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Abstract

Objective: The aim of this study is to evaluate whether a parenchymal-sparing strategy provides similar

results in terms of morbidity, mortality, and oncological outcome of non-PSH hepatectomies in a pro-

pensity score matched population (PSMP) in case of multiple (>3) bilobar colorectal liver metastases

(CLM).

Background: The surgical treatment of bilobar liver metastasis is challenging due to the necessity to

achieve complete resection margins and a sufficient future remnant liver. Two approaches are adaptable

as follows: parenchymal-sparing hepatectomies (PSH) and extended hepatectomies (NON-PSH).

Methods: A total of 3036 hepatectomies were analyzed from a multicentric retrospective cohort of

hepatectomies. Patients were matched in a 1:1 propensity score analysis in order to compare PSH

versus NON-PSH resections.

Results: PSH was associated with a lower number of complications (�1) (25% vs. 34%, p = 0.04) and a

lower grade of Dindo-Clavien III and IV (10 vs. 16%, p = 0.03). Liver failure was less present in PSH (2 vs.

7%, p = 0.006), with a shorter ICU stay (0 day vs. 1 day, p = 0.004). No differences were demonstrated in

overall and disease-free survival.

Conclusion: In conclusion, PSH resection for bilobar multiple CLMs represents a valid alternative to

NON-PSH resection in selected patients with a reduced morbidity and comparable oncological results.
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Introduction

The modern treatment of colorectal liver metastasis is based on a
multidisciplinary approach and on negative resection margin
Collaborators of the French Surgical Association (Association Française de

Chirurgie) Working Group are listed in Acknowledgements.
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resections in order to achieve the best long-term results for
metastatic patients. Recently, the concept of parenchymal-
sparing hepatectomies (PSH) has been even more considered1–
4 due to the possibility of reducing the risk of acute liver fail-
ure, by respecting the uninvolved liver parenchyma. Even if some
critics focused on the higher rate of recurrence due to nearest
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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resection margins5 and on an extended quantity of liver paren-
chyma which could host liver recurrence,6 recent series
demonstrate the feasibility of a parenchymal-sparing strategy.1–
3,7–9 In case of bilateral liver metastases, strategies could be
challenging due to the necessity to achieve a curative treatment as
well as a sufficient future remnant liver. Most series comparing a
parenchymal-sparing approach with extensive hepatectomies
have not demonstrated any difference between these two ap-
proaches, even if heterogeneous populations were compared,
with difficult interpretation of results.10,11

The aim of this study is to evaluate the results of a parenchymal-
sparing approach in terms of morbidity, mortality, and onco-
logical outcome, in a propensity score matched population
(PSMP) in case of multiple bilobar colorectal liver metastases.
Figure 1 Distribution over the years
Methods

Data were obtained from a questionnaire-based survey of pa-
tients who underwent surgery for colorectal liver metastases
(CRLM) in 32 French centers from January 2006 to December
2013. This study was performed under the supervision of the
French National Surgical Association (Association Française de
Chirurgie – AFC) after institutional approval. Files were sub-
mitted by surgeons of each institution. Demographic data, pre-
operative, intraoperative, postoperative data and oncological
results were collected and evaluated. Each site was responsible for
data collection and entry. Files were then submitted to the AFC.
Once anonymized, all questionnaires were merged to create a
single database. To ensure completeness of data, questionnaires
were sent back to the institutions in case of missing data (>10%
per variable). Once this step was complete, patients without
long-term follow-up information or with outlying values were
excluded. The authors had complete access to the final dataset.

Study population
This study was designed to evaluate the short-term and long-
term outcome of NON-PSH resections versus multiple PSH
resections in patients who underwent first-time hepatectomies
for CRLM with �3 bilobar nodules. Patients who underwent
two-stage hepatectomy, re-hepatectomy, and macroscopic
incomplete resection (R2) were excluded from the study. NON-
PSH hepatectomy was defined as the resection of 3 and more
consecutive liver segments. PSH hepatectomies were defined as
the resection of a maximum of 1 segment. The number of
resected segments was defined by the type of surgical resection
according to the Brisbane classification.12 In case of multiple
resections, the number of segments was added.
Postoperative morbidity was defined as the occurrence of any

