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Background: Minimally invasive surgery has been one of the recent developments in liver surgery, 
laparoscopic liver resection (LLR) was initially performed for benign lesions at easily accessible locations. 
As the surgical techniques, technology and experience improved over the past decades, LLR surgery had 
evolved to tackle malignant lesions, major resections and even in difficult locations without compromising 
safety and principles of oncology. It was also shown to be beneficial in cirrhotic patients. We describe our 
initial experience with LLR in a population with significant proportion having cirrhosis, emphasising our 
approach for lesions in the posterosuperior (PS) segments of the liver (segments 1, 4a, 7, and 8).
Methods: A review of patients undergoing LLR in single institution from 2006 to 2015 was performed 
from a prospective surgical database. Clinicopathological, operative and perioperative parameters were 
analyzed to compare outcomes in patients who underwent LLR for PS vs. anterolateral lesions (AL).
Results: LLR was performed in consecutive 197 patients, with a mean age of 60 years. The indications 
for resection were hepatocellular carcinoma (HCC) (n=105; 53%), colorectal cancer liver metastasis (n=31; 
16%), other malignancies (n=19; 10%) and benign lesions (n=42; 21%). A significant proportion had liver 
cirrhosis (25.9%). More females underwent surgery in the AL group and indications for surgery were similar 
between both groups. Major liver resection was performed more frequently for the PS group than for the 
AL group (P<0.001) and significantly more PS resections was performed in our latter experience (P=0.02). 
The mean operative time and the conversion rate were significantly greater in the PS group than in the AL 
group (P≤0.001 and 0.03, respectively). However, the estimated blood loss (EBL), rate of blood transfusion 
and mean postoperative stay were similar in the two groups (P=0.04, 0.88 and 0.92, respectively). The overall 
90-day morbidity and mortality rate was 21.3% and 0.5% respectively, with no differences between the two 
groups. Surrogates of difficulty such as operative time, blood loss, conversion and outcomes e.g., morbidity 
and mortality, were similar in patients who underwent PS resections with or without cirrhosis.
Conclusions: LLR in selected patients is technically feasible and safe including cirrhotic patients with 
lesions in the PS segments.
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Introduction

Minimally invasive surgery has been one of the recent 
developments in liver surgery after the first laparoscopic 
liver resection (LLR) was reported in 1992 (1). It was 
initially performed for benign and cystic lesions in easily 
accessible locations. As surgical techniques, experience and 
technology improved over the past few decades, laparoscopic 
liver surgery has been applied to malignant lesions, 
major resections and even tumors in difficult locations 
without compromising safety or oncologic principles. In 
2000, Cherqui et al. reported the first feasibility series 
of 30 LLR (2). The slow and cautious adoption of LLR 
has been attributed to the complexity of the procedures, 
safety issues such as risk of bleeding and concerns of 
oncologic compromise (3). In 2008, an international group 
of experts established the Louisville statement stating 
recommendations for LLR, including favorable indications 
such a solitary peripheral lesions in liver segments 2 to 
6, less than or equal to 5 cm; laparoscopic resection of 
posterior and/or superior segments was not accepted as 
standard of care (4). However, with the rapid advancement 
of laparoscopic equipment, techniques and accumulation of 
experience, LLR has become more established for extended 
indications. Recently, the 2nd international consensus on 
LLR was held in Iwate, Japan. The guidelines evolved to 
state that LLR can be appropriate even in difficult segments 
[posterosuperior (PS) segments 1, 4a, 7, 8], albeit in 
well-selected patients and in experienced hands.

Cirrhosis is associated with higher mortality and 
morbidity rates in open liver surgery (5-8). The laparoscopic 
approach has advantages probably due to its inherent 
minimally invasive nature rendering a lower physiologic 
stress response. This advantage may be more pronounced 
in cirrhotic patients, thus achieving lower mortality and 
morbidity rates when compared to cirrhotic patients who 
undergone open liver surgery (9). However, the effect of 
cirrhosis coupled with difficult tumor locations in LLR is 
not well studied.

