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Background: Liver resection is a potentially curative approach for hepatocellular carcinoma (HCC).
Laparoscopic liver resections may reduce complication rates, especially in patients with cirrhosis. The aim
of this study was to compare the results of laparoscopic liver resection with those of open liver resection
for HCC.
Methods: Patients with cirrhosis who underwent minor liver resections for HCC from 2006 to 2013 were
identified retrospectively from a prospective database according to the technique adopted (laparoscopic
or open). Short- and long-term outcomes were compared between the two groups before and after 1 : 1
propensity score matching.
Results: A total of 269 patients were considered: 226 who underwent open liver resection and 43 who had
a laparoscopic procedure. The two groups differed at baseline in terms of median age, sex, performance
status, tumour location and type of resection. After propensity score matching, two comparable groups
of 43 patients each were obtained. Intraoperative bleeding, margin clearance and operative mortality
were similar in the two groups, whereas complication rates were lower (49 versus 19 per cent in open
versus laparoscopic groups respectively; P =0⋅004) and median hospital stay was shorter (8 versus 5 days;
P < 0⋅001) in the laparoscopic group. On multivariable logistic regression analysis, the only independent
factor that reduced the risk of postoperative complications was the use of laparoscopy (odds ratio 0⋅12,
95 per cent c.i. 0⋅03 to 0⋅55; P = 0⋅006). Median overall survival was 57⋅8 months in the open group and
48⋅8 months in the laparoscopic group (P = 0⋅802). Median disease-free survival was 31⋅7 and 25⋅5 months
respectively (P = 0⋅990).
Conclusion: In comparison with the open approach, laparoscopic minor liver resections for HCC
improved short-term outcomes, with similar survival results.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
primary cancer of the liver and one of the most frequent
neoplasms worldwide1. Liver resection represents the first
choice for curing very early- and early-stage HCC (stage
0 and A according to the Barcelona Clinic Liver Cancer
(BCLC) classification)2–4, and also may provide a chance
for cure in selected patients with intermediate-stage HCC
(stage B of BCLC classification)5.

The majority of patients with HCC have liver cirrhosis2

and this makes liver resection technically demanding and at
times risky, depending on the extent of remnant liver and
functional hepatic reserve. Posthepatectomy liver failure

(PHLF) is the most serious adverse event in patients with
cirrhosis undergoing liver resection, with an incidence
ranging from 4 to 19 per cent6.

Laparoscopic liver resection (LLR) has become increas-
ingly popular, with more than 9000 procedures reported
up to now in the English literature7. Indeed, when patients
are selected properly, LLR is considered a safe technique
with mortality and morbidity rates of 0 and 15 per cent
respectively8. The benefits of the laparoscopic approach
compared with open resection may be more evident in
patients with cirrhosis9, in whom the risk of PHLF and
postoperative ascites could be reduced10 as a consequence
of the decreased surgical trauma and reduced peritoneal
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dissection11. In the current scenario of increased awareness
of technical and oncological features associated with liver
resections, HCC seems to be an ideal indication for laparo-
scopic resection. In fact, primary liver cancer currently rep-
resents the main indication for LLR among malignancies8,
with more than 500 procedures reported since 200012.
Despite a large amount of data showing encouraging results
in favour of this technique, the superiority of LLR in
terms of perioperative outcomes has not been proven
definitively13. The same applies to long-term outcomes,
which hitherto have been assessed poorly in small retro-
spective or case-matched series. Thus, conclusive evidence
in favour of the laparoscopic approach for liver resection
for HCC is lacking14.

In this study, the results of LLR for HCC were compared
with those observed for similar resections carried out by
an open approach (OLR) during the same time interval,
focusing on perioperative and long-term outcomes.

Methods

Data for a consecutive series of patients who underwent
minor liver resections for HCC, by either open or laparo-
scopic means between January 2006 and December 2013
at the National Cancer Institute of Milan, were retrieved
retrospectively from a prospectively collected database.
Only patients with pathological confirmation of HCC in
cirrhotic livers were included. Patients who underwent
laparoscopy, but whose procedure was converted to laparo-
tomy before any attempt at resection was started, were
excluded.

