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Abstract

Liver surgery is the first-line treatment for hepatocellular carcinoma (HCC). Minimally invasive liver resection
(MILS) has become an attractive option thanks to reduced intraoperative blood losses, shortened length of hospital
stay, and similar oncological outcomes when compared to open liver resection. Nonetheless, the safety of MILS is
still debated in challenging situations, such as in cirrhotic patients, difficult tumor locations, multiple or large
tumors, and repeat resection. The aim of this review is to discuss current indications of laparoscopic liver resection
for HCC treatment in the light of its outcomes, focusing on technical aspects of minimally invasive anatomic liver
resection and state of the art of MILS in challenging situations.

Keywords: Laparoscopic liver resection, hepatocellular carcinoma, minimally invasive liver surgery, anatomic liver
resection

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third among cancer-related
deaths worldwide!". It usually develops from chronic liver disease, and its treatment is complex because of
the underlying liver condition. Surgery for HCC should be oncologically radical and simultaneously able to
preserve as much parenchyma as possible, because of the high recurrence rate and the risk of post-
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hepatectomy liver failure (PHLF)"”. The recurrence rate is around 20% after liver transplantation (LT),
which represents the current therapy of choice, and 70% after liver resection”. Due to organ shortages, LT
is currently reserved for patients who are not candidates for resections because of uncompensated cirrhosis,
multiple bad prognostic factors on pathological examination after resection, and the patients with recurrent
HCC". Accordingly, liver resection can be considered the first-line treatment for HCC even in patients with
compensated cirrhosis®.

Minimally invasive liver resection (MILS) has slowly developed, even though the first report of
laparoscopic liver resection (LLR) dates back to 1991\ Although some concerns about laparoscopic
surgery had already been clarified for other surgical subspecialties, MILS has several peculiarities,
including the risk for massive bleeding during the parenchymal transection, the technical complexity, the
high anatomical variability, the oncological concerns about resection margins, and the consideration of
cirrhotic patients as too fragile”. Therefore, the laparoscopic liver surgeon must have experience in both
laparoscopy and open liver surgery.

Recently, many reports focusing on LLR have been published, even if mainly retrospective. Similarly,
multicenter series including major hepatectomy and donor hepatectomy performed for living donor liver
transplantation (LDLT) are increasing, indicating that MILS is also a viable option for both primary and
secondary liver diseases™’. Recommendations for implementation and adoption of LLR in HCC were
proposed in 2008 by the first international consensus conference, held in Louisville"”. This conference
defined terminology about MILS (pure, hand-assisted laparoscopy, and hybrid techniques), even if with
some concerns about too rapid dissemination of MILS in the absence of well-structured training. A further
consensus conference was then held in Morioka in 2014, where the experts suggested carrying out a
prospective reporting registry for better transparency, looking for a difficulty scoring system for a better
patient selection, and creating a formal structure of education"". Finally, the Southampton Consensus
guidelines (2018) were proposed as clinical practice guidelines to guide the development and the wide
adoption of laparoscopic liver surgery"”.

In this review, we summarize state of the art about indications and limitations of LLR for HCC, focusing on
anatomic liver resection strategies as well as strategies for overcoming old challenges.

OUTCOMES OF MILS FOR HCC TREATMENT

Differently from colorectal liver metastases, there are no prospective randomized comparative studies
between LLR and open liver resection (OLR). However, a propensity score matching (PSM) study on 389
patients undergoing LLR until 2013 in a high-volume center showed a significantly shorter length of
hospital stay (8 vs. 10 days, P < 0.001) and a lower complication rate in the LLR (12.5% vs. 20.4%, P = 0.042).
The one, three, and five year overall survivals (OS) were 91.6%, 87.5%, and 76.4% after LLR and 93.1%,
87.8%, and 73.2% after OLR (P = 0.944). Similarly, the one, three, and five year disease-free survivals (DFS)
were 69.7%, 52%, and 44.2 and 74.7%, 49.5%, and 41.2%, respectively (P = 0.944)""”. A consequent PSM
multicenter study enrolling 665 consecutive patients from eight European high-volume centers showed
surprising results also in elderly patients (> 70 years), with a lower rate of Clavien-Dindo grade III and IV
complications after LLR (6% vs. 20%, P = 0.04)"*. These results encouraged further PSM studies, showing
that the laparoscopic approach is the only independent factor in reducing the complication rate in minor
liver resections for HCC". At the same time, the first wide metanalysis confirmed that LLR for HCC
treatment is associated with reduced blood loss, transfusion rate, postoperative ascites, liver failure, and
hospital stay with comparable recurrence rates, disease-free margins, and operation time"*"”.. However, it
should be recognized that the biggest part of such good results come from single-center retrospective
studies, and thus they may have selection bias as well as other limitations.
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Thanks to the aforementioned results, a stepwise adoption of LLR for HCC is now recommended by
western guidelines in each high-volume HPB center!”. Similarly, the last Asia-Pacific expert consensus on
LLR for HCC confirmed that MILS can be safely carried out. However, it is underlined that major resections
and posterosuperior (PS) resections should be performed only in centers of excellence™. A center of
excellence should have a multidisciplinary liver team that includes surgeons, hepatologists, radiologists,
oncologists, anesthesiologists, and specialized nurses. At least 30 laparoscopic liver resections per year must
be performed, with surgeons who must have performed at least 100 laparoscopic liver resections on their
own over their career and at least 20 cases per year. The initial experience should follow a stepwise
approach, from minor liver resection in anterolateral segments to major liver resections. Such a gradual
approach seems to follow a slow learning curve for LLR, with 60 procedures having been proposed as