We evaluate our experience with LLR, comparing the 
outcomes for tumors located in the PS segments of the 
liver with tumors located in the anterolateral lesions (AL) 
segments of the liver in a patient population with significant 
proportion being cirrhotic.

Methods

A retrospective review of all LLR performed at the 

Department of General Surgery and the Department of 
Hepatopancreatobiliary and Transplant Surgery, Singapore 
General Hospital, between January 1, 2006 and January 
15, 2015 was conducted. Institutional review board 
approval was obtained prior. Patients were selected from 
a prospectively maintained database and were included if 
they had a LLR with or without other organ resections. 
PS segments are defined as segments 1, 4a, 7, and 8; 
anterolateral segments are the remaining segments (2, 3, 4b, 
5, 6) (10-12). The PS and AL groups were defined based on 
the location of the tumors on preoperative imaging. Clinical 
parameters examined included age, gender, American 
Society of Anesthesiologists (ASA) score, Child-Pugh score, 
tumour location, size and number. Surgical parameters 
such as surgical approach, reasons for conversion, operative 
time, estimated blood loss (EBL) and blood transfusion 
were recorded. Pathological data such as margin status, 
resection margin, presence of cirrhosis and tumor type were 
reviewed. Postoperative outcomes including morbidity, its 
grade, mortality and the length of hospital stay (LOS) were 
also included in the analysis. All data were obtained from a 
prospective computerized clinical database (Sunrise Clinical 
Manager version 5.8, Eclipsys Corporation, Atlanta, 
Georgia, USA) and operative data were obtained from a 
prospective computerized operative database (OTM 10, 
IBM, Armonk, New York, USA). These data were verified 
or supplemented by patient chart reviews when necessary.

Postoperative morbidity and mortality were defined 
as complications or deaths within 90 days after surgery, 
respectively. Postoperative morbidity was classified 
according to the Clavien-Dindo classification (13). 
Major resections were defined using the International 
Hepato-Pancreato-Biliary Association (IHPBA) Brisbane 
classification—those consisting of three or more Couinaud 
liver segments (14).

Surgical techniques for LLR at our institution have been 
previously described (11). Our approach and operative set-
up for right-sided PS lesions are further detailed here. The 
procedure was performed with the patient placed in partial, 
semi- or full-left lateral position with or without the legs 
apart and in some degree of reverse Trendelenburg (Figure 1). 
Patient positioning, where the surgeon stands, and trocar 
placement was individualised to the tumor location and 
patient’s constitution. Open technique insertion of the 
1st port (camera) was performed in the right paramedian 
supraumbilical region, ensuring that the tip of the 
camera was able to reach over the dome of the liver. After 
insufflation to 12 mmHg of pneumoperitoneum, evaluation 
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of the abdominal wall in the area of the intended trocar 
placement was performed as every individual’s abdomen 
insufflates differently to a certain degree. Two-to-three 
working trocars (5/12 and 5 mm) were placed in the right 
lateral region and below the costal arch in a gentle curve 
from the right anterior axillary line to the midline; these are 
placed at least 5 cm away from the initial camera port site 
and from each other to minimise intracorporeal interference. 
An additional 1-2 trocars (5 mm) are inserted in the 
epigastrium, or along the midline or left paramedian, for 
application of the Pringles manoeuvre (short profile 5 mm  
trocar) and an assistant port for retraction of the right 
lobe medially or for suction and irrigation. Transthoracic 
intercostal ports are placed when deemed necessary 
(Figure 2) .  We found the flexible laparoscope (HD 

EndoEYE, Olympus, Japan) useful for looking over the 
dome of the liver and around corners especially in the 
resection of PS lesions. After cholecystectomy and lowering 
of the hilar plate, dissection was performed to isolate the 
right and left Glisson’s pedicles at the inferior surface of 
the quadrate lobe. For a right posterior sectionectomy, 
the right Glisson’s pedicle was further dissected to define 
the anterior and posterior pedicles. This is followed by 
an extraparenchymal isolation and division en masse 
using a linear stapler of the right Glisson’s pedicle for a 
right hemihepatectomy or the right posterior Glisson’s 
pedicle for a right posterior sectionectomy, if possible. 
If extraparenchymal isolation of the pedicle proves to be 
difficult, intraparenchymal glissonian approach can be 
another option. Ischemic demarcation is visualised and 

Figure 1 Operative set-up for PS LLR. (A) Operating room set up and patient’s position for PS LLR; according to surgeon’s preference and 
patient’s body habitus and tumor location, this can be in reverse Trendelenburg and partial (B)/semi-(C) or full left lateral with table tilt. PS, 
posterosuperior; LLR, laparoscopic liver resection; CUSA, Cavitron Ultrasonic Surgical Aspirator.

