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Abstract

Laparoscopic liver resection (LLR) has been progre-
ssively developed along the past two decades. Despite
initial skepticism, improved operative results made
laparoscopic approach incorporated to surgical practice
and operations increased in frequency and complexity.
Evidence supporting LLR comes from case-series,
comparative studies and meta-analysis. Despite lack of
level 1 evidence, the body of literature is stronger and
existing data confirms the safety, feasibility and benefits
of laparoscopic approach when compared to open
resection. Indications for LLR do not differ from those
for open surgery. They include benign and malignant
(both primary and metastatic) tumors and living donor
liver harvesting. Currently, resection of lesions located
on anterolateral segments and left lateral sectionectomy
are performed systematically by laparoscopy in hepa-
tobiliary specialized centers. Resection of lesions located
on posterosuperior segments (1, 4a, 7, 8) and major
liver resections were shown to be feasible but remain
technically demanding procedures, which should be
reserved to experienced surgeons. Hand-assisted and
laparoscopy-assisted procedures appeared to increase
the indications of minimally invasive liver surgery and
are useful strategies applied to difficult and major
resections. LLR proved to be safe for malignant lesions
and offers some short-term advantages over open
resection. Oncological results including resection margin
status and long-term survival were not inferior to open
resection. At present, surgical community expects high
quality studies to base the already perceived better
outcomes achieved by laparoscopy in major centers’
practice. Continuous surgical training, as well as new
technologies should augment the application of lap-
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aroscopic liver surgery. Future applicability of new
technologies such as robot assistance and image-guided
surgery is still under investigation.

Key words: Minimally invasive surgery; Laparoscopic
surgery; Hand-assisted laparoscopy; Liver neoplasm;
Liver cirrhosis; Living donor; Liver; Hepatectomy; Liver
transplantation
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Core tip: Liver surgery was one of the last frontiers
reached by minimally invasive surgery. Surgical tech-
nique and specialized equipment evolved to overcome
technical limitations, making laparoscopic liver re-
sections (LLR) safe and feasible. Surgeons developed
skills in a stepwise approach, beginning with low
complexity operations for benign diseases and reaching
high-complexity surgeries for malignant cases and living
donor organ harvesting. Despite a cautious slow start
laparoscopic liver surgery has been incorporated to
practice. On the following pages the successful history
of LLR is depicted, along with an updated panel of it's
current role and expected achievements.

Coelho FF, Kruger JAP, Fonseca GM, Aratjo RLC, Jeismann
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INTRODUCTION

In the last two decades, minimally invasive liver surgery
(MILS) underwent a major evolution. Willing to explore
the possibility of laparoscopic liver resection (LLR),
specialized centers with solid background on hepatic
and laparoscopic surgery took the first steps™™2.

Initial development of MILS was slow, withheld by
three main barriers. The first limit to overcome was
technical, hence the translation of conventional techni-
ques to the laparoscopic approach was needed. For
instance, organ mobilization, manual palpation, vascular
dissection, vascular control and parenchymal transection
were steps universally applied to open liver resection
(OLR) that had to be adapted to laparoscopy. The second
barrier consisted of anticipated intraoperative hazards,
such as massive bleeding and the theoretical increased
risk of gas embolism secondary to pneumoperitoneum.
The third step toward acceptance of LLR concerned
about oncological outcomes such as adequate margins,
port site seeding and long-term survival™*>.,

The first wedge resection was reported by Reich
et al®! (1991). Since then, improvements in surgical
techniques associated with technological advances
significantly expanded the complexity and safety of
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MILS. The first laparoscopic anatomic hepatectomy was
reported in 1996 simultaneously by Azagra et af”? and
Kaneko et al® The first laparoscopic major hepatectomy
in 1997 by Hischer et af’’. In 2000, Cherqui et ai™ and
Descottes et al'”! published the first structured case-
series with results favoring laparoscopic liver operations.
Many other small single center or multicenter case series
emerged on the following years, with promising good
results™**%,

By the year 2007 Koffron et al'** published the
first major series showing operative results on 300
consecutive patients. On the following year a landmark
meeting produced the Louisville Statement*, the
first expert consensus conference on laparoscopic liver
surgery. In 2009 a comprehensive review on published
series accounted that 2804 LLR had been performed
worldwide™. Of note, previous publications reported
mainly on resected benign lesions and this review
showed, for the first time, a predominance of malignant
cases.