19,20

necessary to achieve proficiency with minor liver resections"**” and further 50 procedures needed to reach

the ability to perform major LLR"".

MINIMALLY INVASIVE ANATOMIC LIVER RESECTIONS

When dealing with HCC, oncological issues have to be combined with tumor biology and technical
considerations about the surgical anatomy of the liver. The concept of anatomical resection (AR) was
introduced by Makuuchi in 1985, according to which the tumor-free margin does not depend only on the
distance from the tumor”*. AR aims to remove the entire hepatic parenchymal tissue supplied by the
portal venous system draining the lesion, based on the concept that HCC invades the portal branches,
spreading tumor cells into the portal flow and then forming satellite nodules. After an initial phase of
widespread adoption of AR, especially in Asia, the first large comparative studies did not reveal survival
advantages. In particular, Marubashi et al. compared 1102 patients, showing how disease-free survival
(DFS) and overall survival (OS) rates were not significantly different after a PSM analysis (P = 0.704 and
P =0.381, respectively)”. Similarly, a wide meta-analysis involving 5207 patients showed that OS and DFS
did not differ significantly between AR and non-anatomic resection (NAR), nor did blood loss and
prevalence rate of postoperative positive margins®’. However, a more recent multicenter comparative PSM
study focused on 546 patients with microportal vascular invasion showed how local recurrence was
significantly more frequent in the NAR group than in the AR group. Furthermore, Xu et al. compared
specifically minimally invasive anatomic liver resection (MIALR) with NAR, concluding that three-year OS
and DFS were higher after laparoscopic AR ( 59.4% vs. 38.7%, P = 0.045; 52.3% vs. 27%, P = 0.042,
respectively)”. Thus, long-term survival outcomes are still debated, and further randomized prospective
studies are desirable to have a definitive answer.

One of the most important additional aspects of liver surgery is that unintentional damage to a segment’s
inflow or outflow can result in ischemia of the tissue supplied by the damaged vessel. Thus, a remnant liver
ischemia (RLI) can easily result from NAR, and this condition was shown to be associated with worse
surgical and oncological outcomes. In a study including 328 patients, RLI was associated with more
complications and longer hospital stay, as well as an impaired OS (OR: 6.98; CI: 4.27-11.43; P < 0.001) and
DFS (OR: 5.15; CI: 3.62-7.35; P < 0.001)"*. Furthermore, selective clamping is also important from the
hemodynamic point of view because it avoids splanchnic stasis and fluid replacement”*”’.

Since advanced surgical techniques and improvements in imaging technologies have facilitated surgical
approaches involving AR of individual hepatic segments, the widespread correct adoption of MIALR could
lead to better outcomes in HCC patients®".
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Glissonean approach for MIALR
Since the AR is the removal of a portion of hepatic tissue with its vascular inflow, the technical approaches
to the portal system must be well mastered by the liver surgeon.

Couinaud described three main approaches to the inflow system at the hepatic hilus: the classical
intrafascial, the extrafascial, and the extrafascial-transfissural approaches”. The two latter techniques are
considered the Glissonean approach according to the majority of authors™. This term was firstly used by
Takasaki et al.in 1986, referring to a right sectionectomy when dealing with the so-called extrafascial
technique”. However, this procedure was previously described by Tien-Yu Lin in 1960 and Ton That Tung
et al. in 1963, as also reported by Bismuth"***"),

The Glissonean pedicle approach is well available in MILS and provides a better understanding of the
surgical anatomy, especially for sectionectomies, segmentectomies, and smaller anatomical liver resections.
The Glissonean pedicle can be easily dissected from liver parenchyma, leading to isolating and encircling
the first, second, and third branches of Glissonean pedicles [Figure 1], reaching the concept of resection of
the “cone unit”, defined as the area of the liver parenchyma fed by the tertiary branches, representing the
smallest anatomically resectable part®. In particular, one of the biggest advantages of the minimally
invasive approach is the magnification and the 3D vision, together with the small and precise movements,
which make it easier to apply this approach also for third Glissonean branches. Standardization of the
technique for MIALR is important, and the Glissonean approach itself is the best way to perform a
standardized and effective MIALR.

