
ORIGINAL SCIENTIFIC REPORT

Laparoscopic Compared to Open Repeat Hepatectomy
for Colorectal Liver Metastases: a Multi-institutional Propensity-
Matched Analysis of Short- and Long-Term Outcomes

Julie Hallet1,2,3
• Antonio Sa Cunha4

• Daniel Cherqui4 • Brice Gayet5
•

Diane Goéré6
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Abstract

Introduction While uptake of laparoscopic hepatectomy has improved, evidence on laparoscopic re-hepatectomy

(LRH) for colorectal liver metastases (CRLMs) is limited and has never been compared to the open approach. We

sought to define outcomes of LRH compared to open re-hepatectomy (ORH).

Methods Patients undergoing re-hepatectomy for CRLM at 39 institutions (2006–2013) were identified. Primary

outcomes were 30-day post-operative overall morbidity, mortality, and length of stay. Secondary outcomes were

recurrence and survival at latest follow-up. LRHs were matched to ORHs (1:3) using a propensity score created by

comparing pre-operative clinicopathologic factors (number and size of liver metastases and major hepatectomy).

Results Of 376 re-hepatectomies included, 27 were LRH, including 1 (3.7%) conversion. The propensity-matched

cohort included 108 patients. Neither median operative time (252 vs. 230 min; p = 0.82) nor overall 30-day mor-

bidity (48.1 vs. 38.3%; p = 0.37) differed. Non-specific morbidity (including cardiac, respiratory, infectious, and

renal events) decreased with LRH (11.1 vs. 30.9%, p = 0.04), while surgical-specific morbidity, including liver

insufficiency, was higher (44.4 vs. 22.2%, p = 0.03). One ORH and 0 LRH suffered 30-day mortality. Median length

of stay (9 vs. 12 days; p = 0.60) was comparable. At latest follow-up, 26 (96.3%) LRH and 67 (82.7%) ORH patients

were alive. Eight (29.6%) LRH and 36 (44.4%) ORH patients were alive without disease.

Conclusion LRH for recurrent CRLM was associated with overall short-term outcomes comparable to ORH, but

different morbidity profiles. While it may offer a safe and feasible approach, further insight is necessary to better

define patient selection.

Introduction

Hepatectomy is now established as the treatment of choice

for curative-intent treatment of colorectal liver metastases

(CRLMs) to provide excellent long-term outcomes with up
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to 60% 5-year overall survival [1, 2]. However, recurrence

following hepatectomy occurs as often as in 60% of cases,

most commonly within the liver [3, 4]. Repeat hepatectomy

(RH) has been proven to be a safe and effective strategy in

the management of recurrent CRLMs. It provides curative-

intent therapy with limited morbidity and mortality profile

and favorable long-term outcomes [5–8].

Minimally invasive surgery is increasingly used by a

growing number of surgeons in the treatment of benign and

malignant diseases [9–16]. It has been repeatedly shown to

provide improved outcomes over open techniques in terms

of limited blood loss, reduced morbidity and mortality, and

faster recovery [9–16]. However, liver surgery presents

unique challenges when it comes to laparoscopic surgical

approaches, mostly due to the liver’s cephalic location

within the abdomen and the variable intra-hepatic anatomy

[17, 18]. Thus, the uptake of minimally invasive surgery

for hepatectomy has been slower than in other fields,

particularly for CRLMs [19, 20]. The evidence supporting

the use of minimally invasive hepatectomy remains limited

as highlighted by the Second Laparoscopic Liver Resec-

tion Consensus Conference held in Morioka in 2014, even

more so for CRLMs [19]. Laparoscopic repeat hepatec-

tomy (LRH) for CRLMs is even less commonly reported;

data on its feasibility, safety, and efficacy are scarce

[21, 22].

In this study, we sought to define the outcomes of LRH

compared to open repeat hepatectomy (ORH), using the

large contemporary dataset from the Association Française

de Chirurgie (French Surgical Association—AFC) CRLM

database.

Methods

We conducted a retrospective propensity-matched com-

parative cohort study using the AFC CRLM database. The

study was designed and reported according to the STROBE

and RECORD consensus statements [23, 24].

Data sources

The AFC CRLM database is a questionnaire-based survey

of patients undergoing hepatectomy for CRLM. Patients

undergoing CRLM resection across 32 French institutions

over January 1, 2006, to December 31, 2013, are included.

The data collection methods as well as abstracted variables

details have previously been published [3, 20]. Each

institution was responsible for data entry and submitting

files to the AFC. Data collection was standardized through

institutions. Files were then anonymized and merged into a

single database. In case of missing data ([10% per vari-

able), questionnaires were returned to the institutions.

