.
Since cholecystectomy is not indicated during
this procedure, it is preferable not to grasp the
gallbladder. When a left hepatic artery is pres-
ent, it can be dissected in order to clamping it
during the parenchymal transection.

— The round ligament and the initial part of fal-
ciform ligament must be divided as close as
possible to the anterior abdominal wall

because the residues of tissues located in the
axis of the camera tend to defile the optic with
each passage in the trocar. The triangular liga-
ment can be divided at this moment.

A 5-mm tape is subsequently placed around
the hepatoduodenal ligament for the Pringle
maneuver.

10.7 Transection of Glissonean

Pedicle

— The parenchymal “bridge” between the S3

and the segment 4 is divided if it exists.
Rarely, the Glissonean pedicle of S3 can be is
identified on the left side of round ligament
and then encircled and clamped. In majority
of cases, this maneuver can be difficult and
dangerous. In our practice the standard of care
is to section liver parenchyma on the left side
of round ligament. In this way we have a safe
access to pedicle of S3 that can be dissected
and clamped with a bulldog (Fig. 10.2).

The consequent ischemia of S3 allows a real
anatomical resection (Fig. 10.3a, b) The use of
indocyanine green fluorescence (ICG) can
also help to define the demarcation line (nega-
tive staining technique).

The Glissonean pedicle is then sectioned usu-
ally with an endo-GIA vascular stapler.
According to the surgeon’s preference, hem-
o-lok clips can be used (Fig. 10.4).

Fig. 10.2 Clamping of pedicle S3 after parenchyma
transection
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Fig. 10.4 Division of pedicle of segment 3 using endo-
GIA vascular stapler

10.8 Parenchyma Transection

— The ischemic margin of S3 is marked using
electrocautery.

— The Glisson capsule and the first millimeters
of liver parenchyma can be sectioned using a
harmonic device. In healthy liver all the hepa-
tectomy can be realized using this instrument,
but in the case of cirrhotic liver, we always use
cavitron ultrasonic surgical aspirator (CUSA)
as showed in the video.

— Pringle’s maneuver is performed by clamping
the hepatoduodenal ligament using the tourni-
quet method for 15 min with following a
5-min release period.

— The round ligament is retracted to the up and the
right of the patient using a laparoscopic forceps
inserted in the 5-mm right port. A second forceps
in the 5-mm epigastric retract the surface of seg-
ment 3 to the left. This opposite retraction opens
the liver as a book along the round ligament.

The transection continues in the superior sur-
face of the left lobe along the left hepatic vein
and in inferior surface following the demarca-
tion line.

Small vessels can be coagulated using har-
monic device. Vessels more than 5 mm should
be dissected and clipped with 5- or 10-mm
hem-o-lok.

After complete resection the specimen is
placed in an endobag and extracted through a
short lateral incision.

Then we check the hemostasis of the liver sec-
tion, and we remove the tape around the hepa-
toduodenal ligament.

Usually, we don’t leave a drain after anatomi-
cal segmentectomy.

The trocars are removed under direct vision,
and we try to suck all the pneumoperitoneum
to reduce postoperative pain.

The abdominal aponeurosis of 12-mm ports is
closed, and we realize an intradermal suture
for the skin.

10.9 Tips and Tricks

— Preoperatively computed tomography scan

should be analyzed in order to detect some
vascular variation, especially the presence of
an accessory left artery located in hepatoduo-
denal ligament.

ICG is more and more useful for segmentec-
tomy: hepatic segments can be identified as
ischemic regions by intravenous injection of
ICG (0.05 mg/kg) following clamping of the
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corresponding portal pedicle (negative stain-
ing technique) [6].

We suggest examining the transection with a
low pneumoperitoneum pressure in order to
detect some missing bleeding.