Recently the study group of precision anatomy for minimally invasive hepato-biliary-pancreatic surgery
(PAM-HBP), composed of the major worldwide experts in MILS, investigated and confirmed the safety and
feasibility of MIALR, and also concluded several advantages of the Glissonean approach compared to the
conventional hilar approach®*,

In our experience, the Glissonean approach is a simple and versatile application procedure to carry out
MIALR, including for difficult resections such as posterior segments*”. However, if the tumor has close
relationships to the portal pedicle at the hilus, the surgeon should be able to change from the extrafascial
approach to the intrafascial approach or the transfissural one to carry out the AR and tailor the technique to
the single case.

Fundamental concepts about liver anatomy for MIALR

Surgical anatomy is still the true basis of LLR, especially for MIALR. Clear knowledge of Laennec’s capsule
anatomy is necessary and serves as a guide for surgical dissection and the standardization of the surgical
procedure. The lack of a clear anatomical understanding represents the main obstacle to the standardization
of the surgical technique of the Glissonean pedicle approach.

Each liver segment consists of 6-8 cone units. In limited liver resections, the respective tertiary branches
must be isolated selectively, according to the number of cone units to be resected. Thanks to the anatomical
separation of the Walaeus sheath, which encircles the portal triads, and the liver Laennec’s capsule, at the

[41,42]

hepatic hilus, vascular pedicles can be safely approached extrahepatically

The schema of a novel comprehensive surgical anatomy of the liver was described in detail by Sugioka et
al., who identified four anatomical landmarks and six gates”. According to his description, Laennec’s
capsule covers not only the entire surface of the hepatic parenchyma beneath the serosa but also the
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Figure 1. Glissonean approach for LLR of segment 8. The Glissonean pedicle of the right anterior section is selectively isolated and
encircled with a tape through an extrafascial approach (A,B). The third-order branch of segment 8 is then selectively clamped (C,D) to
control the vascular inflow and guide the parenchymal transection. The same technique can be applied to all Glissonean pedicles.

Glissonean pedicle surface. Consequently, a gap exists between the Glissonean pedicle (the plate system)
and Laennec’s capsule that allows isolating the extrahepatic Glissonean pedicle without parenchymal
destruction. In this context, the plate system and the cystic plate represent the best landmarks for
extrahepatic dissection. The Glissonean pedicles can be dissected only at the gaps between Laennec’s

capsule and the Glissonean pedicle, which represent the 6 “gates”, as described elsewhere!*.

Thus, this novel anatomy gives a theoretical background for the standardization of the systematic
extrahepatic Glissonean pedicle isolation*?.

Indocyanine green fluorescence

Indocyanine green (ICG) fluorescence can help the surgeon to perform MIALR thanks to the possibility of
obtaining an enhancement of the transection line, given the absence of a clear demarcation of the hepatic
segments during parenchymal transection. To perform a formal AR with the Glissonean approach,
according to the technique described by Takasaki et al., a negative contrast delineation (counterstaining)

can be achieved through an intravenous systemic ICG injection”**!

[Figure 2]. Firstly, the Glissonean
pedicle of the segment is isolated and selectively closed. Then, the contrast is administered intravenously,
obtaining a green fluorescence of the remnant liver and a negative enhancement of the transection line.
Alternatively, ICG can be injected directly into the secondary/tertiary order portal after its surgical
dissection to obtain positive counterstaining. However, the positive staining technique can be technically

more demanding because of the possibility of extra vasal spillover'*.

Another advantage of ICG during LLR is given by the possibility of enhancing the tumoral lesion by
intraoperative ICG fluorescence imaging. A dose of 0.5 mg/kg, administrated about three days prior to
surgery, allows detecting small lesions and can provide a real-time demarcation of liver tumor“*. Even if
false-positive nodules can be observed in cirrhotic livers, Tanaka et al. reported a false-positive rate of only
1%, with 99% of lesions identified and an overall sensitivity of 96%*”. Tumors located deeper than 10 mm
from the liver surface are unfortunately difficult to recognize: 10 mm is considered the maximum limit of
depth for tumor detection by ICG fluorescence.
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Figure 2. The Glissonean approach for Laparoscopic right posterior sectionectomy. ICG fluorescence is intravenously injected at the
dose of 0.025 mg/kg, after the selective control of the right posterior Glissonean pedicle, to obtain a negative counter-staining of the
transection plane.