The primary aim of the analysis was to compare, in a
cohort of patients who underwent liver resection for HCC,
short- and long-term outcomes of patients undergoing a
laparoscopic approach (LLR) with those undergoing an
open approach (OLR). The secondary aim was to explore,
in the entire cohort of patients, factors related to the risk of
developing postoperative complications of at least grade II
according to the Dindo–Clavien classification15. Approval
for the study was obtained from the Institutional Review
Board.

Preoperative evaluation and terminology

No neoadjuvant locoregional or systemic treatments
were applied before surgery. All patients were staged
before surgery with chest CT and contrast-enhanced
abdominal CT or MRI. The day before surgery patients
underwent physical examination, a complete biochem-
istry panel including serum α-fetoprotein levels, and an
indocyanine green (ICG) clearance test at 15 min. Liver

function and reserve were determined according to the
Child–Turcotte–Pugh (CTP) classification16 and Model
for End-stage Liver Disease (MELD) scores17. Presence
of clinically relevant portal hypertension was defined by
presence of oesophageal or gastric varices detectable at
endoscopy or splenomegaly (major diameter over 12 cm)
with low platelet count (less than 100 000/mm3)3.

The terminology for liver resection was according to
the Brisbane 2000 classification18. Minor hepatectomy
was defined as resection of two or fewer adjacent liver
segments19. Segmentectomies were defined as anatomical
when a Couinaud segment was removed together with its
portal pedicle. The anterior and lateral segments (segments
II–VI) were defined as ‘favourable’ for LLR, whereas
segments I, VII and VIII were considered unfavourable20.
Postoperative complications were recorded according to
the Dindo–Clavien classification15. Postoperative ascites
was defined by daily drainage of ascites exceeding 500 ml
and/or grade 2 ascites on ultrasonographic or clinical
assessment. Postoperative mortality was based on any death
occurring within 30 days of surgery.

Perioperative management

All patients received low molecular weight heparin start-
ing the day before surgery and 2 g cefazolin 30 min
before skin incision. After accessing the peritoneal cavity,
patients underwent abdominal exploration, and intra-
operative ultrasound examination was used to assess
tumour characteristics, rule out the presence of adjunctive
focal lesions in the liver, ascertain intrahepatic vascular and
biliary anatomy, individualize the resection plane with a
tumour-free margin of at least 1 cm and eventually decide
on resectability. Surgery was always carried out within a
fluid minimization protocol, particularly during hepatic
dissection; a central venous pressure lower than 5 mmHg
was targeted.

Technical details

For OLR, laparotomy was performed through a right sub-
costal incision extended to the midline for tumours located
in the right lobe and through a midline incision for tumours
located in the left lobe. Parenchymal transection was con-
ducted with an ultrasonic dissector (CUSA® – Cavitron
Ultrasonic Surgical Aspirator; Valleylab, Boulder,
Colorado, USA) and irrigated monopolar/bipolar forceps
or irrigated bipolar coagulator (Aquamantys®; Salient
Surgical Technologies, Portsmouth, New Hampshire,
USA). Portal triad clamping (Pringle’s manoeuvre) was
used occasionally in the event of major bleeding.
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For LLR, the patient was placed in the supine position,
with legs apart; the first surgeon was positioned between
the legs, with one assistant on each side. Port site and
number depended on the extent and location of nodule(s)
to be resected (ranging from 3 to 5). Carbon dioxide
pneumoperitoneum was used, with abdominal pressure
maintained at 12–14 mmHg. A 30∘ laparoscope was used.
At first a tape around the porta hepatis was placed for hilar
clamping if needed. Hepatic transection was performed
with a harmonic scalpel in most procedures, and irrigated
bipolar electrocoagulation was used for minor bleeding.
When parenchymal transections deeper than 3–5 cm
beneath the glissonian sheet were needed, a laparoscopic
CUSA® tip was used. Vascular structures larger than 3 mm
were secured with clips, and major portal pedicles and
major hepatic veins were divided by a vascular linear sta-
pler. The resected specimen was removed in a plastic bag
extracted through either an enlargement of the port sites or
a suprapubic horizontal incision. For both OLR and LLR,
a drainage tube was placed close to the resection plane.

