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Abstract

Background Liver re-resection plays a paramount role in
treatment of patients with posthepatectomy hepatocellular
carcinoma (HCC) recurrence. Laparoscopic liver resection
has been a feasible alternative to open surgery. However,
whether laparoscopic liver re-resection for posthepatec-
tomy HCC recurrence is better than open liver re-resection
remains unknown.

Method From January 2008 to December 2015, 30 patients
with recurrent HCC after prior liver resection underwent
laparoscopic liver re-resection in our center. To minimize
any confounding factors, a propensity score matching study
using a patient ratio of 1:1 was conducted to compare the
short- and long-term outcomes of patients who underwent
laparoscopic or open liver re-resection.

Result With the open surgery group compared laparo-
scopic group, operative time was 207.50 versus 200.5 min
(» = 0.903), blood loss was 400 versus 100 ml
(p = 0.000196), blood transfusion rate was 43.3 versus
0.0% (p = 0.000046), complication rates were 30.0 versus
6.7% (p =0.01), and hospital stay was 13.5 versus
9.5 days (p = 0.000008). The median follow-up was
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35 months. The 1-year, 3-year, 5-year disease-free survival
rates were 79.0, 51.0, and 31.9%, versus 78.3, 57.4, and
43.0%, respectively (p = 0.474). The 1-year, 3-year, and
5-year overall survival rates were 89.4, 75, and 67.5%,
versus 96.7, 85.0, and 74.4%, respectively (p = 0.413).
Conclusion Laparoscopic liver re-resection for patients
with posthepatectomy HCC recurrence provided compa-
rable perioperative and oncological outcomes as open liver
re-resection and can be a safe alternative to open
procedure.

Keywords Posthepatectomy hepatocellular recurrence -
Laparoscopic liver re-resection - Short-term outcomes -
Survival analysis

Hepatic resection is an effective and commonly used
treatment for hepatocellular carcinoma (HCC) [1]. Tumor
recurrence after liver resection remains a bottleneck to
improve long-term prognosis. Cumulative 5-year tumor
recurrence rates after RO resection of HCC have been
reported to be up to 70%, and intrahepatic recurrence
accounts for about 80% of these patients [2]. At present,
appropriate treatment strategies for recurrent HCC aiming
at cure include liver re-resection, liver transplantation (LT),
and radiofrequency ablation (RFA). Liver re-resection is a
potentially curative treatment for HCC recurrence although
factors such as multiple liver metastases, impaired liver
function and poor general condition of patients affect its
feasibility. The resectability rate is less than 30% [3]. LT in
selected patients shows impressive results, but its role as a
first line treatment for patients with recurrent HCC is
limited by the insufficient supply of donor organs [4].
Radiofrequency ablation is a minimal invasive and
repeatable treatment and it has achieved similar
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effectiveness as hepatic resection in recent studies. Nev-
ertheless, the long-term outcomes of radiofrequency abla-
tion is inferior to liver resection, due to more common
tumor recurrence as a consequence of residual tumor,
tumor seeding alone needle tracts, and possible induction
of tumor dissemination into adjacent portal vessels by
increased intratumoral pressure [5]. TACE is the most
frequently used treatment for HCC recurrence, but the
curative role of TACE is questionable because of its low
S-year survival rate [6].

Surgical progress in the past decade has established the
role of laparoscopic liver resections (LLRs) in the primary
treatment of HCC. In addition to its advantages of less
invasiveness, it produces similar oncologic clearance with
no compromise in survival as compared with open liver
resection. It has gained worldwide acceptance for man-
agement of malignant liver diseases [6, 7]. LLRs has now
been extended from minor wedge resections to complicated
liver resections, including hemihepatectomies, extended
right and left hepatectomies, and central sectionectomies
[8]. Laparoscopic liver re-resection for recurrent HCC
presents more technical challenges than primary liver
resection because of presence of adhesions, change in
anatomy, formation of collateral circulation, and impaired
liver function due to surgical loss of liver parenchyma in
patients with chronic liver diseases. Only a few studies
have reported the feasibility and safety of laparoscopic
liver re-resection (LR-R) for recurrent HCC [9-12]. A lot
remains to be learned on the role of LR-R in the treatment
of patients with posthepatectomy HCC recurrence.

In this study, we analyzed our experience of using LR-R
to treat these patients and to study the feasibility and safety
of LR-R.

