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Abstract
Essential to successful and safe performance of any liver resection is the understanding of anatomical aspects pertaining to liver 

resection. The different approaches to liver resections reflect the different techniques and surgical maneuvers executed at specific 
anatomical regions in and around liver. The three approaches to liver resection, as put forth by Claude Couinaud, are the intrafascial, 
extrafascial and the extrafascial transfissural approach. The later two approaches are essentially dissection of Glissonean pedicles 
at the hilum of the liver. This Glissonean pedicle approach is facilitated by newer insights into anatomy of liver gained by modern 
pathological and surgical research. The Glissonean pedicle approach is safe as it achieves inflow control early in the process of liver 
resection and ontologically sound as it is an anatomical approach. It is also effective when employed during minimally invasive liver 
resections. Both intrafascial and extrafascial approaches are relevant in specific circumstances of liver resection. This chapter will 
specifically analyse the anatomical basis that surrounds the approaches to liver resection. 
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Introduction
With advancement in anaesthesia and critical care, hepatic sur-

gery is now safely performed all over the world. Essential to the safe 
performance of hepatic surgery is the understanding of anatomi-
cal principles governing the operative procedure. From the time of 
Claude Couinaud who carefully dissected several liver specimens 
and proposed the segmental anatomy of the liver to the present 
date, our understanding of liver anatomy is getting refined. This 
chapter focuses on recent advancements in the knowledge of liver 
anatomy and its relevance in various approaches to liver resection.

Anatomy of the glissonean pedicle
The portal vein, hepatic artery and bile duct is enveloped in a 

dense connective tissue known as the glisson sheath. It wraps these 
structures and forms the glissonean pedicle which travels within 
the liver parenchyma along these structures. At the level of the liver 

hilum, this sheath condenses into a thick structure and forms what 
is called the hilar plate system. This sheath/plate system is vital in 
understanding approaches to liver resection [1].

Approaches to the glissonean pedicle
Anatomical liver resection is primarily an approach to the Glis-

sonean pedicle. Ligation and division of glissonean pedicle is safe 
as it provides complete inflow control. Further, this approach is 
demonstrated to be superior from an oncological standpoint com-
pared to a non-anatomical liver resection for hepatocellular carci-
noma [2]. Glissonean pedicle approach gains further significance 
in the era of minimally invasive approaches like laparoscopic and 
robotic hepatectomies. 

According to Coiunaud, there are three approaches to Glisso-
nean pedicles [3]: the intrafascial, the extrafascial and the extrafas-
cial and transfissural approach (Figure 1).
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The intrafascial approach is isolation of individual vascular ele-
ments within the vasculobiliary sheath. Portal vein branches and 
hepatic artery to the hemiliver can be isolated by dissection within 
the hepatoduodenal ligament (Figure 2 and 3). It is also called the 
‘control method’ and is introduced by Honjo and Lortat-Jacob in 
the 1950s [4,5]. In living donor liver transplantation, during donor 
hepatectomy, this approach will provide necessary length of these 
critical vascular structures for anastomosis during liver transplan-
tation. However, this approach has a potential risk of injury to bile 
duct and vessels to the remaining liver due to failure to identify 
anatomical variations [6].

Figure 1: The three methods of access to the portal pedicle. A: 
Intrafascial approach. B: Extrafascial approach. C: Extrafascial and 

transfissural approach.

Figure 2: Intrafascial approach to left hepatectomy for hepatoli-
thiasis. Left hepatic artery is looped with blue loop and left portal 

vein with yellow loop.

Figure 3: Isolation of right anterior sectoral artery by intrafascial 
approach. Note the gallbladder is pulled down for facilitating the 
dissection over the right anterior pedicle. The selective ligation of 
anterior sectoral artery was performed for a traumatic pseudoa-
neurysm of the right anterior hepatic artery occurring within the 

liver parenchyma.

The extrafascial approach is the actual glissonean pedicle ap-
proach. This approach entails isolation of the glissonean pedicle 
containing the portal vein, hepatic artery and the bile duct by go-
ing around the vasculobiliary sheath of Glisson. This can be done 
totally extrahepatically without destruction of liver parenchyma. It 
can also be done intrahepatically by a minor hepatotomy at the site 
of entry of these pedicles into the respective sectors or by a major 
liver transection through the main portal fissure (Cantlie’s line) 
which then constitutes the ‘extrafascial transfissural’ approach.

