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Reappraisal of safety and oncological il

outcomes of laparoscopic repeat hepatectomy
in patients with recurrent hepatocellular
carcinoma: it is feasible for the pioneer surgical
team

Yi Chan Chen', Ruey-Shyang Soong?, Po-Hsing Chiang', Shion Wei Chai' and Chih-Ying Chien'*"

Abstract

Background Hepatocellular carcinoma (HCC) is prevalent in Taiwan, primarily due to the high incidence of hepatitis
B and C infections, with high recurrence rates of 50-70% within five years after initial treatment. Treatment options
for recurrent HCC include salvage liver transplantation, trans-arterial chemoembolization, re-hepatectomy, and radi-
ofrequency ablation. Repeat hepatectomy exhibits superior oncological outcomes compared with alternative
approaches. Although laparoscopic liver resection has demonstrated safety and feasibility for primary HCC resection,
the persistence of intrahepatic recurrence necessitates effective intervention. However, repeat liver resection poses
several challenges including adhesions from previous surgeries, limited access to recurrent tumors, altered liver
structure post-regeneration, difficulties in obtaining hilar control, and compromised liver reserves. Suggesting a lapa-
roscopic approach for recurrent HCC is typically based on the surgeons'experience and confidence. In this study, we
reconfirmed the safety, feasibility and oncological outcome of laparoscopic repeat liver resection and investigated
the optimal timing for initiation of this procedure by a pioneering team in minimally invasive liver resection.

Methods We retrospectively reviewed our collective experience of 57 patients with recurrent HCC between January
2009 and December 2021.The patients were followed until June 30, 2024. Among them, 37 underwent laparoscopic
approaches and 20 opted for open procedures.

Results Both groups exhibited similar operative times and perioperative outcomes, with significantly reduced
hospital stays in the laparoscopic cohort (median: 5 vs. 7, p <0.001). The median follow-up duration was 41.5 months
(range, 2.8 to 112.6 months). Mortality occurred in 22 patients (38.6%) and recurrence occurred in 26 patients (45.6%)
The overall survival and disease-free survival after the operation were similar in both groups and comparative

to the literatures.

Conclusion Using a stepwise approach, laparoscopic repeat liver resection can be performed safely and effec-
tively with a low incidence of conversion by an experienced surgical team with similar oncological outcomes. The
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introduction of laparoscopic techniques has also sparked a strategic shift in the surgical approach for recurrent HCC.
This treatment option should be offered to patients by an experienced surgical team for minimally invasive liver

resections.

Keywords Hepatocellular carcinoma, Laparoscopic repeat liver resection, Minimally invasive hepatectomy

Introduction

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related mortality globally, with a noticea-
ble increase in mortality over recent decades [1]. Taiwan,
characterized by a high prevalence of Hepatitis B and C
virus (HBV/HCV) infections, experiences an elevated
incidence of HCC, standing as the second leading cause
of cancer-related deaths in the country [2, 3]. Employ-
ing a multidisciplinary approach aligned with the Barce-
lona Clinic Liver Cancer (BCLC) classification is widely
acknowledged and seeks to enhance treatment outcomes
for HCC [4].

While liver resection can yield 60—-80% 5-year overall
survival rates in early-stage HCC, recurrence rates surge
in patients’ post-primary treatment, reaching up to 80%
according to various reports [5]. Among the treatment
options for recurrent HCC, repeat resection has emerged
as a promising avenue for improving survival [6].

The safety and feasibility of laparoscopic liver resection
(LLR) for the treatment of HCC have been established in
international consensus meetings [7]. However, laparo-
scopic repeat liver resection (LRLR) is perceived to be a
more challenging procedure because of adhesions from
prior operations, altered normal structural orientation,
and the need for highly selective patients and experi-
enced surgeons [8]. These complexities often hinder
the surgeon’s decision to opt for a repeat laparoscopic
approach. Notably, recent advancements in technolo-
gies such as the indocyanine green (ICG) scope, robotic
surgery, intraoperative image guidance, and enhanced
bleeding control, as discussed in the latest international
laparoscopic liver surgery consensus, signify the evolving
landscape of LLR [9]. Moreover, the most comprehen-
sive multicenter propensity score-matched observational
study reaffirmed the feasibility and safety of LRLR [10].