Follow-up schedule

After discharge from hospital, follow-up was continued
in a dedicated liver cancer clinic. Physical examination,
biochemical liver function tests, serum α-fetoprotein mea-
surement, chest CT and contrast-enhanced abdominal
CT or MRI were performed every 4 months for the first
2 years, and every 6 months thereafter. No anticancer
treatment was given until recurrence; whenever that
occurred, each patient was presented at the multidisci-
plinary hepato-oncology board and treated according to
disease presentation.

Statistical analysis

Short- and long-term outcomes were calculated and com-
pared between the two groups before and after propen-
sity score matching. Categorical variables were analysed
using χ2 and McNemar analysis before and after match-
ing respectively. Continuous variables were expressed as
median (range), and differences between groups were
explored by Mann–Whitney U and Wilcoxon rank test
before and after matching respectively. As the magnitude
of statistical significance is heavily influenced by the sam-
ple size, comparisons between the two groups before and
after propensity matching were also expressed in terms of
standardized mean difference (d, as an absolute number)
to provide a more robust and reliable estimation of group
divergence. Accordingly, achievement of a d value smaller
than 0⋅1 after propensity score matching must be regarded

as an indication of successful adjustment21. The formu-
las used to calculate the standardized mean differences are
reported in Appendix S1 (supporting information).

One-to-one propensity score matching was adopted to
overcome bias arising from lack of randomization as a con-
sequence of the different co-variable distribution among
patients who were submitted to either of the surgical
approaches to liver resection. The propensity score rep-
resents the probability of each patient being assigned to
a particular condition in a study (type of surgery in this
specific setting) given a set of known co-variables22. A
multivariable logistic regression model was built to pre-
dict the probability of each patient being treated by either
of the two approaches on the basis of co-variables known
to affect postoperative outcomes: age, Eastern Coopera-
tive Oncology Group (ECOG) performance status, liver
cirrhosis, CTP grade, MELD score, portal hypertension,
number of nodules, maximum tumour diameter, BCLC
stage, tumour location and type of resection. The predicted
values were then used to obtain 1 : 1 nearest-neighbour
matching. Nearest-neighbour matching selects by match-
ing an untreated subject (OLR) whose propensity score is
closest to that of the treated subject (LLR)23. Thus, patients
for whom the propensity score could not be matched
exactly were excluded from outcome comparisons of the
propensity score-matched groups.

Survival was computed as the interval between date of
surgery and date of death for any reason, with censor-
ing at the date of last follow-up in surviving patients.
Disease-free survival (DFS) was calculated as the inter-
val between surgery and the date on which relapse or
death was recorded, with censoring at the date of last
follow-up in progression-free patients. The proportional
hazards assumption was verified by Schonfeld residual
analysis. Overall survival and DFS curves were obtained by
the Kaplan–Meier method and compared by means of the
log rank test. Median follow-up time was calculated by the
reverse Kaplan–Meier method.

Simple and multivariable logistic regression analyses
were performed on the entire cohort of resected patients
for further exploration of the baseline variables related
to the risk of developing complications of at least grade
II according to the Dindo–Clavien classification. To
avoid overadjustment bias and collider stratification bias,
variables to be included in the multivariable logistic
regression model were evaluated with a directed acyclic
graph (Appendix S1, supporting information).