Intrahepatic approach with minor hepatotomy

Minor hepatotomy can be done using digitoclasia as described 
by Galperin and Karagiulian [7] or using a clamp or vascular stapler 
as proposed by Machado and colleagues [8,9]. An intraoperative 
ultrasound can be used to guide the site of hepatotomy. Launois 
and Jamieson described hepatotomy above and below the hilum 
thereby gaining access to the pedicles by a blunt finger dissection 
through the hepatotomy site [10]. This technique has potential risk 
of unexpected injury to portal pedicle or hepatic veins.

Intrahepatic approach with major hepatotomy/extrafascial 
and transfissural approach

This approach was proposed by Couinaud in 1957 [11]. Later, 
Lin from Taiwan and Ton That Tung from Vietnam successfully per-
formed liver resection using this approach (Figure 4) [12,13]. This 
is done by splitting the liver across the major portal fissure and 
once the dissection reaches the hilar plate, the surgeon can observe 
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the origin Glissonean pedicles which can be looped and divided. 
A small variation of this technique was described in Japanese by 
Okamoto., et al. This technique entails transection of parenchyma 
of the segment 4 of liver above the hilar plate and gaining access to 
the glissonean pedicles. This was termed the ‘unroofing method’ 
[14].

Figure 4: Anterior sectionectomy with the extrafascial and trans-
fissural approach by Ton That Tung. (Adopted from Ton-That-Tung 

and Nguyen-Duong-Quang.; Presse Med. 1965;73:3015-7).

Extrahepatic glissonean pedicle isolation/extrafascial ap-
proach

In 1985, Couinaud demonstrated that left hepatectomy can be 
successfully performed by extra hepatic isolation of left Glissonean 
pedicle [15]. However, it is not known whether Couinaud actually 
performed an operation with this technique. Professor Takasaki 
from Japan popularised this technique (Figure 5) [16].

Newer understanding of glissonean sheath system
The sheath covering the vasculo-biliary structures to the liver 

was first described by Johannis Waleus in 1640 [17]. It was also 
described as a pedicle containing the portal vein, hepatic artery 
and the bile duct enveloped in a sheath by Glisson in 1642 [18]. 
Hence, it can be stated that the Glissonean Pedicle is wrapped by 
the Waleus sheath [19]. Centuries later, Laennec described a mem-
brane covering the liver which became known as the Laennec cap-
sule [20]. Furthermore, Couinaud introduced the concept of Hilar 
Plate system which he proposed to be the fibrous thickening of the 
sheath covering the Glissonean pedicle [21].

Figure 5: The extrafascial approach by Takasaki (Adopted from 
Takasaki K et al., Int Surg. 1990;75:73-7).

Couinaud also demonstrated that Laennec capsule is quite dis-
tinct from and not continuous with the glissonean sheath [3]. How-
ever, beyond this, the relationship between Leannec capsule and 
the plate/sheath system has never been highlighted in the litera-
ture. Nevertheless, understanding of this particular relationship 
will help in safe extrahepatic isolation of Glissonean pedicles. 

An elegant histological study conducted by Hayashi., et al. on ca-
daveric livers using special elastic fiber and lymphatic vein staining 
revealed that Laennec capsule is a distinct fibrous layer covering 
the Glissonean pedicle (so called Glisson capsule) and extending up 
to the periphery of the pedicles [22]. Further study by Sugioka., et 
al. demonstrated that Laennec capsule is a dense fibrous layer be-
neath the serosa, extending on the surface of the bare area of liver 
and onto the cystic fossa beneath the cystic plate. Also, as stated 
before, Laennec capsule covers the liver above the hilar plate [23]. 
Hence, the concept of Laennec capsule helps in the newer under-
standing of the plate/sheath system (Figure 6). According to Sug-
ioka and colleagues, at the level of liver hilum, there exists a poten-
tial space bound below by the Glissonean plate/sheath system and 
above by the Laennec capsule of the liver parenchyma which can 
be surgically developed to isolate the Glissonean pedicles. Under-
standing of this concept is critical to the performance of major and 
segmental liver resections by extrafascial extra hepatic Glissonean 
pedicle approach [14,23]. While performing an anatomical hepa-
tectomy, these pedicles can be encircled without liver parenchymal 
dissection, ligated and divided as one bundle [24].
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Figure 6: The schema of a novel comprehensive surgical anatomy 
of the liver based on Laennec’s capsule. Laennec’s capsule (red 

