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Abstract

Although liver resection (LR) is often adopted to recurrent hepatocellular carcinomas, risks of complications and
conversion reportedly increase in laparoscopic repeat LR (LRLR). The indication is not agreed upon even with the
recent advances of laparoscopic LR. We conducted an international propensity score matching study of LRLR
and open repeat LR for hepatocellular carcinoma with 1,582 patients from 42 world centers. Propensity-score
matched LRLR patients have smaller blood loss and longer operation time than open repeat LR patients. Median
overall survival time was 8.94 years in open and 12.55 years in LRLR; although the difference was not significant,
the P-value was 0.0855 and the better curve of LRLR is clearly separated from that of open. In our institution, we
experienced 34 LRLR and 12 cases of three times or more repeat LR until 2019. There are no significant differences
in operation time, blood loss, hospital stay, conversion, and morbidity rates among first, second, and third or higher
laparoscopic LR, which is different from the open situation. However, postoperative bile leakage and intraoperative
bleeding causing conversion did happen in the cases with repeat extended exposure of Glissonian pedicle. LRLR
is feasible for selected patients. However, the procedure is under developing stage and further accumulation of
experiences and evaluation are needed.
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INTRODUCTION
Hepatocellular carcinoma (HCC) can occur in multifocal and metachronous style with the neoplastic

background with chronic liver diseases. Repeat liver resection (LR) is often required for the condition™?,
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Figure 1. Open (A) and laparoscopic (B) repeat liver resections. The directions of view and manipulation in each approach are indicated
with red arrows. A: in the open approach, the subphrenic rib cage is opened with a large subcostal incision and the liver is mobilized
(lifted) from the retroperitoneum; B: in laparoscopic approach, the instruments intrude into the cage from the caudal direction, and the
surgery is performed with minimal damage on the associated structures. Orange arrows indicate the dissection of adhesion. A: total
adhesiolysis is performed in open procedure; B: direct approach to the tumor in laparoscopic procedure can facilitate small surface
repeat liver resection with minimal adhesiolysis. IVC: inferior vena cav

After the beginning of laparoscopic LR (LLR) in the early 1990s"”, the accumulated experiences plus
technical/technological advancements have expanded the indication of LLR"*. However, the bulky and
weighty liver protected inside the subphrenic “rib cage”, and the invisible tumors/vessels inside it, should
be handled in LR. There are obstacles to overcome in LLR: restricted manipulation, poor tactile sensation,
and disorientation occurring under the limited laparoscopic view' ™. Increases in operation time and
[9’”)], and increased morbidity and conversion in
laparoscopic re-do surgeries have been reported"*"". Many laparoscopic re-do surgeries™"* have become
usual procedures; however, the application of laparoscopic repeat LR (LRLR) is controversial. Adhesion
can disturb the liver mobilization and the dissections of vessels and Glissonian pedicles. Scars/adhesions

bowel injury were known in surgery with adhesion

causing the deformity of the liver and its internal structures disrupt the identifications of tumors and
vessels. They increase the risks of complications and conversions during LRLR.

On the other hand, LLR is reported to have benefits, such as reductions of postoperative ascites and liver
failure"”, for patients with liver cirrhosis (LC)""". During open LR, the subphrenic “rib cage” in which
the liver is protected is opened with subcostal incision, and the liver is mobilized for picking up. In LLR,
directly intruding instruments to the cage perform the manipulation [Figure 1, “Caudal approach”™?"]
with minimum damages to surrounding structures and collateral vessels in LC patients. Similarly, direct
access with minimal adhesiolysis to the working space can be enabled, especially in small surface LRLR
[Figure 1]"?"_ It could be an advantage of LRLR over open repeat LR”**”.

This review describes the current status of LRLR for HCC from the result of our multi-institutional study
and our own experiences.

THE PROPENSITY SCORE MATCHING STUDY FOR HCC PATIENTS

We conducted the first international propensity score matching study comparing LRLR to open repeat LR
for HCC patients” with 1,582 registered cases from 42 centers. LRLR was feasible for selected patients
and not inferior to open procedure in both short- and long-term results of the study. The conversion rate
of LLR patients in this study on an intention to treat basis was low (3.8%), which might be caused by the



Morise. Hepatoma Res 2020;6:79 | http://dx.doi.org/10.20517/2394-5079.2020.76 Page 3 of 6

patient selection. The fact that LRLR was currently adopted to patients of poor general and liver condition
but with favorable factors related to tumors and surgical procedures was also shown. Notable differences
between centers in the number and percentage of LRLRs were revealed. The number of LRLRs in each
center ranged from 0 to 67 (median 10) and the rate among all cases was from 0% to 100% (median 57.1%).
Furthermore, no correlation was found between the number and percentage (P = 0.349). It is thought to
be because indications differ depending on each center’s experience with different patient populations in
terms of the prevalence of HCC, although all are high-volume centers of LR. LRLR for HCC is currently
adopted only for patients with favorable characteristics depending on each center’s experiences. It means
that this procedure is still in its developing stage. All patients after matching, in comparison to those before
matching, had better general and liver conditions, as well as tumors and surgery-related conditions. The
patients after matching were favorable patients who would have been eligible for either LRLR or open
repeat LR depending on the experience of each center.