Legs can be split in supine or partial 
left lateral position e.g., French position

Instruments tray

Scrub nurse

1st surgeon

Back and hip support for full 
or semi left lateral position

Lapaaroscopic  
ultrasound

HD TV

Left armOverhead right 
arm support

O
pe

ra
tin

g 
ta

bl
e

1st assistant

H
D

 T
V

Camera assistant

Foot pads for support in reverse 
Trendelenburg position

La
pa

ar
os

co
pi

c 
m

ac
hi

ne
s 

e.
g.

, C
U

S
A

, e
ne

rg
y 

de
vi

ce
s

Members of the team

Surgical equipment

Operation table

Foot pads/Back support

French position with partial left lateral 
when table is tilted.

Semi-left lateral position

HD TV

Anesthesia 
machines

A

B

C

Anesthesia 
team



Teo et al. Laparoscopic liver resection for posterosuperior vs. anterolateral lesions382

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2015;4(6):379-390www.thehbsn.org

marked out, margins and lesion are then confirmed with the 
laparoscopic ultrasound. The liver is then fully mobilized 
laterally and inferiorly from the retrohepatic inferior vena 
cava. Parenchymal transection was performed using a 
variety and combination of instruments usually involving 
Cavitron Ultrasonic Surgical Aspirator (CUSA) (Valleylab, 
Boulder, CO, USA) and an advanced energy device as 
previously described (11).

The perioperative outcomes were compared between 
two groups (PS and AL). Continuous, normally distributed 
variables are presented as the mean ± standard deviation, 
and categorical variables are expressed as the median (range). 
Fisher’s exact test or Pearson’s Chi-square test was applied 
to compare proportions between groups as appropriate. For 
comparison of continuous variables, the Mann-Whitney U 
test was used. Statistical analyses were performed with SPSS 
version 16.0 for Windows (Statistical Package for the Social 
Sciences, Inc., Chicago, IL, USA).

Results

Preoperative demographic data and indications for LLR

The clinicopathologic characteristics of patients are 
summarized in Table 1. Mean patient age was 60±11.3 years. 
There were 74 (37.6%) females and 51 (25.9%) patients 
had underlying liver cirrhosis (all Child-Pugh’s A). Patients’ 
age, ASA, and the severity of underlying liver disease were 
similar between groups (P>0.05), although there were 
proportionally more females in the AL group (P=0.05). The 
indications for the resection were hepatocellular carcinoma 

(HCC) (n=105; 53%), colorectal cancer liver metastases 
(CRLM) (n=31; 16%), and benign pathology (n=42; 21%) 
(Table 1). The indications for resection were similar in the 
two groups (P=0.28). There were no differences in tumor 
characteristics, including mean tumor size and number 
of tumors between the two groups (P=0.24 and 0.36, 
respectively).

Intraoperative and postoperative outcome

Out of the 197 consecutive LLRs, 30 patients (15.2%) 
underwent conversion to an open procedure. There were 
significantly more conversions in the PS group than the 
AL group (22.9% vs. 11%; P=0.03). The most common 
reason for conversion was intraoperative bleeding that was 
difficult to safely control laparoscopically. Operative time 
was also longer in the PS group (274 vs. 206 min; P<0.001). 
Otherwise, perioperative outcomes, including blood loss, 
patients requiring blood transfusion, hospital stay, morbidity 
and mortality were similar between the two groups (P>0.05) 
(Table 1).