Patients and methods

This study was conducted in the context of informed
consents from the patients and under the approval of the
Ethics Committee of the Sun Yat-Sen Memorial Hospital
of Sun Yat-Sen University. Surgery was performed with
patient’s written consent. From January 2008 to December
2015, all patients who underwent laparoscopic liver re-
resection for recurrent hepatocellular carcinoma after ini-
tial curative liver resection in the Department of Hepato-
biliary Surgery, Sun Yat-sen Memorial Hospital,
Guangzhou, China were included into this study. To min-
imize case selection bias, a propensity score matching
study was conducted. Patients who underwent open liver
re-resection for posthepatectomy HCC during the study
period were considered to be selected into the control
group. All patients were evaluated before surgery through
blood tests, abdominal ultrasonography, computed

tomography (CT), or magnetic resonance imaging (MRI).
Functional liver reserve was assessed using indocyanine
green retention rate at 15 min (ICG15) and CT volumentry.
The selection criteria for patients to undergo liver re-re-
section included well-compensated liver function (Child-
Pugh A), absence of gross ascites, no clinical signs of
severe portal hypertension, no extrahepatic metastasis, no
major blood vessel tumor invasion, and a solitary tumor of
less than 5 cm. Lesions located in any liver segments were
included.

Morbidity was graded according to the Clavien—Dindo
classification [13]. The grade of adhesion was assessed
according to the study of Becker et al.: Grade 0: no
adhesion; Grade I: a thin layer of adhesion that can be
separated by blunt dissection; Grade II: a thin layer of
adhesion that can be separated easily by sharp dissection;
Grade III: a wide range of vascular adhesion requiring
careful sharp dissection; Grade IV: dense adhesion that
may result in visceral injury [14].

Follow-up visits were carried out at one month after
hospital discharge and then every three monthly in the first
year, every six monthly in the following two years and
once a year thereafter. Followed up evaluation included
routine blood tests, liver function tests, coagulation func-
tion tests, serum alpha fetoprotein (AFP), chest X-ray, and
abdominal ultrasound. For patients with concomitant HBV
infection, anti-virus treatment was routinely given.

Surgical procedure

For open liver re-resection, a subcostal incision with an
upward midline incision, through a previous surgical scar if
present, was used. Intraoperative ultrasonography (Hitachi
Aloka Medical, Tokyo, Japan) was routine. Hepatic
parenchymal transection was performed using a harmonic
scalpel (Ethicon Endo-surgery, Norderstedt, Germany) and
Cavitron ultrasonic surgical aspirator (Integra LifeS-
ciences, Sragh, Ireland). Hepatic inflow occlusion was only
used when there was excessive bleeding. Hemostasis was
performed using electrocautery and suturing. A drainage
tube was placed close to the cut surface of the liver.

For laparoscopic liver re-resection, patients were placed
either in a supine position or a left decubitus position (left
decubitus position for tumors located in the right liver and
supine position for other locations). The primary surgeon
stood between the legs, and the other two assistants stood
on each side of the patient. The first trocar was inserted
using an open method. Pneumoperitoneum was established
at a pressure of 12 mmHg. After introduction of a flexible
laparoscope, the other four working ports were inserted
under vision, depending on the location of the tumor.
Adhesiolysis was performed using a harmonic scalpel
(Ethicon Endo-surgery, Norderstedt, Germany) and
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monopolar coagulation. Intraoperative ultrasonography
(Hitachi Aloka Medical, Tokyo, Japan) was used. Hepatic
pedicles of the liver corresponding segment(s) to be
resected were isolated and clamped with absorbable clips
to occlude the blood flow. Liver parenchymal transection
was then performed with a harmonic scalpel (Ethicon
Endo-surgery, Norderstedt, Germany) and Cavitron ultra-
sonic surgical aspirator (Integra LifeSciences, Sragh, Ire-
land). Hemostasis was performed by monopolar
coagulation, Biclamp (ERBE, Tubingen, Germany), clips
and suturing. The resected specimen was placed in a plastic
bag and removed through a small incision. A drainage tube
was routinely used.

Intraoperative RFA was occasionally used in some
patients in the two groups. A monopolar RF instrument
(AngioDynamics, Amsterdam, Netherlands) was used to
ablate the edges of the resected tumors to ensure adequate
resection margins. The ablation was carried out using
separate punctures and ablation cycles. Each ablation cycle
lasted approximately 10—12 min.

