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Background: Minimally invasive surgery (MIS) is now established as standard of care for a variety of
gastrointestinal procedures for benign and malignant indications. However, due to concerns regarding
superiority to open liver resection (OLR), the uptake of laparoscopic liver resection (LLR) has been slow.
Data on long-term outcomes of LLR for colorectal liver metastases (CRLM) remain limited. We conducted
a systematic review and meta-analysis of short and long-term outcomes of LLR compared to OLR
for CRLM.

Methods: Five electronic databases were systematically searched for studies comparing LLR and OLR for
CRLM and reporting on survival outcomes. Two reviewers independently selected studies and extracted
data. Primary outcomes were overall survival (OS) and recurrence free survival (RFS). Secondary outcomes
were operative time, estimated blood loss, post-operative major morbidity, mortality, length of stay (LOS),
and resection margins.

Results: Eight non-randomized studies (NRS) were included (n=2,017 total patients). Six were matched
cohort studies. LLR reduced estimated blood loss [mean difference: -108.9; 95% confidence interval (CI),
-214.0 to -3.7) and major morbidity [relative risk (RR): 0.68; 95% CI, 0.56-0.83], but not mortality. No
difference was observed in operative time, LOS, resection margins, RO resections, and recurrence. Survival
data could not be pooled. No studies reported inferior survival with LLR. OS varied from 36% to 60%
for LLR and 37% to 65% for OLR. RFS ranged from 14% to 30% for LLR and 22% to 38% for OLR.
According to the grade classification, the strength of evidence was low to very low for all outcomes. The use
of parenchymal sparing resections with LLR and OLR could not be assessed.

Conclusions: Based on limited retrospective evidence, LLR offers reduced morbidity and blood loss
compared to OLR for CRLM. Comparable oncologic outcomes can be achieved. Although LLR cannot be
considered as standard of care for CRLM, it is beneficial for well-selected patients and lesions. Therefore,

LLR should be part of the liver surgeon’s armamentarium.
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Introduction

Minimally invasive surgery (MIS) is now established as
standard of care for a number of surgical procedures in
both benign and malignant diseases (1-8). Advanced MIS
procedures are being performed by a growing number of
surgeons in various practice settings (9). Mainly owing
to reduced pain, blood loss, length of hospital stay and
complications, as well as faster recovery, laparoscopic
offers significant benefits over laparotomy for a variety of
abdominal conditions (1,2-8).

Hepatectomy remains a major and highly challenging
surgery, despite the improved morbidity and mortality
profiles now achieved in high volume centres. Because of
the localization of the liver in the most cephalic portion
of the abdomen and the complex and variable intra-
hepatic anatomy, laparoscopic liver resection (LLR) is not
straightforward. Some particularities of laparoscopic surgery
are more disabling in LLR than other gastrointestinal
MIS procedures, including loss of 3-dimensional vision,
reduced depth of perception, challenging access to some
cephalic areas of the liver, and limited range of motion (10).
Such technical factors may explain the ongoing concerns
regarding the safety, feasibility, and superiority of LLR
compared to open liver resection (OLR). As a result, the
uptake of LLR has been slower than in other fields (9,11).

Complete resection with hepatectomy is now well
established as the standard of care for curative-intent
treatment of colorectal liver metastases (CRLM). Remarkable
overall survival (OS) results from 30% to 60% at 5 years can
be achieved (12,13). The face of liver resection for CRLM
has drastically changed over the past decades; medical
perioperative care has improved, indication have broadened,
techniques have transitioned towards parenchymal sparing
resections, and effective perioperative multimodal oncologic
therapies have been introduced (14-17). These changes have
rendered the uptake of LLR even more challenging in some
aspects.

The evidence supporting the use of LLR remains of
low quality as currently highlighted by the second LLR
Consensus Conference held in Morioka in 2014, even
more so when looking specifically at the safety and efficacy
of LLR in the treatment of CRLM (18). Therefore, we
sought to review the short and long-term outcomes of LLR
compared to OLR in the treatment of CRLM.
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Methods
Search strategy

In conjunction with an information specialist, we
systematically searched Medline (1966-December 2014),
Embase (1974-December 2014), the Cochrane Central
Register for Controlled Trials, Web Of Knowledge, and
the Scopus database (1966-December 2014) to identify
potential randomized controlled trials (RCT) and non-
randomized studies (NRS), without language or other
limitations. Two authors (KAB and JH) selected studies and
extracted data independently.

