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Introduction

For many years, open liver resection has been considered 
a difficult and risky procedure, mostly because of the 
often complex anatomy of the liver and the high incidence 
of bleeding problems. Improvements in technique and 
instrumentation saw a dramatic decline in mortality in 
open resection over the 1970’s and 1980’s (1). Laparoscopic 
abdominal surgery became widespread in the 1990s but took 
some time to become adapted to laparoscopic liver resection 
(LLR) (2). The main barriers were fear of bleeding, difficult 
access and inadequate instrumentation. 

Sporadic reports appeared in the mid 1990s, but it was 
the seminal paper and dramatic video presentations of 
Cristiano Hüscher which inspired surgeons throughout the 
world to take up the challenge and perform major resection 
laparoscopically (3).

The last two decades have seen a dramatic increase 
in LLR, although the degree of enthusiasm varies from 

center to center and country to country. At the time of 
publication, Suh and colleagues have reported over 700 
pure laparoscopic donor hepatectomies from a multicenter 
experience in Korea (4). Regarding LLR, there is now 
level I evidence that LLR can be safer with less blood loss 
and shorter hospital stays with similar oncologic outcomes 
compared to open liver surgery (5,6). In this paper, we 
explore some of the developments of laparoscopic hepatic 
resection and hope to bring the reader up to date with 
current best practice.

Background

Liver surgery is not like other surgery. There are wide 
variations in the degree of difficulty depending on the 
location of the tumors as well as the amount of liver 
to be resected. Minor resections can be simple and 
straightforward whereas more complex resections carry 
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significant risks. International descriptions of actual 
operations varied to such an extent that the nomenclature 
was redefined at the Brisbane IHPBA conference in 2000 (7).  
Numerous experts in open hepatic surgery devised a 
framework of anatomical description, the segments of 
the liver and also defined the operations in an attempt to 
standardize surgical reporting worldwide. It is interesting 
to note that at this international liver meeting in the year 
2000, there were no invited presentations on laparoscopic 
liver surgery. 

Following sporadic reports from Japan and Europe and 
subsequently Hüscher’s work, LLR gained momentum 
in several centers (8-11). There was some reluctance 
from traditional open liver surgeons to take on the new 
techniques, especially when they had no laparoscopic 
“ t ra in ing”  opera t ions  such  a s  cho lecys tec tomy, 
appendicectomy and hernia repair. This meant that many 
early published series came from smaller liver units where 
general surgery was also practiced (12).

In the 2000s, there was a rapid increase in reporting of 
LLR with our own paper on laparoscopic right hepatectomy 
appearing in 2004 (13). David Geller has chronicled that 
early publication explosion documenting 2,800 reported 
cases in 2009 (14). This was followed by Ruben Ciria and 
others reporting 9, 000 cases in 2016 (15).

This enthusiasm for LLR was corralled by Joe Buell 
from Louisville, Kentucky where the first international 
consensus meeting of LLR was held in 2008 with great 
success (16) (Figure 1). Go Wakabayashi organized a second 
international consensus meeting in 2014 in Morioka,  
Japan (17). The consensus statements from both these 
meetings have been widely cited. The need for ongoing 
organization of surgeons interested in LLR led to the 

formation of a group dedicated to its demonstration and 
teaching. The International Laparoscopic Liver Society 
(ILLS) was officially formed in 2016 in Sao Paulo, Brazil 
at the IHPBA meeting with Daniel Cherqui as the first 
president (18). The first stand-alone meeting was held in 
Paris in 2017 and the second in Tokyo in 2019. Future 
meetings are planned for New York in 2021 and Rome, 
Italy in 2023. 

Definitions

Laparoscopic liver surgery has been defined as pure, hybrid, 
hand-assisted or converted. Pure LLR implies that liver 
mobilization and parenchymal transection are all performed 
using laparoscopic instrumentation. The hybrid approach 
implies a combination of open and laparoscopic techniques 
such as laparoscopic liver mobilization and a right upper 
quadrant incision to aid liver parenchymal transection. 
Hand-assisted techniques involve the use of a gel hand port, 
through which either a surgeons or assistants hand can be 
placed inside the abdomen to manipulate the liver and assist 
mobilization and parenchymal dissection. A conversion 
is where a formal laparotomy is required to complete 
an operation because of technical or oncological issues 
hindering surgical progression.