Timing and modalities of follow-up after resection were

based on institutional practices. Patients lacking long-term

follow-up information or with outlying values were

excluded. The authors had complete access to the data

included in the final dataset.

Selection of participants

We identified all adult patients (C18 years old) undergoing

RH in the AFC CRLM from January 1, 2006, to December

31, 2013. We excluded patients undergoing RH as the

second stage of two-stage procedure or deemed unre-

sectable at the time of surgery. Patients were divided into

two groups: those who underwent LRH and those who

underwent ORH. The choice of surgical approach was at

the discretion of the attending surgeon. Patients undergoing

LRH converted to an open procedure were included in the

LRH group.

Outcomes and data collection

The primary outcomes were 30-day post-operative overall

morbidity and mortality. Post-operative morbidity was

assessed at 30 days following surgery and subdivided into

non-specific morbidity (including cardiac, respiratory,

infectious, thromboembolic, and renal events) and specific

morbidity (including surgical site infection, liver insuffi-

ciency, and biliary leak). Liver insufficiency was defined as

persistent rise in bilirubin and INR levels at post-operative

day 5 as per the ‘‘50/50’’ criteria [25]. Secondary outcomes

were length of stay, recurrence-free survival (RFS—from

date of RH to date of recurrence), and vital status at last

follow-up (alive without disease, alive with disease, or

deceased). Recurrence was defined as intra- or extrahepatic

biopsy-proven recurrent adenocarcinoma or a lesion

deemed suspicious on cross-sectional imaging, following

RH.

We extracted baseline demographics as well as clinical,

operative, and post-operative characteristics from the

database. Extrahepatic disease was defined as the presence
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of any non-liver site of colorectal cancer either biopsy

proven or identified as a concerning lesion on cross-sec-

tional imaging. Major hepatectomy was considered as the

resection of three or more liver segments. Use of systemic

therapy was captured and divided into pre-operative (ad-

ministration of any chemotherapy agent in the 6 months

prior to hepatectomy) and post-operative (in the 6 months

following hepatectomy).

Statistical analysis

The characteristics of included patients were described

stratified by LRH compared to ORH. Categorical data were

reported as absolute numbers (n) with proportion (%), and

continuous variables as median with interquartile range

(IQR). Groups were compared using Chi-square, Fischer

exact test, or ANOVA, as appropriate.

The Kaplan–Meier method was used to estimate RFS

[26]. Patients were censored at the end of follow-up,

defined as date of death or date of last clinical encounter.

Differences in RFS between LRH and ORH were examined

with the log-rank test [26].

Propensity scoring was used to account for clinical

differences between groups. The propensity score was

computed using logistic regression modeling with LRH as

the dependent variable. Variables included in the propen-

sity score were chosen based on their clinical relevance in

the decision to proceed with LRH as opposed to ORH and

baseline differences between groups. Age, body mass index

category, American Society of Anesthesiology (ASA)

classification, solitary liver metastasis, largest liver lesion

over 3 cm, and major liver resection were used in the

propensity score calculation. The score was then used to

match LRH to ORH (1:3) using a nearest-neighbor algo-

rithm, to create comparable cohorts to assess the impact of

LRH on outcomes.

Outcomes were compared before (entire cohort) and

after matching (matched cohort). Logistic regression

models were constructed to assess the association between

LRH and primary outcomes. Results were reported as odds

ratios (OR) with 95% confidence interval (95%CI). Sta-

tistical significance was set at p B 0.05. All analyses were

conducted with SPSS 21.0 (IBM Corp., Amon, NY).

Results

Characteristics of the cohort

From 3036 entries in the AFC CRLM database, 447 were

RH. Of those, 27 were performed with minimally invasive

approach and were not missing data for propensity scoring

(Fig. 1). LRHs were performed in five institutions.

Propensity score matching was used to minimize con-

founding by indication for surgical approach and thereby

create more comparable groups. The matched cohort

includes 27 LRH and 82 ORH.

Demographic and clinical characteristics of the entire

and matched cohorts are presented in Table 1. Operative

characteristics are detailed in Table 2. As expected, there

were baseline differences in patients undergoing LRH and

ORH. Patients undergoing LRH were operated on more

commonly for fewer and larger liver lesions. Larger

amount of liver parenchyma was resected with LRH than

ORH as evidenced by more common major liver resection

(92.6 vs. 24.1%). The LRH group included 25 major liver

resections: two left lobectomies, eleven right lobectomies,

five right trisegmentetctomies, one left trisegmentectomy,

one left lobectomy with wedge resection of segment 8, one

right lobectomy with wedge resection of segment 4, and

one right lobectomy with wedge resection of segment 2.