Statistical analyses were carried out using R Statisti-
cal Software 3.0.2 (Foundation for Statistical Computing,
Vienna, Austria). All analyses were two-tailed and the
threshold for statistical significance was set at P < 0⋅050.
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Table 1 Patient characteristics and group comparisons after propensity score matching

Open surgery (n=43) Laparoscopic surgery (n=43 ) P† d§

Age (years)* 68 (49–83) 66 (40–85) 0⋅482‡ 0⋅15
Sex ratio (M : F) 35 : 8 28 : 15 0⋅143 0⋅32
ECOG performance status 0⋅751 0⋅21

0 38 (88) 36 (84)
1 5 (12) 7 (16)

Cirrhosis 43 (100) 43 (100) 1⋅000 0
Child–Pugh grade 1⋅000 0⋅01

A 41 (95) 42 (98)
B 2 (5) 1 (2)

MELD score* 8 (6–14) 8 (6–21) 0⋅790‡ 0⋅05
Aetiology 0⋅472 0⋅15
HCV 23 (53) 28 (65)
HBV 10 (23) 6 (14)
Other 10 (23) 9 (21)

Body mass index (kg/m2)* 26⋅7 (17⋅8–38⋅8) 26⋅7 (16⋅6–39⋅8) 0⋅731‡ 0⋅07
Previous upper laparotomy 4 (9) 2 (5) 0⋅674 0⋅40
Portal hypertension 16 (37) 14 (33) 0⋅823 0⋅04
Platelet count (×103/mm3)* 140 (47–914) 138 (46–463) 0⋅621‡ 0⋅10
ICG-R15 (%)* 15 (1–63) 15 (5–76) 0⋅903‡ 0⋅02
No. of nodules* 1 (1–3) 1 (1–4) 0⋅481‡ 0⋅15
No. of patients with single tumour 35 (81) 37 (86) 0⋅711 0⋅27
Maximum tumour diameter (cm)* 2⋅2 (1⋅0–8⋅5) 2⋅6 (1⋅0–6⋅5) 0⋅833‡ 0⋅04
Lobar distribution 0⋅151 0⋅76

Unilobar 42 (98) 36 (84)
Bilobar 1 (2) 7 (16)

Tumour location 0⋅421 0⋅31
Favourable for LLR 32 (74) 36 (84)
Unfavourable for LLR 11 (26) 7 (16)

α-Fetoprotein (units/ml)* 6⋅3 (0⋅3–589) 6⋅9 (0⋅3–19 454) 0⋅562‡ 0⋅12
BCLC stage 0⋅362 0⋅19

0 13 (30) 7 (16)
A 27 (63) 33 (77)
B 3 (7) 3 (7)

Type of resection 0⋅512 0⋅14
Segmentectomy 40 (93) 38 (88)
Left lobectomy 2 (5) 1 (2)
Wedge resection 1 (2) 4 (9)

Duration of surgery (min)* 199 (120–370) 199 (110–448) 0⋅631‡ 0⋅10
Associated RFA 1 (2) 5 (12) 0⋅200 0⋅27

Values in parentheses are percentages unless indicated otherwise: *values are median (range). ECOG, Eastern Cooperative Oncology Group; MELD,
Model for End-stage Liver Disease; HCV, hepatitis C virus; HBV, hepatitis B virus; ICG-R15, indocyanine green clearance test at 15 min; LLR,
laparoscopic liver resection; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation. †McNemar test, except ‡Wilcoxon rank test.
§A standardized mean difference (d) of less than 0⋅1 indicates very small differences; values between 0⋅1 and 0⋅3 indicate small differences; values between
0⋅3 and 0⋅5 indicate moderate differences; values above 0⋅5 indicate considerable differences.

Results

A total of 271 patients undergoing minor hepatic resec-
tion for HCC between 2006 and 2013 were identified:
226 underwent OLR, 43 LLR, and two patients had
exploratory laparoscopy only and were excluded from the
analysis. Two patients in the LLR group (5 per cent) had
their procedure converted to OLR because the intended
laparoscopic procedure could not be completed. In the
first patient this was because of bleeding and hypoten-
sion; in the second, after successful laparoscopic resec-
tion of segment II, conversion was needed because of

adhesions that impeded access to the second nodule in
segment VIII.