The years 2010 witnessed many reports on safety
and feasibility of laparoscopic operations!®*® including
complex procedures such as major hepatectomies and
graft harvesting for living donor liver transplantation
(LDLT)™%, Clinically significant events of carbon dioxide
(CO2) embolism were extremely rare®** and no port
seeding or peritoneal implant could be attributed to
laparoscopy, dismissing many of the initial worries on
LLR[23'24].

Evidence supporting MILS comes from case-series,
comparative studies and meta-analyses. Only recently, a
prospective randomized study was published comparing
the results of LLR with the OLR™. There are prospective
studies in course and their results are expected to
provide the best scientific evidence to the already
perceived superiority of MILS®**”), Despite the lack
of evidence level 1, existing data confirms the safety,
feasibility and benefits of MILS. Also, many comparative
series indicated the role of laparoscopy in disease
specific settings, such as benign diseases!>'">>?%33,
hepatocellular carcinoma (HCC)***! and colorectal liver
metastases (CRLM)P**®, Recently, the 2™ International
Consensus Conference (2™ ICC) on LLR in Japan de-
monstrated the progress and dissemination of the
method worldwide™.

TERMINOLOGY AND DEFINITIONS

Extent and complexity of resection

LLR should be classified according to the complexity of
the operation and the technique of minimally invasive
access". Referring to complexity categories, laparo-
scopic operations might consist of: (1) small wedge
resections; (2) resections of the left lateral section
(segments 2 and 3) or anterior segments (segments 4b,
5 and 6); and (3) hemihepatectomies, trisectionectomies
and resections of the difficult postero-superior segments
(segments 1, 4a, 7 and 8). The first two categories
are classified as “minor resections”. The Louisville
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Table 1 Laparoscopic liver resection learning curve key points

Knowledge of caudal view anatomy
Training in cadaveric and/or animal model
Clinical training should follow an increasing order of procedure
difficulty (Difficult Scoring System for LLR" can be used to point
difficulty levels)

Minor anterolateral resections

Minor anatomical resections (start with LLS)

Difficult resections

Major resections

Graft harvesting for LDLT
HALS and hybrid resections can be used in the early experience to
overcome the learning curve

LLR: Laparoscopic liver resection; LLS: Left lateral sectionectomy; LDLT:
Living donor liver transplantation; HALS: Hand-assisted liver surgery.

Statement!* defined the third group of operations as
“major hepatectomies”, unlike the classical concept of
open surgery, in which major resections are defined
as operations resecting 3 or more contiguous liver
segments®. Subsequently, other authors have shown
that resection of lesions located in the posterior and
superior segments require greater technical proficiency
and have higher complication rates than anterolateral
resections. These operative results justify the “upgrade”
of difficult resections to major resections due to their
technical complexity®®®?. In a recent study, Di Fabio et
al®? evaluated the outcomes of the “traditional” major
hepatectomies (hemi-hepatectomy, trisectionectomies)
compared to laparoscopic “postero-superior” resections
and concluded that the creation of two subcategories of
laparoscopic major hepatectomy seems appropriate to
reflect differences in intraoperative and postoperative
outcomes between those two sets of patients. In the 2™
ICC the classical definition was used (minor resection:
< 2 segments, major resections > 2 segments)®™”. In
this review, we employ the term “major resection” for
hemi-hepatectomies and trisectionectomies and the
term “difficult resections” for resections of the postero-
superior segments (segments 1, 4a, 7 and 8).

Types and techniques of LLR

LLR can be categorized in three different approaches
(1) Pure LLR (PLLR): the entire resection is performed
through laparoscopic ports and an auxiliary incision is
used only for specimen extraction; (2) Hand-assisted
laparoscopy surgery (HALS): The operation is carried
out with elective placement of an auxiliary hand-port,
which also aids specimen extraction. If a pure lapar-
oscopic procedure demands the insertion of a hand-
port in order to overcome difficulties and to complete
the procedure, this should be considered a “conversion
from pure laparoscopy to hand-assisted hepatectomy”.
The third type of minimally invasive liver resection is
(3) Hybrid hepatectomy (also termed laparoscopy-
assisted hepatectomy): The operation begins with
laparoscopic liver mobilization (with or without hand-
assistance), followed by an elective mini-laparotomy
for a conventional approach to vascular pedicles (if

[14].
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necessary) and parenchymal transection.

