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ABSTRACT

Background: Glissonean pedicle isolation is a very useful procedure during a laparoscopic
anatomic hepatectomy (LAH); however, few studies have reported the precise layer 
structure around a Glissonean pedicle. The aim of this study was to evaluate the layer 
structure around a Glissonean pedicle in cadaveric models and determine whether 
Glissonean pedicle isolation based on the layer structure can serve as a standard surgical
procedure during a LAH. 
Methods: From April 2017 to December 2019, LAHs were performed in 59 patients. Prior to
the LAH, a cadaveric model was used to verify the layer structure around the Glissonean
pedicle. The procedure was also performed in live patients during LAHs and pathologic 
verification was performed. In addition, we evaluated the short-term results of LAHs.
Results: Laennec’s capsule covering the liver parenchyma was shown by histologic 
examination (Elastica van Gieson staining) in a cadaveric model and live patients. The gap
between the Glissonean pedicle and Laennec’s capsule was dissected without parenchymal
destruction. A LAH based on cadaver simulation had an operative time of 398 min and blood
loss of 142 ml. Post-operative complications occurred in 2 patients (3%), and there were no
mortalities. The length of hospital stay was 13 days.
Conclusion: There is a layer structure around the Glissonean pedicle; it is necessary to 
recognize Laennec’s capsule as a landmark. When performing Glissonean pedicle isolation,
it is possible to perform a safer and more precise LAH by placing importance on Laennec’s
capsule.
Key words: Glissonean pedicle isolation, cadaveric model, laparoscopic anatomic 
hepatectomy

INTRODUCTIONINTRODUCTION

Laparoscopic surgery has been standardized in Japan and the safety and 
efficacy of laparoscopic surgery has been evaluated (1). Specifically, laparoscopic
hepatectomy has increased in popularity due to minimal invasiveness (2-4).
Recently, the efficacy of an anatomic hepatectomy for hepatocellular carcinoma
(HCC) has been reported (5). Moreover, a nonanatomic tissue-sparing hepatec-
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tomy is associated with worse disease-free survival
(DFS) in patients with KRAS-mutated tumors. Therefore,
more extensive anatomic hepatectomy for KRAS-
mutated tumors is warranted (6). Glissonean pedicle
isolation while performing an anatomic hepatectomy is
a simple and useful procedure, and Glissonean pedicle
isolation is a widely performed procedure during open
surgery (7, 8); however, the procedure is difficult to 
perform during laparoscopic surgery because the risk of
vascular injury may be increased due to motion restric-
tion. Sugioka et al. (9) reported that it is important to
understand the structure of Laennec’s capsule when
performing Glissonean pedicle isolation.

Therefore, it is necessary to understand the layer
structure around the Glissonean pedicle in greater
detail. There is a limit, however, to acquiring anatomic
knowledge in a live patient. Traditionally embalmed
cadavers are generally not suitable due to denaturation
of the tissues. Soft-fix embalmed cadavers, such as
those embalmed using the Thiel method, are used to
train advanced surgical operations and because living
tissue texture and color are preserved (10). Can
Glissonean pedicle isolation be safely performed during
laparoscopic anatomic hepatectomy (LAH) in live
patients after simulation with Thiel-embalmed
cadavers?

The purpose of this study was to determine
whether Glissonean pedicle isolation in the appropriate
layer as a landmark contributes to a safe and reliable
LAH. To achieve this purpose, we examined the
Glissonean pedicle isolated in the appropriate layer
pathologically in cadaveric models. If an appropriate
layer between the Glissonean pedicle and liver
parenchyma can be clarified, even less experienced 
surgeons will be able to perform a safe LAH by 
dissecting the Glissonean pedicle while viewing the
appropriate layer directly.

METHODSMETHODS

From April to September 2016, three Thiel-
embalmed cadavers were used for this study. The
cadavers were donated to the Department of Anatomy
of Nagoya City University. Before the patients died, the
patients signed documents agreeing to donate their
body for use in clinical studies. The format of the 
document meets the criteria for the Japanese ‘‘Act on
Body Donation for Medical and Dental Education.’’ All
cadavers were embalmed using the method described
by Thiel (10). The cadavers were embalmed in a 

water-based solution consisting of salt with a small
amount of formaldehyde for fixation, boric acid for 
disinfection, glycol, chlorocresol, and ethanol; this 
precipitation results in tissue homogenization. The skin
is life-like and the joints are fully flexible. To prove the
existence of Laennec’s capsule, the specimens with 
separated Glissonean pedicles in cadaveric models
were Elastica van Gieson-stained and inspected. 