Patient characteristics are reported in Table S1 (sup-
porting information). At baseline, significant differences
between the two groups were found for median age
(P = 0⋅042, d= 0⋅34), sex (P = 0⋅050, d= 0⋅39), ECOG
performance status (P = 0⋅003, d= 0⋅91), tumour location
(P = 0⋅012, d= 0⋅57) and type of resection (P < 0⋅001,
d= 0⋅83). Not surprisingly, a d value above 0⋅5 qualified
the imbalance between groups with respect to tumour
characteristics (size and lobar distribution) and extent of
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Fig. 1 Location of resected nodules in the two groups after propensity score matching, according to Couinaud’s classification. Numbers
are shown for open/laparoscopic groups

resection as considerable. The pre-existing condition may
have influenced the decision to proceed with open versus
laparoscopic resection.

After propensity score matching, there were 43 patients
in each group with equivalence in terms of demographic,
clinical and oncological features. Details of baseline char-
acteristics of the two groups are described in Table 1.
All patients had compensated liver cirrhosis, which was
Child–Pugh grade A in 41 of 43 patients in the OLR
group and 42 of 43 in the LLR group. None of the patients
in either group had a history of liver surgery; four and
two patients in the OLR and LLR groups respectively had
undergone upper abdominal laparotomy previously for
other reasons (P = 0⋅674). At preoperative imaging, the
majority of patients had a single nodule (35 in the OLR
group versus 37 in the LLR group). Forty-two patients in
the OLR group and 36 in the LLR group had unilobar dis-
ease (1 patient in the LLR group had a single nodule across
segments IV and VIII). Location of the resected nodules in
the two groups after propensity score matching, according
to Couinaud’s classification, is shown in Fig. 1. Tumour
location was similar between groups, being unfavourable
for LLR in 11 patients in the OLR group compared with
seven in the LLR group (P = 0⋅421). The d values between
groups showed no variable qualifying as unbalanced, with
the exception of bilobar tumour distribution, which was

more frequent in the laparoscopic group than in the open
resection group (7 versus 1; P = 0⋅151, d= 0⋅76).

Short-term outcomes

Short-term results, before and after propensity score
matching, are summarized in Table 2. There was no
difference in operative blood loss or need for trans-
fusions between the OLR and LLR groups, either before
or after matching. Similarly, no difference was found in
curative potential of resections between the two groups.
R0 resection was confirmed in all except one patient in
each group, with median margin width of 5 (range 1–30)
mm in the OLR group and 6 (1–20) mm in the LLR
group (P = 0⋅960). The 30-day mortality rate was not
statistically different between the two groups as there
was only one death, which occurred in the unmatched
OLR group. The 90-day mortality rate was zero in the
LLR group, and 1⋅8 per cent (4 patients) and zero in the
OLR group before and after propensity score matching
respectively.

The complication rate was higher and mean hospital
stay longer in the OLR group than in the LLR group.
After propensity score matching, 22 patients in the OLR
group and 35 in the LLR group did not have a compli-
cation (51 versus 81 per cent respectively; P = 0⋅004). In
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Table 2 Short-term outcomes before and after propensity score matching

Open surgery Laparoscopic surgery P d**

Before propensity score matching n = 226 n = 43
Intraoperative blood loss (ml) 0⋅091‡ 0⋅20

<100 173 (76⋅5) 29 (67)
100–500 33 (14⋅6) 12 (28)
501–1000 9 (4⋅0) 2 (5)
>1000 11 (4⋅9) 0 (0)

Duration of hospital stay (days)* 7 (4–373) 5 (1–31) <0⋅001§ 0⋅84
Complications† 0⋅008‡ 0⋅32

None 128 (56⋅6) 35 (81)
I–II 85 (37⋅6) 7 (16)
III–IV 13 (5⋅8) 1 (2)

30-day mortality 1 (0⋅4) 0 (0) 1⋅000‡ 0⋅01
Radical R0 resection 221 (97⋅8) 42 (98) 1⋅000‡ 0⋅02
Margins (mm)* 10 (1–40) 6 (1–20) 0⋅142§ 0⋅24
Microvascular invasion 92 (40⋅7) 24 (56) 0⋅091‡ 0⋅33
Tumour grade 0⋅763‡ 0⋅08

