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Abstract: Colorectal cancer (CRC) is one of the most prevalent malignancies worldwide. The commonest
site of spread is the liver, with up to 40% of patients developing colorectal liver metastasis (CLRM)
during the course of their lifetime. Significant advances in surgical techniques, as well as breakthroughs in
chemotherapy and biologic agents, have resulted in dramatic improvements in prognosis. A multimodal
approach comprising of liver resection coupled with systemic therapy offers these patients the best chance
of cure. The arrival of laparoscopic liver resection (LLR) within the last 3 decades has added a whole new
dimension to the management of this condition. Today, CLRM is one of the most frequent indications for
LLR globally. Meta-analyses of retrospective studies and two randomized trials have demonstrated superior
short-term outcomes following LLR, with no differences in mortality rates. Oncologically, RO resection
rates are comparable to the open approach, while overall and disease-free survival rates are also similar.
As surgeons gain confidence, boundaries are pushed even further. High-volume centers have published
their early experiences with complex LLR of recurrent CLRM as well as totally laparoscopic synchronous
resection of CRC and liver metastases, with very encouraging results. In the presence of extensive bilobar
CLRM, two-stage hepatectomy (T'SH) and associating liver partition with portal vein ligation (ALPPS)
may be adopted to augment an inadequate future liver remnant to facilitate metastasectomy. Interestingly,
the adoption of LLR for these techniques also seem to confer additional benefits. Despite the plethora of
advantages, LLR comes with its own unique set of limitations such as a steep learning curve and high cost.
The surgical world eagerly awaits the results of prospective trials currently underway in order to further
advance the management of this disease.
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Introduction liver is the commonest site for metastatic spread from CRC.

About 15-20% of patients have synchronous colorectal

Colorectal cancer (CRC) poses a significant health burden liver metastasis (CLRM) at the time of diagnosis, and up to

globally. Presently, with over 1.8 million new cases and 40% develop metastatic lesions during follow-up (2). Liver
881,000 deaths per year, its incidence and mortality rank as resection when feasible combined with chemotherapy offers
third and second amongst all cancers worldwide (1). The the best chance of cure, with reported 5-year survival and
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10-year survival rates of 33-58% and 23-39%, respectively.

The arrival of minimally invasive procedures has
completely revolutionized the landscape of abdominal
surgery in the last few decades. However, even though the
first laparoscopic liver resection (LLR) was reported in 1991
by Reich et al. (3), liver surgeons were hesitant to jump
on the bandwagon due to initial concerns about technical
challenges, hemorrhage control and oncologic outcomes.
Fortunately, advances in surgical technology, refinements
of operative technique as well as diffusion of standardized
good practices have allowed these barriers to be overcome.
In a recent large systematic review of 9,527 LLR worldwide,
65% were performed for malignant lesions (4), which was
a significant increase from 50% just a decade ago (5). More
impressively, the mortality rate was extremely low at only
0.39%. This study demonstrated the growing safety of this
complex procedure in selected patients when performed by
expert surgeons in high-volume centers.

Today, CLRM presents one of the commonest
indications for LLR. Several meta-analyses (2,6-13) and two
randomized trials have been published to date on this topic
(14,15), with additional prospective trials underway. In the
recent Southampton Consensus Guidelines for laparoscopic
liver surgery (16), LLR was recommended as a valid
alternative to open liver resection (OLR) in experienced
hands due to superior short-term outcomes and non-
inferior oncologic and survival outcomes.

We present here a brief review of the literature on the
current status of LLR for CLRM, and discuss potential
benefits and limitations of the laparoscopic approach unique
to this pathology.