Study selection

Our explicit eligibility criteria included RCT or NRS
reporting the effects on short and long-term outcomes of
LLR compared to OLR for CRLM. Studies including at
least 10 adults (=18 years old) undergoing liver resection
for CRLM were eligible. Studies that included patients
not fulfilling our inclusion criteria were excluded if we
were not able to distinguish those patients from the larger
population. In the event of duplicate publication, we
included the most relevant and the most informative study.

Data abstraction and outcome measures

We developed and pilot tested a standardized data extraction
form following the recommendations of the Cochrane
Effective Practice and Organization of Care Review
Group (19). Our primary outcome was recurrence-free
survival (RFS) and OS. Secondary outcomes included
operating time (minutes), estimated blood loss (mL), 30-day
post-operative major morbidity defined as Clavien grade 3 to
5 complications (or as per the authors’ definition if Clavien
classification was not used), post-operative mortality (20),
grade B and C post-hepatectomy liver failure (International
Study Group on Liver Surgery classification) (21),
RO resection, margins (cm), and length of stay (LOS) (days).
We used the grade system to present a summary of
findings and rate the overall strength of evidence (22).

Statistical analysis

We presented descriptive statistics as means and standard
deviation (SD) for continuous variables, and proportions
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Figure 1 Flow diagram of study selection. CRLM, colorectal liver

metastases.

with 95% confidence interval (CI) for dichotomous
variables. When studies presented medians and range, we
estimated the mean and SD with the method of Hozo (23).
Meta-analysis was conducted using Review Manager
(RevMan) Version 5.2.5 (The Cochrane Collaboration,
Copenhagen, 2012) for each outcome with data in two or
more studies. We pooled the data for each outcome using
random effects models. Relative risk (RR) with 95% CI
was calculated for dichotomous outcomes. We used the I’
statistic to assess the extent of heterogeneity (24). For all
tests and Cls we used a two tailed type I error rate of 5%.

Results
Systematic search

The initial electronic search identified 433 citations, from
which eight NRSs enrolling a total of 2,017 patients (580
undergoing LLR) (Figure 1) were selected for inclusion in
this review (25-32). Among studies excluded after full text
review, two were for duplicate populations (33,34).
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Description of included studies

All studies were published in English between 2010 and
2014. They included from 42 to 1,152 patients (Zable I). Six
studies used matching techniques to create a comparison
cohort of OLR. Criteria for matching for each study of
those studies were: (I) number and size of lesions, segmental
position, extent of hepatectomy, type of hepatectomy,
and time period of resection (32); (II) lesions size (26);
(III) tumor stage, number and size of lesions, extent of
hepatectomy (undefined) (27); (IV) lesions size (30);
(V) propensity score including age, gender, primary tumor
localization, number, size, and bilaterality of lesions,
presence of extra-hepatic disease, and pre-hepatectomy
chemotherapy (25), and (VI) propensity score including
age, number and size of lesions, extent of hepatectomy,
synchronous colectomy, and clinical risk score (31).

In studies that did not using a matched analysis, there was
a tendency towards more patients with a higher number of
lesions (26,28-30) and larger lesions in the OLR group (28,29).
The proportion of major liver resections varied between
studies, from 5.0% to 62% for LLR, and 5.0% to 62.4%
for OLR. In studies that did not match for the extent of
hepatectomy, major resections were more common with LLR
in one study (26), and with OLR in three studies (25,28-30).

Details of perioperative management are provided
in Tuble 2. Most studies used a totally laparoscopic
technique with specimen extraction through a supra-pubic
(Pfanmenstiel) incision (25-28,30,32).

Short-term post-operative outcomes

Results of the pooled analysis for short-term post-operative
outcomes are presented in Figure 2.

No significant difference was identified between LLR
and OLR in terms of blood loss, operative time, or LOS.
While none of the matched studies reported a difference
in LOS (25-27,30,32), the two unmatched studies outlined
fewer days in hospital with LLR (28,29).