OPEN ISSUES

Cirrhotic liver

HCC develops on a chronic and cirrhotic liver in approximately 80%-90% of cases'“”. This was initially the
main obstacle to MILS because of the frailty of the patients for developing hepatic decompensation and
failure, as well as low platelets and impaired coagulation. Later, several studies reported the safety of LLR in
cirrhotic patients: a recent metanalysis on eleven studies comprising 1618 patients indicated a 16%-26%
reduction in the hazard ratio of death for patients with HCC and cirrhosis undergoing LLR when compared
to OLR, as well as reduced blood loss, reduced major complications, and shorter length of hospital stay'”.

Furthermore, when dealing with cirrhotic patients, it is important to consider not only the oncological and
perioperative outcomes but also the surgical stress. An important reported advantage of LLR in cirrhotic
patients is the lower incidence of PHLF and ascites. It seems to be related to a reduced interruption of
portosystemic shunts, together with lower electrolyte imbalances due to minimal exposure of the abdominal
content to the air*. Furthermore, the reduced invasiveness of laparoscopy minimizes liver manipulation,

preserves collateral vessels, and preserves the abdominal musculature*.

Finally, the advantages of LLR have also been reported in Child B cirrhotic patients, who still are not
included in any recommendations for liver resection for HCC. An international multicenter propensity
score-matched study involving high-volume centers showed reduced blood loss, morbidity, and major
complications after the laparoscopic approach in this setting of patients™.

Difficult positions

The feasibility of LLR for HCC in every segment of the liver has been reported for more than 20 years by
experienced laparoscopic surgeons in high volume centers®**. The technical difficulty of MILS is linked to
a limited ability to explore deep and posterior regions of the liver, as well as the difficulty of performing the
parenchymal transection and hemostasis at these transection planes. LLR of PS segments are considered
major liver resections, according to the most recent international consensus'?, since they have shown
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significantly longer operative time, a longer length of hospital stay, higher rate of open conversion, and
higher estimated blood loss when compared to antero-lateral resections®". LLR was initially reserved for
superficial or left-sided lesions according to the first recommendations, followed by more and more studies
reporting the technical feasibility of LLR for PS segments in experienced high-volume centers (IVa, VII, and
VITD)05t5559],

Improved laparoscopic techniques, better visualization of the operative field using a flexible laparoscope,
and routine use of a cavitron ultrasonic aspirator for transecting liver parenchyma have allowed reaching
excellent outcomes for LLR for HCC located even in PS segments, resulting in reduced blood loss, fewer
complications, and shorter postoperative hospital stay compared with OLR"",

Similarly, encouraging results have been shown for laparoscopic caudate lobectomy, which has been
considered as a challenging procedure even for an experienced surgeon. A recent study by Parikh et al.
involving 21 caudate lobectomies showed similar operation time, estimated blood loss, complication rate,

and hospital stay between laparoscopy and open group, as well as long-term oncological outcomes'*’.

Giant and multiple tumors

As mentioned above, in the initial phase of MILS adoption, LLR was indicated only for small and superficial
antero-lateral lesions due to both technical and oncological issues. Currently, most European and Asian
guidelines recommend liver resections (LR) in the case of a resectable lesion regardless of its size!™ .
Recently, Hong et al. published good long-term oncological outcomes from a nationwide cohort of 466

patients with large HCC, for patients with tumor diameter > 10 cm'**.

The question of feasibility depends primarily on whether the resection can be performed safely according to
center experience. If technically feasible, the well-known advantages of MILS have been confirmed for giant
tumors'®. The safety of LLR for large malignant tumors had already been reported in 2015, even if with
higher blood loss and a longer operative time'*. From the technical point of view, the placement of trocars,
the mobilization of the liver, and the possibility of an accidental tumor perforation by shear forces represent
the main challenges. Similarly, the size of the tumor is taken into account in several difficulty scores, so

tumors larger than 3 cm are considered of increased difficulty'”.