Perioperative and short-term outcomes

The recent OSLO-COMET randomized controlled trial
(RCT) was a landmark study which demonstrated that
LLR for CLRM was associated with lower postoperative
complication rates (19% wvs. 31%, P=0.021) and shorter
postoperative hospital stay (53 vs. 96 hours, P<0.001) as
compared to open liver resection (OLR), with no differences
in bloodloss, operation time or 90-day mortality rates (14).
In a subgroup analysis of this trial considering only patients
with tumours in the posterosuperior segments, the LLR
group similarly enjoyed shorter postoperative length of
stay (LOS) and significantly better health related quality of
life (17). The recently published LapOpHuva study was
only the second prospective RCT to date comparing
outcomes following laparoscopic vs. open hepatectomy
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for CLRM (15). In keeping with the results of the OSLO-
COMET trial, patients undergoing LLR had lower overall
morbidity (11.5% wvs. 23.7%, P=0.025) and shorter hospital
stay (4 vs. 6 days, P<0.001), but similar surgical times,
bloodloss, blood transfusion and mortality rates as the OLR
cohort.

Retrospective studies seem to suggest that the
laparoscopic approach confers even more benefits. Table 1
highlights several meta-analyses which have been published
on this topic (2,6-13), with 2 of the largest studies involving
more than 4,000 patients each (2,12). The common theme
from these seems to be that LLR is associated with lower
blood loss and blood transfusion rates in addition to shorter
length of stay and reduced post-operative complications,
with similar mortality rates to OLR. This is similar to
studies analyzing the application of LLR in HCC, which
also report improved short-term outcomes even in major
hepatectomies (18,19). Surprisingly, surgical times are
reported to be longer in LLR in only 2 studies by 14 (12)
and 40 minutes (13) respectively, while the rest reported no
significant differences.

In order to mitigate selection bias which is inherently
present in retrospective studies, Zhang et a/l. performed a
meta-analysis of 10 propensity-matched studies involving
2,259 patients (980 LLR, 1,279 OLR) (13). They concluded
similarly that LLR resulted in lower bloodloss (WMD
-124.68 mL), blood transfusion rates, overall morbidity
and shorter length of stay, but slightly longer operative
time (WMD 39.48 minutes) although there was significant
heterogeneity in these studies. The same benefits of
laparoscopic resection persisted in Schiffman’s meta-analysis
of 8 case-matched studies, where both groups were well-
balanced in terms of demographics, tumour characteristics
and extent of operation (9). In another recent interesting
study, Ciria et /. analysed 21 manuscripts by subgroups,
depending on whether they involved only minor or major
liver resections, synchronous resections, or ‘combined’
resections if they could not be allocated to any of the
categories (20). For minor resections, the LLR group
enjoyed lower bloodloss and shorter LOS, with similar
complication rates and operative time. When only major
resections were considered, LLR resulted in reduced LOS
only, with no differences in bloodloss, operative duration
or post-operative morbidity rates. Five studies involving
212 open wvs. 187 laparoscopic synchronous colorectal-liver
resections demonstrated comparable short-term outcomes
between both groups except for shorter LOS in the LLR
group. However, in the ‘combined’ subgroup (both major
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Table 1 Selected meta-analysis of studies comparing LLR vs. OLR for CLRM

Author, year

Number of studies, patients

Nature of studies

Short-term outcomes

Oncologic outcomes

Zhou et al. (6),
2013

8 studies, 695 patients
e 268 LLR
e 427 OLR

Wei et al. (7), 2014 14 studies, 975 patients

e 376 LLR
e 599 OLR

Luo et al. (8), 2014 7 studies, 624 patients
e 241LLR

e 3830LR

Schiffman 8 studies, 610 patients
etal. (9), 2015 294 LLR
e 368 OLR

Observational
Non-randomised

Comparative

Observational
Non-randomised

Comparative

Observational

4 prospective,
3 retrospective

Non-randomised

Comparative

Observational

Non-randomised

Case-matched

Comparative

e Favours LLR
o Bloodloss
o Blood transfusion
o Overall morbidity
* No difference
o LOS
o Operative time
o Mortality
e Favours LLR
o Bloodloss
o Blood transfusion
o LOS
o Overall morbidity
¢ No difference
o Operative time
o Mortality
e Favours LLR

o Bloodloss

o Blood transfusion
o Morbidity

* No difference
o Operative time
o LOS
o Mortality

e Favours LLR

o Bloodloss

o Blood transfusion
o LOS

o Overall morbidity

¢ No difference
o Operative time
o Liver-specific morbidity

o 30-day mortality

e Favours LLR

o RO resection rates
¢ No difference

o Recurrence rates

o 5-year OS and DFS

e Favours LLR
o RO resection rates
e Favours OLS
o Resection margin width

e No difference

o OS
o Recurrence rates
e Favours LLR

o RO resection rates

e No difference

o OS and DFS (even
on subgroup analysis
of high- quality
prospective
studies only)

e Favours LLR

o Rate of RO resection in
1/5 study

¢ No difference
o Resection margin width

o Rate of RO resection in
4/5 studies,

o 1,3, 5-year OS
and DFS

Table 1 (continued)
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Table 1 (continued)