LLR was associated with a reduction in the risk of major
morbidity (RR: 0.68; 95% CI, 0.56-0.83). Five out of the
six matched studies did not report a significant difference
in morbidity with LLR (25-27,30,32). The two unmatched
studies observed a reduction (28,31). No difference was
observed in post-operative mortality (RR: 0.47; 95% CI,
0.16-1.35). Four studies reporting no mortality in either
LLR or OLR groups (25,28,29,31).
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Table 2 Perioperative and operative management characteristics of the included studies

Pre-operative Post-operative Vascular Major liver Abdominal
Authors Group . : .
chemotherapy [n, (%)] chemotherapy [n, (%)] clamping resection [n, (%)] drain
Montalti et al. (32) LLR/OLR 41 (72.0)/39 (68.0) 35 (58.0)/33 (58.0) Selective 13 (22.8)*/13 (22.8) Selective
Iwahashi et al. (26) LLR/OLR NR NR Selective 3 (14.3)/2 (9.5) Selective, for
major resections
Cheung etal. 27) LLR/OLR 4 (20.0)/10 (25.0) NR No 1 (5.0)*/2 (5.0) Selective
Guerron et al. (30) LLR/OLR 27 (68.0)/26 (65.0) 18 (45.0)/16 (40.0) Selective 5 (12.5)/9 (22.5) Selective, for
major resections
Cannonetal. (31) LLR/OLR 31 (89.0)/117 (84.0) NR NR 19 (54.3)*/71 (50.7) NR
Topal et al. (28) LLR/OLR 55 (67.9)/119 (61.7) 50 (61.7)/124 (64.2)  Selective 18 (22.2)/82 (42.5) NR
Welsh et al. (29) LLR/OLR 65 (24.4)/217 (24.5) NR Selective 165 (62.0)/553 (62.4) NR
Castaing et al. (25) LLR/OLR 34 (56.7)/34 (56.7) 34 (57.0)/50 (83.0) Selective 26 (43.3)/25 (41.7) NR

*, groups matched on extent of hepatectomy. LLR, laparoscopic liver resection; OLR, open liver resection; NR, not reported.

Oncological outcomes

Pooled risk estimates for oncological outcomes are
presented in Figure 3. LLR was not associated with any
significant difference in either resection margins or
proportion of RO resections (RR: 1.05; 95% CI, 0.99-1.12).
Recurrence did not differ between LLR and OLR (RR: 0.86;
95% CI, 0.66-1.12).

OS and RFS did not differ significantly in any of the
included studies. Individual results are presented in Zable 3.
Five-year OS ranged from 36 to 60% for LLR, and 37-65%
for OLR. Five-year RFS varied from 14% to 30% for
LLR, and 22% to 38% for OLR. Median follow-up was
not reported in most studies. The included studies did not
provide enough information to allow for pooling of survival
data (number of events and/or hazard ratios).

Strength of evidence for each pooled risk estimate is
presented in 7able 4. According to the grade system, the
strength of evidence was low to very low for all considered
outcomes.

Discussion

Due to benefits in terms of operative efficiency as well
as post-operative pain, morbidity, and recovery, MIS
has become standard of care in various gastrointestinal
procedures for both benign and malignant diseases
(3,6,35,36). MIS training has been formally incorporated
in surgical curriculums, and more advanced procedures are
being performed by larger groups of surgeons (9,37,38).
Since Reich ez al. reported the first LLR in the early 1990%,
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its uptake has been rather slow (39). With the advent of new
technologies and laparoscopic instruments, the feasibility
of LLR has improved and its adoption has recently started
to increase (18,40,41). The proportion of all hepatectomies
performed laparoscopically however still remains low—
around 25% in single centres reports and 14% in nationwide
European experiences (42,43). CRLM represent only a
small portion of those LLRs. In a recent worldwide review,
50% of LLRs were performed for malignancy. Of those,
35% were CRLM. Indeed, the French experience indicates
that only 7.4% of 3,044 hepatectomies performed for
CRLM from 2006 to 2014 were done laparoscopically (44).

MIS offers an opportunity to reduce surgical morbidity
and enhance post-operative recovery. Thus, increasing the
use of LLR is important in improving outcomes for CRLM.
Animal studies have revealed that laparoscopic approach
results in reduced stress response to surgery as evidenced
by changes in interleukin-6, tumor necrosis factor, and
adhesion formation, when compared to laparotomy for
liver resection (45). The results from this review confirm
previous reports of lower morbidity with LLR compared
to OLR for CRLM (RR: 0.68). However, this did not
translate into shorter LOS in the current analysis. Most
studies included in this review were matched, which
may explain the difference with prior reports indicating
reduced operative time and LOS (46-48). It is important
to stress that the results reported here are based on pooled
estimates from retrospective studies with small sample sizes,
inherently susceptible to bias.