There was one (3.1%) conversion from LRH to open sur-

gery. No difference was observed in operative time or

receipt of blood transfusion between the LRH and ORH

groups.

Figure 2a, b presents standardized differences between

groups before and after propensity matching and shows

adequate balance between groups in the matched cohort for

the variables included in the propensity score.

Short-term post-operative outcomes

Figure 3 depicts the 30-day post-operative morbidity and

mortality in the entire (Fig. 3a) and the matched (Fig. 3b)

cohorts. No post-operative mortality occurred in the LRH

group, compared to five (1.4%) events in the entire ORH

group and one (1.2%) event in the matched ORH group.

Overall morbidity did not differ between groups in the

entire and the matched cohorts. Specific morbidity was

more frequent in the LRH group in the entire cohort

(p\ 0.001). This difference was maintained in the matched

cohort (44.4 vs. 22.2%; p = 0.026). Analysis of principal

causes of specific morbidity revealed higher occurrence of

liver insufficiency in the LRH group. There was no differ-

ence observed in terms of non-specific morbidity. On

regression analysis, LRH was significantly associated with

30-day specific morbidity (OR 2.88; 95%CI: 1.11–7.04),

but not with overall morbidity or non-specific morbidity

(Table 3). The low number of events in each group did not

allow for adjustments for additional covariates.

While median length of stay was shorter for LRH in the

entire cohort, with 9 (IQR: 8–18) days compared to 10

(IQR: 8–13) days (p = 0.019), no difference was observed

after matching, with 9 (IQR: 8–18) days compared to 12

(IQR: 9–17) days (p = 0.602).
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Long-term post-operative outcomes

No statistically significant difference was observed in the

ability to achieve R0 resection with LRH and ORH in the

entire cohort (84.6 vs. 64.5%; p = 0.233) or the matched

cohort (84.6 vs. 72.7%; p = 0.297).

Median follow-up was 20.7 (IQR: 3.3–60.2) months for

the LRH group, 15.4 (IQR: 5.7–35.9) months for the entire

ORH group, and 23.2 (IQR: 6.4–41.4) months for the

matched ORH group. Recurrence did not differ between

LRH and ORH in the entire cohort (67.7 vs. 51.9%;

p = 0.138). It also did not reach statistical difference in the

matched cohort (66.7 vs. 46.9%; p = 0.075). Median time

to recurrence did not differ between LRH with 10.8 (IQR:

7.4–17.5) months, and ORH in the entire cohort with 10.2

(IQR: 4.6–17.9) months (p = 0.932), or the matched

cohort with 11.0 (IQR: 7.4–17.5) months (p = 0.483).

RFS is presented in Fig. 4. It did not differ, with 5-year

RFS of 21.4% for LRH compared to 25.6% for ORH

(p = 0.938), in the matched cohort. Due to small number

of death events, actuarial overall survival could not be

computed. At latest follow-up in the matched cohort,

96.3% of patients undergoing LRH and 82.7% undergoing

ORH were alive. Proportion of patients alive without dis-

ease at the latest follow-up were 29.6 and 44.4% for LRH

and ORH, respectively.

Discussion

In this multi-institutional propensity-matched study, we

compared the outcomes of LRH to ORH. While post-op-

erative overall morbidity did not differ between groups,

different morbidity profiles were identified. LRH was

associated with 2.88 times higher odds of specific mor-

bidity, compared to ORH. No difference was observed in

post-operative recovery as assessed by length of stay.

Long-term oncologic outcomes assessed by RFS and

Fig. 1 Flow diagram of patient selection
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Table 1 Demographic and clinical characteristics of patients undergoing repeat hepatectomy for colorectal liver metastases in the entire and

propensity-matched cohorts

Entire cohort Propensity-matched cohort

Open repeat

hepatectomy

n = 349

Laparoscopic repeat

hepatectomy

n = 27

p value Open repeat

hepatectomy

n = 81

Laparoscopic repeat

hepatectomy

n = 27

p value

Age 61.7 (54.9–69.5) 63.6 (59.0–70.9) 0.293 62.8 (57.5–70.3) 63.6 (59.0–70.9) 0.822

Male gender 219 (62.8) 20 (74.1) 0.239 50 (61.7) 20 (74.1) 0.245

ASA

class

1 30 (8.6) 4 (14.8) 0.422 6 (7.4) 4 (14.8) 0.510

2 273 (78.2) 19 (70.4) 63 (77.8) 19 (70.4)

3 46 (13.2) 4 (14.8) 12 (14.8) 4 (14.8)