Author, year Number of studies, patients Nature of studies Short-term outcomes Oncologic outcomes

Hallet et al. (10),
2016

8 studies, 2,037 patients e QObservational e Favours LLR ¢ No difference

e 580LLR e Non-randomised o Bloodloss o Resection margin width

e 1,457 OLR * 6 matched cohort o Major morbidity o RO resection rates
e Comparative ¢ No difference o Recurrence rates
o Operative time
o LOS
o Mortality
Tian et al. (11), 14 studies, 1,679 patients e QObservational e Favours LLR e Favours LLR
2016 e 683 LLR e Non-randomised o Bloodloss o Recurrence rate
e 996 OLR e Comparative o Blood transfusion ¢ No difference

o Overall morbidity o RO resection rates

o LOS o 5-year OS and DFS
¢ No difference
o Mortality

o Operative time

Xie et al. (12),
2017

32 studies, 4,697 patients

e QObservational

e Favours LLR

e Favours LLR

1,809 LLR * Non-randomised o Bloodloss o RO resection rates
2,888 OLR e Comparative o Blood transfusions e No difference
o LOS o Recurrence rates
o Overall morbidity o 3and 5-year OS and
e Favours OLR bFS
o Operative time
¢ No difference
o Mortality
Cheng et al. (2), 28 studies, 4,591 patients e Observational e Favours LLR e Favours LLR
2017 e 1,752 LLR e Non-randomised o Bloodloss o RO resection rates
e 2,839 OLR e 8 studies propensity- o Blood transfusion e No difference

score matched

e Comparative o LOS o 1,3, 5-year OS and

DFS
o Overall morbidity
o Severe morbidity (CD =3)
¢ No difference
o Operative time

o 90-day mortality

Table 1 (continued)
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Table 1 (continued)
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Author, year

Number of studies, patients Nature of studies

Short-term outcomes Oncologic outcomes

Zhang et al. (13),

2017 e 980LLR ¢ Non-randomised
e 1,279 OLR * Propensity-score
matched

e Comparative

10 studies, 2,259 patients e QObservational

e LowerinLLR e Favours LLR
o Bloodloss o 3-year OS
o Blood transfusion ¢ No difference
o Overall morbidity o RO resection rates
o LOS o Tumour recurrence

rates

e Favours OLR o 3-and 5-year DFS

o Operative time o 5-year OS

¢ No difference

o 90-day mortality

and minor resections), LLR was associated with fewer
complications, blood transfusions and shorter LOS, with no
differences in bloodloss or surgical time.

Several reasons have been proposed to account for
the encouraging peri-operative and short-term outcomes
following laparoscopic resection of CLRM. The magnified
view presented by the camera facilitates meticulous
dissection of vasculobiliary structures; pneumoperitoneum
tamponades venous ooze from the liver while the smaller
incisions result in less bleeding from the abdominal wall (6).
This is particularly useful in minimizing bloodloss during
hepatectomy for CLRM, where chemotherapy-associated
sinusoidal obstruction, regenerative nodular hyperplasia
or steatohepatitis of the liver may render patients more
susceptible to bleeding (21,22). In LLR, all blood is
aspirated and collected for charting, hence the estimated
bloodloss is likely to be more accurate compared to open
surgery where sponges are used to absorb and tamponade
bleeding (9). This may facilitate a more restrictive blood
transfusion policy in laparoscopic resections. Reduced
surgical trauma, intra-operative bleeding and blood product
replacement are in turn closely linked to post-operative
morbidity which is therefore similarly lowered. The smaller
incisions used in laparoscopy result in less postoperative
pain and analgesia use (23), with earlier return of bowel
function and tolerance of diet (24). These facilitate early
ambulation and quicker recovery after surgery, hence
allowing patients to be discharged sooner. A predefined
substudy of the OSLO-COMET trial proved definitively
that patients undergoing LLR for CLRM enjoyed better
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postoperative health-related quality of life (HRQoL) at 1
and 4 months compared to their counterparts in the open
resection group (25).