The decision to adopt a laparoscopic approach for
recurrent intrahepatic malignancies is significantly influ-
enced by surgeons’ experience and familiarity with the
procedure. Furthermore, most studies on LRLR origi-
nate from high-volume centers [10]. Previously consid-
ered a relative contraindication, especially for novice
laparoscopic liver surgeons, LRLR challenges traditional
concepts. This retrospective study aimed to explore the
optimal timing for the surgical team to initiate the first
LRLR, as defined by the accumulated experience of per-
forming laparoscopic hepatectomies. We conducted a

retrospective comparison of the short-term perioperative
outcomes and long-term oncological outcome between
LRLR performed by our pioneering team and open
repeat hepatectomy performed by experienced surgeons.
This study provides evidence for the surgical team’s tran-
sition from traditional surgery to a minimally invasive
approach in patients with recurrent HCC.

Methods

Patient selection

A retrospective study was conducted at the Chang Gung
Memorial Hospital, Keelung between January 2009 and
December 2021. The post-operative following time of
survival ended in June 30, 2024. This study was approved
by the Institutional Review Board of Chang Gung Memo-
rial Hospital (IRB No. 02300984B0). This study is reg-
istered in Research Registry and the Identity number is
researchregistry 10,487. The study enrolled patients who
underwent surgical management for recurrent HCC. The
selection of patients is illustrated in Figs. 1 and 2. The
open-repeat liver resection was performed by experi-
enced liver surgeons at the time of diagnosis. In contrast,
LRLR was performed by a dedicated team comprising
two fixed surgeons who are recognized as the pioneers of
LLR in our institution. Recurrence was diagnosed using
preoperative dynamic abdominal computed tomography
(CT) or magnetic resonance imaging (MRI). Preopera-
tive liver function was assessed using basic liver function
tests, Child-Pugh Score, and ICG test. A multidiscipli-
nary team consisting of doctors specializing in radiofre-
quency ablation (RFA), hepatobiliary surgery, radiology,
radiation oncology, and medical oncology was involved
in the pretreatment evaluation of all patients. The choice
of the operative procedure was determined based on pre-
served liver function, tumor characteristics (location and
size), and the patient’s previous surgical history. Open
repeat liver resection (ORLR) would be suggested ini-
tially for patients with multiple histories of laparotomy
(more than twice), or if the recurrent tumor would be at
risk for major vessel injury (hepatic vein) during adhesi-
olysis or liver mobilization under our previous surgical
experience.

Surgical procedure
Patients were positioned on a rotating table in the supine
position with their legs suspended, transitioning to a
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Fig. 1 Follow up strategy for the patients diagnosed Hepatocellular
carcinoma (HCC) underwent curative intent treatment

reversed Trendelenburg position during LLR. For tumors
located in the left lobe or anterior segment, upper arm
extensions were utilized, whereas patients with tumors
in the right posterior segment were placed in the left
hemilateral decubitus position. The Hasson method [11]
was employed to insert a camera port in the supraum-
bilical position, and extended adhesiolysis was performed
around the incision to create adequate operational space.
Subsequent trocars were inserted stepwise following the
initial port using electrical cutting, monopolar coagula-
tion, or energy devices for further adhesiolysis and tro-
car insertion. Trocar placement was optimized based
on tumor location to facilitate liver rotation and adhe-
sion dissection from previous surgeries. Intraoperative
navigation using an ICG scope (Stryker, Kalamazoo, MI,
USA) and intraoperative ultrasonography-guided paren-
chymal transection ensured adequate margins, especially
for lesions that were not readily visible. Successful proce-
dures were performed using pure LLR.