Statistical analysis

A 1:1 propensity score matching between the laparoscopy
group and the open surgery group was carried out to
minimize selection biases in the baseline characteristics
between the two groups of patients. A logistic regression
model was used to estimate the propensity score for a
patient who underwent open liver re-resection to match
with a patient who underwent laparoscopic liver re-resec-
tion. The following factors were included in the model:
age, sex of patient, size, number of tumor, hepatitis B virus
status (HBV), and degree of cirrhosis. All continuous data
were expressed as median (range) and differences between
groups were analyzed using the Mann—Whitney U test.
Categorical variables were expressed as absolute numbers
(percentages) and compared between groups using the Chi
squared test. Survival curves were calculated using the
Kaplan—-Meier method and compared between groups by
the log-rank test. A p value of less than 0.05 was consid-
ered as statistically significant. The 1:1 propensity score
matching was performed by the psmatch2 procedure in
Stata 13.0. Other statistical analyses were performed using
the SPSS Statistics version 21.0 (IBM SPSS).

Result

During the study period, 167 patients underwent liver re-
resection for recurrent HCC after initial curative liver
resection. 137 patients underwent open (used as the control
group in the Propensity Score Matching Study), while 30
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patients underwent laparoscopic liver re-resection (LR-R),
the study group.

For the 30 patients who underwent LR-R, 26 underwent
a second liver resection and 4 patients had a third liver
resection after twice open surgeries. After propensity score
matching, the extents of previous liver resections are
summarized in Table 1. Demographic parameters, liver
function, and tumors characteristics of patients are sum-
marized in Table 2. There were no significant differences
between the two groups in age, sex, Child—Pugh grade,
type of hepatitis, histological liver cirrhosis, histological
tumor microvascular invasion. The indocyanine green
retention rates at 15 min before liver re-resection were 9%
(4-34%) and 8.5% (2-33%), respectively. Also, no statis-
tical significant differences were observed in laboratory
test results. The median size of tumor in open surgery
group was 2.45 cm (1.0-4.3 cm) and in laparoscopic group
was 2.1 cm (1.0-5.0 cm). The median interval between the
last previous liver resection was 17 months in both the 2
groups. In open surgery group, three recurrent HCC located
in segment I; 15 in segment II, III, Iva, V, VI; eight in
segment IVb, VII, VIII, and four located bilober, whereas
in laparoscopic group, one recurrent HCC located in seg-
ment I; 18 in segment II, III, Iva, V, VI; four in segment
IVb, VII, VIII and seven located bilober. Two patients in
open surgery group had multiple tumors, while there were
five patients in laparoscopic group. There were no signifi-
cant differences between two groups in tumor size, loca-
tion, and tumor number. The perioperative outcomes are
shown in Table 3. The operative time was similar between
the two groups. The median operative time was 200.5 min
(range 68-525 min) in the laparoscopy group and
207.5 min (range 105-328 min) in the open surgery group.
Three patients in the open surgery group required Pringle’s
maneuver for excessive bleeding during liver parenchymal
transection. This was unnecessary in the laparoscopy
group. The estimated blood loss (median 100 ml ranging
from 10 to 600 ml) and the blood transfusion requirement
(0%) in the laparoscopy group were significantly lower
than that in the open surgery group (400 ml ranging from
30 to 1800 ml and 43.3%, respectively). Four patients were
converted to open liver re-resection for the following rea-
sons: dense adhesions (n = 1) and failure to progress
because of tumors location in posterior segments (n = 3).
Two patients in open surgery group and seven patients in
the laparoscopic group required intraoperative radiofre-
quency ablation in an attempt to ensure adequate surgical
margins.

There were no significant differences between the two
groups in the grades of adhesion and types of liver re-
resection. Major liver resections included two right hemi-
hepatectomies and one left hemihepatectomy in the open
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Table 1 Extent of hepatectomy

. . . . Number of segment
in previous liver resection

Open surgery group (n = 30)

Laparoscopy group (n = 30)

Total (n = 60)

<1 14
2 12
>3 4

17

31
20

9

[t

n” are presented as number of patients

Table 2 Patient characteristics

Open surgery (n = 30) Laparoscopy (n = 30) p*

Age (year) 48.5 (28-79) 56.5 (27-79) 0.121
Gender (male:female) 28:2 23:7 0.148#
Child-Pugh grade 0.236#