Indications for surgery and pathology

There were no differences in the severity of the underlying 
liver disease, or in the histologic parameters, including the 
tumor type, number and size (P>0.05) between the two 
groups. However, a significantly wider histological margin 
width was obtained in the AL group (10.7 vs. 6.9 mm, P<0.01). 
Major liver resection was performed more frequently in the 
PS group than in the AL group (P<0.001). Tables 1 and 2 
summarise the perioperative results and the different types 
of liver resection performed, respectively.

Learning curve

We performed significantly more PS LLR in the latter 
half of our experience when compared to the earlier period 
(2006-2010 vs. 2011-2015); a similar trend is also seen in 
the AL LLR (Figure 3). There is a significant improvement 
in our conversion rate in the whole cohort (P=0.003) as 
well as in each group (PS; AL: P=0.03; 0.02). Compared to 
our earlier experience [2006-2010], operative time for the 
whole cohort was significantly longer in the later experience 
[2011-2015] (237 vs. 183 min, P=0.006), although this 
difference was not significant when we analysed it in each 
group (PS/AL). There were no significant differences for 
the whole cohort and each group, in terms of blood loss, 

Figure 2 Ports placement for PS LLR. Intercostal thoracic ports 
may be inserted for high or posterior lesions. PS, posterosuperior; 
LLR, laparoscopic liver resection.
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hospital stay, morbidity and mortality when comparing the 
earlier and later experience (Table 3).

Although most of our resections were performed fully 
laparoscopically (n=175, 88.8%), some were assisted 
by various modalities e.g., hand-assist (n=6; 3.0%), 
laparoscopic-assisted (n=12; 6.1%), laparoscopic converted 
to hand-assist (n=1; 0.5%), robotic (n=3; 1.5%).

We also analysed cirrhosis as a factor in the PS group 
as these two factors (cirrhosis and difficult location) 
individually contribute to the difficulty of the resection 

as suggested by the difficulty score (15). There were no 
significant differences in perioperative outcomes such as 
operative time, blood loss, blood transfusion, conversion 
rate; there were no significant differences in morbidity and 
mortality either (Table 4).

Discussion

Advances in laparoscopic instruments, energy devices, 
stapler technology and the increasing experience have 

Table 1 Comparison of clinicopathologic and perioperative data of patients undergoing laparoscopic liver resection for posterosuperior 
(PS) and anterolateral lesions (AL)

Variables Whole study population, n (%) PS (n=70; 35.5%), n (%) AL (n=127; 64.5%), n (%) P*

Demographics

Females 74 (37.6) 20 (28.6) 54 (42.5) 0.05

Age, years (SD) 60.0 (±11.3) 60.1 (±11.3) 59.9 (±11.2) 0.91

Median ASA 2 2 2 0.50

Histopathology

Hepatocellular 105 (53.3) 37 (52.9) 68 (53.5) 0.28

Colorectal liver metastasis 31 (15.7) 15 (21.4) 16 (12.6)

Other malignancies 19 (9.6) 7 (10.0) 12 (9.4)

Benign 42 (21.3) 11 (15.7) 31 (24.4)

Perioperative variables

Operative time, min (SD) 230 (±124.4) 274 (±128.1) 206 (±116.0) <0.001

EBL, mL (SD) 449 (±664.6) 502 (±701.0) 418 (±641.9) 0.40

Blood transfusion, patients (SD) 32 (±16.2) 11 (±15.7) 21 (±21.3) 0.88

Conversion to open 30 (15.2) 16 (22.9) 14 (11.0) 0.03

Additional organ resectionβ 15 (7.6) 4 (5.7) 11 (8.7) 0.46

Previous abdominal surgery 56 (28.4) 23 (32.9) 33 (26.0) 0.31

Pathology

Liver cirrhosis (all Child-Pugh A) 51 (25.9) 20 (28.6) 31 (24.4) 0.52

Tumor size, mm (SD) 31.5 (±21.8) 34.0 (±23.9) 30.2 (±20.5) 0.24

Median no. of tumors [range] 1 [1-4] 1 [1-3] 1 [1-4] 0.36

Surgical margin, mm (SD) 9.3 (±10.4) 6.9 (±8.9) 10.7 (±10.9) 0.01

R0 resection 189 (95.9) 68 (97.1) 121 (95.3) 0.53

Morbidity and mortality

90-day morbidity 42 (21.3) 16 (22.9) 26 (20.5) 0.70

90-day mortality 1 (0.5) 0 (0.0) 1 (0.8) 0.46

Major complications (grade 3-5) 11 (5.6) 5 (7.1) 6 (4.7) 0.48

LOS, days, mean (SD)	 4.8 (±3.6) 4.8 (±2.6) 4.8 (±4.1) 0.92

*, analysis is comparing the PS and AL cohorts only; β, excludes gallbladder as an addition organ as cholecystectomy is 