complicationwithin 90 days after liver resection. It was categorized
following the Dindo-Clavien classification.13 Patients were
followed up using a serum tumor marker (carcinoembryonic an-
tigen) (CEA) and thoraco-abdominal and pelvic computed to-
mography every 4 or 6 months depending on the center.
HPB 2016, 18, 781–790 © 2016 International Hepato-P
Recurrence was defined as intra-hepatic or extra-hepatic biopsy-
proven recurrent adenocarcinoma, or a lesion deemed suspicious
on cross-sectional imaging. Overall survival (OS) was analyzed
from the date of liver resection to the date of death, and disease-free
survival (DFS) to the date of recurrence. The indication for adju-
vant chemotherapy was discussed in a multidisciplinary meeting.

Statistical analysis
Quantitative variables were presented as medians. Qualitative
variables were presented as numbers and percentages. Compar-
ison of quantitative variables was performed using a Mann–
Whitney test. Comparison of qualitative variables was performed
using Pearson’s chi-squared test2 or Fisher’s exact test depending
on numbers. A p value <0.05 was considered significant. Overall
and disease-free survival probabilities were calculated using the
Kaplan–Meier method.
A propensity score matching (PSM) was calculated to take into

account and reduce selection biases as well as confusion between
the two groups. This method allows to compare the effects of the
two types of surgical procedure (NON-PSH vs. PSH) taking into
account the variables which influence the choice of the procedure
type. Patients were matched in a 1:1 analysis with the closest
estimated PS within 0.2 of the PSM standard deviation. For PSM,
we chose variables which are known to potentially affect the
outcome of interest. The propensity score was assessed using
logistic regression including the following variables: age, gender,
co-morbidity, Body Mass Index (BMI), ASA score (American
Society of Anesthesiologists), use of neoadjuvant therapy, pri-
mary tumor resection (yes vs. no), primary tumor localization
(colon vs. rectum), primary tumor lymph node (N0 vs. N+),
timing of metastasis assessment (synchronous vs. metachro-
nous), neoadjuvant chemotherapy (>6 cycles vs.�6 cycles), total
number of nodules, and type of resection. CEAwas not included
due to missing data. The choice of such variables was based on
the results of the univariate analysis and/or on the known in-
fluence of specific factors on the selection of the intervention
type. A 1:1 balance ratio was used for propensity score matching,
based on the nearest matching PS method. After the matching
process, both groups were compared regarding their initial
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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characteristics in order to re-evaluate the comparability of both
groups. Finally, matched groups could be compared regarding
the different variables of interest in the study.
Analyses were performed using the 3.2.0 version R software (R

Core Team, R Foundation for Statistical Computing, Vienna,
Austria).
Results

Considering out data, a total of 3036 hepatectomies were
performed for CRLMs. Among them, a total of 2086
Table 1 Patients’ preoperative and intraoperative data

PSH
(n [ 331)

NON-PSH
(n [ 360)

P
value

Age, yr [median, (range)] 61.7(40–81) 61(27–82) 0.35

Gender, male, n(%) 186(56) 199(55) 0.81

ASA score 3–4, n(%) 49(15) 59(16) 0.60

Co-morbidity, yes, n(%) 140(42) 160(44) 0.59

Body mass index (kg/m2)
[median, (range)]

24.8(17.6–35) 25.3(17.7–40.8) 0.28

Primary resected, yes, n(%) 284(86) 311(86) 0.827

Primary rectum, yes, n(%) 80(24) 87(24) 1

Primary nodes status
positive, yes, n(%)

97(29) 134(37) 0.05

Liver metastasis
synchronous, yes, n(%)

149(45) 145(40) 0.58

Liver metastasis ACE (mg/L)
[median, (range)]

28(1–3270) 61(1–8091) 0.29

Liver metastasis
neoadjuvant
chemotherapy
>6, yes, n(%)

103(31) 134(37) 0.04

Liver metastasis No.
of lesion,
[median, (range)]

4(3–13) 5(3–14) 0.001

Liver metastasis size of
lesion, mm,
[median, (range)]