G1 42 (18⋅6) 9 (21)
G2 113 (50⋅0) 25 (58)
G3 29 (12⋅8) 5 (12)

Satellites present 45 (19⋅9) 7 (16) 0⋅730‡ 0⋅12
After propensity score matching n = 43 n = 43

Intraoperative blood loss (ml) 0⋅502¶ 0⋅14
<100 31 (72) 29 (67)
100–500 8 (19) 12 (28)
501–1000 2 (5) 2 (5)
>1000 2 (5) 0 (0)

Duration of hospital stay (days)* 8 (5–42) 5 (1–31) <0⋅001# 0⋅91
Complications† 0⋅004¶ 0⋅65

None 22 (51) 35 (81)
I–II 20 (47) 7 (16)
III–IV 1 (2) 1 (2)

30-day mortality 0 (0) 0 (0) 1⋅000¶ 0⋅01
Radical R0 resection 42 (98) 42 (98) 0⋅612¶ 0⋅11
Margins (mm)* 5 (1–30) 6 (1–20) 0⋅960# 0⋅01
Microvascular invasion 16 (37) 24 (56) 0⋅121¶ 0⋅41
Tumour grade 0⋅542¶ 0⋅08

G1 12 (28) 9 (21)
G2 20 (47) 25 (58)
G3 5 (12) 5 (12)

Satellites present 9 (21) 7 (16) 0⋅781¶ 0⋅09

Values in parentheses are percentages unless indicated otherwise; *values are median (range). †Dindo–Clavien classification. ‡χ2 test; §Wilcoxon rank
test; ¶McNemar test; #Mann–Whitney U test. **A standardized mean difference (d) of less than 0⋅1 indicates very small differences; values between 0⋅1
and 0⋅3 indicate small differences; values between 0⋅3 and 0⋅5 indicate moderate differences; values above 0⋅5 indicate considerable differences.

the OLR group, one patient developed midline wound
dehiscence that needed surgical revision on postoperative
day 5. In the LLR group, one patient developed a peri-
hepatic abscess that required treatment by laparotomy on
postoperative day 10. No instances of biliary leakage were
registered in the two groups. The most frequent compli-
cation was ascites, which occurred in 18 and six patients
in the OLR and LLR groups respectively, associated
with grade A PHLF in two patients in the OLR group.
Finally, two and one cases of pleural effusion that did not
require thoracic drainage were registered in the OLR
and LLR groups respectively. Laparoscopic resections

were associated with a shorter median hospital stay: 5
(range 1–31) days versus 8 (5–42) days for open resection
(P < 0⋅001).

To evaluate the influence of each variable on the risk of
developing major postoperative complications (grade II or
more according to the Dindo–Clavien classification: 15
events in the OLR group, 2 events in the LLR group),
simple and multivariable logistic regression analyses were
performed (Table 3). The only independent predictor
of relevant postoperative complications was the use of
laparoscopy (odds ratio 0⋅12, 95 per cent c.i. 0⋅03 to 0⋅55;
P = 0⋅006).

© 2016 BJS Society Ltd www.bjs.co.uk BJS 2016; 103: 871–880
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/103/7/871/6136792 by U

niversità degli Studi di M
ilano user on 19 Septem

ber 2022



Outcomes following laparoscopic or open liver resection for hepatocellular carcinoma 877

Table 3 Simple and multivariable logistic regression of factors associated with the probability of developing a complication of at least
grade II according to the Dindo–Clavien classification