considered as part of the liver resection; α, cirrhosis is based on pathology of resected specimen. SD, standard deviation; ASA, 

American Society of Anesthesiologists; EBL, estimated blood loss; LOS, length of stay.
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Table 2 Types of liver resection performed

Type of resection
Whole study population, 

n (%)

Posterosuperior 

(n=70; 35.5%), n (%)

Anterolateral 

(n=127; 65.5%), n (%)
P*

Major (≥3 segments) 19 (9.6) 17 (24.3) 2 (1.6) <0.001

Right hemihepatectomy 5 (2.5) 5 (7.1) 0 (0.0)

Left hemihepatectomy 6 (3.0) 5 (7.1) 1 (0.8)

Right posterior sectionectomy 8 (4.1) 7 (10.0) 1 (0.8)

Minor (<3 segments) 178 (90.4) 52 (74.3) 125 (98.4)

Left lateral sectionectomy 30 (15.2) 0 (0.0) 30 (23.6)

Segmentectomy 48 (24.4) 11 (15.7) 37 (29.1)

Wedge resection 100 (50.8) 41(58.6) 59 (46.5)

*, analysis is comparing the PS and AL cohorts only. PS, posterosuperior; AL, anterolateral lesions.

Figure 3 PS and AL LLR in two different periods of our learning curve. PS, posterosuperior; AL, anterolateral lesions; LLR, laparoscopic 
liver resection; lap, completed laparoscopically; converted, laparoscopic to open procedure.
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 Table 4 Outcome analysis between PS resections in cirrhotic versus PS non-cirrhotic patients

Variables PS cirrhoticµ (n=20) (%) PS non-cirrhotic (n=50) (%) P

Perioperative variables

Operative time, min (SD) 291.8 (130.4) 266.2 (127.8) 0.46

EBL, mL (SD) 723.0 (1,107.9) 414.0 (133.8) 0.24

Blood transfusion, patients 5 (25.0) 6 (12.0) 0.17

Conversion to open 5 (25.0) 11 (22.0) 0.79

Additional organ resectionβ 1 (5.0) 3 (6.0) 0.87

Previous abdominal surgery 1 (5.0) 22 (44.0) 0.002

Morbidity and mortality

90 days morbidity 6 (30.0) 10 (20.0) 0.37

90 days mortality 0 0 NA

Major complications (grade 3-5) 2 (10.0) 3 (6.0) 0.56

LOS, days, mean (SD) 4.9 (2.3) 4.8 (2.8) 0.97
µ, cirrhosis is based on specimen histology and all cirrhotic patients were Child-Pugh A grade; β, excludes gallbladder as an 

addition organ as cholecystectomy is considered as part of the liver resection. PS, posterosuperior; SD, standard deviation; EBL, 

estimated blood loss; NA, not applicable; LOS, length of stay.

Table 3 Different periods of surgery 

Variables
Whole study population (n=197) (%) Posterosuperior (n=70) (%) Anterolateral (n=127) (%)

2006-2010 2011-2015 P 2006-2010 2011-2015 P* 2006-2010 2011-2015 P*

n 26 (13.2) 173 (87.8) NA 4 (5.7) 66 (94.3) 0.02 22 (17.3) 105 (84.7) 0.02

Underlying 

liver cirrhosis

8 (30.8) 43 (24.9) 0.54 1 (25.0) 19 (28.8) 0.87 4 (18.2) 24 (22.9) 0.37

Conversion  

to open

9 (34.6) 21 (12.1) 0.003 3 (75.0) 13 (19.7) 0.03 6 (27.3) 8 (7.6) 0.02

Operative 

time, min (SD)