Concerns regarding the benefits of LLR for CRLM have
been voiced regarding the ability to identify small lesions

HepatoBiliary Surg Nutr 2016;5(4):300-310
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Figure 2 Forrest plots comparing short-term post-operative outcomes between LLR and OLR for colorectal liver metastases. (A) Operative
time (minutes); (B) estimated blood loss (mL); (C) major morbidity; (D) mortality; (D) mortality; (E) hospital LOS (days). LLR, laparoscopic

liver resection; OLR, open liver resection; CI, confidence interval; LOS, length of stay.
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C LLR OLR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Castaing 34 57 42 57 39.1% 0.81[0.62, 1.05] 2009
Welsh 0 0 0 0 Not estimable 2010
Topal 0 0 0 0 Not estimable 2012
Cannon 0 0 0 0 Not estimable 2012
Guerron 0 0 0 0 Not estimable 2013
Cheung 11 20 33 40 24.3% 0.67 [0.44, 1.02] 2013
Montalti 37 57 34 57 36.6% 1.09 [0.82, 1.45] 2014
Iwahashi 0 0 0 0 Not estimable 2014
Total (95% CI) 134 154 100.0% 0.86 [0.66, 1.12]
Total events 82 109
Heterogeneity: Tau® = 0.03; Chi* = 4.16, df = 2 (P = 0.12); I’ = 52% ) t } t |
0.01 0.1 1 10 100
Test for overall effect: Z = 1.12 (P = 0.26) Favours LLR Favours OLR

Figure 3 Forrest plot comparing oncologic outcomes between LLR and OLR for colorectal liver metastases. (A) RO resection; (B) resection

margins (cm); (C) all site recurrence. LLR, laparoscopic liver resection; OLR, open liver resection; CI, confidence interval.

Table 3 The 5-year overall and RFS for laparoscopic and open liver resection in the included studies

Median follow-up (months) (O] RFS )
Authors Survival measure
OLR LLR OLR (%) LLR (%) OLR (%) LLR (%)
Montalti et al. (32) 53.7 40.9 65 60 38 29 5-year
lwahashi et al. (26) NR NR 51 42 25 14 5-year
Cheung et al. (27) NR NR 421 69.4 10.9 9.8 Median (months)
Guerron et al. (30) 16 16 81 89 30 35 2-year
Cannon et al. (31) NR NR 37 36 22 15 5-year
Topal et al. (28) NR NR 61 59 30 30 5-year
Welsh et al. (29) NR NR 32.1* 36.9* NR NR 5-year
Castaing et al. (25) 30 33 64 56 30 20 5-year

*, Cancer specific survival. RFS, recurrence free survival; OS, overall survival; LLR, laparoscopic liver resection; OLR, open liver
resection; NR, not reported.
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Table 4 Grade summary of findings for the effect of laparoscopic versus open liver resection for colorectal liver metastases

lllustrative comparative risk . Number of Quality of
Outcome Effect estimate (95% CI) o . .

LLR (%) OLR (%) participants (studies) evidence (grade)*

Operative time (minutes) - - -17.5(-45.210 10.2) 7 +Very low
Estimated blood loss (mL) - - -108.9 (-214.0 to -3.7) 7 ++Low
The 30-day major morbidity 18.2 29.5 0.68 (0.56-0.83) 8 ++Low
The 30-day mortality 0.7 1.1 0.47 (0.16-1.35) 8 +Very low
LOS (days) - - -0.99 (-2.88 to0 0.91) 6 +Very low
Margins (cm) - - -0.51 (-1.77 t0 0.76) 5 +Very low
RO resection 93.8 85.8 1.05 (0.99-1.12) 7 +Very low
Recurrence 61.2 70.8 0.86 (0.66-1.12) 5 +Very low

*, Quality rated from + (very low) to ++++ (high quality). LLR, laparoscopic liver resection; OLR, open liver resection; Cl, confidence

interval; LOS, length of stay.

and achieve negative margins (49). Older issues pertaining
to the trophic effect of the pneumoperitoneum and port site
metastases have been dismissed in assessments of colorectal
cancers, including large RCT of laparoscopic colectomy
(50,51). Those results can be extrapolated to CRLM. Long-
term outcomes have not often been compared between LLR
and OLR for CRLM. Most studies focused on technical
feasibility and short-term outcomes. Therefore, we
chose to consider only studies that reported on oncologic
outcomes, including survival. Although data could not be
pooled, none of the included studies identified inferior
survival with LLR. The limited number of studies reporting
on long-term outcomes after LR for CRLM, as well as
their frequently small sample sizes and single-institution
nature, has to be considered when interpreting the results
of this review. As previously mentioned, LLR represents
a challenging technique. Not many centres have adopted
it. Those who have face selection biases in deciding which
patients to approach laparoscopically and which ones to
operate on with laparotomy. The relatively recent increase
in the use of LLR for CRLM also influences the availability
of long-term data to report on. Therefore, it is difficult to
draw definitive conclusions as to whether LLR can achieve
similar oncologic outcomes as OLR.