Oncologic and long-term outcomes

When indications for LLR expanded to include malignant
conditions, the adequacy of resection margin status was one
of the foremost concerns. This was especially because in
laparoscopy, the loss of tactile feedback no longer permitted
the palpation of solid lesions within liver parenchyma. To
overcome this and other limitations involving laparoscopic
liver mobilization particularly of posterosuperior segments,
hand-assisted laparoscopic surgery (HALS) was initially
employed (26). However, the presence of a gloved hand
in a limited field often impaired the surgical view. Hence,
surgeons learned to perform careful intra-operative
ultrasonography (IOUS) to identify deep-seated malignant
lesions, thus ensuring that acceptable resection margins
were being achieved even in laparoscopic resections (27). As
seen in Table 1, most meta-analyses to date have concluded
that resection margin status and recurrence rates following
LLR are not inferior to the open approach, with several
studies reporting even higher rates of RO resection in
the laparoscopic groups (2,6,8,9,12). Only Tian’s study
concluded otherwise, but even than the LLR patients
had lower recurrence rates in their report (11). In the
OSLO-COMET prospective trial, there were similarly no
differences in rates of RO resection or positive resection
margins between the LLR and OLR groups (14). Recently,
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real-time indocyanine green (ICG) fluorescence imaging
has also been reported to be useful in laparoscopy for the
detection and localization of hepatic tumours including
CLRM (28-30).

The long-awaited survival outcomes of the OSLO-
COMET trial were revealed very recently (31). Median
overall survival (OS) was 80 months (95% CI: 52-108) in
the LLR group and 81 months (95% CI: 42-120) in the
open surgery group (P=0.91). By modified intention-to-
treat analysis of only patients that had RO/R1 resection, the
median recurrence-free survival (RFS) was 19 months (95%
CI: 10-27) in the laparoscopic group and 16 months (95%
CI: 11-21) in the open group (P=0.96). In the LapOpHuva
randomized trial, a secondary endpoint was to compare
long-term outcomes, which were also found to be similar
between both laparoscopic and open surgery groups (15).
The cumulative 1, 3, 5, 7-year OS for LLR and OLR were
92.5%, 71.5%, 49.3%, 35.6% vs. 93.6%, 69.7%, 47.4%,
35.5%, respectively (P=0.82). Disease-free survival (DFS)
for LLR and OLR was 72.7%, 33.5%, 22.7%, and 20.8%
vs. 61.6%, 27.2%, 23.9%, and 17.9%, respectively (P=0.23).
In keeping with the findings from these trials, almost all the
meta-analyses of retrospective studies found no significant
differences in OS, DFS or RFS between the laparoscopic
and open groups (2,6-12). Interestingly, in a meta-analysis
of propensity-matched studies comprising of 2,259 patients,
LLR was associated with a better 3-year OS (P=0.003),
although this evened out by 5 years (13). Similarly, a recently
published meta-analysis of individual patient data from 2
randomized trials and 13 propensity-matched studies found
a survival advantage of laparoscopic resection of CLRM
even at the 10-year mark, and in elderly patients (32).

Selection bias may explain these results to a certain
extent. In early studies, patients chosen to undergo
laparoscopic resection were a highly selected population
with small tumours in easily accessible peripheral
segments, while large complex tumours invading vessels
or adjacent organs were reserved for the open approach
(6,9). Furthermore, LLR was mainly performed by very
experienced surgeons in high-volume centers. For example,
the LapOpHuva trial was only started after the authors
had completed at least 50 LLR and had standardized their
surgical technique, while OSLO-COMET was commenced
after more than 400 laparoscopic resections were performed
in the center (14,15). Surgical expertise and experience are
independent predictors of overall survival, and hence this
may have influenced outcomes (33-35).

