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A B S T R A C T

Background: The use of laparoscopic glissonean approach has many potential benefits such as shorter operative
times, lower blood loss with low morbidity.
Methods: The aim with this study was to perform an evaluation of 12 years of our experience with laparoscopic
glissonean approach in liver surgery, from a technical standpoint using a prospective database. Anatomical
laparoscopic liver resections using hilar dissection and non-anatomical resections were excluded from this study.
Results: 327 patients (170 females and 157 males) with mean age of 56 years were included. 196 (60%) of
procedures were major resections. 65% of procedures were performed in the last 5 years. 208 patients were
operated on for secondary lesions. In 38 patients the liver was cirrhotic. Morbidity was 37.3% and 90-day
mortality occurred in 2 patients (0.6%). Blood transfusion was necessary in 10.7% of patients. Median hospital
stay was 4 days.
Conclusions: Laparoscopic glissonean approach is a safe and feasible technique. It may be preferred in some
clinical situations as it is associated with shorter operative times, lower blood loss, and low morbidity. It is
superior to standard laparoscopic hepatectomy when an anatomical resection, especially if a segment or section
is to be removed. However, application of this technique requires accurate preoperative tumor localization,
identification of potential anatomic pedicle variations, as well as surgeon expertise.

1. Introduction

The open glissonean approach to liver resection was established by
Galperin et al. [1], Takasaki et al. [2], and Launois et al. [3]. To fa-
cilitate the selective clamping of glissonean pedicles, we published a
simplification of this technique for both right and left livers in 2003 and
2004 [4,5]. The new approach, which uses small incisions at specific
anatomical landmarks, allows for the highly selective control of pedi-
cles without hilar or parenchymal dissection. This landmark-guided
anatomic approach enables segmentectomies along ischemic demarca-
tion lines in open liver surgery. Since 2007, we have also employed this
same approach for laparoscopic liver resections; we have made a few
modifications to accommodate the particularities of minimally invasive
environments [6,7].

Here, we evaluate our 12 years of experience with laparoscopic
glissonean approach in liver surgery from a technical standpoint using a
prospective database.

2. Materials and methods

This observational study included patients at an urban referral
center for liver tumors in São Paulo, Brazil. All patients undergoing
liver resection at our institution are recorded in a database that is
prospectively maintained by our HPB fellows and clinical study nurses
and presented to a multidisciplinary tumor board. Laparoscopic liver
resections are used based on location and extent of the disease. In this
study, consecutive patients undergoing laparoscopic liver surgery using
a glissonean approach between April 2007 and April 2019 were retro-
spectively studied. Anatomical laparoscopic liver resections using hilar
dissection and non-anatomical resections were excluded from this
study.

3. Surgical technique

Operation begins with an exploration of the abdominal cavity and
an ultrasound liver examination. Patients are placed in the “French
position” with the surgeon standing between the patient's legs. Four
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trocars are normally used and may differ if a right, left liver or bilateral
resection is proposed (Fig. 1).

3.1. Right liver glissonean approach

Three small liver incisions around the hilar plate are performed
according to specific anatomical landmarks (Fig. 2A). Using two of
these incisions, we can control the glissonean pedicle of the right liver
(a to c), or, selectively, the anterior (a to b) or posterior (b to c) sections
of the right hemiliver (Fig. 2B, C, 2D).

3.2. Left liver glissonean approach

Six small liver incisions around the left hilar plate are performed
according to specific anatomical landmarks (Fig. 3A). Using two of
these incisions, we can control the glissonean pedicle of the left liver (a
to b), left lateral segments (a to d), segment 1 (a to f), segment 2 (a to
e), segment 3 (d to e) and segment 4 (b to c).(Figs. 3 and 4).

3.3. Bilateral glissonean approach

Using a combination of right and left glissonean approach we can
perform anatomical central hepatectomy (mesohepatectomy) and ex-
tended left and right liver resections (Fig. 5).