Hepatic parenchymal resection involved the crush-
clamp method using a Harmonic Hil0000 (Ethi-
con Endo-Surgery, Cincinnati, OH, USA), a Cavitron
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ultrasonic surgical aspirator, and a bipolar clamp coagu-
lation system (Karl Storz Endoscope, Tuttlingen, Ger-
many). The Pringle maneuver by Huang’s loop [12] was
applied as much as possible if the adhesion between the
hepatoduodenal ligaments could be dissected; otherwise,
partial vascular control using a Debakey Bulldog clamp
(GerMed USA, New York, USA) was used in cases of
severe adhesions around the hepatoduodenal ligament.
A Seprafilm membrane (Baxter, Deerfield, Illinois, USA)
was used to prevent postoperative adhesions around the
resection margin, inferior vena cava, hepatoduodenal
ligament, and under the midline mini-laparotomy wound
in all patients [13]. Closed system drains employing the
Jackson-Pratt draining system were inserted around the
liver parenchymal. Prophylactic antibiotics with cefazolin
1 g were administered preoperatively, repeated every 4 h
during the surgery, and continued for one postoperative
day [14].

Postoperative outcome

The recorded parameters, including intraoperative blood
loss, the need for blood transfusion, and surgical dura-
tion, were subsequently compared. Complications were
graded according to the Clavien-Dindo classification
[15]. Post-hepatectomy liver failure was defined as the
combination of prothrombin time index <50% and serum
bilirubin>50 pmol/L (ie., 2.9 mg/dL) on postopera-
tive day 5 according to the International Study Group of
Liver Surgery [16], and postoperative intensive care unit
(ICU) stay duration, postoperative hospital stay duration,
30-days readmission, and 90-days readmission were doc-
umented. Tumor resection margins were defined as RO
resection for no residual tumor detected microscopically
and R1 resection for microscopically residual tumor [17].
Surgical morbidity encompassed readmission within 30
days, whereas surgical mortality constituted mortality
within 30 days of the operation, and mortality within 90
days were also recorded. Survival was tracked until June
30, 2024, and all-cause mortality was included. Recur-
rence was documented based on imaging evidence, such
as CT or MRI, showing tumor recurrence. The period
until next recurrence is what we refer to as disease-free
survival.

Statistical analysis

All statistical analyses were conducted using the SPSS
software (version 23; IBM Corp., Armonk, NY, USA).
Continuous variables that were not normally distributed,
such as operative time and post-operative ICU stay, are
recorded as medians with interquartile ranges, and dif-
ferences were assessed using the Mann-Whitney U test.
Categorical variables are presented as numbers and fre-
quencies (%) and were compared using the chi-square
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Patients with recurrent HCC in liver after primary resection
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Chemotherapy: 12
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Fig. 2 (a) Flow chart of patient selection process for repeat hepatectomy in recurrent HCC: hepatocellular carcinoma, TACE: trans-arterial

chemo-embolization, RFA: radiofrequency ablation

test or Fisher’s exact test. If <20% of expected cell counts
were <5, we used the chi-square test; if >20% of expected
cell counts were <5, we used Fisher’s exact test. Statistical
significance was set at P<0.05 (two-tailed).

The Kaplan-Meier method was used to estimate dis-
ease-free survival and overall survival, and the log-rank
test was employed to compare the two groups (LRLR vs.
ORLR).

Results

A total of 57 patients were included in the study: 37 in
the laparoscopic group and 20 in the open hepatectomy
group. Patient characteristics for both LRLR and ORLR
are summarized in Table 1. The majority of patients
were male, 86.5% in the laparoscopic group and 65% in
the open hepatectomy group. The body mass index was
comparable between groups. Most patients with recur-
rent HCC exhibited either HBV or HCV infection and
the proportion of virus distribution is shown in Table 1.
All patients were classified as Child-Pugh class A at the
time of hepatectomy, the patients with pathological con-
firmation of cirrhosis were 18(48.6%) and 7(35%) in the
laparoscopic and open group respectively and displayed
equal Eastern Cooperative Oncology Group (ECOG)