183.1 (83.0) 237.4 (128.2) 0.006 246.1 (44.0) 275.1 (131.5) 0.67 171.6 (83.8) 213.7 (20.7) 0.12

Mean EBL,  

mL (SD)

413.3 (818.3) 453.5 (638.8) 0.77 875.0 (1,114.7) 479.7 (674.7) 0.28 329.3 (756.1) 437.1 (617.9) 0.48

Morbidity 

within 90 days

4 (15.4) 38 (22.0) 0.43 1 (25.0) 15 (22.7) 0.91 3 (13.6) 23 (21.9) 0.38

Mortality 

within 90 days

1 (3.8) 0 (0.0) 0.13 0 (0.0) 0 (0.0) NA 1 (4.5) 0 (0.0) 0.17

Major 

complications 

(grade 3-5)

1 (3.8) 10 (5.8) 0.68 0 (0.0) 5 (7.6) 0.57 1 (4.5) 5 (4.8) 0.96

LOS, days, 

mean, SD

5.3 (4.3) 4.7 (3.5) 0.44 5.8 (2.9) 4.8 (2.6) 0.48 5.2 (4.6) 4.7 (4.0) 0.57

*, analysis is comparing the PS and AL groups between the two time periods. NA, not applicable; SD, standard deviation; EBL, 

estimated blood loss; LOS, length of stay.
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accelerated the utilization of LLR. Recently, it is estimated 
that from 1996 to 2014, a total of 5,388 LLR were reported 
to be performed including 1,184 major LLRs (16). Although 
minor LLR and laparoscopic left lateral sectionectomy are 
standard procedures in many institutions, major and difficult 
LLR are still limited to a few expert centres (11,17,18).

Benefits of LLR are well documented, in terms of 
reduced morbidity, less pain, shorter hospital stay, better 
cosmetic results and possibly improved immunologic and 
physiological outcomes (19-22). The disadvantages of 
LLR compared to open liver resection are less commonly 
discussed, these include poor visualization and manipulation 
of posterior and superior lesions and difficulty in 
bleeding control, especially for deep tumors in these less 
accessible portions of the liver (23). In fact, PS segment 
resections such as posterior sectionectomy are now more 
commonly considered and accepted as major or complex 
hepatectomies due to the complexity of the procedure, 
despite not satisfying the IHPBA Brisbane definition of 
major hepatectomy of three or more segments (10,18,24,25). 
Even non-anatomic LLR of small tumors in segments 7 
and 8, where a limited volume of normal liver parenchyma 
is removed, can be technically challenging because the 

transection planes can be multiplanar, curved or angled 
especially if the lesions are deep or not easily accessible. 
A new scoring system to assess the difficulty of various 
laparoscopic hepatectomy procedures has been proposed 
based on 90 cases involving correlation of operators and 
external experts’ assessment combined with operative 
surrogates of difficulty such as blood loss and operative 
time. The difficulty score ranges from 1-10 based on five 
components: tumor location, extent of resection, tumor size, 
proximity to major vessels, and liver function (Child-Pugh) 
(Figure 4) (15). For example, procedures such as posterior 
sectionectomy and anatomical segment 7 resection will have 
at least a score of 9 or 8, respectively, depending on the 
other factors such as tumor size, proximity to major vessels 
and liver function (Figure 4).

Several studies have reported their outcomes of LLR 
for PS vs. AL lesions. Cho et al. reported in a retrospective 
review of their LLR experience with 36 patients with PS 
lesions and 92 with AL lesions. The mean operative time 
and the rate of intraoperative transfusion were significantly 
greater in the PS group than in the AL group but the mean 
hospital stay and the complication rates were similar in the 
two groups. Notably major liver resection was performed 