Patient selection—start with the easy ones

Advocates of LLR have demonstrated that young women 
without fatty liver disease tend to have slim livers, 
with parenchyma which is easy to transect. In contrast, 
obese males with stiff fatty livers will of course be more 
technically challenging. The presence of cirrhosis infers 

Figure 1 Attendees of the First International Consensus Conference on Laparoscopic Liver Resection in Louisville, Kentucky in 2008. 
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similar contraindications to resection as in open surgery. 
Some authors have recently postulated that when surgery 
is necessary, laparoscopic resection is safer than an open 
approach for Child’s B cirrhotics (19). There is less 
abdominal wall disruption and reduced ascites following 
LLR in cirrhotic patients.

Many authors have published on the need for a stepwise 
graduated development of an individual's operative 
experience because of the laparoscopic learning curve 
(20,21). Readers are directed to the IWATE scoring system, 
first described by Go Wakabayashi (22). It is recommended 
that surgeons at the beginning of their learning curve begin 
with favorable small peripheral lesions in easily accessible 
locations before progressing to left lateral sectionectomy 
(Figure 2). Formal left hepatectomy can be followed by right 
hepatectomy and then surgery of a more complex nature, 
particularly removal of segments VII and VIII.

Instrumentation

Instrumentation varies from surgeon to surgeon in LLR just 
as it does in open surgery. The techniques of parenchymal 
transection remain the most varied and debated due to 
differences in surgeon’s preferences. The trend for linear 
stapling alone seems to have faded because of the occasional 
major hemorrhage that can follow. Most surgeons prefer 
more precise and controlled methods of transection using 
devices such as Harmonic Shears® (Ethicon Endo-Surgery, 
Cincinnati, OH, USA), LigasureTM (Medtronic, Norwalk, 
CT, USA), and Enseal® (Ethicon Endo-Surgery, Cincinnati, 
OH, USA); with CUSATM (Cavitron Ultrasonic Surgical 
Aspirator, Tyco Healthcare, Mansfield, MA, USA) for 

more precise scalloping of the liver surface close to large 
traversing vessels. Linear staplers such as Endo GIATM 
(Medtronic, Norwalk, CT, USA) or the new Echelon 
FlexTM (Ethicon Endo-Surgery, Cincinnati, OH, USA) 
powered vascular stapler (PVS) from Ethicon remain very 
useful for controlling bleeding from large vessels and 
leakage from bile ducts (23). Since inception, laparoscopic 
ultrasound is now considered essential in modern day LLR. 
It allows the surgeon to be confident of tumor margins, 
while defining anatomy with more precision (24). Its use in 
tumor detection is somewhat limited in patients with fatty 
liver disease, severe cirrhosis or peliosis. 

Anesthesia & pneumoperitoneum

A dedicated liver anesthetist is helpful when performing 
open or LLR. As in open surgery, a low central venous 
pressure is essential to reduce venous bleeding (25). The 
addition of pneumoperitoneum also appears to confer 
benefit by reducing bleeding (26,27). Surgeons argue about 
the ideal carbon dioxide pressure, with levels between 10 
and 20 mmHg being reported (28). Pneumoperitoneum can 
lead to gas embolism, especially when large hepatic veins 
are entered. Carbon dioxide embolism is much safer than 
air embolism because carbon dioxide dissolves 50 times 
faster than nitrogen. As yet there remains no documented 
mortality from carbon dioxide embolism in LLR.

Some surgeons raise the pressure to as high as 20 mmHg  
when bleeding occurs. As Honda and his group have 
pointed out, the intrathoracic pressure controlled by the 
anesthetist can also affect venous pressure and hepatic 
bleeding (29). This can only be negated by dropping this 
positive pressure and when major hemorrhage occurs, 
Honda suggests that all mechanical ventilation should be 
ceased for three minutes to enhance control of venous 
bleeding.