and American Society of Anesthesiologists (ASA) sta-
tus. Most patients in the LRLR group underwent laparo-
scopic hepatectomy as their initial operation, whereas 11
patients (29.7%) had previously undergone open hepatec-
tomy. There were no significant differences in the distri-
bution of BCLC stages when encountering recurrence.
Table 2 illustrates that most patients underwent minor
hepatectomy and lateral segmentectomy during repeat
hepatectomy, with both groups utilizing the intermittent
Pringle’s maneuver intraoperatively. All the patients in
the laparoscopic group underwent a second surgery. The
rate of major hepatectomy was slightly higher in the lapa-
roscopic group than in the open group (16.2% vs. 10%).
The perioperative outcomes outlined in Table 3 indi-
cate comparable operative times and blood loss between
the two groups, without statistical significance. Although
the requirements for red blood cell transfusion were sim-
ilar, the laparoscopic group demonstrated a significantly
higher incidence of plasma transfusion (median: 2 vs. 0
unit, p=0.014). The total time required for inflow control
was significantly longer in the laparoscopic group than
in the open group (median: 45 vs. 30 min; p=0.038). No
conversions were observed in the laparoscopic group,
and the complication rates, post-hepatectomy liver



Chen et al. BMC Surgery (2024) 24:373 Page 5 of 9
Table 1 Demographic data Table 3 Perioperative outcome

Laparoscopic Open p Laparoscopic Open p

N=37 N=20 N=37 N=20
Age, years 63[61-70] 67.5[58-73] 0.508 Operative time, min 230[184-319]  205.5[176-294] 0.553
Sex, male 32(86.5%) 13(65%) 0.088 Estimated blood loss, mL 200[50-400] 200[125-450] 0468
BMI 25.35[23.06-27.1] 23.83[22.18-24.83] 0.21 Perioperative blood transfu-
Hepatitis sion, u
HBY 18(48.6%) 6(30%) 0174  PRBC 0[0-0] 0[0-0] 0.681
HCV 11(29.7%) 12(60%) 006 PP 2[0-2] 0[0-1] 0.014
Non B.and non C 9(24.3%) 3(15%) 051 Platelet 0[0-0] 01001 0656
Liver function NA Conversion 0 NA NA
Child-Pugh Score* Pringle maneuver duration, 45[30-90] 30[22.5-45] 0.038
A 37(100%) 20(100%) min
B Complications 1
C CDC«<llla 35(94.6%) 19(95%)
Liver cirrhosis 18(48.6%) 7(35%) 0322  (DCzllla 2(54%) 1(5%)
Previous operation <0.001 Post-hepatectomy liver failure 0 0 NA
Laparoscopic hepatec-  26(70.3%) 0 Post-operative ICU stay, days ~ 0[0-0] 0[0-0] 0.675
tomy Hospital length of stays, days ~ 5[5-7] 7[6.5-10] <0.001
Open hepatectomy 11(29.7%) 20(100%) R1 rerection, n(%) 6(16.2%) 3(15%) 1
ECOG 0[0-1] 0[0-0] 0.304 30 days Readmission 1(2.7%) 0 1
ASA 3[3-3] 3[3-3] 0.294 90 days Readmission 1(2.7%) 0 1
Tumor size (cm) 24[1.5-3] 2[2-3] 0.624 Mortality (90 days) 1(2.7%) 1(5%) 1
BCLC stage 0.523 PRBC packed red blood cell, FFP fresh frozen plasma, ICU intensive care unit, u
0 13(35.1%) 4(20%) unit of PRBC and FFP, 1 unit of PRBC is 140 mL and 1 unit FFP is 135 mL, CDC
A 20(54.1%) 13(65%) Clavien-Dindo Classification
B 3(8.1%) 3(15%)
@ 1(2.7%) 0

BMI body mass index, HBV hepatitis B virus, HCV hepatitis C virus, ECOG Eastern
Cooperative Oncology Group, ASA American society of anesthesiologist, BCLC
stage Barcelona Clinic Liver Cancer stage