30(4–160) 35(6–295) 0.007

Number of resected
segments,
[median, (range)]

1(0–2) 4(3–6) 0.0001

Liver resection +
radiofrequency

91(27) 80(22) 0.27

Laparoscopy, yes, n(%) 11(3) 35(10) 0.001

Operative time, (min),
[median, (range)]

270(90–660) 240(115–507) 0.76

Pedicle clamping, yes, n(%) 214(65) 259(72) 0.04

Pedicle clamping duration,
min, [median, (range)]

30(0–95) 39(0–240) 0.11

Transfusion, yes, n(%) 52(16) 75(21) 0.09

Transfusion,
[median, (range)]

0(0–8) 0(0–9) 0.11

The bold values are considered statistically significant values.
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hepatectomies (851 NON-PSH and 1235 PSH) were single-stage
hepatectomies. Re-hepatectomies were excluded from the study.
There were 691 hepatectomies for more than 3 bilobar nodules.
In this population, there were 360 NON-PSH (52%) and 331
PSH (48%) with a median age of 61 years.
Considering the period analyzed in our study (2006–2013),

we divided the timeframe into four periods (2006–2007,
2008–2009, 2010–2011, and 2012–2013) in order to evaluate if
the number of patients and the kind of surgical approaches vary
along the years. We determined a constant augmentation in
surgical procedures, namely 157, 160, 176, and 198 respectively
for each period. This regular augmentation is associated with an
increase in the parenchymal-sparing approach with 67 (40%),
76 (47%), 87 (49%), and 104 (52%) respectively as shown in
Fig. 1.
Table 2 Patients’ intraoperative and postoperative data

PSH
(n [ 331)

NON-PSH
(n [ 360)

P Value

Morbidity�1 90(27) 117(32) 0.13

Morbidity > Dindo IIIA, n(%) 42(13) 74(21) 0.07

Non-surgical morbidity, n(%) 55(16) 57(15) 0.83

Pulmonary 22(7) 32(9) 0.32

Cardiac 4(1) 5(1) 1

Sepsis 12(4) 5(1) 0.08

Vascular 11(3) 5(1) 0.12

Acute renal failure 1(0) 2(1) 1

Surgical morbidity, n(%) 59(18) 81(23) 0.13

Deep collection 48(15) 72(20) 0.20

Wound infection 7(2) 5(1) 0.56

Liver failure 5(2) 28(8) 0.0001

Biliary fistula 11(3) 19(5) 0.26

Reoperation, n(%) 17(5) 16(4) 0.72

Mortality (90 days), n(%) 2(1) 1(1) 0.68

Intensive care unit stay,
days, [median, (range)]

0(0–1) 0(0–21) 0.002

Total hospitalization,
days, [median, (range)]

11(3–53) 11(6–47) 0.922

R1 liver metastasis
resection, n(%)

101(31) 108(30) 0.86

Adjuvant chemotherapy 211(64) 179(50) 0.001

Recurrence, n(%) 185(56) 198(55) 0.81

Liver-only recurrence, n(%) 81(24) 74(21) 0.23

Liver recurrence treatment

Re-hepatectomy, n(%) 40(12) 32(9) 0.56

Radiofrequency, n(%) 22(7) 23(6) 0.47

Other, n(%) 19(6) 19(5) 0.68

The bold values are considered statistically significant values.
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Figure 3 Disease-free survival plot (non-matched)
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Comparison of PSH vs. NON-PSH
hepatectomies

No difference was demonstrated in demographic data between
the two populations (Tables 1,2). In terms of primary tumors, no
difference was demonstrated for primary tumor location, resec-
tion, and lymph node status. Both groups had similar rates of
synchronous metastasis as well as the presence of extra-hepatic
disease. Concerning neoadjuvant chemotherapy, more than 6
cycles were less frequent in PSH as compared to NON-PSH, 103
(31%) vs. 134 (37%) (p = 0.04) respectively. Concerning liver
metastasis, there was a reduced number of lesions in PSH (4 vs. 5,
p = 0.001) with a smaller median size (30 mm vs. 35 mm,
p = 0.007). Fewer laparoscopic resections were performed in the
PSH group (3 vs. 10%, p = 0.04). No differences were demon-
strated in the surgical technique apart from less pedicle clamping
in the PSH group (64 vs. 72%, p = 0.04). There was less post-
operative liver failure in the PSH group (2 vs. 8%, p = 0.0001) and
a shorter intensive care unit stay (0 (0–1) vs. 0 (0–21), p = 0.001).
There was no difference in terms of oncological results, with 1-