4 0 (0) 0 (0) 0 (0) 0 (0)

BMI \20 28 (8.0) 2 (7.4) 0.949 4 (4.9) 2 (7.4) 0.872

21–30 252 (72.2) 21 (77.8) 58 (71.6) 21 (77.8)

31–40 30 (8.6) 2 (7.4) 8 (9.9) 2 (7.4)

[40 3 (0.9) 0 (0) 1 (1.2) 0 (0)

Missing 36 (10.3) 2 (7.4) 10 (12.3) 2 (7.4)

Primary tumor

Rectal location 95 (27.2) 7 (25.9) 0.884 16 (19.8) 7 (25.9) 0.497

T 3 or 4 276 (88.5) 21 (77.8) 0.124 63 (84.0) 21 (77.8) 0.467

Node positive 181 (51.9) 2 (7.4) \0.0001 38 (46.9) 2 (7.4) \0.0001

Liver metastases presentation

More than 3

lesions

67 (19.2) 9 (33.3) 0.085 56 (69.1) 9 (33.3) 0.811

More than 3 cm 230 (65.9) 12 (44.4) 0.035 36 (44.4) 12 (44.4) 1.00

Extrahepatic

disease

53 (15.2) 1 (3.7) 0.151 7 (8.6) 1 (3.7) 0.396

Pre-op

chemotherapy

248 (71.1) 18 (66.7) 0.662 60 (74.1) 18 (66.7) 0.457

Values are n (%) or median (interquartile range)

ASA American Society of Anesthesiology; BMI body mass index

Table 2 Operative course characteristics for patients undergoing repeat hepatectomy for colorectal liver metastases in the entire and propensity-

matched cohorts

Entire cohort Propensity-matched cohort

Open repeat

hepatectomy

n = 349

Laparoscopic repeat

hepatectomy

n = 27

p value Open repeat

hepatectomy

n = 81

Laparoscopic repeat

hepatectomy

n = 27

p value

Operative time

(min)

232.5 (167–300) 252.5 (180–322.5) 0.313 230 (180–300) 252.5 (180–322.5) 0.522

Major resectiona 84 (24.1) 25 (92.6) \0.0001 75 (92.6) 25 (92.6) 1.0

Hepatic pedicle

clamping

241 (69.1) 5 (18.5) \0.0001 63 (77.8) 5 (18.5) \0.0001

Surgical abdominal

drain

270 (77.4) 27 (100.0) 0.002 67 (82.7) 27 (100.0) 0.021

Perioperative

transfusion

75 (21.6) 4 (14.8) 0.623 16 (19.8) 4 (14.8) 0.396

a C3 segments
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survival status at latest follow-up did not significantly

differ whether patients underwent LRH or ORH.

There is a growing body of literature reporting the

effectiveness of RH for the curative-intent management of

recurrent CRLMs [5–7, 27, 28]. Favorable long-term sur-

vival can be achieved with RH and is superior to that

obtained with palliative chemotherapy alone [5, 7, 28–30].

RH presents specific challenging that makes it theoretically

more demanding than the initial hepatectomy. The liver

parenchyma is more friable from prior regeneration and

potential pre-operative chemotherapy, there is less par-

enchyma to preserve the future liver remnant function,

adhesions render exposure more difficult, and changes in

extra- and intra-hepatic anatomy from prior surgery result

in more challenging dissection. Nevertheless, RH can be

performed with similar morbidity and mortality profiles as

the initial hepatectomy [27, 28, 31].

The use of minimally invasive surgery has increased

significantly over the past decades. Due to reduced mor-

bidity and enhanced recovery, it is now standard of care for

a number of procedures to treat benign and malignant

diseases [9–16]. The uptake of laparoscopic liver surgery

has been slower, with 14–25% of hepatectomies performed

laparoscopically in international series [32, 33]. This pro-

portion drops to 6.7% when looking specifically at CRLMs

[20]. Nevertheless, when an initial hepatectomy is per-

formed laparoscopically, it is associated with improved

short-term outcomes [20, 34, 35].

While the use of LRH has been reported in a limited

number of case series, its outcomes have never been

compared to those of ORH [21, 22, 36]. This multi-insti-

tutional study is the first to compare the results of LRH to

ORH. It is an important issue to address. Laparoscopic

surgery poses a number of challenges that may be more

difficult to overcome for liver resections, including loss of

three-dimension vision, hand–eye coordination, access to

the liver dome, and visualization and tracking of deep

seated lesions [37, 38]. This may be more pronounced

when already dealing with the technical difficulties of

repeat liver surgery.