Table 2 Surgical characteristic

Laparoscopic Open p
N=37 N=20
Extension of resection 0.127
Lateral segmentectomy 2(5.4%) 5(25%)
Minor hepatectomy 29(78.4%) 13(65%)
Major hepatectomy 6(16.2%) 2(10%)

(=2 segments)

failure, 30-day readmission, surgical mortality rates,
90-day readmission, 90-day mortality, and resectability
were similar between the two groups. The complications
greater than CDC Illa included residual hematoma and
pleural effusion, which were managed with drainage pro-
cedure under local anesthesia in the laparoscopic group,
and bile leak requiring biliary stent insertion in the open
group. One patient from each group was admitted in
the ICU postoperatively for close monitoring. The lapa-
roscopic group had a significantly shorter postoperative

hospital stay (median: 5 vs. 7 days, p<0.001). We made
further subgroup analysis for peri-operative outcomes for
cirrhotic patients with non-cirrhotic patients in the lapa-
roscopic group in Table 4. which showed no significant
difference for them underwent laparoscopic repeat liver
resection. For the survival analysis (data cutoff, June 30,
2024; median duration of follow-up, 41.5 months [range,
2.8 to 112.6]). Mortality occurred in 22 patients (38.6%)
while recurrence occurred in 26 patients (45.6%), and the
overall survival and disease-free survival in both groups
shown in Fig. 3a and b revealed no significant difference.
The distribution of procedures based on the year of
operation is summarized in Fig. 4. This graphical repre-
sentation indicates a gradual increase in the number and
proportion of LRLR for recurrent HCC, accompanied by
a decline in the number of ORLR. The first case of lapa-
roscopic repeat liver resection was recorded in 2018, fol-
lowed by a substantial increase in the subsequent years.

Discussion

HCC is the third leading cause of cancer-related deaths
globally and the second in Taiwan [1, 2]. The increased
prevalence of HBV and HCV infections significantly
contributes to the incidence of HCC, reaching 47.05
per 100,000 person-years [3]. Recurrence rates for HCC
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Table 4 Perioperative outcome of cirrhotic and non-cirrhotic
patients in laparoscopic group

Cirrhosis Non-cirrhosis p

N=18 N=19
Operative time, min 227.5[159-290] 245[192-340] 0.233
Estimated blood loss, mL 225[50-350] 200[75-500] 0.685
Perioperative blood transfu-
sion, u
PRBC 0[0-0] 0[0-0] 0.578
FFP 2[0-2] 0[2-3] 0.538
Platelet 0[0-0 0[0-0] 0.799
Conversion 0 0 NA
Pringle’s maneuver duration, 37.5[30-75] 50[30-105] 0.245
min
Complications 0.23
CDCc<llla 16(88.9%) 19(100%)
CDC=llla 2(11.1%) 0
Post-hepatectomy liver failure 0 0 NA
Post-operative ICU stay, days 0[0-0] 0[0-0] 0.775
Hospital length of stay, days 5[5-7] 6[5-6.5] 0.599
Surgical margin<1 mm, n (%)  2(11.1%) 4(21.1%) 0.66
30 days Readmission 0 1(5.3%) 1
90 days Readmission 0 1(5.3%) 1
Mortality (90 days) 0 1(5.3%) 1

PRBC packed red blood cell, FFP fresh frozen plasma, ICU intensive care unit, u
unit of PRBC and FFP, 1 unit of PRBC is 140 mL and 1 unit FFP is 135 mL,
CDC Clavien-Dindo Classification

d. Kaplan-Meier Estimates of Overall Survival

Log rank test p=0.23

10 group
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00 1.00 2.00 3.00 4.00 5.00
Time after operation (years)
No. at risk
LRLR 37 30 26 18 9 3
ORLR 20 18 17 14 9 8