A 27 30

B 3 0
HBsAg positive 29 (96.67%) 29 (96.67%) 1.000#
Liver Cirrhosis 26 (86.67%) 26 (86.67%) 1.000#
Microvascular invasion 9 (30%) 6 (20%) 0.371#
ICGR15 (%) 9 (4-34) 8.5 (2-33) 0.756
Serum ALT (U/L) 39 (3-152) 32.5 (9-281) 0.636
Serum AST (U/L) 38 (15-209) 31.5 (17-303) 0.433
Platelet count 153.5 (60-233) 162.5 (47-376) 0.819
TB (umol/L) 14.65 (2.8-224.6) 15.25 (6.9-42.5) 0.756
Albumin (g/L) 42.2 (30.3-47.9) 42.75 (31.8-67.2) 0.154
a-fetoprotein (ng/ml) 0.542#
<400 22 24
>400 8 6
Tumor size (cm) 2.45 (1.04.3) 2.1 (1.0-5.0) 0.964
Interval of recurrence (month) 17 (2-85) 17 (3-121) 0.589
Location (couinaud section) 0.334#

Segment I 3 1

Segment II, III, IVa, V, VI 15 18

Segment IVb, VII, VIII 8 4

Bilober 4 7
Number 1(1-2) 1(1-2) 0.232

Single 28 25 0.421#

Multiple 2 5

Values are presented as n (%) or median (range)

*Mann—Whitney U test unless indicated otherwise

#Xz test or Fisher’s exact test

HBsAg indicates hepatitis B virus; ICGR15, indocyanine green retention at 15 min; ALT alanine amino-
transferase; AST aspartate aminotransferase; 7B total bilirubin

surgery group and one extended left hemihepatectomy in
the laparoscopic group. No microscopic involved surgical
margins were detected in the 2 groups.

One patient died in the open surgery group 73 days after
the operation due to liver failure. Nine complications
developed in the open surgery, including bile leakage
(n = 3). Moderate ascites (n = 1), mild intra-abdominal
hemorrhage (n = 1), and abdominal infections (n = 4).
Except one patient who developed a hepatic abscess which

required reoperations, and a prolonged hospital stay of
150 days, the remaining patients were treated successfully
with conservative treatment =+ percutaneous interventional
procedures. Only two complications developed in the
laparoscopic group: a patient with intra-abdominal hem-
orrhage who responded to conservative treatment and a
patient with biliary leakage who required percutaneous
drainage. The difference in the rates of complication
between the two groups was significant. The median
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Table 3 Perioperative details

Operative time (min)
Pringle maneuver
Blood loss (ml)
Transfusion
Conversion to laparotomy
Hospital day
90-day mortality
Grade of adhesion
1
1I
1
v
Type of resection
Sub-segmentectomy
Segmentectomy
Left lateral sectionectomy
Major liver resection
Intraoperative ablation
Complication
Bile leak
Intra-abdominal hemorrhage
Abdominal infection
Ascites

Liver failure

Severity of complications (Clavien—Dindo)

IIla
IIIb
IVa
IVb
v

Open surgery (n = 30) Laparoscopy (n = 30) p*
207.50 (105-328) 200.5 (68-525) 0.903
3 (10%) 0 (0%) 0.236#
400 (30-1800) 100 (10-600) 0.000196
13 (43.3%) 0 (0.0%) 0.000046#
- 4 (13.3%) -
13.5 (8-150) 9.5 (5-29) 0.000008
1 (3.33%) 0 (0%) 1.000
0.695#
6 8
14 16
8 5
1
0.553#
18 19
8 7
1 3
3 1
2 (6.7%) 7 (23.3%) 0.148#
10 (30.0%) 2 (6.7%) 0.01#
3 1 -
1 1 -
4 0 -
1 0 -
1 0
4 (13.3%) 1 (3.33%) 0.350
1 (3.33%) 0 (0%) 1.000
1 (3.33%) 0 (0%) 1.000

Values are presented as n (%) or median (range)

*Mann—Whitney U test unless indicated otherwise

#xz test or Fisher’s exact test

hospital stay after operation in the open surgery group was
4 days longer than the laparoscopy group (13.5 days
ranging from 8 to 150 days vs 9.5 days ranging from 5 to
29 days) and this difference was significant.