There are several other plausible mechanisms to explain
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the encouraging survival outcomes following LLR. Blood
transfusion and post-operative morbidity are well-known
to be independently associated with survival (36-38), and
the reduced rates of these in LLR may have contributed
to the long-term outcomes. A sizeable fraction of patients
experiences intrahepatic recurrence of CLRM after
the index hepatectomy. For these individuals, an initial
laparoscopic approach has been shown to increase the
feasibility of future salvage hepatectomies through the
reduction in the burden of dense adhesions (39). Adjuvant
chemotherapy is a pivotal component in the treatment of
CRC with metastatic liver disease, and patients undergoing
LLR can resume chemotherapy regimens sooner than
their counterparts who undergo open surgery (40-43).
Immune-mediated mechanisms must also be considered—
in an exploratory biomarker analysis of the Oslo-CoMet
trial, open resection was found to induce heightened levels
of pro-inflammatory molecules such as the HMGB-1
chemokine (44). Indeed, recent translational studies
have demonstrated that inflammatory molecules that aid
wound healing after surgery also promote oncogenesis
and trigger the outgrowth of dormant metastases, and this
biological phenomenon has been proposed to account for
the sharp rise in distant recurrence rates after surgery for
certain cancer types such as breast cancer (45). Anti-cancer
immunosurveillance has been found to be diminished
by surgical stress, therefore the higher levels of surgical
stress after an open laparotomy may render patients more
susceptible to cancer recurrence than their counterparts
who undergo laparoscopy (46-49).

Repeat liver resection

CLRM tend to recur in up to 70-80% of patients. Although
repeat liver resection together with chemotherapy offers
patients the best chance of survival (22,50), it is technically
challenging due to anatomical distortions and adhesions
induced by the index surgery. Indeed, in the Southampton
Guidelines for LLR, it is suggested that repeat liver
resection via a laparoscopic approach should be avoided in
the initial learning curve (16). However, a number of studies
from high-volume centers have demonstrated the safety and
feasibility of laparoscopic repeat liver resection (LRLR) in
expert hands. A recent meta-analysis of 8 studies confirmed
that LRLR may be performed with no increase in morbidity
rates or hospital stay compared to open RLR (ORLR), even
if the original hepatectomy was performed open (51). A
propensity score-matched study of repeat liver resection for

7 Gastrointest Oncol 2020;11(3):526-539 | http://dx.doi.org/10.21037/jgo.2020.02.05



532

CLRM conducted across 9 high-volume European centers
showed that LRLR was associated with a shorter duration
of surgery {median 200 [inter-quartile range IQR) 123-
273] vs. 256 [199-320] min; P <0.001}, less intraoperative
blood loss [200 mL (50-450 mL) vs. 300 mL (100-600 mL);
P=0.077] and a shorter postoperative hospital stay [5 days
(3-8 days) vs. 6 days (5-8 days); P=0.028] (52). Postoperative
morbidity and mortality rates were also similar after LRLR
and ORLR. Nomi et 4/. analysed patients who underwent
second and third LLR for recurrent CLRM, and found no
significant differences in postoperative overall and major
morbidity rates, as well as mortality rates (53). While these
results seem to contradict guideline recommendations, a
number of explanations exist. An initial LLR may result
in minimal adhesions, thereby facilitating subsequent
repeat procedures (54,55). Stretching of adhesion bands by
pneumoperitoneum, together with a magnified laparoscopic
view, enables meticulous adhesiolysis and dissection
during RLR. Laparoscopy also requires a smaller working
space (56), and some adhesions may be circumvented
by laparoscopic equipment without compromising the
operative view, thereby minimizing the need for extensive

adhesiolysis (57-60).