4. Results

Between 2007 and 2019, 327 laparoscopic liver resections using the
glissonean approach were performed at our institution. Age, gender,
tumor type (metastatic vs. Primary), and liver parenchymal quality
(normal vs. cirrhotic) data are listed in Table 1. The type of laparo-
scopic liver resection is listed in Table 2. There was a marked increase
in number and complexity of liver resections performed during the
latter era (Table 2). The number of major liver resections was greater in
the last period of the study (Table 2). This resulted in a significant in-
crease in operative time and hospital stay (Table 3). However, the
number of complications, blood transfusion, conversion, and 90-day
mortality were not significantly different (Table 3).

5. Discussion

In a previous study, we compared standard laparoscopic liver re-
sections with those performed using an intrahepatic glissonean ap-
proach [8]. Fewer complications, shorter operative times, and less
blood loss were observed in the glissonean approach comparing with
standard laparoscopic liver resections [8]. Since then, this technique
has been preferred over the standard approach in our Service. Indeed,
65% of our glissonean cases were performed from 2015 to 2019
(Table 1). Moreover, at least at our institution, this approach was
characterized by safety and a high feasibility rate [8].

In a recent systematic review of the glissonean approach in both
open and laparoscopic liver resections, Moris et al. [9] demonstrated
that the glissonean approach is a safe and feasible method. This ap-
proach is associated with shorter operative times, less blood loss, and
lower morbidity—it may be superior to standard laparoscopic liver
resection techniques [9].

5.1. Right and left hemiliver resections

In the conventional approach of performing a laparoscopic right or
left hepatectomy, structures in the hepatic hilum are dissected to expose
the portal vein, hepatic artery and bile duct. Although this technique is
a straightforward dissection in open surgery, it requires an extra skill in
laparoscopic settings. Moreover, the time necessary to achieve complete
dissection of these structures is significantly longer than that of the
glissonean approach in which the pedicle can be encircled and con-
trolled in a few minutes. A prospective, randomized study showed that
the glissonean approach was faster than hilar dissection in open surgery
[10]. In our laparoscopic group, this time was even longer in the dis-
sected group. For a right hepatectomy, the median time to achieve

Fig. 1. Diagrams for trocar position. A. Right liver resection. B. Left liver resection. C. Bilateral liver resection.

Fig. 2. Diagrams of anatomical landmarks for laparoscopic right glissonean
approach. A. Incisions for the intrahepatic approach to the right Glissonian
pedicles. Three small incisions are used: (a) incision directly above the hilum;
(b) incision on the right edge of the gallbladder bed; (c) incision on segment 7
perpendicular to the hepatic hilum. B. Right hepatectomy. C. Right posterior
sectionectomy (segments 6 and 7). D. Right anterior sectionectomy (segments 5
and 8).

M.A. Machado, et al. Surgical Oncology xxx (xxxx) xxx–xxx

2



control of the portal triad was 37min vs 13min for the intrahepatic
glissonean approach (P < 0.01). For a left hepatectomy, the time dif-
ference was also statistically significant (31min vs 9min; P < 0.05). It
is important to state that in some circumstances there is contra-
indication for using the glissonean approach (e.g., proximity of the
tumor to the glissonean pedicle). Hilar cholangiocarcinoma is also a
contraindication for this technique, but the laparoscopic approach is
still rarely used [11]. In some patients, the pedicles from the anterior
and posterior section are distinct and needed to be controlled sepa-
rately. On the other hand, there are special circumstances in which the
glissonean approach is preferred over the conventional approach. In

Fig. 3. Diagrams of anatomical landmarks for la-
paroscopic left glissonean approach. A. Incisions
for the intrahepatic approach to the left Glissonian
pedicles. (a) the caudal stump of the Arantius li-
gament; (b) the incision above the hilum; (c) the
basis of the round ligament, right side; (d) the
basis of the round ligament, left side; (e) midway
between sites D and A; (f) caudate notch. B. Left
hepatectomy C. Left lateral sectionectomy.