, 3-, 5-year OS at 92, 77, and 67% in PSH and 95, 74, and 59% in
NON-PSH respectively (Fig. 2). DFS was similar with 1-, 3-, 5-
year survival at 68, 39, and 25% in PSH vs. 63, 37, and 26% in
NON-PSH (Fig. 3).
Comparison of PSH vs NON-PSH after PSM

After 1:1 PSM of the two populations, two homogeneous groups
were obtained (PSH: 266, NON-PSH: 266) (Tables 3,4). No
Figure 2 Overall survival plot (non-matched)
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difference was demonstrated in demographical and intra-
operative data, except for an augmented number of laparoscopic
hepatectomies in the NON-PSH group (12 vs. 4%, p = 0.001).
PSH was associated with a lower morbidity rate (25 vs. 34%,
p = 0.04) and fewer complications graded Dindo-Clavien III and
IV (10 vs. 16%, p = 0.03). Liver failure was less present in PSH
(2% vs. 7%, p = 0.006), with a shorter intensive care unit stay (0
day vs. 1 day, p = 0.004). No differences were demonstrated for
oncological results, with 1-, 3-, 5-year OS at 92, 74, and 64% in
PSH and 95, 79, and 63 in NON-PSH respectively (Fig. 4). DFS
was similar with 1-, 3-, 5-year survival at 66, 37 and 24% in PSH
vs. 68, 40 and 32% in NON-PSH respectively (Fig. 5). More
adjuvant therapy was present in the PSH group (66 vs. 50%,
p = 0.004).

Subanalysis in patients with liver recurrence only
Among PSM patients, there was no difference in terms of liver-
only recurrence among the groups and their treatment. Repeat
hepatectomy, when it was feasible, obtained the best 3-year OS
(94 versus 62%) as compared to other treatments (Fig. 6).
Prognostic factors for DFS and OS

Multivariate analysis demonstrated that primary tumor nodes
positive after resection (RR = 1.47, p = 0.03), R1 liver resection
(RR = 1.68, p = 0.0007) and more than 6 cycles of neoadjuvant
chemotherapy (RR = 1.93, p = 0.007) had the worst significant
impact on recurrence in this study population. No data were
found to have an impact on overall survival.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 3 PSM patients’ preoperative and intraoperative data

PSH (n [ 266) NON-PSH (n [ 266) P Value

Age, yr [median, (range)] 62.4(40–80) 61(29–82) 0.98

Gender, male, n(%) 146(55) 145(55) 1

ASA score 3–4, n(%) 45(17) 46(17) 1

Co-morbidity, yes, n(%) 125(47) 131(49) 0.68

Body mass index (kg/m2) [median, (range)] 25(17–33) 25(17–36) 0.20

Primary resected, yes, n(%) 255(96) 256(99) 1

Primary rectum, yes, n(%) 72(27) 77(29) 0.70

Primary nodes status positive, yes, n(%) 120(45) 125(47) 0.77

Liver metastasis synchronous, yes, n(%) 134(50) 127(48) 0.62

Liver metastasis ACE (mg/L) [median, (range)] 29(1–3727) 61(1–8091) 0.39

Liver metastasis neoadjuvant chemotherapy >6, yes, n(%) 92(35) 84(32) 0.51

Liver metastasis number of lesion, [median, (range)] 4(3–9) 4(3–15) 0.53

Liver metastasis size of lesion, mm, [median, (range)] 35(6–110) 33(6–200) 0.15

Number of resected segments, [median, (range)] 1(0–2) 4(3–6) 0.0001

Liver resection + radiofrequency 71(27) 59(22) 0.27

Laparoscopy, yes, n(%) 11(4) 32(12) 0.001

Operative time, (min), [median, (range)] 250(120–660) 240(120–420) 0.96

Pedicle clamping, yes, n(%) 139(73) 210(79) 0.16

Pedicle clamping duration, min, [median, (range)] 30(2–95) 38(2–240) 0.39

Transfusion, yes, n(%) 48(18) 61(23) 0.20

Transfusion, [median, (range)] 0(0–8) 0(0–7) 0.37
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Discussion