Synchronous resection of CLRM

Increasing familiarity with minimally invasive abdominal
surgery has allowed us to push the boundaries further, and
some units even perform synchronous resection of colorectal
and liver lesions in order to eliminate the need for two major
operations and minimise the economic and psychological
burden on the patient. In a systematic review of 12
studies analysing total laparoscopic synchronous resection
(LSR) of CLRM, the LSR group had very encouraging
outcomes, with a median operative time of 335.5 mins
(range, 240-495), median bloodloss 266.5 mL (range,
50-500 mL), median LOS 8.3 days (range, 6-16.2 days)
and postoperative morbidity of 19.9% (61). Ye et al.
performed a meta-analysis of 10 retrospective studies
involving 502 patients [216 minimally invasive (MIS), 286
open resections] who underwent synchronous resection (1).
Unsurprisingly, the MIS approach was associated with less
intraoperative blood loss (P=0.002) and blood transfusion
(P=0.03), faster recovery of intestinal function (P=0.01) and
diet (P<0.0001), shorter length of postoperative hospital
stay (P<0.0001), and lower rates of surgical complications
(P=0.04). The extent of liver resection during synchronous
resection is a matter of contention. While most surgeons
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err on the side of caution and recommend that only minor
hepatectomies should be performed in the same setting
as a colectomy, some authors have recently demonstrated
that simultaneous major liver resections can be performed
with comparable outcomes to staged resection (62-64).
In the systematic review by Moris er a/l. although the
majority (83.6%) of cases were minor liver resections only,
4 comparative studies were included where synchronous
major liver resections were performed with low conversion
rates and similar morbidity and mortality outcomes
compared to the open resection groups (65-68). Although
there was significant heterogeneity amongst most of these
studies, this provides early evidence of the safety and
feasibility of LSR in selected cases.

Two-stage hepatectomy (TSH)

In the presence of extensive bilobar CLRM, an inadequate
future remnant liver (FRL) is a contraindication to surgical
resection. To circumvent this, Adam et #/. introduced the
concept of TSH in 2000 (69). Typically, the left liver lobe
with lower disease burden is cleared in the first stage. The
contralateral portal vein branches are occluded either by
surgical ligation in the same surgery, or by post-operative
radiological embolization. After an adequate time-interval
to allow hypertrophy of the FLR, a standard or extended
right hepatectomy is performed in the second stage. This
was a remarkable breakthrough because it allowed patients
who were formerly considered to have inoperable disease, to
safely undergo liver resection and enjoy 32-70% 5-year OS
(70,71). A number of case series demonstrated the safety and
feasibility of performing LLR for the first stage procedure,
with the advantages of minimal post-operative pain, short
LOS, early commencement of chemotherapy, low morbidity
and mortality rates, frequent progression to second stage
surgery with no eventual compromise of oncologic results
(72,73). The second stage surgery is more complex because
it is technically a repeat hepatectomy, hence surgeons
have to deal with post-operative adhesions, altered hepatic
anatomy after initial resection and hypertrophy of the FRL,
chemotherapy-induced liver injury and an inflamed porta
hepatis following portal vein embolization/ligation which
makes hilar dissection treacherous. Machado was the first
to describe totally LLR for both stages (74). Gayet’s group
reported their early experience with laparoscopic TSH,
where almost 80% of patients completed the second stage,
with 3- and 5-year OS and DFS rates of 78% and 41%
and 26% and 13% respectively (75). Some years later, they
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compared outcomes following laparoscopic vs. open TSH
in a bi-institutional, propensity-score matched study (76).
LLR in the first stage was associated with shorter LOS (4 vs.
7.5 days; P<0.001), while in the second stage it resulted
in lower blood loss (250 vs. 500 mL; P=0.040), fewer
postoperative complications (32% wvs. 60%; P=0.047),
shorter LOS (9 vs. 16 days; P=0.013), and earlier
administration of chemotherapy (1.6 vs. 2 months;
P=0.039). Both groups had comparable OS, RFS and liver-
recurrence-free survival, but RLR for recurrent disease
was performed more frequently in the laparoscopic TSH
group (56% vs. 0%; P=0.006). Fewer adhesions following
a laparoscopic first-stage procedure, reduced bleeding due
to pneumoperitoneum and magnified visualization of the
surgical field were cited as some of the factors responsible
for producing such positive outcomes in the MIS group (77).