The survival curve of LRLR patients after matching was clearly separated and better than that of open
patients, although without significant difference (median 12.55 years vs. 8.94 years; P = 0.086). On the other
hand, disease-free survival after matching and overall survival before matching in laparoscopic and open
repeat LRs were similar. Although LRLR patients before matching were selected with poorer liver function,
matched LRLR patients had better liver function and might have been able to undergo repeated treatments
due to less adhesion and liver function deterioration caused by laparoscopic approach. Although resection
margin should be one of the important factors for long-term results of LR theoretically, the optimal
resection margin for HCC remains controversial””. In our study, 6.25% of the data for resection margin
could not be retrieved, and unfortunately this factor was not in the propensity-score matching analysis.
However, among the patients with sufficient data, the rates of R1 resection in the original groups of open
and laparoscopic repeat LR were 16.1% and 6.3%. The rate in open group is comparable to and that in LRLR
is lower than previous reports”>*". It is speculated that the status of resection margin in LRLR is not, at
least, inferior to that in open, although this difference in our study may partially be caused by the fact that
LRLR is currently adopted to patients of favorable factors related to tumors and surgical procedures.

For the short-term results, the study showed that LRLR was accompanied by less blood loss and a longer
operation time. Decreased morbidity is considered as one of the advantages of LLR for HCC patients™".
However, our matched patients have favorable liver function, and, thus, the impact of LLR might be
lower. The differences in hospital stay between centers/areas, possibly due to insurance systems and

hospitalization practices, were large and, thus, no difference should have been observed in hospital stay.

Currently, there is no randomized-control trial for open and laparoscopic repeat resection and only four
propensity-score matching studies [Table 1]*"**!. Besides our study, the studies include patients with other
diseases than HCC with few data for long-term results. However, adding of only a few existing meta-
[34,35]

analyses
to open procedure.

, they all mentioned that LRLR for selected patients is feasible with, at least, comparable results

OUR OWN EXPERIENCES

Until 2019, we experienced 34 LRLR and 12 cases of three or more (up to five) times repeat LR [Table 2].
There are no cases with combined resection of another organ or LLR for two or more segments in repeat
cases. In the comparison excluding first LLR cases with same features as well, there are no significant
differences in operation time, blood loss, hospital stay, conversion, and morbidity rates among first, repeat,
and three or more times repeat LLRs. This is different from the situation of open repeat LR. Open repeat LR
takes generally more operation time and blood loss. This may be caused from that laparoscopic direct access
to working space, after minimal adhesiolysis, can be enabled especially in small surface LRLR [Figure 1]
We think it could be an advantage of LRLR over open repeat LR***”". However, conversion rate and
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Table 1. Summary of previous reports of LRLR (propensity score matching analyses)

Study . Number
Author Year Journal design Disease (ORLR: LRLR) Short-term outcomes Long-term outcoms
Morise et a/.'*® 2020 BrJ Surg Multicenter HCC 934:648 Blood loss: LRLR favor  OS no significant difference
PSM operation time: ORLR  DFS no significant
favor difference
Inoue et a/""? 2019 J Gastrointest Single HCC, CRLM, 97:45 Blood loss, hospital stay, ) .
Surg center PSM others morbidity: LRLR favor 05 and DFS:not available
van der Poel et a/."* 2019 BrJ Surg Multicenter CRLM 154:271 Blood loss, operation
PSM time, hospital stay: LRLR OS and DFS: not available
favor
Hallet et a/* 2017 World J Surg Multicenter CRLM 349:27 Comparable (operation OS: not available
PSM time, BT, morbidity) DFS: comparable

LRLR: laparoscopic repeat liver resection; ORLR: open repeat liver resection; PSM: propensity score matching analysis; HCC:
hepatocellular carcinoma; OS: overall survival; DFS: disease free survival; CRLM: colorectal carcinoma liver metastasis; BT: blood
transfusion rate

Table 2. Short-term outcomes of first, repeat, and three or more times repeat laparoscopic liver resection

1stLLRn7 = 84 Repeat LLR7 =34 3 or more times repeatn =12

Operation time (min), mean + SD (median) 293 +128 (262) 292 +136 (256) 299 + 146 (274) NS
Blood loss (mL), mean + SD (median) 244 4+ 517 (70) 331+ 652 (50) 504 + 864 (50) NS
Length of hospital stay (day), mean + SD (median) 20 +30 (15) 18+2(12) 26 +33 (14) NS
Conversion 2/84 1/34 1/12 NS
Morbidity (Grade III or higher) 5/84 2/34 1/12 NS

Until 2019, we experienced 34 LRLR and 12 cases of three or more (up to five) times repeat LR. There are no cases with combined
resection of the other organ or LLR for two or more segments in repeat cases. In the comparison excluding those cases as well, there are
no significant differences in operation time, blood loss, hospital stay, conversion, and morbidity rates among first, repeat, and three or
more times repeat LLRs. LRLR: laparoscopic repeat liver resection; LLR: laparoscopic liver resection; SD: standard deviation; NS: means
that there is no statistically significant difference between the values of first, repeat, and three or more times repeat LLR

morbidity are higher in repeat than first surgeries, although it is not significant. Bile leakage and bleeding
did happen in the cases with repeat extended exposure of Glissonian pedicle. Limited surgical field for
view and manipulation with adhesion/scars around the hilar plate can lead to complicated repeat extended
exposure of Glissonian pedicle. It is different from most repeat small surface resections. Evaluations of such
LRLRs should be required after more accumulation of experiences.

CONCLUSION

Our propensity score study showed that neither short- nor long-term outcomes of LRLR for HCC in its
current developing stage are inferior to those of open repeat LR. Although a large-scale study conducted
after further establishment of the procedure and accumulation of experience is needed, LRLR is feasible
for selected patients. There could be advantages of LRLR over open (especially for small surface resection),
such as decreased blood loss, and less deterioration of liver function. However, repeat extended exposure of
Glissonian pedicle could currently be the cause of complications, such as bile leakage and bleeding.
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