10.10 Main Key Points

Anatomical S3 segmentectomy is a good alterna-
tive to left lateral sectionectomy especially in
patient with HCC in a cirrhotic context when a
parenchymal sparing is needed. The key to real-
ize this intervention is the Glissonean approach
of S3 pedicle. The use of ICG fluorescence can
help and implement this procedure.
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11.1 Anatomy

Segment 4 is divided into two portions: 4a (supe-
rior portion) and 4b (inferior portion). On the left
side, the boundary between S4 and the left lateral
sector (S2-3) is along the plane of the umbilical
ligament. On the liver surface, the left external
anatomic landmark is the falciform ligament. The
right transection plane has no external landmarks.
Indeed, the boundary between S4 and the right
anterior sector (S5-8) is along the plane of the
middle hepatic vein (MHV). Arterial and portal
blood supply of S4 arises from the left portal
pedicle, at the level of the Rex recessus, where
the round ligament is joined anteriorly. Here is
where portal pedicles to S2, S3, and S4 originate.
The Rex recessus is an important radiological
landmark that is easy to recognize and evaluate
by intraoperative ultrasound (IOUS). This land-
mark appears at IOUS with a typical “T-shaped”
vascular structure. From the left side, a branch
arises to the anterior portion of the left lobe (P3:
portal branch to S3) (Fig. 11.1). Another branch
arises from the right side to S4b (P4b) (Fig. 11.1).
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left portal vein

Fig. 11.1 Sixty-two-year-old female patient with a 3-cm
colorectal liver metastasis in S4b (T). At IOUS the
“T-Shaped” vascular structure of the left portal vein with
its bifurcation in pedicles to S4b and S3 is clearly evident.
The metastasis is in contact with S4b portal pedicle

11.2 Surgical Technique

An isolated laparoscopic anatomic segmentec-
tomy 4 is a technically demanding operative pro-
cedure due to two transection planes: on the left,
along the umbilical ligament and, on the right,
along the MHV [1, 2].

The main indication for anatomical segmen-
tectomy 4 is a tumor without involvement of the
left portal pedicle, without extent to the umbilical
ligament and without involvement of the right
anterior sector (S5-8).

Under general anesthesia, the patient is placed
in the supine position. The right arm is along the
body and the left arm is open. The surgeon is
between the patient’s legs, with two assistants on
the left side of the patient. Using an open tech-
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Fig. 11.2 Trocar position for anatomic segmentectomy
4. Four 12-mm trocars (red). Place of extracorporeal tour-
niquet for pedicle clamping (yellow)

nique, a 12-mm trocar is placed about 3 cm above
the umbilicus, along the right midclavicular line.
Through this port a 30° laparoscope is intro-
duced, and three additional 12-mm trocars are
placed at the sites, as shown in Fig. 11.2.

For an isolated anatomic segmentectomy 4,
the Glissonean pedicle transection method con-
sists in the identification, isolation, and division
of all the portal branches to S4 along the umbili-
cal ligament. This technique may be considered
as effective for a rapid and safe control of the
pedicles, with consequent ischemia of the entire
S4 that facilitates the anatomical removal of the
segment [2, 3].

The procedure is performed according to the
following steps:

1. The falciform ligament and left coronary liga-
ment are dissected.

2. IOUS is performed in order to confirm the
location of the tumor, to study its relation-
ships with the vascular structures of the left
portal pedicle and to ensure adequate resec-
tion margin.

3. The portal pedicle is systematically encircled
with a tape to allow intermittent pedicle
clamping (15-min clamping and 5-min release
periods), if required. Cholecystectomy is usu-
ally performed.

- P 4
A

Fig. 11.3 Portal pedicle to S4b (P4b) is isolated by ultra-
sonic dissector (a) and encircled with a tape (b)

4. First line of parenchymal transection: from
the periphery to the cranial side.

If the preoperative surgical plan of seg-
mentectomy 4 is confirmed, the first line of
liver transection starts on the left side, along
the umbilical ligament. The parenchymal
transection moves from the periphery to the
cranial side. This transection plane is an ana-
tomic plane and easy to follow because it is
located along the falciform ligament.

1. At the level of the fissure of the round liga-
ment, P4b is identified and encircled with a
tape (Fig. 11.3a, b).

2. By IOUS the correct line of transection is
confirmed (Fig. 11.4a). By color Doppler the
portal flow to S4b is well documented
(Fig. 11.4b). The correct isolation of P4b is
confirmed by pulling the tape with consequent
stop of the portal flow at color Doppler
(Fig. 11.4c¢).

3. After division of P4b, liver ischemia of the
subsegment 4b is evident, and the boundary
between S5 and S4b is determined (Fig. 11.5).