The impact of the initial liver resection on liver re-re-
section, whether it was carried out laparoscopically or with
open liver resection was further analyzed (Table 4). There
were no significant differences in the estimated blood loss,
operative time, conversion rate, hospital stay and compli-
cation, although initial laparoscopic liver resection gave
better results than initial open liver resection. Furthermore,
Grade 3 and 4 adhesions were only found in the initial open
liver resection group and one of them required conversion
from laparoscopic to open liver re-resection. Again, there
was no significant difference in the grade of adhesion
between the two groups.
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At a median follow-up of 35 months (range from 2 to
80 months) in the two groups, the 1-year, 3-year, and
5-year disease-free survival rates were 79.0, 51.0, and
31.9%, respectively. The corresponding rates in the
laparoscopy group were 78.3, 57.4, and 43.0%, respec-
tively, (p = 0.474) (Fig. 1). The 1-year, 3-year, and 5-year
overall survival rates for the open liver re-resection were
89.4, 75, and 67.5%, respectively. The corresponding rates
for the laparoscopy group were 96.7, 85, and 74.4%,
respectively, (p = 0.413) (Fig. 2).

Discussion

Abdominal adhesions develop in 67-93% of patients after
surgery [15]. Dealing with densely or vascular-rich adhe-
sions, particularly those around the hepatic hilum or major
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g:t?;rit? u(l?crl)srrgct)li‘:legopl;:\(/)i?;: of Previous laparotomy (n = 21)  Previous laparoscopy (n =9) p*
open or laparoscopic surgery in - yor size (cm) 2.0 (1.0-5.0) 2.6 (1.0-5.0) 0.504
laparoscopic group
Number of tumors 1(1-2) 1(1-2) 0.756
Single 17 8 1.000#
Multiple 4 1
Location (Couinaud section) 0.266#
Segment [ 0 1
Segment II, III, IVb, V, VI 13 5
Segment Iva, VII, VIII 2 2
Bilober 6 1
Grade of adhesion 0.250#
1 4 4
I 11 5
il 5 0
v 1 0
Blood loss (ml) 100 (10-600) 50 (10-400) 0.449
Operation time (min) 205 (68-525) 196 (70-264) 0.397
Conversion to laparotomy 3 (14.2%) 1(11.1%) 1.000#
Hospital stay (day) 10 (5-29) 8 (5-14) 0.164
Complication 2 (9.5%) 0 (0%) 1.000#
Values are presented as n (%) or median (range)
*Mann—Whitney U test unless indicated otherwise
#Xz test or Fisher’s exact test
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Fig. 1 Disease-free survival of all patients underwent liver re-
resection

vessels, is a technical challenge for surgeons performing
laparoscopic liver re-resection. Recent developments in
minimal invasive surgery allow safe and effective adhesi-
olysis in laparoscopic re-do surgery [16—18]. In our study,

Fig. 2 Overall survival of all patients underwent liver re-resection

similar results were obtained in laparoscopic when com-
pared with open liver re-resection. These results are con-
tradictory to conventional concepts and could be attributed
to precise dissection under optical magnification offered by
laparoscopy. Moreover, pneumoperitoneum tenses up

@ Springer



4796

Surg Endosc (2017) 31:4790-4798

adhesion bands to facilitate the operation and to reduce
surgical time. The first trocar was introduced away from
any previous surgical scars by an open method (Hasson)
and other trocars were inserted individually under direct
vision to avoid injury. However, there was one patient with
conversion to open surgery due to dense adhesions. This
patient had a history of severe intra-abdominal infection
after the previous hepatic resection. There was a trend
towards milder adhesion formation after previous laparo-
scopic surgery which supports the theory that laparoscopic
surgery results in decreased postoperative adhesion for-
mation and facilitates subsequent treatment [19, 20].
However, the lack of a statistical significance can be a
result of a type 2 statistical error in our study as a conse-
quence of a small sample size.

The change in gross anatomy of the liver can be a
consequence of hepatic atrophy-hypertrophy complex
secondary to previous liver resection and to underlying
liver diseases. Increased intraoperative blood loss and
perioperative blood transfusions have been reported to be
major factors influencing tumor recurrence and postoper-
ative lethal complications such as liver failure [21-25]. The
fear of uncontrollable bleeding followed by adverse out-
comes has impeded the development of laparoscopic liver
resection. Improvements in blood loss and transfusion
using the laparoscopic approach have been highlighted by
experts at the 2" International Consensus Conference on
Laparoscopic Liver Resection [21]. The reasons were
summarized in a recent report giving credits to the positive
pressure of CO2 pneumoperitoneum, state of the art tran-
section devices, facilitation of liver inflow and outflow
control, and proficient laparoscopic skills [21, 26]. Our
findings showed that these benefits can be extended to
laparoscopic liver re-resections. The routine use of intra-
operative ultrasound (IOUS) and advanced transection
devices as well as our experience in laparoscopic surgery
are the other reasons for the good results in our study.