Associating liver partition with portal vein
ligation (ALPPS)

ALPPS is a relatively new surgical procedure developed to
rapidly augment an insufficient FRL in the presence of high
tumour load, and hepatectomy for CLRM is the commonest
indication for this (78). A meta-analysis of 9 retrospective
studies in patients with unresectable CLRM confirmed a
faster kinetic growth rate of the FRL in ALPPS compared
to TSH (79), while the LIGRO multicenter randomized
control trial showed that ALPPS was associated with a
higher resection rate, with no differences in morbidity,
90-day mortality or RO resection rates compared to
TSH (80). Initial enthusiasm surrounding ALPPS was
curbed by reports citing high morbidity and mortality rates
(81,82), which were subsequently systematically lowered
by careful patient selection and adopting a less aggressive
approach in stage-1 ALPPS (83). Using a minimally
invasive approach for the first stage offers the benefits
of reduced bloodloss, surgical trauma and inter-stage
adhesions (84). A recent systematic review of 15 studies
comparing MIS-ALPPS to the open procedure found that
the laparoscopic patients experienced low morbidity rates
(15.4% complications of Clavien-Dindo Grade 3b) and no
procedure failures between the first and second stages, with
0% perioperative mortality after either stage (85).

‘Partial” or ‘Mini’ ALPPS is another technical
modification to minimize complications after stage 1. This
entails strict avoidance of liver mobilization, ligation of
the portal vein followed by partial transection of the liver
parenchyma only halfway up to the middle hepatic vein
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which is preserved in order to maintain outflow and prevent
congestion of the excluded liver segment. Truant ez al.
reported a series of 5 patients who underwent laparoscopic
partial-ALPPS with impressive results of median FRL
volume increase of +60% (+18.6% to +108.1%) and median
FRL function increase of +47% (+37% to +64%) (83).
These changes occurred earlier, allowing the second stage
surgery to be done successfully within a week with no
liver failure or deaths in their series. Another innovation
that has been described combines MIS Mini-ALPPS with
laparoscopic-assisted percutaneous cannulation of the
inferior mesenteric vein (IMV) for embolization of the
portal vein (instead of ligation) (86). Even ALPPS stage 2
may be performed laparoscopically, whereby the liver is
fully mobilised, followed by division of inflow Glissonean
pedicles and outflow veins using endostaplers (83). Although
these procedures have all been described in highly selected
patients, the encouraging results hint at the vast potential
for expanded indications of laparoscopy in the surgical
treatment of CLRM.

Limitations of LLR

Despite the plethora of advantages associated with
minimally invasive liver resection, certain limitations still
exist which must be acknowledged. These apply to the
laparoscopic liver surgery regardless of the indication, and
not just for resection of CLRM per se. When performing
LLR, surgeons have to adapt to a caudal to cranial view as
compared to the hepatic bird’s eye overview in OLR, hence
lesions high up in the dome of the liver or in very lateral
positions can be difficult to visualize (87). Laparoscopic
instruments do not offer the same degree and freedom
of movement as the human hand, thus liver mobilization
may be difficult and hemorrhage can no longer be
controlled manually. Despite modifications such as using
3D cameras with flexible tips or various devices like the
Harmonic Scalpel (Ethicon Endosurgery, Cincinnati, OH,
USA), Thunderbeat (Olympus, Tokyo, Japan), bipolar
device (Biclamp, Erbe, Tuebingen, Germany) or even
the laparoscopic Cavitron Ultrasonic Surgical Aspirator
(CUSA) (Valleylab, Boulder, CO, USA), LLR remains a
technically demanding undertaking with a steep learning
curve (LC). Guilbaud et 4l. recently published a systematic
review of 19 retrospective articles analysing the LC in
LLR (88). 13 studies assessed the LC in real-life LLR, of
which 7 used the cumulative sum (CUSUM) method, while
6 studies were undertaken using simulation and training
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programmes. The LC for minor hepatectomy ranged from
15-64 cases across studies, while for major resection an
average of 50 cases were required (provided the surgeons
were already proficient in minor LLR). Limitations
of this review included the fact that most reports were
single surgeon experiences only and there was significant
heterogeneity in defining the endpoints for LC (operative
time, conversion rate, bloodloss, morbidity). Furthermore,
results may be skewed as more experienced surgeons tend
to take on more difficult cases which would invariably affect
the endpoint outcome. LC may also vary in different eras
for self-taught pioneers vs. surgeons who had the benefit of
receiving formalised training by established seniors. In the
Southampton Consensus Guidelines, it is recommended
that surgeons should embark on LLR only after completing
formalised training via fellowships, courses or proctoring
programmes (16). They should be comfortable with open
liver resection and advanced laparoscopic surgery before
starting LLR, and proceed in a stepwise manner with minor
resections of lesions in anterolateral segments first before
performing major hepatectomies. Tumours which are very
large, situated close to major vessels or located in difficult
posterosuperior segments [1, 4a, 7, 8] should be reserved for
proficient operators only. Finally, these procedures should
be ideally performed in high-volume liver centers where
there are at least 2 or more surgeons with competency
in LLR.