4. Liver transection continues along the right

side of the umbilical ligament by dividing all
the portal branches to S4 (Fig. 11.6).
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Fig. 11.4 The line of transection along the umbilical
ligament is checked by IOUS (a). The correct isolation of
P4b is checked by the color Doppler: the portal flow to
S4b is well documented (b). After pulling the tape, the
consequent stop of the portal flow at color Doppler is well
visible (¢)

Fig. 11.5 Anatomic hepatic subsegmentectomy 4b dur-
ing multiple IOUS-guided liver resections in a patient
with bilateral colorectal metastases. After division of P4b,
liver ischemia of the subsegment 4b is evident, and the
boundary between S5 and S4b is determined

Fig. 11.6 All the portal branches to S4 are isolated along
the right side of the umbilical ligament and they are
divided between clips (a, b)

5. Second line of parenchymal transection: from
MHYV root side to the periphery.

After division of the portal pedicles, the
second transection plane on the right side
starts. On the liver surface, the liver paren-
chyma is dissected along the area of ischemic
demarcation of the entire S4. In the deep
parenchyma, the transection plane moves by
exposing the MHV [4]. The exposure of the
MHYV during liver transection may proceed
from cranial to caudal side by following the
ventral side of the MHV (cranio-ventral
approach) [5].

The cranio-ventral approach to the MHV may
be considered as safe, with a reduced risk of
injuring the small venous branches to S4 [5].
Furthermore, by following this plane, it is easier
to follow the boundary between S4 and the ante-
rior sector (S5-8).

The correct transection plane on the right side
of the anatomical segmentectomy 4 can be fol-
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Fig. 11.7 Anatomic subsegmentectomy 4a for hepatocel-
lular carcinoma on cirrhosis. The portal branch to S4a is
identified by IOUS (a) and marked on the liver surface

lowed also with the use of fluorescence negative
staining by the intravenous administration of
indocyanine green (ICG), after clamping or divi-
sion of the portal pedicles to S4 [6, 7].

An isolated anatomic subsegmentectomy 4a
can also be performed. In this case, the portal
branch to S4a is identified by IOUS (Fig. 11.7a)
and marked on the liver surface (Fig. 11.7b).
After a small hepatotomy, the portal branch to
S4a is dissected and encircled by a tape
(Fig. 11.7¢).

After division of the portal branch to S4a, an
intravenous bolus of ICG is then administered
and the liver ischemia of the subsegment 4a is
clearly evident by the ICG negative staining
(Fig. 11.8). Also in the case of subsegmentec-

(b). After a small hepatotomy, the portal branch to S4a is
dissected and encircled by a tape (c)

Fig. 11.8 Ischemic demarcation of the subsegment 4a by
ICG negative staining

tomy 4a, the cranio-ventral approach to the MHV
is performed in order to follow the right side of
the parenchymal transection. In this way the
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Fig. 11.9 Cranio-ventral approach to the MHV in order
to perform the right side of the parenchymal transection
during subsegmentectomy 4a. The branches to S8 (V8)

branch to S8 (V8) and to S4b (V4b) are dissected
and preserved, while the branch to S4a is isolated
and divided (Fig. 11.9). At the end of subsegmen-

(a), to S4a (V4a) (b), and to S4b (V4b) (c) are safely dis-
sected and isolated

tectomy 4a, the correct transection plane is indi-
cated by the exposure of the ventral side of the
MHV (Fig. 11.10).
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Fig.11.10 Surgical field after subsegmentectomy 4a. The
stump of the portal branch to S4a (P4a) (a) and the stump of
V4a (yellow arrow) (b) are evident on the surface

11.3 Conclusion

Isolated laparoscopic anatomical segmentectomy
4 is a technically demanding procedure, not fre-
quently reported in the literature. The use of
IOUS and of the negative staining by ICG admin-
istration are fundamental tools in order to cor-
rectly perform the removal of S4. The two lines
of transections may be performed: first, from the
periphery to the cranial side and second, from the

cranial side to the periphery. The cranio-ventral
approach to the MHV from its root side may be
considered as an effective technique for the sec-
ond line of transection in order to follow the cor-
rect plane of segmentectomy, by decreasing the
risk of injury of its venous branches.
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Minimally invasive procedures have signifi-
cantly changed the surgical practice worldwide
in the last decades thanks to the reported
improvements in terms of the postoperative pain,
morbidity, length of hospitalization, aesthetic
results, and overall cost-effectiveness in differ-
ent surgical subspecialties, including colorectal,
urology, gynecology, and thoracic surgery [1-4].
Despite a slower diffusion as compared to the
abovementioned specialties, the application of
minimally invasive surgery (MIS) to the liver is
nowadays established, with many hepatobiliary
centers worldwide employing laparoscopy or
robotics as part of their practice. The first laparo-
scopic wedge resection was reported in 1991 [5],
followed by the first anatomic and major hepa-
tectomy in 1996 and 1997, respectively [6, 7].
Later, case series, comparative studies, and mul-
ticenter experiences have further increased the
body of evidence [8—11]. To date, two consensus
conferences and one European guideline meet-
ing have been held, and the International
Laparoscopic Liver Society has been established
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to promote minimally invasive techniques in
liver surgery [12—14].