To our knowledge, this study represents the first PSM-based
comparison for patients with bilobar multiple (>3) lesions.
This study demonstrated benefits in terms of morbidity and liver
failure related to PSH as compared to NON-PSH, without
changing oncological outcomes.
Initially, the PSH approach for liver malignancies was

considered less efficient due to the possibility to have reduced
resection margin with an augmented rate of local recurrence, due
to the major amount of unresected liver parenchyma. This
theory, initially applied for primary liver tumor and extended to
all liver malignancies, was recently called into question due to the
increasing number of papers who demonstrate that the most
important goal was to obtain an R0 resection, without impact of
the width of resection margin. This new conception has been
diffused in recent era as demonstrated in our multicentric series
in last 7 years (Fig. 1), prioritizing the importance of the FRL,
compared to the necessity to obtain a wide resection margin.
This attitude could be justified also with the necessity to spare the
majority of parenchyma and especially hepatic vein, in order to
allow rehepatectomies, who actually represent the best treatment
for this high recurrence rates pathology.
Starting from all this consideration, the management of

colorectal liver metastasis has significantly changed over recent
years7 and integrated with the evolution in oncosurgical strategy.
HPB 2016, 18, 781–790 © 2016 International Hepato-P
Initially contraindicated for surgery, bilateral, synchronous and
extra-hepatic lesions are now eligible for surgery due to the
evolution of chemotherapy and patient management options.
Currently, even initially non-resectable bilobar lesions could be
eligible for an aggressive combined onco-surgical management
achieving an acceptable 5-year OS of 36% as demonstrated by
Faitot et al.14 As previously mentioned, margins have always9

represented a matter of debate, and historically parenchymal-
sparing approaches were considered less effective due to the
theoretical impossibility to achieve satisfying resection margins.
Based on this idea, many authors have preferred to use a NON-
PSH strategy to have wider margins to leave less “at risk liver” in
place.9,15,16 Based on this idea, a two-stage hepatectomy has
largely gained consensus, achieving a satisfying 30–35% 5-year
OS in these patients.17–22 This strategy has some NON-PSH
limitations due to the high risk of dropouts between the first
and second stage19,20 (30% of cases) due to tumor progression,
re-discussing the role of resection margins as compared to a high
dropout risk. In a recent study including 3000 CRLMs, Hamady
et al.23 demonstrated that a 1 mm margin was sufficient to be
considered curative and more extended margins did not lead to
oncological benefits in terms of recurrence. This demonstrates
that margins did not represent a priority in bilobar liver
metastasis resection. Based on this concept, even more PSHs for
CRLMs were performed in recent years.24–26 This change of
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 4 PSM patients’ intraoperative and postoperative data