LRLR: laparoscopic repeat liver resection, ORLR: open repeat liver resection, OS:

overall survival
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range between 50% and 80%, making repeat resection
the preferred choice over other strategies such as RFA,
trans-arterial chemoembolization, chemotherapy, or tar-
geted therapy, all of which offer limited treatment effi-
cacy in cases of recurrence [6, 18]. Repeat hepatectomy is
regarded as a potentially curative approach for recurrent
HCC despite its inherent challenges. These challenges
include repeated incisions through scar tissue, adhesions
formed within the liver and hepatoduodenal ligament
due to prior surgeries and altered anatomical structures
post-reoperation [19, 20]. Insufficient adhesiolysis poses
the risk of inadvertent organ injury and may compromise
the effectiveness of the Pringle maneuver, potentially
leading to uncontrollable bleeding during hepatectomy
procedure [21].

Our primary findings indicate that repeat resection
using a laparoscopic approach in patients with prior
hepatectomy, regardless of whether it was a open or lapa-
roscopic approach, was both safe and effective in short
term and long-term outcome. Short-term outcomes
appear to be comparable, if not superior, to those of
patients undergoing open hepatectomy, with a notewor-
thy reduction in hospital stay attributed to the less inva-
sive nature of the procedure. Our comprehensive timing
methodology, starting at the incision and concluding at
skin closure, revealed that the operative time spent on
adhesiolysis was compensated for by the closure duration
in the era of repeat open hepatectomy and not increased
the duration of anesthesia.

Our data showed that the safety in LRLR was simi-
lar to those in traditional approaches while the initial

b. Kaplan-Meier Estimates of Disease-free Survival

Log rank test p=0.185
ol — group
1 LRLR
! —IORLR
T LRLR~censored
—— ORLR-censored

DFS probability
a
¥
hg

00 1.00 2.00 3.00 4.00 5.00

Time after operation (years)

No. at risk
LRLR 37 23 19 12 6 2
ORLR 20 12 10 7 5 4

LRLR: laparoscopic repeat liver resection, ORLR: open repeat liver resection, DFS:

disease-free survival

Fig. 3 Kaplan-Meier Estimates of Overall Survival. Kaplan-Meier Estimates of Disease-free Survival
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LRLR was performed in our team after 60 initial proce-
dure which was defined as experienced in the literature.
According to previous literatures, learning curve analyses
for laparoscopic hepatectomy suggest that approximately
60 cases can be considered experienced phase [22, 23].
LRLR should be considered for selected patients with
recurrent HCC when the surgical team attains maturity
in laparoscopic hepatectomy. There has been a notice-
able paradigm shift in treatment preference for recurrent
HCC among both patients and surgeons shown in Fig. 4.
Although our follow-up period was relatively short, exist-
ing studies support the superior outcomes of repeat hepa-
tectomies for recurrent HCC. Achieving a comparable
ratio of RO resections in LRLR suggests a recommendation
for patients seeking curative treatment from an experi-
enced surgical team. The overall survival and disease-free
survival of both groups are similar without significant
difference also reembraced this surgical outcome of RO
resection in laparoscopic group. According to previous
literature, the disease-free survival in three years ranged
from 30 to 50% [24, 25] and our results also revealed a
similar pattern. The post operative recurrence and overall
survival for patients with HCC are mainly affected by the
environment- the cirrhotic liver. Risk factors for recur-
rence after resection HCC include large tumor size [26],
positive margin [27] and requirement of blood transfu-
sion [28], but not the procedure itself. In an experienced
team, the perioperative quality for laparoscopic repeat
liver resection is comparative to the open group and pro-
vide a safe choice of treatment to the patients.
Laparoscopic hepatectomy for primary HCC has
demonstrated safety and efficacy, facilitating quicker