Left lateral bisegmentectomy or left lateral
sectionectomy (LLS) is defined as the removal
of the left lateral sector as described by Couinaud
and classified in the 2000 Brisbane nomencla-
ture of liver resections [15]. Segments 2 and 3 of
the left liver are resected to remove benign or
malignant lesions located in this area. The first
laparoscopic LLS was described by Azagra et al.
in 1996 [6]. In this paper, the case report of a
woman with a symptomatic adenoma was
described. Operative time was 6 h and 30 min,
with 600-cc blood loss and 8 days of hospitaliza-
tion. Nowadays, significant improvements in
perioperative care, advancements in technology,
and learning curve allowed this procedure to be
standardized and one of the most common pro-
cedures performed in minimally invasive surgery
[16]. Indeed, given the improved perioperative
outcomes as compared to open, and the short
learning curve, MIS for LLS can be considered
as the standard approach, even in the setting of
living donor hepatectomy [17-19]. In 2010, a
randomized controlled trial with the aim to com-
pare the results of laparoscopic and open LLS
was promoted but prematurely closed for slow
accrual [20].

Minimally invasive LLS can be performed in
the standard fashion or by the extrahepatic
Glissonean approach. In the standard procedure,
the umbilical fissure is approached, dissecting the
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liver parenchyma on the left side of the Rex
recessus. Segment 3 pedicle is encountered,
sealed, and cut first, followed by segment 2 pedi-
cle after 3—4 cm of further parenchymal transec-
tion. Finally, the left hepatic vein is identified and
stapled at its confluence with the inferior vena
cava. The specimen is extracted trough a small
midline or Pfannenstiel incision. The extrahe-
patic Glissonean pedicle approach was first
described by Takasaki et al. in 1998 and further
employed by many surgeons for both open and
laparoscopic liver resections [21]. This technique
involves the isolation of the pedicles of the given
anatomical resection, respecting the Glissonean
sheet wrapping the serving artery, portal vein,
and bile duct [22]. This technique is facilitated by
the recent description of a further anatomical
layer surrounding the Glissonean sheet and encir-
cling the pedicles within the parenchyma, called
the Laennec’s capsule [23]. By respecting this
capsule and identifying the fundamental land-
marks and gates, Sugioka et al. described that the
Glissonean pedicle approach can be employed to
perform any anatomical hepatectomy, from major
resections to segmentectomies and cone unit
resections, both right and the left sided. In this
chapter, we describe our technique for both stan-
dard and Glissonean approach for minimally
invasive left lateral sectionectomy.

Fig. 12.1 Patient and
trocar position for
laparoscopic left lateral

sectionectomy
Screen

2° Assistant

Pringle tape /

o'f\-»o

12.1 Surgical Technique

Under general anesthesia, the patient is in supine
position, with 16—18° head up and slight left side
tilt. The surgeon stands in between the patient’s
leg with two assistants on each side. At least two
screens should be used for surgeons’ comfort,
and a further dedicated screen should be used for
3D reconstructions. Four trocars are placed: one
umbilical, one left and one right flank, and one
subxiphoid (Fig. 12.1). It is our experience to use
all 10-mm trocars to be able to introduce large
instruments (ultrasonic dissector, staplers, gold
finger, etc.) from any angle. This is pivotal in
challenging resections and/or with lesions located
close to major vascular structures. However, as
LLS is a relatively easy and standardized proce-
dure, 5-mm trocars can be placed in the right
flank and subxiphoid. After abdominal cavity
exploration, the intraoperative ultrasound is per-
formed to stage and confirm the disease. Pringle
maneuver is then prepared; we prefer to use an
extracorporeal Pringle maneuver, using a tho-
racic tube that exits from the right flank
(Fig. 12.1). When needed, the extracorporeal
Pringle maneuver is pulled for hilar clamping.
We do not use systematic clamping, but we do
use intermitting 15-min Pringle with 5-min
release when needed, using a 5-min clamping to