The pursuit for liver parenchyma preservation without
compromising any oncological principle is another chal-
lenge in liver re-resection. In laparoscopy surgery, tumor
resection margin is more difficult to define due to the loss of
tactile sensation, especially for those located in posterosu-
perior liver segments where poor visualization, angled
transection line, and difficult manipulation limited by costal
margin and kinetics diaphragm may result in insufficient
tumor clearance. Involved surgical margins have been
documented to have a major influence on survival [27, 28].
In our study, a monopolar radiofrequency device was used
to encircle the tumor before parenchymal transection in
some patients with unclearly defined tumor borders. This
technique ensures an ablated margin left behind and
improves oncological radicality. In addition, such a preco-
agulation process can be performed percutaneously without
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any violation of the minimally invasiveness and benefits to
the subsequent laparoscopic liver resection [27-29]. This
approach is not routinely used by us for fear of complica-
tions such as vessel thrombosis, biliary injury and bleeding
on withdrawal of the needle [30].

Salvage liver transplantation (SLT) has gained popu-
larity in recent years for recurrent HCC because of its total
removal of tumors and cure for underlying cirrhosis. In the
literature, SLT offered a 5-year disease-free rate of 67%,
5-year overall survival rate of 62%, with morbidity rate of
34% and morality rate of 6.34%, which confirmed its
safety, feasibility, and efficacy [31, 32]. In addition, com-
parable survival outcomes were observed between SLT and
repeat liver resection in a recent study [5]. The improve-
ment in SLT therefore raise a question of whether repeat
liver resection should be a preferred therapy for patients
with preserved liver function and resectable recurrent HCC
within Milan criteria. In our study, short- and long-term
outcomes of both open and laparoscopic liver resection
appear not to be inferior to that of SLT [31-34]. However,
these results could not differentiate whether SLT or RR
offers maximum benefits for patients with recurrent HCC.
Selection bias might have existed in this study because
most of patients had a recurrence-free interval more than
1 year, less microvascular invasion, small tumor size, and
relatively well-preserved liver function. Currently, no
standardized treatment criteria for patients with
resectable and transplantable recurrent HCC are available.
Considering the similar long-term survival with minimal
invasion, safety, and readily accessibility, LR-R should be
considered as a choice of treatment. Further studies are
warranted to confirm a decisional algorithm for patients
with resectable and transplantable recurrent HCC.

Our long-term results were also superior to that reported
by Lu and his colleagues who treated recurrent HCC by
percutaneous thermal ablation [35]. Percutaneous thermal
ablation, indeed, has been recommended to be an alterna-
tive to repeat resection with its acceptable effectiveness
and minimal invasiveness [36]. However, incomplete
necrosis and a high incidence of needle tract dissemination
have rendered by some authors to be not a curative pro-
cedure [37, 38]. In our opinion, ablation is more suit-
able for patients with recurrent HCC who cannot tolerate
surgical treatment.

In our center, we started to perform laparoscopic liver
surgery in 2006, and we only began to perform LR-R after
we had accumulated enough experience in laparoscopic
liver resection [39]. LR-R is technically more demanding
and requires the expertise in both laparoscopic and hepatic
surgery. Our results are comparable to many studies on
laparoscopic primary or repeat liver resection [10, 21]. The
incidence of complication was significant lower in the
laparoscopic than the open surgery group.
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Although laparoscopic liver resection for all individual
liver segments has been demonstrated to be feasible
[40—42], three of four cases of conversion to open surgery
in our study were related to poor tumor location. For
laparoscopic liver re-resection, careful patient selection is
important to its success.

In summary, this propensity score matching study
showed that LR-R for patients with posthepatectomy HCC
recurrence resulted in reduced blood loss, reduced
requirement of blood transfusion, lower morbidity rate,
shorter hospital stay, and satisfactory comparable onco-
logical outcomes when compared with open liver re-re-
section. Previous open liver resection produced results
which were not inferior to previous laparoscopic liver
resection for subsequent laparoscopic re-resection. In
centers with good experience in laparoscopic and liver
surgery, it can be a safe alternative to open liver re-
resection.
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