PSH (n [ 266) NON-PSH (n [ 266) P Value

Morbidity�1 68(25) 91(34) 0.04

Morbidity >Dindo IIIA, n(%) 27(10) 45(16) 0.03

Non-surgical morbidity, n(%) 37(13) 42(15) 0.62

Pulmonary 26(10) 37(13) 0.17

Cardiac 4(2) 5(2) 1

Sepsis 9(3) 3(1) 0.11

Vascular 9(3) 4(2) 0.26

Acute renal failure 0 2(1) 0.49

Surgical morbidity, n(%) 49(18) 59(22) 0.33

Deep collection 47(17) 57(21) 0.33

Wound infection 7(3) 3(1) 0.34

Liver failure 5(2) 19(7) 0.006

Biliary fistula 10(4) 17(6) 0.23

Reoperation, n(%) 16(6) 13(5) 0.74

Mortality (90 days), n(%) 2(1) 3(1) 1

Intensive care unit stay, days, [median, (range)] 0(0–1) 0(0–8) 0.004

Total hospitalization, days, [median, (range)] 11(7–36) 11(7–47) 0.85

R1 liver metastasis resection, n(%) 85(32) 75(28) 0.57

Adjuvant chemotherapy 175(66) 33(50) 0.001

Recurrence, n(%) 166(62) 160(60) 0.68

Liver-only recurrence, n(%) 79(30) 59(22) 0.06

Liver recurrence treatment

Re-hepatectomy, n(%) 25(22) 17(29) 0.86

Radiofrequency, n(%) 7(9) 3(5) 0.51

Other, n(%) 47(59) 39(66) 0.74

The bold values are considered statistically significant values.
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attitude, based on the use of multiple simultaneous PSH hepatic
resections associated with radiofrequency of deep lesions, is also
related to a lower postoperative mortality, preventing the resec-
tion of uninvolved parenchyma.7,27,28 Kokudo et al.6 demon-
strated that NON-PSH hepatectomies did not decrease the risk
of intra-hepatic recurrence and in case of non-anatomical liver
resections for CRLM, the risk of ipsilateral recurrence was only
20%.
This change of approach has been initially described by Gold

et al.7 who demonstrated that simultaneous liver resections
(wedge resections) of bilateral liver resection are justified with no
negative impact on oncological outcome. Similar results were
recently evidenced by Mise et al.9 who demonstrated that, in case
of single CRLM of 3 cm, the parenchymal-sparing technique
improved survival in case of liver recurrence, allowing for salvage
re-hepatectomy as compared to a NON-PSH approach.
To our knowledge, there was no report in the literature estab-

lishing a comparison between NON-PSH and PSH for multiple
bilobar resections for more than 3 lesions which analyzed short-
HPB 2016, 18, 781–790 © 2016 International Hepato-P
term and long-term results. We chose to exclude re-hepatectomy
and two-staged hepatectomy to obtain a population who could
theoretically undergo both treatments. A propensity score analysis
was performed to reduce the differences between the two popu-
lations to a minimum. One of the main goals of our study was to
verify if one of the two strategies had an impact on disease-free and
overall survival. We verified that no differences were present in
terms of oncological results. Similar rates of R1 resection were
achieved in both groups (32 vs. 28%, p = 0.57), demonstrating the
non-inferiority of the PSH resection group. This equality has no
impact on the recurrence rate which seems comparable, with 62 vs.
60% in PSH vs. NON-PSH respectively. The only difference
concerned adjuvant chemotherapy, whichwas more present in the
PSH group, (66 vs. 50%, 0.001), probably due to the idea of
treating micro-metastasis, which could be considered more pre-
sent in a larger quantity of parenchyma.
Laparoscopic liver resection, even more frequent for benign29

and malign30 lesion, remains adapted only in selected CLM cases.
Unsurprisingly, it still remains limited to 9% of the entire
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 4 Overall survival plot (matched patient)

Figure 6 Overall survival curve of patients underwent recurrence

treatment
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population in our study, confirming the necessity to be
performed by expert surgeons in high-volume centers. In our
series, most laparoscopic hepatectomies were performed in the
NON-PSH group, probably due to the fact that major laparo-
scopic liver resections are still practiced in a reduced number of
expert centers. In high-volume centers, laparoscopic NON-PSH
Figure 5 Disease-free survival plot (matched patient)

HPB 2016, 18, 781–790 © 2016 International Hepato-P
could be performed without impacting postoperative morbidity,
as demonstrated by Allard et al.31 Other reasons concern tech-
nical difficulties due to tumor location and to the necessity to
associate multiple resections with laparoscopic radiofrequency
ablation, with a higher risk of uncomplete treatment.
Regarding postoperative morbidity and mortality, important

results demonstrated a lower rate of complications in patients in
the PSH group (25 vs. 34%; p = 0.03) with a lower rate of Dindo-
Clavien III and IV (10 vs. 16%, p = 0.04). Even if these results did
not impact length of stay and postoperative mortality in our
study, reports in the literature have demonstrated how post-
operative complications were related to recurrence-free sur-
vival32 (with a reduction of survival (69 vs. 23 months, p < 0.001)
and overall survival (74 vs. 28 months, p < 0.001) in patients
with postoperative complications. The mechanism which ex-
plains how morbidity impacts long-term results is still unclear,
even if it has been demonstrated that infectious complications
promote metastatic diffusion33,34 in animal models.
Liver failure was a reduced event in the PSH group (2 vs. 7%,