Fig. 4. Diagrams of anatomical laparoscopic monosegmentectomies.A.
Segmentectomy 1. B. Segmentectomy 2. C. Segmentectomy 3. D.
Segmentectomy 4.

Fig. 5. Diagrams of anatomical laparoscopic bilateral anatomical resections. A. Mesohepatectomy (S4/S5/S8) B. Left trisectionectomy. C. Right trisectionectomy.

Table 1
Demographics of patients with laparoscopic glissonean approach.

Variable of interest n= 327

Age, years, median (range) 56 (17–85)
Sex, male/female, n (%) 157/170 (48%/52%)
Type of operation

Minor, n (%) 131 (40%)
Major, n (%) 196 (60%)

Era of operation
2007–2010, n (%) 34 (10.4%)
2011–2014, n (%) 80 (24.6%)
2015–2019, n (%) 213 (65%)

Tumor type
Primarya, n (%) 119 (36.4%)
Secondary, n (%) 208 (63.6%)

Liver parenchyma
Normal, n (%) 289 (88.4%)
Cirrhosis, n (%) 38 (11.6%)

a Includes benign tumors and benign conditions such as intrahepatic
lithiasis.

Table 2
Type of laparoscopic liver resection using glissonean approach according to the
era of operation (2007–2019).

Procedure 2007–2010
(n= 34)

2011–2014
(n= 80)

2015–2019
(n= 213)

Left Liver
S1 0 2 7
S2 0 1 4
S3 2 1 5
S4 1 4 16
S2–S3 12 28 15
Left Hemihepatectomya 4a 7a 54b

Right Liver
S5–S8 1 2 6
S6–S7 3 6 15
Right Hemihepatectomya 9a 23a 59b

Bilateral
Trisectionectomya 1a 4a 21b

Mesohepatectomya 1a 2a 11b

a Major liver resections - a vs b; P < 0.0001.

M.A. Machado, et al. Surgical Oncology xxx (xxxx) xxx–xxx

3



patients with previous dissection of the hepatic hilum, individual dis-
section of the portal triad may be difficult or even hazardous [12]. Good
examples of this situation include the second stage of the ALPPS pro-
cedure, a bile duct complex injury with vascular damage requiring liver
resection and re-hepatectomies. Therefore, a liver surgeon who wishes
to perform laparoscopic hepatectomies should be able to perform both
techniques. We have published two multimedia articles with a technical
description of right [13] and left [14] laparoscopic hepatectomies using
the glissonean approach.

5.2. Resection of the right anterior (S5/S8) and posterior sections (S6/S7)

The conventional approach employs dissection of the hepatic hilum
structures. Although it is theoretically possible to reach the second ra-
mification of the portal vein and hepatic artery, this approach is rarely
used given its inherent difficulty. The use of anatomic approximation or
laparoscopic ultrasonography with extrapolation of resection lines may
result in ischemic remnants owing to incorrect mapping [8]. Most au-
thors use an intrahepatic glissonean approach if the right anterior or
posterior section is to be performed [15,16]. In our experience, the
feasibility of right posterior sectionectomy is high, but the glissonean
pedicle from the anterior section is variable and sometimes an extended
dissection of the hilar plate is warranted to correct the positioning of
the vascular clamp. In our series, nine cases of right anterior sectio-
nectomy were performed. In two cases, correct ischemic delineation
was not obtained after the first attempt and additional dissection was
necessary. Details of the technique for the laparoscopic approach for the
right anterior and posterior section can be observed in a multimedia
article from our group [17].

5.3. Resection of the left lateral section (segments 2 and 3)

This technique is the easiest laparoscopic resection to perform, and
several methods can be used with similar results. The intrahepatic
glissonean approach is an elegant one for this resection but not neces-
sary in most cases. A simple opening of the liver parenchyma anterior to
the pedicles from segments 2 and 3 is sufficient to reach these pedicles
and enable the precise insertion of a stapler. However, there are some
situations in which the glissonean approach may be preferable. Large
tumors with complete involvement of the left lateral section may be
better resected using the glissonean technique because opening the liver
tissue may compromise the oncological character of the surgery and the
limit of this section may not be evident. In this instance, a quick control
of the pedicle will result in ischemic delineation of the segments and the
margins of both liver and tumor will be clear [17]. Furthermore, the
correct margin of segments 2 and 3 may be far away from the falciform
ligament in cirrhotic patients. Therefore, control of the pedicles prior to
liver transection may spare some liver parenchyma that is important in
these patients.