Figure 4 Laparoscopic liver resection difficulty scoring system. Modified with permission from Ban et al. (15).
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more frequently for the PS group than for the AL 
group (10). Similarly, the Oslo group compared LLR in 
same two groups (PS vs. AR, n=28 vs. 47) and reported 
equivalence in operative time, blood loss, tumor free 
margin, complications and hospital stay (26). Our results 
were similar and consistent with these studies, signifying 
PS LLR are technically more demanding but feasible and 
safe in well-selected patients (10,25,26). Since the initiation 
of the LLR program in our unit, we adopted a slow and 
cautious escalation in our selection of more difficult 
cases based on our learning curve and experience, this is 
demonstrated with significantly more PS LLR in the latter 
half of our experience when compared to the earlier period; 
a similar trend is also seen in the AL LLR (Figure 3). There 
is a significant improvement in our conversion rate in the 
whole cohort (P=0.003) as well as in each group (PS; AL: 
P=0.03; 0.02) without a significant difference in the hospital 
stay, morbidity and mortality rates (Table 3). Operative 
time was longer in the later experience for the whole 
cohort (P=0.006) and in each group (AL/PS), this is likely 
attributed to more complex resections being attempted 
and may be in part contributed by younger surgeons who 
returned to the department after their fellowships and 
started embarking on LLR in the later period as well. Of 
note, for the PS resections, blood loss also halved when 
compared to the earlier PS cases though this did not 
achieve statistical significance (likely due to small numbers 
in the earlier period). This represents an appropriate case 
selection and progression of our learning curve (Table 3). We 
previously analysed the factors for conversion in our center’s 
experience in minor LLR and demonstrated that individual 
surgeon and institution volume were the dominant risk 
factors for conversion during the learning curve. Based 
on conversion rates, the learning curve for an individual 
surgeon is about 15 to 20 cases and institution experience of 
at least 25 cases (11).

There are limited studies reporting laparoscopic LLR 
for PS tumors in the cirrhotic population. Xiang et al. 
reported their results in LLR for HCC in a cirrhotic 
population comparing HCC in the PS and AL locations (n=56 
vs. 70). They noted although operative time, conversion 
rate, blood loss, transfusion rate and inflow occlusion 
time were significantly higher for the PS group, there 
were no differences in resection margins, complications, 
time to flatus and hospital stay in the two groups, leading 
to the conclusion that LLR for PS HCC in cirrhotic 
patients was safe and feasible (25). These were similar to 
our findings, albeit the cirrhotic patients in our study are 

limited to Child-Pugh A. PS lesions in difficult locations 
and moderate/severe cirrhosis were both considered 
relative contraindications for LLR, however, minimally 
invasive approaches provides a number of unique benefits 
in cirrhotic patients especially for limited resections (27). 
The smaller incisions cause less disruption of the abdominal 
wall collateral circulation. As complete evacuation of ascites 
is not necessary for a laparoscopic procedure, massive 
intraoperative fluid shifts can be minimised, contributing to 
the reduction in postoperative ascites seen with laparoscopy 
compared to open hepatectomy (28,29). Another advantage 
is the reduced amount of adhesions following laparoscopic 
surgery especially pertinent for patients undergoing 
resection of HCC, as salvage transplantation remains 
an important potential treatment for recurrences that 
are within the Milan criteria (30). This advantage is also 
appreciated in repeated resections not uncommon for 
patients with colorectal liver metastases. Belli et al. reported 
that in repeat liver resection after previous laparoscopic 
resection to be faster and safer, with less blood loss and risk 
of visceral injury when compared to previous open resection. 
Similarly, Laurent et al. reported that liver transplants 
following laparoscopic resection were performed in less 
time, with less blood loss and transfusion requirements 
when compared to prior open resections (19,31). In this 
study, it being our early experience, we selectively limited 
our LLR to non-cirrhotic and Child-Pugh A patients only. 
As suggested by the difficult scoring system, cirrhotic 
patients with PS segment may no doubt be technically more 
challenging than non-cirrhotic patients with AL lesions, 
but it is not associated with more morbidity or mortality in 
appropriately experienced hands (25) (Table 4).