Being able to provide the patient with similar resection
laparoscopically and open is important when looking at
both short and long-term outcomes. CRLM present specific
challenges for LLR; pre-hepatectomy chemotherapy
alters the quality of the liver parenchyma and may render
it more prone to bleeding, and parenchyma preserving
procedures are paramount (14,52). The latter has been
reported to significantly reduce morbidity and mortality
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of hepatectomy for CRLM, while providing excellent
long-term outcomes with the potential for beneficial
repeat resection in the face of recurrence (14,52). LLR
provides better magnification of operative field than with
OLR, which can help in performing a precise resection.
However, other technical issues can potentially hamper
the ability to save liver parenchyma. The analysis of visual
and tactile stimuli necessary to properly assess the complex
intra-hepatic anatomy in order to perform precise, safe,
and parenchymal-sparing liver resections, is rendered
even more challenging by the loss of tactile feedback,
lack of 3-dimensional visualization, and difficult hand-
eye coordination with laparoscopy. Therefore, concerns
still exist regarding the feasibility of LLR for CRLM
while meeting current oncologic resection standards.
Larger pieces of liver parenchyma may have to be resected
laparoscopically to treat the same lesion. This problem
was highlighted in the recommendations from the recent
Second Consensus on LLR held in Morioka in 2014 (18).
Unfortunately, it could not be assessed in this review.

No one can deny the repeatedly reported benefits of
laparoscopic surgery over laparotomy for gastrointestinal
procedures (1,2-8,35). However, when looking at LLR for
CRLM, one has to carefully consider patient and lesion
selection to ensure that the benefits remain higher than the
potential downsides of the laparoscopic technique. LLR
has not yet reached the level of standard of care for CRLM
resection. The appropriateness of the surgical approach
has to be tailored to the patient medical condition and the
disease pattern in the liver. Liver parenchyma should not
be sacrificed for the sake of performing the hepatectomy
laparoscopically. Selection for LLR has to be based on the
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patient’s ability to tolerate a potentially prolonged surgical
intervention, and the number, localization, and size of
lesions to be resected. Considering the long learning curve
for LLR, the expertise of the surgeon also needs to be taken
into consideration (11,53). Tools such as the newly described
Morioka score can assist surgeons in this selection process
by providing an objective appreciation of the complexity
of LLR for a given patient. This scoring system is based
on the size of lesions, extent of resection required, location
within the liver, proximity to major vessels, and degree of
fibrosis (54). However, it does not consider parenchymal
sparing resections nor does it pertain specifically to CRLM.

Important limitations exist among the studies included
in this review, mostly due to their small sample sizes,
retrospective designs, and lack of multivariable analyses.
However, this review is based on a comprehensive,
systematic and highly sensitive literature search that was
conducted without restriction for language or the type of
publication. Including non-randomized designs allowed
for a thorough review of the available literature. Thus,
this review offers a systematic and objective assimilation
of the available data regarding the long-term outcomes
of LLR compared to OLR, as well as insight about the
particularities of LLR for CRLM.

Conclusions

Based on limited retrospective evidence, LLR offers
reduced morbidity and blood loss when compared to
OLR in the surgical treatment of CRLM. Comparable
oncologic outcomes can be achieved with LLR and OLR
in terms of resection margins, RO resection, recurrence,
and long-term survival results. LLR for CRLM presents
specific challenges, mainly pertaining to the feasibility of
parenchymal-sparing resection. LLR cannot be considered
as standard of care for CRLM at the moment. The decision
to proceed with LLR over OLR rests on careful patient
and lesion selection to ensure optimal risk-benefits balance.
However, LLR represent a paramount tool in the liver
surgeon’s armamentarium. Surgeons should be proficient
with LLR in order to be able to offer it to properly selected
patients and provide them with the benefits of MIS when
feasible.
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