Bleeding

Unexpected bleeding during LLR can be frightening. Most 
surgeons agree it is best controlled laparoscopically rather 
than converting. Laparoscopic suturing skills are essential 
when taking on more advanced liver resections. A thorough 
understanding of intrahepatic anatomy is essential before 
tackling major laparoscopic hepatectomy. This anatomic 
understanding can come from practising open surgery or 
training with others doing laparoscopic liver surgery (30,31). 
The Pringle maneuver of inflow occlusion to the whole 

Figure 2 Hepatocellular carcinoma in segment IV in a cirrhotic 
liver. An ideal case for LLR. Note the use of intra-operative 
ultrasound to confirm clear margins.
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liver is back in fashion (Figure 3). Temporary hepatic inflow 
occlusion reduces bleeding and with judicious use appears 
to have little harmful effect on the liver (32). 

Individual operations

Non-anatomical wedge resections usually require 
intraoperative laparoscopic USS to confirm the margin and 
are usually straightforward when undertaken in segments II, 
III, IVB, V and VI. The patient’s positioning is important 
for right sided lesions where the left lateral position (right 
side up) is helpful. Lesions in segment VII and VIII can be 
hard to see and usually require full right lobe mobilization. 
Resection can be assisted by intercostal and even 
transthoracic trocars (33).

Left lateral sectionectomy is almost too easy but at 
least one mortality has occurred without publication. The 
parenchyma can be divided anteriorly with an energy 
device and staplers can be used to control both inflow and 
outflow. Formal left hepatectomy is more challenging and 
brings on the option of Glissonian dissection of the inflow 
versus individual vessel ligation. For lesions well clear of 
the inflow structures, Glissonian dissection is reasonable. It 
can be difficult to stay outside the sheath but just as in open 
surgery, reports from Japan have encouraged its use (34).

For right hepatectomy, the caudal approach of Soubrane 
or the recently presented modified dorsal approach by 
Bryant offer elegant methods of exposing the porta by 
extended caudate division (35,36). The liver must be 
mobilized off the vena cava and the right hepatic vein can 
be divided inside or outside the liver. Once again, surgical 
opinion varies regarding the benefits of Glissonian over 
individual vessel ligation. The Japanese in particular have 
taken Glissonian dissection to a higher level with Go 

Wakabayashi reporting intricate hilar exposure of the inflow 
to all four segments (37). 

Laparoscopic living donor hepatectomy was first 
described by Cherqui et al. for a left lateral segment from 
parent to child in 2002 (38). Subsequent reports by Kwon, 
Han and others surprised the world with pure laparoscopic 
right lobe donation (39,40). This procedure has become 
almost standard in Korea where several centers have 
reported over one hundred cases without mortality. 

Evidence

Many individual series and case control series have 
reported lower morbidity and equivalent oncological 
outcomes when comparing LLR to open resection. Several 
centers, including ours, have used propensity scores to 
more accurately compare cohorts of patients undergoing 
resection for colorectal metastases. Once again, less short-
term morbidity, and similar oncologic outcomes have been 
reported (5,41,42). 

A recent, well run randomized trial from Oslo, 
Norway has shown improved short-term outcomes with 
LLR vs. open (6). Their study randomized 250 patients 
with colorectal metastases who needed resection of three 
hepatic segments or less. Bleeding was similar, morbidity 
was less, and hospital stay was shorter. They have recently 
published the oncological outcomes and demonstrated  
equivalence (43). For hepatocellular cancer, a propensity 
score analysis from Japan has shown improved morbidity 
and similar survival curves (44). A small randomized trial 
from Egypt has shown better short-term outcomes for 
hepatocellular carcinoma when done laparoscopically (45). 
The ORANGE II PLUS trial run by Ronald Van Dam 
from Maastricht in Holland is an international multicenter 
randomized controlled trial comparing open versus 
laparoscopic right hemihepatectomy (46). Patient accrual is 
complete, and results are eagerly awaited. 

Conclusions

LLR has been increasing worldwide. Many centers are 
performing minor resections. More and more units are 
undertaking major hepatectomy and isolated experts 
demonstrate that almost anything is possible, even complex 
living donor hepatectomy. LLR appears to offer patients 
real benefits when it is done well. Surgeons who perform 
LLR should be experienced in either open liver surgery 
and have laparoscopic skills or be trained in laparoscopic 

Figure 3 Hepatic inflow occlusion. A Pringle maneuver, using a 24 
Fr chest drain over a nylon tape, secured by a clamp as it exits the 
abdominal wall in the left flank.
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liver surgery. They should report their results and consider 
randomized trials to prove its advantages. 
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