and orange line) covers not only the entire surface of the liver pa-
renchyma beneath the serosa (blue line) including the bare area 

but also the intrahepatic parenchyma surrounding the Glissonean 
pedicles (green line) and the plate system (yellow line). Between 
the parenchyma of the cystic fossa and the subserosal layer of the 
gallbladder, Laennec’s capsule and the cystic plate are interposed. 

There exists a gap (gray space) between Laennec’s capsule and 
Glissonean pedicles (the plate system) that allows us to isolate the 

extrahepatic Glissonean pedicles. The red line between the pe-
ripheral Glissonean pedicle and the hepatic vein, and the orange 
line covering the suprahepatic inferior vena cava. (Adopted from 
Sugioka A et al., J Hepato-Biliary-Pancreat Sci. 2017;24:17-23).

Six gates of Sugioka
In an attempt to standardise the Glissonean pedicle approach 

to liver resection, Sugioka., et al. from Fujita University, Japan pro-
posed six gates based on four anatomical landmarks. The four 
anatomical landmarks are: the Arantius plate, the umbilical plate, 
cystic plate and the caudate process pedicle. The gates are entry/
exit points on either side of these anatomical landmarks. The glis-
sonean pedicle approach entails development of the potential 
space between the sheath of these anatomical landmarks and the 
Laennec capsule thereby all the ‘six gates’ are free to access (Figure 
7). The preliminary step is to detach the upper surface of the hilar 
plate from the base of the segment 4. This can be done because 
there are no branches that arise from the anterior margin of the 
hilar plate at this place. There are few caudate branches arising 
from the posterior margin of the plate which can be carefully li-

gated. After this separation, the hilar plate can be pulled down from 
the quadrate lobe giving access to both the right and left pedicles. 
Lending credence to the above description, Laennec’s capsule can 
be observed covering the surface of liver parenchyma after the 
separation of the hilar place. 

Figure 7: The schema of the four anatomical landmarks and six 
gates in the frontal view. For standardization of the extrahepatic 
Glissonean pedicle isolation, it is essential to recognize the four 

anatomical landmarks (enclosed texts) and six gates. (b) The 
schema of the six gates and Laennec’s capsule in the caudal view. 

The schema shows the relationship between the six gates and 
Laennec’s capsule (red area). The gaps between Laennec’s capsule 

and the Glissonean pedicle (the plate system) could be entered 
only at these six gates. Gate I: the caudal end of the Arantius plate, 
Gate II: the junction between the round ligament and the umbili-
cal plate, Gate III: the right edge of the Glissonean pedicle root of 
the umbilical portion (Gup: G2 + 3 + 4), Gate IV: the left edge of 

the posterior extremity of the cystic plate or the anterior Glisso-
nean pedicle, Gate V: the bifurcation of the right main Glissonean 

pedicle, Gate VI: the space between the posterior Glissonean 
pedicle and the G1c (Adopted from Sugioka A et al., J Hepato-

Biliary-Pancreat Sci. 2017;24:17-23).

Glissonean pedicle approach to left liver
The first step in this approach is to detach the Arantius plate 

from the Laennec capsule at the base of the umbilical plate. The 
next step is to follow the round ligament and develop the space 
between the umbilical plate and the laennec capsule. This opens 
gates 1, 2 and 3. For an anatomical left lateral sectionectomy, a sur-
gical loop can be passes across gates 1 and 2 and dividing the glis-
sonean pedicles of segment 2 and 3. For an anatomical left hepatec-
tomy, looping of the glissonean pedicle across the gates 1 and 3 will 
achieve total extrahepatic vascular isolation of the left liver. 
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Glissonean pedicle approach to right liver
The first step in this approach is to perform a fundus-first cho-