Screen

Screen

1° Assistant

20mm

Surgeon O
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start as preconditioning. Falciform ligament is
then cut, reaching and partially dissecting the
hepatocaval confluence, identifying the origin of
the left hepatic vein and middle hepatic vein cuff.
The round ligament is kept in place in the case of
severe cirrhosis and significant portosystemic
shunts to avoid any possible postoperative
decompensations [24]. Otherwise, we cut the
umbilical ligament and use it for traction.
Parenchymal transection is started on the left of
the umbilical fissure, keeping the Rex recessus
on the right. Our favorite parenchymal transec-
tion technique employs an ultrasonic dissector,
energy device, and bipolar forceps for hemosta-
sis. The Glissonean pedicle for segment 3 is
immediately identified, looped, and clipped or
stapled. Parenchymal transection is further car-
ried on cranially toward the left hepatic vein, and
the Glissonean pedicle for segment 2 is identi-
fied, looped, and clipped or stapled. Finally, the
left hepatic vein is identified at its confluence

Fig. 12.2 Left hepatic vein is identified, looped, and
stapled

Fig.12.3 Gatel and II
are connected, encircling
the Glissonean pedicles
for segments 2 and 3
during extrahepatic
Glissonean approach
technique

with the inferior vena cava (IVC), looped, and
stapled (Fig. 12.2). Specimen is extracted in a
plastic bag trough a Pfannenstiel incision. No
drains are left in place in standard left lateral sec-
tionectomies at our institution.

For the extrahepatic Glissonean approach, the
same patient and trocar position are used, and
same extracorporeal Pringle maneuver prepara-
tion is performed. Following left liver’s mobiliza-
tion, the Arantius ligament is dissected to
approach gate I. Then, gate I and gate II are
approached respecting the Lannaec’s capsule,
using bipolar forceps and gentle smooth dissec-
tion. The maneuvers are generally performed
under pedicle clamping given the chance of
bleeding. Gates I and II are connected using a
gold finger, encircling both the Glissonean pedi-
cles for segment II and III, thereby having the left
lateral section’s inflow under control (Fig. 12.3).
A bulldog is used to clamp these pedicles, and
1 mg of indocyanine green (ICG) dye is injected
by the anesthesiologist. This allows to negatively
stain the left lateral section using a dedicated
camera. Indeed, the ICG will stain green the
whole liver, except for the left lateral section
which is clamped. This allows for a precise guid-
ance during both superficial and deep parenchy-
mal transection (Fig. 12.4). Once dissected free,
the looped segment 2 and 3 Glissonean pedicles
are stapled. Finally, the left hepatic vein is identi-
fied, lopped, and stapled at its confluence with
the IVC. Specimen is extracted in a plastic bag
trough a Pfannenstiel incision. No drains are left
in place.

Segmenti|
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Fig. 12.4 Indocyanine green-dye-guided parenchymal transection. (a) Superficial parenchymal transection. (b) Deep
parenchymal transection
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13.1 Introduction
Left hepatectomy is one of the most common
types of hepatectomy.

Even if the left lobe presents less variations in
vascular and biliary anatomy compared to the
right lobe, it remains a challenge in itself due to
the complexity of the resection that requires iden-
tification of the anatomical boundaries [1-3].
Despite the possible technical pitfalls, part of
current literature emphasizes the benefits of a
Glissonean approach, where intraoperative bleed-
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ing and conversion rates, as well as postoperative
mortality rate and resection margins, appear to be
lower in expert hands [4].

With the increasing pressure to make laparo-
scopic left hemihepatectomy the standard of care
for patients with left lobe pathology, there has
been a significant increase in the number of trials
and studies to validate its safety and efficacy [4,
5]. As it possibly represents the ideal technique
for anatomical liver hepatectomy, it is also
becoming a fundamental technique to be added
to modern surgeon skill set.

Therefore, surgeons nowadays need to pos-
sess all the basic knowledge and skills to be
able to accomplish a left hepatectomy liver
resection based on the Sugioka gates and
landmarks.

In this chapter, the authors aim to familiarize
readers with the Glissonean approach to a laparo-
scopic left hepatectomy of the liver through the
recognition of the surgical anatomy, technical
steps, indications, and tips presented.

Indications
and Contraindications

13.2

There are various indications for performing a
laparoscopic left hemihepatectomy.