This study included patients who underwent 
surgical resection of solitary liver tumors based on pre-
operative radiologic images from April 2017 to
December 2019 after cadaver simulation. A total of 59
patients underwent LAHs at Nagoya City University. All
operations were performed by one experienced 
laparoscopic surgeon (M.M.) who obtained endoscopic
surgeon qualifications from the Japan Society for
Endoscopic Surgery. Clinical characteristics, such as
intra- and post-operative data, were retrospectively
obtained from medical records. 

RESULTSRESULTS

Laennec’s capsule covers not only the entire surface
of the liver parenchyma beneath the serosa, including
the bare area, but also the intrahepatic parenchyma
surrounding the Glissonean pedicles and the plate 
system (figure 1a). At first glance, the serosa and
Laennec’s capsule appear to be the same membrane;
however, these membranes are not the same. After the
serosa is divided, a clear boundary between these
membranes can be confirmed (figure 1b). Videos 1 and
2 shown right and left Glissonean pedicle isolation in
cadaveric models, respectively. 

First, we divided the serosa covering the right
Glissonean pedicle and liver parenchyma in a cadaveric
model [figure 2a (black arrow)]. Then, the gap between
the anterior Glissonean pedicle and a thin membrane
on the liver parenchyma was separated (figure 2b). 

The right side of the left Glissonean pedicle 
(figure 2c) was separated from the left side of the left
Glissonean pedicle in the dorsal direction (figure 2d).
Laennec’s capsule was clearly noted as a thin 
membrane during laparoscopy.
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Figure 1 - Concept of dissecting the Glissonean pedicle isolation. Laennec’s capsule covers not
only the entire surface of the liver parenchyma beneath the serosa but also the intrahepatic

parenchyma surrounding the Glissonean pedicles 
(a). After the serosa is divided, a gap between the Glissonean pedicles and Laennec’s capsule can be con-
firmed and separated clearly (b).

Figure 2 - Glissonean pedicle isolation focused on layer structure in cadaveric models. 
Right Glissonean pedicle isolation: First, we cut the serosa covering the anterior 

Glissonean pedicle and liver parenchyma in a cadaveric model 
(a) After that, the gap between Laennec’s capsule and the anterior Glissonean pedicle was separated (b). Left Glissonean pedicle 
isolation: The separation of the gap between Laennec’s capsule and the right side of the left Glissonean pedicle (c), the left side of the
left Glissonean pedicle in the dorsal direction. (d). Laennec’s capsule is clearly recognized as a thin membrane.
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We also attempted to elucidate the layer structure
around the Glissonean pedicle histologically using
Elastica van Gieson staining. We confirmed the 
existence of a membrane on the liver parenchyma in
cadaveric models. The location of the specimen for
pathological examination is shown (figure 3a). A dense
fibrous layer (black arrows) was observed on the liver
parenchyma during right Glissonean pedicle isolation
(figure 3b (low-power field) and figure 3c (high-power
field)). These membranes were Laennec’s capsule. The
gap between the Glissonean pedicle and Laennec’s 
capsule was exfoliated without parenchymal destruction.

Table 1 shows patient details, including age, gender,
body mass index (BMI), indications for surgery, tumor
location, and the size of the tumor.

Table 2 demonstrates the operative and postopera-
tive patient data. Two of 59 patients (3%) required
blood transfusions. The mean operative time was 398
min (range, 291-578 min). The mean blood loss was 142
mL (range, 82-372 mL). Postoperative complications
occurred in 3% of the patients (2/59). Bile leakage was
noted in two patients and deemed to be grade B
according to the International Study Group of Liver
Surgery (ISGLS) classification for bile leakage (11). No

perioperative mortalities occurred. The mean length of
hospital stay was 13 days (range, 7-32 days).

DISCUSSIONDISCUSSION

The detailed layer structure around the Glissonean
pedicle (particularly Laennec’s capsule) was patho-
logically verified in cadavers. The operative results of
LAH with extrahepatic Glissonean pedicle isolation
with a focus on Laennec’s capsule was shown to be
safe and feasible. We are of the opinion that extra-
hepatic Glissonean pedicle isolation with a focus on

Figure 3 - Histologic findings of Laennec’s capsule in cadaveric
models (Elastica van Gieson staining). 