Simple logistic regression P Multivariable analysis P

Age (>65 versus≤65 years) 1⋅02 (0⋅96, 1⋅08) 0⋅471 1⋅07 (0⋅57, 2⋅02) 0⋅832
Sex (M versus F) 0⋅84 (0⋅27, 2⋅96) 0⋅783
ECOG performance status (1 versus 0) 0⋅78 (0⋅11, 3⋅40) 0⋅772 0⋅92 (0⋅20, 4⋅24) 0⋅922
Child–Pugh grade (B versus A) 2⋅09 (0⋅09, 23⋅2) 0⋅554 1⋅09 (0⋅29, 4⋅05) 0⋅891
MELD score (>9 versus≤9) 1⋅76 (0⋅53, 5⋅51) 0⋅331 1⋅71 (0⋅88, 3⋅30) 0⋅113
Portal hypertension (present versus absent) 2⋅57 (0⋅86, 7⋅76) 0⋅082 1⋅83 (0⋅87, 3⋅81) 0⋅112
ICG-R15 (>14 versus≤14%) 2⋅11 (0⋅55, 9⋅16) 0⋅282 1⋅07 (0⋅14, 8⋅03) 0⋅954
No. of nodules (multiple versus single) 1⋅12 (0⋅23, 4⋅22) 0⋅861 1⋅00 (0⋅43, 2⋅38) 0⋅981
Maximum tumour diameter (>3⋅5 versus≤3⋅5 cm) 0⋅87 (0⋅22, 2⋅84) 0⋅823 1⋅32 (0⋅26, 6⋅76) 0⋅742
α-Fetoprotein (>20 versus≤20 units/ml) 0⋅28 (0⋅04, 1⋅14) 0⋅114
BCLC stage 0⋅782 0⋅753

0 1⋅00 (reference) 1⋅00 (reference)
A 0⋅75 (0⋅23, 2⋅66) 1⋅01 (0⋅24, 4⋅23)
B 1⋅24 (0⋅87, 3⋅42) 0⋅83 (0⋅28, 2⋅54)

Duration of surgery (>180 versus≤180 min) 1⋅44 (0⋅48, 4⋅64) 0⋅521 1⋅20 (0⋅56, 2⋅56) 0⋅632
Procedure type (laparoscopic versus open) 0⋅09 (0⋅01, 0⋅35) 0⋅002 0⋅12 (0⋅03, 0⋅55) 0⋅006

Values in parentheses are 95 per cent confidence intervals. ECOG, Eastern Cooperative Oncology Group; MELD, Model for End-stage Liver Disease;
ICG-R15, indocyanine green clearance test at 15 min; BCLC, Barcelona Clinic Liver Cancer.
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Fig. 2 a Overall and b disease-free survival, according to surgical approach (open versus laparoscopic) to minor liver resection in
cirrhosis. a P = 0⋅802, b P = 0⋅990 (log rank test)

Long-term results

After propensity score matching, no difference was found
between the OLR and LLR groups with respect to
long-term outcomes (Fig. 2). With a mean follow-up of
44⋅5 months in the OLR group and 39⋅3 months in LLR
group (P = 0⋅121), median overall survival was 57⋅8 and
48⋅8 months respectively. Three- and 5-year survival rates
were 79 and 46 per cent respectively in the OLR group
versus 75 and 38 per cent in the LLR group (P = 0⋅802).
Median DFS was 31⋅7 months for OLR and 25⋅5 months

for LLR. Three- and 5-year DFS rates were 44 and 11 per
cent respectively in the OLR group, and 41 and 25 per cent
respectively in the LLR group (P = 0⋅990). A summary
of long-term results before propensity score matching is
reported in Fig. S1 (supporting information).

Discussion

Over the past decade laparoscopic liver surgery has devel-
oped worldwide in parallel with a number of technological
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advancements and increased experience of liver surgeons.
In particular, LLRs for HCC in cirrhosis have shifted from
a neglected indication to first-line treatment or as a bridge
to liver transplantation, particularly because there are fewer
adhesions at the time of liver transplantation24,25.

As in many other centres, the laparoscopic experience in
the authors’ institution started with small, easy-to-resect
lesions and moved progressively to larger lesions or
unfavourable locations in patients with compensated cir-
rhosis. The present analysis was restricted to a consecutive
series of liver parenchyma-sparing resections – minor
resections for HCC in cirrhotic livers – performed
through laparoscopic or open approaches, and com-
pared for short- and long-term outcomes. Initially the two
groups in the present study were different statistically for
some patient and tumour characteristics, as a result of the
complex decision-making that considers individual patient
components, surgeon attitude and experience26 as crucial
variables routing the choice to one surgical approach or
another. To overcome this unavoidable selection bias, 1 : 1
propensity score matching was applied. This approach
created two comparable groups of patients who underwent
open versus laparoscopic minor liver resections for HCC
in compensated cirrhosis.