Regarding the number of tumors, a recent Japanese national series reported better results for Child A
patients with multiple HCCs compared to radiofrequency or TACE in terms of OS, even if at the cost of
greater morbidity"®”. Yin et al. published a randomized trial confirming that liver resections provided better
OS for patients with multiple HCC outside of Milan Criteria than TACE™, later confirmed by a propensity
score matched analysis focusing on multiple HCC within Milan criteria”. Currently, the number of tumors
is an independent risk factor for poor long-term outcomes. However, eastern countries do not consider the
presence of multiple HCCs as a contraindication'®”,

Repeat resections

As HCC develops on underlying chronic liver disease, there is a high risk for multifocal tumors and liver
recurrence. Therefore, reports of repeat laparoscopic liver resection (RLLR) have increased, also based on
the assumption that an LLR can reduce adhesions and allow a safer second surgical procedure”". Kanazawa
et al. showed that the operation time for repeat LLR after previous LLR was significantly shorter than that
after previous OLR".
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RLLR was associated with less blood loss, fewer postoperative complications, and shorter hospital stay
compared with repeat OLR in a series from Belli et al.”. The reason could be found in the use of a narrow
scope with a magnified view, which can help dissection and avoid visceral injury, as well as minimal
adhesiolysis. Similarly, Berardi et al. reported the feasibility of a laparoscopic approach for repeat resection
also after LT, pushing the limits of MILS even further”".

Recently, an international multi-institutional propensity score-based study of RLLR for HCC was recently
published by Morise et al., showing less blood loss and shorter hospital stay for the laparoscopic group.
Further prospective studies are needed to confirm these results”.

Difficulty scores

To guide a stepwise progression in the adoption of LLR, several difficulty scores and classification systems
have been described and validated as well to estimate the difficulty of a given operation preoperatively”. An
ideal difficulty score should incorporate patient-, surgeon-, and tumor-related factors. Unfortunately, to
date, the most widely used scores take into account only some aspects of the procedure and have been
developed only trying to predict the postoperative outcomes.

An easy-to-use recommendation score for guiding minimally invasive surgeons at a high-volume center was
proposed by Mosteanu et al., and it can be even more useful if combined with other scores in order to
clarify the decision-making process on MILS"”. According to this score, up to seven points are assigned
based on tumor location and scheduled surgery. Then, five further elements are considered to determine the
final score: tumor size, tumor number, relationships with vascular structures, liver function, and previous
surgery. The highest possible score is 12, and with a score higher than 7, a minimally invasive approach is

77]

weakly recommended, or it should only be performed by very experienced surgeons!

As always, every surgical procedure must be individually discussed and tailored by a single surgeon, based
on the skills and clinical experience, as well as the available instruments and the complexity of each case.

Robotic liver resection

Since the first series of robotic liver resections (RLR) were reported in 2003, more and more studies have
been published, leading to the first international consensus statement on RLR in 2018"*”. RLR can ideally
overcome some drawbacks of traditional LLR, such as inflexible fixation of the operating instruments and a
large swing of the visual field leverage effect, thanks to an exceptional ability to articulate the instruments
and a magnified three-dimensional vision, as well as to considerable ergonomic advantages'®*'!.

82,83

Safe and effective RLR for tumors located in PS segment has also been reported by several authors®*. In
addition, Hu et al. reported how robotic hemi-hepatectomies for large tumors were associated with less
intraoperative blood loss and a shorter operation time than LLR'. However, a recent meta-analysis
including 487 RLR and 902 LLR confirmed the lower bleeding rates for RLR but a longer operation time
than LLR"". There was no significant difference in hospital stay, conversion rate, Ro resection rate, and total

complication rate between the two groups.

Therefore, the high cost of treatment and logistic and organizational aspects may be the biggest
shortcomings in the further development of robotic surgery™™.. Furthermore, to date, there are still no
randomized controlled trials comparing LLR and RLR.
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CONCLUSION

With the advances in surgical techniques and perioperative management, indications for LLR in HCC
patients have tremendously improved. The actual frontiers of MILS will probably be redefined by advanced
techniques and increasing experiences. The whole process is based on a reassuring increasing quantity and
quality of positive outcomes of LLR, as also assumed by all the most recent international recommendations,
despite the absence of randomized controlled trials.

MIALR remains one of the cornerstones of HCC surgery, combining the ability to remove all the territory
supplied by a portal branch and avoid RLI that can lead to worse outcomes. Anatomical knowledge is still
considered the basis for a safe widespread adoption of MIALR for HCC treatment, together with a technical
standardization following the Glissonean approach through a stepwise guided process. New technologies,
such as ICG and RLR, can also be extremely helpful in this process.

It is fundamental to be aware of the specific limitations that still exist in HCC patients, such as LLR of
difficult positions, repeat resections, and giant and multiple tumors, in order to overcome them and be an
active part of this surgical technological revolution. Technical expertise and the learning curve should
remain the key points of this process, as well as the correct selection of appropriate candidates.

Following these conditions, MILS will be considered the standard procedure in the management of HCC in
all hepato-biliary centers.
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