Firstly, malignant lesions such as tumors
occupying the left liver portion, metastases (e.g.,
colorectal metastasis) with no evidence of extra-
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hepatic disease, and intrahepatic or perihilar
cholangiocarcinoma infiltrating the left main
duct or its branches. Tumors invading the left
portal vein or left hepatic vein are also an indica-
tion for left hepatectomy.

In addition, even benign lesions such as huge
hemangiomas occupying the left lobe of the liver,
multiple hydatid cysts, intrahepatic bile duct
stones with irreversible diseases (e.g., biliary
stricture) and symptomatic benign masses that
have a risk of rupture may represent an indication
for left hemihepatectomy [6].

Before proceeding, it is fundamental to ensure
on patient factors side that liver function is ade-
quate (Child B or less) [7].

On the other hand, contraindications of this
approach consist of standard liver resection con-
traindications including insufficient liver volume
and parenchymal insufficiency from previous
chemotherapy, alcoholic liver disease, and nonal-
coholic fatty liver disease. There are also anatom-
ical contraindications for this approach, namely,
malignant tumors involving the porta hepatis or
the presence of extrahepatic biliary strictures. In
the latter, it is essential to perform main portal
dissection, which limits the extra-Glissonean
approach.

Patient factors are also important to consider
relative contraindications of this approach: a his-
tory of biliary surgery such as common bile duct
exploration and cholangiojejunostomy may
increase the complexity of such a procedure, as
well as the presence of active acute suppurative
cholangitis [7].

13.3 Surgical Technique (Key
Issues and Technique
Details)

The Glissonean approach is recommended for lap-
aroscopic left hemihepatectomy as it is a safe and
feasible method for segment-oriented hepatectomy,
facilitating a tailored liver resection by removing
only the very involved liver segments [8]. In this
particular approach, it is crucial to recognize two
anatomical landmarks and gates [9]. The gates, as
described in the previous chapters, are gaps

between the Laennec’s capsule and the Glissonean
capsule. Identification of these gates is critical, as it
allows the isolation of main hepatic pedicles
through the connection of two gates. The first ana-
tomical landmark to be known for left hepatectomy
is the Arantius plate, where the Arantius ligament is
located; the second is the umbilical plate, which
ends in the round ligament.

Gates to be identified for left hepatectomy are
gate 1, which is placed at the caudal end of the
Arantius plate, and gate 3, placed at the right
edge of the root of the umbilical portion.

A more detailed description of the technical
steps is found below.

13.3.1 Patient Position and Trocars
Placement

1. Patient is positioned in a supine, 15° reverse
Trendelenburg position with legs apart and
arms tucked along the body; the table is
slightly tilted to the right side (Fig. 13.1)

2. A 10-mm upper umbilical port is placed using
the open Hasson technique.

3. Pneumoperitoneum is created by insufflation
using carbon dioxide. Intra-abdominal pres-

Fig. 13.1 Patient position
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Fig. 13.2 Laparoscopic port placement

sure is maintained below 12 mmHg. By using
the AirSeal system, we suggest to lower this
pressure (up to 8 mmHg) in order to decrease
the risk of venous embolization during
hepatectomy.

. 30° Optique is subsequently inserted through
the umbilical port.

. For laparoscopic approach, four additional
ports are inserted under vision: 10 mm, one
port 8—15 cm from the optical port on the right
side and one port 8—15 cm from the optical
port on the left side and 5 mm, one port at lat-
eral third of right clavicle in transversal level
and one port 2 cm below the left costal mar-
gin. The 10-mm ports are operational, while
the 5-mm ports are used for retraction instru-
ments and suction (Fig. 13.2).

Regarding robotic approach five/six ports
are placed. An 8-mm trocar for the first robotic
arm, the optical port, in the right midclavicu-
lar line, at the same level of the umbilicus.
The distance between the robotic ports and
the target of the surgery must be around
10-12 cm. In the case of obese patients, we
suggest placing the trocar almost 2 cm above
the umbilicus line on the second trocar along
the same line of the previous one (almost
6-8 cm) at left side. The trocar for the third
robotic arm is placed in the left anterior axil-
lary line (6—8 cm from the optical trocar). The
last robotic arm port is placed in the left side
at the same line of the previous one (Fig. 13.3).
One or two auxiliary assistant ports can be
placed between the second and third robotic
trocar and in the left midclavicular line,

Fig. 13.3 Robotic port placement

1-2 cm below the subcostal arch. We suggest
placing these last two trocars below the
robotic trocars line in order to achieve a better
liver parenchymal field with any further lapa-
roscopic devices, such as CUSA or any other
sealer if it is required.