Right Glissonean pedicle isolation: The location of the specimen for pathologi-
cal examination is shown (a). Laennec’s capsule on the liver parenchyma and
exfoliated right anterior Glissonean pedicle of the cadaveric model is shown in
a low-power field (b), and high-power field (c). A dense fibrous layer (black
arrows) was observed on the liver parenchyma; these membranes were
Laennec’s capsule. It was shown that the gap between the Glissonean pedicle
and Laennec’s capsule can be exfoliated without parenchymal destruction.

a

b

c

Table 1 - Patient’s and tumor characteristics

LAH (n=59)
Age (uears) 67 (37-79)

Gender
Male 34
Female 25

BMI indications
HCC 35
CCC 6
CRLM 18

Tumor location
Segment I 2
Segment II 3
Segment III 9
Segment IV 8
Segment V 8
Segment VI 10
Segment VII 7
Segment VIII 12

Size of tumor (mm) 34 (19-45)
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Laennec’s capsule is an important and essential 
technique in safely performing a LAH.

The Glissonean pedicle isolation technique is a 
useful method during anatomic hepatectomy and is a
widely used technique. The Glissonean pedicle isolation
technique has been reported to be effective for 
shortening the operative time, reducing the amount of
bleeding, and reducing the complication rate (12-14);
however, the Glissonean pedicle isolation technique is
not a standard procedure during LAH. During 
laparoscopic hepatectomy it is difficult to operate
because of motion restrictions and there are few land-
marks to isolate the Glissonean pedicle. Thus, it is 
necessary to understand the layer structure as a clear
landmark for standardization.

Many discussions have involved the layer structure
around the intrahepatic vessels. Walaeus (15) first
described the vasculo-biliary sheath, which contains
the portal vein, the hepatic artery, and the bile duct, in
1640. Glisson (16) also reported the Glissonean pedicle
in 1642. In 1802, Laennec (17) first described a proper
membrane as the distinct structure from the serosa.
Couinaud established the concept of the plate system
as a fibrous thickening part of the Glissonean sheath
(18) and demonstrated that Laennec’s capsule has no
continuity with the Glissonean pedicle (19). Hayashi et
al. (20) conducted a precise histologic study of cadaveric
livers with elastic fiber and lymphatic vein staining and
demonstrated that the so-called Glissonean capsule
was not derived from the Glissonean sheath, but from
Laennec’s capsule surrounding the pedicles, and that
Laennec’s capsule extended to the peripheral
Glissonean pedicles. Sugioka et al. (9) first reported that
Laennec’s capsule served as a landmark to isolate the
extrahepatic Glissonean pedicle. A gap exists between

the Glissonean pedicle and Laennec’s capsule, and it is
possible to isolate the extrahepatic Glissonean pedicle
without parenchymal destruction.

Simulation of advanced surgical operations in 
traditionally embalmed cadavers is often not possible
due to the rigidity of the tissues; however, Thiel 
cadavers may be suitable for training of a broad range
of surgical technical skills (21). Thiel embalming fluid
contains formaldehyde in a very low concentration,
along with glycol, water, and various salts, and hence is
safer than a traditional embalming medium (22).
Following the embalming process, the tissue is pre-
served without the need for refrigeration or special
storage facilities. Previous reports have highlighted the
potential advantages of this technique for certain 
surgical specialties (23-26).

In this study we used a thiel embalming cadaver
model to simulate the Glissonean pedicle isolation
technique with a focus on the detailed layer structure,
especially Laennec’s capsule. The specimen was
removed and the layer structure was verified patho-
logically to confirm the presence of Laennec’s 
capsule on liver parenchyma clearly. Furthermore, it
was shown that Glissonean pedicle isolation with a
focus on Laennec’s capsule may contribute to good
operative results during LAH. Indeed, Laennec’s capsule
is an important structure and landmark for Glissonean
pedicle isolation during LAH.

CONCLUSIONCONCLUSION

In the future, minimal invasive surgery, such as
laparoscopic and robotic surgery, will become 
commonplace during liver surgery. However, anatomical
knowledge has never been changed. To that end, it is
necessary to recognize the fine layer structure facilitated
by the magnified effect of a laparoscope and Laennec’s
capsule can be an important landmark in extrahepatic
Glissonean pedicle isolation.

All author declare that they have no conflict of
interest.
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