p = 0.006), in relation to the future remnant liver due to a
parenchymal-sparing approach. As known, it remains the most
serious liver-specific complication still reported in up to 16% of
patients with CRLM in high-volume centers,35 with a post-
operative mortality rate of 5%. The main causes of liver failure
remain chemotherapy-induced liver injury36 and a small future
remnant liver.37–40 Considering progress made in chemotherapy,
the reduction in the number of chemotherapy cycles could well
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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represent one of the solutions to reduce liver failure in the future.
On the other hand, a parenchymal-sparing approach seems to be
the best solution to preserve a sufficient quantity of functional
parenchyma, to reduce postoperative risks of liver failure to a
minimum as demonstrated by Narita.35 One factor which has
influenced the augmented use of parenchymal-sparing hepatec-
tomies is the use of an ablative technique for CRLM. Even if it is
identified as one of the predicting factors of early local recur-
rence,41,42 in a recent multicentric study from Evrard et al.43

among 288 patients treated with combined ablation and resec-
tion, only 49 (17%) had local recurrence, demonstrating that
combined strategies could be considered effective and safe in
selected cases.
All these encouraging data consolidate the tendency over the

last few years to stay away from large resections and switch to
PSH. These data are confirmed by our studies, with a reduction
in NON-PSH from 40 to 52% from 2006 to 2013. This approach
was anticipated by Gold et al. who demonstrated a significant
reduction from 92 to 72% associated with a reduction of resected
segments for bilateral liver metastases in a relatively old period
comprised between 1992 and 2003. New data on this subject have
been introduced by Kingham et al.32 who showed a reduction
from 65.5 to 35.8% over the past 19 years and by Mise et al.9 who
showed a reduction from 60 to 22% of NON-PSH resections in
case of single 3 cm lesions.
Recurrence still represents the Achilles’ heel of CRLM surgical

treatment. As recently described in a meta-analysis,44 it arises up
to 75% at 18 months in resected patients. However, the role of
adjuvant chemotherapy is still debated and controversial, even if
chemotherapy should be recommended44 after metastasectomy.
Adjuvant chemotherapy was performed in 66% of patients
treated with PSH resections, 15% more as compared to the
NON-PSH group. This is probably due to the augmented post-
operative morbidity of the NON-PSH group, which could have a
negative impact on the performance status of patients who could
be less adapted to receive adjuvant chemotherapy.
As confirmed in our series, recurrence was present in 61% of

patients, with 26% of exclusive intrahepatic recurrence. No dif-
ference was demonstrated between NON-PSH and PSH in terms
of disease-free and overall survival after recurrence. Mise et al.9

demonstrated that a PSH had a better overall survival after
intra-hepatic recurrence due to the possibility of sparing a NON-
PSH amount of hepatic parenchyma, allowing for repeat hepa-
tectomy, which is the treatment guaranteeing the best overall
survival after recurrence although no difference was demon-
strated in our series between NON-PSH and PSH in terms of OS
and DFS after recurrence. Repeat hepatectomy was the best
treatment for exclusive intra-hepatic recurrence of CRLM, with a
3-year OS of 82% as compared to 51% for all other treatments.
The main limitation of this study is its retrospective and

multicentric characteristics which increase the disparities of
chosen strategies among surgeons. Theoretically, not all patients
could benefit of PSH due to the localization and size of the
HPB 2016, 18, 781–790 © 2016 International Hepato-P
lesions. We tried to reduce this bias to a minimum with the
application of a propensity score, in order to reduce differences
among groups.
In conclusion, PSH resection for bilobar multiple CRLMs

represents a valid alternative to NON-PSH resection in selected
patients associated with a reduced morbidity and comparable
oncological results. A randomized studies who compare PSH and
non-PSH strategies could consolidate our theory, even if the
increasing use of PSH in most center could represent a limit in
the feasibility of the study, reserving the non-PSH approach to
cases who couldn’t benefit of PSH.
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