This analysis did not identify a significant difference in

overall morbidity between LRH and ORH. The selection

bias involved in deciding to proceed with LRH or ORH

might have contributed to this, as evidenced by different

patient characteristics at baseline. Propensity score

matching was used to mitigate this [39]. Due to the overall

Fig. 2 Propensity score matching: absolute standardized difference of covariates before and after propensity score matching (a) and

distribution of propensity score (b)
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Fig. 3 Short-term post-operative outcomes following repeat hepatectomy, stratified by laparoscopic versus open surgery, in the entire cohort

(a) and the matched cohort (b)
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small number of LRHs, it was not possible to assess the

impact of interinstitution variability on the reported mor-

bidity. While the current findings seem to oppose reports

pertaining to laparoscopic initial hepatectomy, it is

important to outline that the morbidity reduction with

laparoscopic liver resection is not consistent across studies

[35]. This lack of difference may be explained by the

special nature of CRLM surgical management. Resection

of CRLM is not always ideally suited for laparoscopic

approach. In particular, parenchymal sparing principles are

key in optimizing post-operative outcomes [40, 41]. This is

even more crucial for RH and is more challenging

laparoscopically due to the difficult access to some areas of

the liver and hampered ability to visualize and track lesions

[37, 38]. A high proportion of LRH was major liver

resections in this series, which parallels other reports

[21, 22]. Resection of larger amounts of parenchyma might

thus have been needed to allow for LRH and impacted

outcomes. This would explain why the pattern of morbidity

varied. Surgery specific morbidity, including liver insuffi-

ciency, was more common with LRH. Non-specific mor-

bidity was lower with ORH, mostly due to fewer

respiratory events, a known benefit of minimally invasive

techniques [42].

It is acknowledged that this study presents limitations,

mostly due to its retrospective nature and small sample

size. It appraised the results of an overall uncommon

procedure in a multi-institutional setting. The decision to

proceed with LRH or ORH was left to the surgeons. While

propensity score matching was used to account for this

selection bias, it cannot correct for all potential con-

founders. In addition, the dataset used was not created

specifically for the purposes of the research question herein

addressed. Therefore, some interesting variables were not

available. In particular, the details of the initial hepatec-

tomies were not known, including approach (laparoscopic

Table 3 Association between laparoscopic repeat hepatectomy and post-operative morbidity (logistic regression)

Entire cohort Propensity-matched cohort

Odds ratio 95%CI p value Odds ratio 95%CI p value

30-day post-operative overall morbidity 2.28 1.03–5.02 0.041 1.50 0.62–3.6 0.367

30-day post-operative specific morbidity 3.93 1.75–8.83 0.001 2.88 1.11–7.04 0.029

30-day post-operative non-specific morbidity 0.53 0.15–1.80 0.306 0.28 0.08–1.02 0.053

Fig. 4 Recurrence-free survival following repeat hepatectomy, stratified by laparoscopic versus open surgery, in the entire cohort (a) and the

matched cohort (b)
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or open), extent of resection, and use of chemotherapy

prior to the repeat hepatectomy episode. The impact of the

laparoscopic approach on intra-operative blood loss could

not be assessed since this difficult to capture variable was

lacking from the dataset. This was, however, assessed by

examining the use of blood transfusion, which did not

differ between LRH and ORH. Finally, LRH was per-

formed by expert laparoscopic liver surgeons, which is

critical in achieving good outcomes. For the results

reported herein to apply, surgeons have to ensure they

received good training in laparoscopic liver resection and

completed the learning curve on initial hepatectomies

[19, 43, 44].

Nevertheless, this study represents a contemporary

multi-institutional assessment of LRH and compared it to

ORH for the first time. It provides important insight into

the potential benefits and drawbacks of LRH. While good

outcomes can be achieved, there is still work to be done

before RH can be performed laparoscopically on a routine

basis. First, the uptake of laparoscopic liver resection for

CRLM should increase such that liver surgeons complete

the long but necessary learning curve [19, 43, 44]. Second,

development of improved navigation and operative tools

would ensure that parenchymal sparing principles can be

adhered to [37]. At this moment, LRH appears best to be

performed by experts in the fields and in highly selected

patients.

Conclusion

LRH for recurrent CRLM can be safely achieved with

overall short-term outcomes comparable to ORH. How-

ever, morbidity profiles differed; LRH was associated with

more common specific morbidity such as liver insuffi-

ciency, but lower non-specific morbidity such as respira-

tory events. While LRH offers a feasible approach in

selected patients and by expert hands, further insight and

development of laparoscopic liver techniques appear nec-

essary prior to widespread use.
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Hospitalier Saint André: Christophe Laurent; Chambery, CH Cham-
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