5.4. Monosegmentectomies (segments 1, 2, 3 and 4)

This type of liver-sparing resection needs dissection and control of
the glissonean pedicle to be performed. This highly anatomic resection

can be facilitated by this technique [17,18]. The feasibility is extremely
high, and the ischemic delineation helps the liver transection. However,
the segment 1 resection described herein does not include the pedicle
from the paracaval portion that can be reached from the right side.

As in most anatomical resections, an intraoperative ultrasound is
mandatory to preserve the hepatic vein branch from the remaining
segments. In colorectal metastasis settings, the maximum preservation
of the parenchyma is important. Most patients recur, but if a liver-
sparing technique is used the patient has a higher probability of being
able to undergo a re-hepatectomy. Another important use is during the
ALPPS procedure, when the future liver remnant is too small [12]. The
use of segmentectomy instead of sectionectomy or hemiliver resection
may allow a patient to become resectable.

5.5. Monosegmentectomies (segments 5, 6, 7 and 8)

Only few monosegmentectomies can be accurately performed using
the straightforward glissonean technique. Anatomical isolated resection
of right segments 5, 6, 7 and 8 are possible but to achieve complete
delineation using intrahepatic glissonean technique, further dissection
into the liver parenchyma are necessary. Therefore, this type of liver
resection was not included in this series.

5.6. Anatomical bilateral resections (mesohepatectomy and
trisectionectomies)

Laparoscopic extended and central liver resections are complex
procedures and rarely performed [19,20]. This type of resection ac-
counts for 12.2% of our procedures (Table 2). According to the last
consensus conference of laparoscopic liver surgery, these types of sur-
gery have a steep learning curve and are the most complex and may be
performed only by surgeons with a high level of technical skill [21,22].
The use of the glissonean approach is important to achieve delineation
of the central liver segments in mesohepatectomy and in right and left
trisectionectomies. These approaches can be seen in multimedia articles
from our group [19,23].

6. Conclusions

The glissonean technique in laparoscopy can be used to perform not
only major hepatic resections but also anatomically tailored mono-
segmentectomies or bisegmentectomies, which enable parenchymal-
sparing resections. Better delineation of segmental borders may avoid
partially ischemic and nonfunctional remnants, which may be a source
of infection and necrosis.

A laparoscopic glissonean approach is a safe and feasible technique.
It may be preferred in some clinical situations because it is associated
with shorter operative times, less blood loss, and lower morbidity than
standard technique. It is superior to a standard laparoscopic hepa-
tectomy when an anatomical resection, especially a segment or section,
is to be removed. However, it is important to stress that appropriate
application of this technique requires accurate preoperative tumor lo-
calization, identification of potential anatomic pedicle variations, as
well as expertise on the part of the surgeon to be successful.

Table 3
Outcome of laparoscopic liver resection using glissonean approach according to the era of operation (2007–2019).

Variable 2007–2010 (n= 34) 2011–2014 (n= 80) 2015–2019 (n= 213) P value

Operative time, minutes, mean 122 146 166 0.0269a

Patients transfused, n (%) 5 (14.7) 10 (12.5) 20 (9.4) 0.2935a

Conversion, n (%) 0 2 (2.5) 6 (2.8) 0.5534a

Overall complications 15 (44) 35 (43.7) 72 (33.8) 0.0731a

Hospital stay, days, median 2 3 5 0.0228a

90-day mortality, n (%) 0 1 (1.2) 1 (0.4%) 0.6522a

a Era 2007–2014 combined vs Era 2015–2019.
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