lecystectomy and detach the base of the gallbladder along with the 
cystic plate from the Laennec capsule of the cystic fossa. This ex-
poses the right anterior pedicle which can be detached from the 
liver. The origin of the right posterior pedicle is generally visible 
behind the anterior pedicle at the Rouvier’s sulcus. The glissonean 
pedicle to the caudate process is posterior and medial to the sulcus. 
Dissection of these structures from the adjacent Laennec capsule 
will provide access to the gates 4, 5 and 6. Extrafascial isolation of 
right anterior pedicle can be done by looping across gates 4 and 5 
while posterior pedicle can be looped across gates 5 and 6.

Advantages of glissonean pedicle approach
In case of small hepatocellular carcinomas, ligation of the portal 

pedicle of the segment bearing the small HCC, before the liver pa-
renchymal dissection is a sound oncological practice. It has been 
shown by the Japanese groups that glissonean pedicle approach 
provides better outcomes compared to non-anatomical partial 
hepatectomy for small HCC [25,26]. Japanese surgical society 
guidelines also advocates anatomical hepatectomy for hepatocel-
lular cancers [27].

This approach can be employed in laparoscopic or robotic liver 
resections as it helps in inflow control quite early during the sur-
gery and maintains a bloodless field. It is especially useful in cen-
tral hepatectomy and small anatomical liver resections in cirrhotic 
patients [28]. Furthermore, any anatomical variations in the vascu-
lar and biliary elements occur within the plate system. Hence, the 
glissonean pedicle approach has a significantly lesser risk of injury 
to these structures [14].

Disadvantages of glissonean pedicle approach
In a case of a hepatic tumor located at the hilum allowing the 

surgeon very little space for hilar dissection, or if the tumor in-
vades the glissonean pedicle, this approach may not be possible. In 
these cases, the surgeon can resort to intrafascial approach or an 
extrafascial transfissural approach after a hepatic transection. In 
patients undergoing liver resection for hilar cholangiocarcinoma, 
this technique may not be feasible and needs careful hilar dissec-
tion for achieving oncological clearance.

Approach to the tertiary pedicle
Each second-order glissonean pedicle has 6 - 8 tertiary branch-

es. The liver fed by a single tertiary branch is described as ‘cone 

unit’ by Professor Takasaki [28]. Each Couinaud segment has 3 - 4 
cone units. This also corresponds to the recently described 1-2-20 
configuration of liver wherein the main portal pedicle branches 
into right and left pedicles [29,30]. These second order pedicles 
have multiple branches resulting in up to 20 cone units. 

Small liver resections and sub segmental resections can be ana-
tomically performed by identifying the tertiary pedicles. In the left 
liver, this identification is fairly straightforward as it arises on ei-
ther side of the umbilical fissure. On the right side of the liver, this 
can be done by first isolating the anterior and posterior sectoral 
pedicles. Vascular occlusion of a sectoral pedicle will help in de-
marcating the boundaries of the sector. The tertiary branches aris-
ing near the hepatic hilum can be ligated by further deep dissection 
along the sectoral pedicle. The tertiary branches arising from deep 
within the parenchyma can be isolated by parenchymal division 
along the ischemic line. The team led by Professor Makuuchi in To-
kyo popularised the technique of intraoperative ultrasound-guided 
indigo carmine dye injection of subsegmental portal pedicles and 
resecting them [31,32]. Both Takasaki’s technique of isolating the 
tertiary pedicle and Makuuchi’s technique of dye injection enable 
performance of these small resections with adherence to onco-
logical principles [19,33]. Further, a nationwide survey comparing 
anatomical resection and limited resection cases in Japan including 
more than 5500 cases, found significant difference in disease-free 
survival for tumors measuring 2 - 5 cm [34]. Hence, anatomical ap-
proaches to the tertiary pedicle bearing tumours measuring 2 - 5 
cm results in optimal clinical outcomes.

Conclusion
There are several approaches to major and minor liver resec-

tions. Understanding of the anatomical basis of these approaches 
helps the surgeon choose a particular technique for a given patient. 
This also gains particular importance in the era of minimally inva-
sive approaches to liver surgery.
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