. In laparoscopy, the surgeon is positioned

between the patient’s legs, just occasionally
on patient’s right.

13.3.2 Exploration and Mobilization

7. Following a complete abdominal cavity

exploration, laparoscopic ultrasonography is
performed to detect possible missing lesion
at preoperative imaging and also to identify
lesion proximity to major structures and to
further define their anatomy in view of
transection.

. The round ligament is identified and divided

close to the abdominal wall, while the falci-
form ligament is divided from the anterior
abdominal wall toward the suprahepatic infe-
rior vena cava. An important tip is to leave
the falciform ligament and round ligament
long enough to be tractioned properly during
the liver mobilization as shown in the
Fig. 13.4, where it is sectioned just below the
abdominal wall. This is done until the ante-
rior surface of the left hepatic vein and mid-
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“Division of falciform ligament

Fig. 13.4 Falciform liver division

10.

dle hepatic vein is exposed. The left triangular
ligament is then divided to free the left lateral
section.
Retraction of the left lateral segments
exposes partially the left hepatic vein, which
is identified by its connection to the lesser
omentum. Depending on surgeon experience
and surgical field, at this step, it is also pos-
sible an early dissection of the left hepatic
vein, which allows for a better outflow
control.
Preparation for the Pringle maneuver can be
obtained in two fashion:
A: external Pringle: As shown in the
video, a 5-mm tape is subsequently placed
around the hepatoduodenal ligament, and
a chest tube is placed through the abdomi-
nal wall. An important tip for left hepatec-
tomies is to make sure that the chest tube
comes from the right side of the abdomi-
nal wall. In this way the tape is tractioning
the liver to the right side, helping liver
parenchymal transection. In this case the
Pringle maneuver is performed by push-
ing the tube directly in the direction of the
hepatoduodenal ligament.
B: internal Pringle: As shown in the video,
a Foley tube is placed around the hepato-
duodenal ligament. It might be tightened
whenever the Pringle maneuver is needed.
This last fashion might be more useful in
the robotic approach as it is easier and
faster its placement and tie.

Fig. 13.5 Gate 1 and gate 3 location

13.3.3 Transection of the Glissonean
Pedicle

11. The liver is retracted using a retractor in
order to identify the gates.

12. As shown in the video, gate 1 is first local-
ized at the caudal end of the Arantius plate,
while gate 3 is localized at the junction
between the round ligament and the umbili-
cal plate (Fig. 13.5). Connecting gates 1 and
3 allows the selective identification of the
Glissonean pedicle of segment II, I1I, and IV,
allowing for an anatomical left hepatectomy.

13. The dissected Glissonean pedicle is tempo-
rarily clamped using a bulldog clamp or a
laparoscopic forceps in order to confirm the
demarcation between the left and right liver
based on ischemic discoloration. This might
be further confirmed through the use of indo-
cyanine green fluorescence.

14. The Glissonean pedicle is then sectioned
depending on surgeon’s preference. This
includes using endo-GIA vascular stapler (as
shown in the video), hem-o-lok clips, or
direct ligation.

15. To facilitate the correct parenchymal dissec-
tion route, as shown in the video, a hanging
maneuver can be performed with a tape pass-
ing from the anterior to the posterior surface
of the liver. Lifting up this tape allows a bet-
ter parenchymal exposure.

16. At this stage, if the left hepatic vein, previ-
ously dissected, may be sectioned.
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13.3.4 Hepatic Transection

17. A cavitron ultrasonic surgical aspirator
(CUSA) and harmonic scalpel is usually
used to transect parenchyma, following the
ischemic demarcation of the left hepatic
parenchyma.

18. As shown in the video, the intraparenchymal
anatomy of the middle hepatic vein is again
confirmed via ultrasonography and marked
at the surface of the liver. This is an impor-
tant tip that decreases the intraparenchymal
damage of the vein during the parenchymal
transection.

19. The liver transection plane continues
between the segment I and IVA, following
the middle hepatic vein, until full view of the
left hepatic vein. As shown in the video, sev-
eral devices can be used for a safe and effec-
tive hepatectomy. It may vary according to
the surgeon personal experience.

20. When the middle hepatic vein-left hepatic
vein confluence is reached