post-operative recovery and shorter hospital stays owing
to reduced blood loss and fewer complications [29], but
repeat laparoscopic hepatectomy presents heightened
complexities. Our experience suggests that in situ inci-
sions with meticulous dissection or combined mini-
laparotomies are viable approaches for individuals with
a history of major abdominal surgery [30]. Intraopera-
tive ultrasound has demonstrated efficacy as a simple yet
effective technique for tumor localization and defining
the precise surgical plane for hepatectomy [31]. Advance-
ments in preoperative navigation methods have proven
to be invaluable in surgical planning. Three-dimensional
reconstruction of vessels and the biliary tree aids in pre-
venting incidental iatrogenic injuries [32]. Additionally,
the use of repeated intraoperative ultrasonography and
ICG scope navigation assists in correlating preoperative
imaging with intraoperative structural changes, ensuring
greater surgical precision [33]. Most of our procedures
were lateral sectionectomy and minor hepatectomy, lap-
aroscopic repeat hepatectomy was most suitable for the
patient with recurrence in the anterior-lateral segment.
For patients with recurrence in the posterior segment,
further investigation is required.

Liver hypertrophy following regeneration, which has
been well-documented in previous studies [34], renders
the liver more susceptible to bleeding during surgical
intervention. A longer time for parenchymal transection
and inflow control is required in the laparoscopic group
However, the period of vascular control did not increase
the incidence of post-hepatectomy liver failure, which
has been mentioned for repeat ischemic-reperfusion
injury to the liver [35, 36]. There was no increase in red
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blood cell transfusions in the laparoscopic group, indi-
cating that blood loss remained controlled, which can be
attributed to the meticulous parenchymal dissection and
effective bleeding control. Despite equivalent blood loss,
the laparoscopic group exhibited incidences of plasma
infusion, was managed at our institution through goal-
directed fluid management. Recent studies have advo-
cated a protocolized plasma infusion based on SVV to
prevent acute kidney injury in laparoscopic hepatectomy,
a protocol that we adhered to for optimal patient care
[37].0ur experience, reflected in the laparoscopic group’s
morbidity being greater than grade III at 5.4%, and 5% in
the open group, showed no statistical significance. Based
on updated literature, the complexity of laparoscopic
liver resection significantly affects the incidence of post-
operative complications, whereas repeat hepatectomy
is not considered a risk factor [38]. In the laparoscopic
group, most resections were minor hepatectomies or
lateral segmentectomies, classified as Grade I or II com-
plexity according to the 3-level complexity classification
system [39]. which is suitable for the pioneer team in lap-
aroscopic hepatectomy based on the learning curves of
teams. The higher proportion of cirrhotic patients in the
laparoscopic group with similar perioperative outcome
also revealed the safety of this procedure in cirrhotic
patients. The subgroup analysis for cirrhotic and noncir-
rhotic patients in the laparoscopic group also confirms
this finding. The perioperative mortality rate was 0%.
With accumulated experience and a stepwise approach to
laparoscopic repeat hepatectomy, we can offer safer treat-
ment options for patients with recurrent liver cancer.

This study has some limitations. Although our study
aimed to be comprehensive, its retrospective nature
might harbor selection bias; however, the preference for
laparoscopic procedures might counteract this. The small
sample size and short follow-up duration of this study
could limit the accurate depiction of the oncological out-
comes. Most patients received minor resection and the
effectiveness of recurrent tumors in the posterior seg-
ments need further investigation. Randomized studies
with extended follow-up periods are needed to substanti-
ate our findings.

Conclusion

Repeat laparoscopic liver resection is feasible and safe for
patients with recurrent intrahepatic HCC with shorter
post-operative hospital stays with equivalent oncologi-
cal outcome as compared with open group. It does not
prolong the operative time for experienced surgical teams
and could potentially shift the treatment trends for recur-
rent HCC. Successful outcomes depend on adequate adhe-
siolysis, intraoperative ultrasound guidance, use of ICG
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scope for tumor localization, and effective Pringle maneu-
ver for hemorrhage control during parenchymal tran-
section. These findings suggest that surgical teams with
sufficient experience in laparoscopic hepatectomies can
safely perform LRLRs in selected patients, offering patients
a minimally invasive option with favorable short-term peri-
operative outcomes.
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