Another major factor prohibiting the rapid uptake
of LLR is concerns about cost. Laparoscopic surgery
requires usage of additional instruments which are usually
disposable. Prolonged surgical times also contribute
additional operating room and anesthetic charges. A
systematic review of 11 manuscripts analyzing comparative
costs of LLR and OLR was done as part of the Morioka
consensus (89). This comprised of 443 laparoscopic
resections, of which the majority (306/443 or 69%)
were minor hepatectomies. Operating room costs were
similar between laparoscopic and open hepatic resection
in 7 studies; 1 study reported significantly lower costs in
laparoscopic left lateral sectionectomy while 2 studies
found higher operating room expenses in laparoscopic
right hepatectomy. Most authors concluded that LOS
was shorter after LLR which resulted in reduced hospital
ward costs and subsequently, 7/11 articles demonstrated
lower total hospital costs. In a recent study comparing 145
laparoscopic major hepatectomies (LMH) to 61 open major
hepatectomies (OMH), on intention-to-treat analysis,
higher intraoperative room expenses (+32.1%, P<0.001)
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of LMH were offset by postoperative savings (-27.2%,
P=0.030), resulting in a global cost-neutrality (-7.2%,
P=0.807) (90). This was largely attributed to reduced
blood loss and blood transfusion rates, fewer complications
requiring lesser additional post-operative investigations
and medication and shorter LOS following laparoscopic
resection. Taking into account the 14.5% conversion rate,
a per-protocol analysis of the completed LMH showed
fewer severe complications (P=0.042), interventional
procedures (P=0.027) and lower readmission rates (P=0.031).
Consequently, postoperative savings increased to -71.3%
(P=0.003), resulting in a 29.9% cost advantage of completed
LMH (P=0.020). One of the main limitations of existing
studies on cost analysis of laparoscopic hepatectomies is that
they are restricted only to the direct hospital costs, without
considering indirect costs related to loss of productivity,
return to work, caregiver expenses. Hence the true cost-
effective of LLR may be under-estimated, especially if they
allow patients to transition more quickly and smoothly
back into their daily lives to resume their dedicated roles in
society.

Future prospects

There is a paucity of high-quality, prospective data
regarding the safety and feasibility of laparoscopic major
hepatectomies, as well as LLR for lesions in difficult
locations such as the right posterior sector or the venous
outflow. To this end, two large, international, multi-center
randomized trials are currently ongoing. The ORANGE
II Plus study compares outcomes following laparoscopic vs.
open right hepatectomy (91), while the ORANGE segments
trial analyses laparoscopic compared to open liver resection
for tumours involving segments 7, 8 or 4a (92). It remains
to be seen if the results from these will be concordant with
current evidence which is derived largely from retrospective
studies.

Conclusions

After almost 3 decades, LLR for CLRM has been shown
to produce superior perioperative and short-term results
compared to OLR, with comparable oncologic and survival
outcomes. As such, every aspiring liver surgeon should
strive to include this requisite skill set in their technical
armamentarium. This may be achieved by structured,
rigorous training under the close supervision of experts
from high-volume centers which presently exist in
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practically every continent. The surgical world eagerly
awaits the results of prospective randomized trials currently
underway to tackle important questions in order to further
advance the management of this disease.
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