The first endpoint was to compare the perioperative
results of the two techniques. The duration of operation
was similar and there were no differences between groups
in terms of curative potential (R0 rate) or surgical mar-
gins. As highlighted in other studies27, the present results
showed that intraoperative blood loss with the laparoscopic
approach was similar to that with the open technique.
Intraoperative bleeding and need for transfusions increase
the risk of perioperative morbidity and mortality28, and
may also affect long-term survival in patients with cancer.
Control of bleeding is therefore of paramount importance,
and is determined by proper anaesthetic treatment and a
careful surgical strategy. In particular, meticulous dissec-
tion and identification of small sources of bleeding during
parenchymal transection, with no use of staplers as advo-
cated by some groups29, may have lowered intraoperative
blood losses in the present series.

Both in the non-matched and in the propensity
score-matched series, the results of this study suggest
that complication rates are lower and median hospital
stay shorter in patients undergoing laparoscopic surgery.
This may have implications for decision-making for sur-
gical resection in patients with small HCC. Although the
comparison of health-related costs of different resection
techniques for small liver tumours was beyond the scope
of this study, the present findings are in line with many
reports showing no economic disadvantages of LLRs. This

may be explained by the associated shorter hospital stays
and lower complication rates compared with conventional
open procedures30.

To explore further the influence of different co-variables
on the risk of developing severe postoperative complica-
tions (Dindo–Clavien grade II or higher), a multivariable
logistic regression analysis was conducted on the entire
cohort of patients. The analysis confirmed laparoscopy as
the sole independent predictor of postoperative compli-
cations (0⋅12, 95 per cent c.i. 0⋅03 to 0⋅55; P = 0⋅006). In
this respect, it is interesting that in this series other known
risk factors for postoperative morbidity, such as higher
MELD score, prolonged ICG clearance and presence of
portal hypertension, did not seem to have an influence
on postoperative complications. Once more, this confirms
that minor liver resections for HCC can also be conducted
safely in patients with cirrhosis and that laparoscopy,
when feasible, should be considered as the approach of
first choice.

However, unfavourable segments still represent a chal-
lenge for LLR, owing to poor visualization of the oper-
ative field and difficulties in controlling bleeding dur-
ing parenchymal transection. This in turn may be the
main limitation to dissemination of the technique. Further-
more, in the present series the posterior–superior locations
represented a small subgroup.

The length of follow-up for both techniques in this study
allowed a confident comparison of ORL and LLR in terms
of cancer-related patient outcomes. During follow-up,
no intra-abdominal seeding or port-site recurrences were
detected. Survival analysis, both before and after propen-
sity score matching, showed comparable results between
the two groups in terms of overall survival and DFS.
Overall, these features speak in favour of other findings
showing that laparoscopy does not seem to have an impact
on postoperative HCC recurrence.

There are some obvious limitations to the present study.
First, the relatively small sample size and the absence of
randomization limit the strength of the results, and there
is the risk of a type II error. Second, the intrinsic vari-
ability in baseline patient characteristics, HCC biology
and tumour locations could not be captured completely
by the categorical variables described, despite the prospec-
tive data collection. This means that there could be other
hidden differences between groups, even in the propensity
score-matched series, that may have influenced the treat-
ment choice and the observed patient outcome. Finally, a
potential limitation of 1 : 1 matching is that many control
subjects (OLR) not matched to treated subjects (LLR) are
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excluded from analysis, which can lead to loss of informa-
tion and a decrease in the precision of the estimated asso-
ciation between treatment and outcome.

However, even considering these limitations, this
study suggests that LLR for HCC in patients with
cirrhosis ensures long-term results comparable to those
of conventional open surgery, and reduces the inci-
dence of postoperative complications and the duration of
hospital stay.
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