The improved ability to tackle difficult segments in 
LLR safely can be attributed to many factors. Quality 
of preoperative imaging has improved and introduction 
of 3-dimensional (3D) reconstruction has enhanced 
pre- as well as intra-operative surgical planning (32). 
High resolution camera optics and 3D systems provide 
excellent definition and improve depth perception—
one of the Achilles heel of laparoscopic surgery. New 
flexible laparoscopes further enable visualisation—
previously difficult in the PS segments of the liver as 
well as over and around structures e.g., root of the right 
hepatic vein, dome of the right liver. Besides the advances 
in laparoscopic instrumentation and advent of advanced 
energy devices, experience has also augmented the technical 
ability of difficult LLR. Manoeuvres such as Belghiti’s 
hanging manoeuvre has been modified laparoscopically 
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to aid difficult resections such as PS resections (33). In 
our experience, we found that thoracoscopic access via 
intercostal ports to approach segments 7 and 8 to be 
useful in certain situations, although the thoracoscopic 
approach can be associated with a longer operative time 
and increased risk of thoracic-related complications such as 
pneumothorax. If high thoracoscopic access is anticipated, 
two-lung intubation may be useful to minimise thoracic-
related complications and a chest tube may be necessary prior 
to reversal of anaesthesia (26,34-36). Similarly, the hand-
assisted approached has been advocated to facilitate LLR 
in PS segments by providing better retraction and a tactile 
component especially in the early phase of the learning 
curve. However, some do not find it particularly useful 
due to issues such as space constraints, interference with 
laparoscopic instruments, hand fatigue and troublesome air 
leakage to name a few (26,37,38). Positioning of the patient 
has also evolved from the traditional open surgery position 
such as supine or modified Lloyd-Davis to the established 
positions such as the “French position” for general LLR, or 
semi-/partial/full left lateral or even semi-prone position for 
laparoscopic resection of PS lesions to utilise gravity and to 
optimise surgical ergonomics (39).

Bleeding is a major concern and one of the main reasons 
for conversion in difficult resections such as PS lesions and 
in cirrhotic livers. Several factors can help mitigate these 
risks. Proper selection and familiarity with parenchymal 
transection devices is crucial. We found a combination of 
CUSA, advanced energy/bipolar devices, clips and staples 
to be useful in most situations. Proficient laparoscopic 
suturing skills are essential in timely haemostasis if initial 
attempts at hemostasis fail. To facilitate visualisation, 
temporarily increasing the pneumoperitioneum pressure to 
15-20 mmHg can slow down the venous bleed enough to 
see the cause and site of the bleeding for precise hemostasis. 
In addition to the Pringle’s manoeuvre for inflow occlusion, 
especially in PS lesions, some surgeons recommend a tape 
around the root of the right hepatic vein ready for outflow 
occlusion if necessary (25).

Last but not least, we found maintaining the same 
dedicated team of circulating nurses, scrub nurses, camera 
operators, anaesthesia and a 2-surgeon team facilitated 
our learning experience. For example, the same group can 
learn faster from troubleshooting procedures, to faster set-
up, optimal patient positioning and share useful tips and 
operative manoeuvres.

The retrospective, non-randomized nature of this study 
represents its biggest limitation. Patients with smaller, 

superficial tumors and in accessible parts of liver were more 
likely to be selected for LLR as compared to open surgery. 
We did not attempt LLR in Child-Pugh B and C patients 
partly because we are still on the learning curve and some 
of these patients may be better served by other treatment 
options such as liver transplantation or ablation if assessed 
to be suitable and appropriate. A variety of confounding 
factors also exist including surgeon factors such as individual 
surgeons’ comfort level for different levels of difficulty with 
regards to LLR and patient factors such as BMI, previous 
surgeries, severity of cirrhosis and tumor size/site/depth. 
In addition, evolution and changes in surgical techniques 
and equipment may have also confounded observations in 
this study. Nonetheless, prospective randomized trials are 
unlikely to be conducted to address the different approaches 
and lesions in different aspects of the liver. Future and 
larger studies can help to establish and guide the limits of 
LLR for difficult PS lesions in cirrhotic patients. 

Conclusions

LLR appears to be safe and feasible in well-selected patients 
even in cirrhotic patients with difficult PS lesions, as long 
as a cautious learning curve is adopted. PS lesions may be 
technically more challenging than AL lesions and should be 
considered major hepatectomies.
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