Along the development of MILS the pure laparoscopic
approach was the overall preferred method, especially
in European centers®®**?!, The hybrid and hand-assisted
methods are adopted more liberally to perform complex
resections in United States and Japan, although there is

[67-70]

a trending shift towards PLLR in Japan .

LEARNING CURVE

To overcome the difficulties associated with minimally
invasive hepatic resections the training of surgeons
is essential in order to safely spread the benefits of
laparoscopic liver surgery™ ",

A consensual observation in many papers on LLR is
that laparoscopic hepatectomies should be performed
by surgeons with extensive training in hepatobiliary and
advanced laparoscopic surgery!*”*!, Thence, fellowships
in specialized centers should offer high-level training
in order to accomplish competence in both domains.
The key points related to the training with LLR are
summarized in Table 1.

A major change in MILS is the way surgeons
approach the liver, as the classic open frontal view is
modified. In laparoscopy, due to the insertion of the
optical equipment in or near the umbilicus, a caudal
approach is forcefully undertaken. In the caudal view the
surgeon sees the well-known anatomy from a different
perspective!®™, Basic technical skills acquisition can
occur through practicing in cadaveric or animal model”!
and further clinical training should follow an increasing
order of procedure difficulty!**”>”®!. Case selection is
essential in early clinical experience; first cases should
involve lesions prone to small wedge resections located
on the anterolateral segments (segments 2, 3, 4b,
5 and 6). Anatomic resections can be started with
left lateral sectionectomy (LLS), which is a patterned
straightforward segmental resection that requires
liver mobilization, pedicle treatment and parenchymal
transection®*”%’%””), 1t is safer to move on to complex
resections after the surgeon has acquired proficiency in
minor resections (Table 1),

In order to better understand the difficulty asso-
ciated with each kind of operation, a recent paper
proposed a scoring index for LLR”®., This scoring system
incorporates factors such as tumor size and location;
proximity to major vessels; liver function and extent
of liver resection. Resections are graded from 1 to 10,
being score 1 for peripheral wedge resection; 4 for LLS;
7 for hemihepatectomy and 10 stands for extremely
difficult resections. This interesting index offers a
numeric score of progressive difficulty that can help
learners to evaluate their progress. This scoring system
can be used as a guide in training and progressive skill
acquisition.

Learning curve analysis is somewhat a preoccupation
linked to laparoscopic operations. When a laparoscopic
operation is proposed, it is usually compared with its
conventional counterpart in order to assess results
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and to establish the number of operations required for
technical competence. To our knowledge there is no
data on open hepatectomy learning curve, and Rau et
al” published the first mention of a LLR learning curve
in 1998. Cherqui’s group published a seminal paper on
the subject and their analysis revealed that 60 cases
were needed in order to achieve optimal results”?.
Of notice, the use and duration of Pringle maneuver,
and use of HALS decreased over time. This indicates
that pedicle clamping and HALS play an important role
during the learning curve. Likewise, hybrid resections
can also be used in the early experience to overcome
the learning curve™ 7%,

Other series have indicated a smaller number in order
to obtain expertise. A recent Chinese paper observed a
variable humber on cases needed to achieve competence,
according to the complexity of the operation. Their
caseload ranged between 15 to 43 operations’®".

Other authors have made some interesting conjoined
analysis, looking beyond the numbers, also considering
the effect of expert training. Hasegawa et af*® made an
analysis on their experience with 24 cases of LLS divided
in 3 eras; initially a senior surgeon performed the first
8 operations with no technical standardization. In the
second era a senior surgeon operated on 8 cases with
a standardized technique. The third group of 8 patients
underwent operations performed by junior surgeons
under senior guidance. Comparative analysis showed
better results of the second and third eras in comparison
to the first period and, most important, results did not
differ between the second and third periods.

Other authors studied the learning curve for complex
and maijor hepatic resections”*®?. Nomi et af** studied
173 patients that underwent major LLR in a high-
volume center using the cumulative sum method. The
learning curve identified three phases: Phase 1 (45 initial
patients), phase 2 (30 intermediate patients) and phase
3 (the subsequent 98 patients). These data suggests
that the learning phase of major LLR included 45 to 75
patients™.

INDICATIONS AND LIMITATIONS OF LLR

Laparoscopic access offers some benefits over con-
ventional operations®®". The magnified view of the
operating field allows meticulous haemostasis. During
parenchymal transection, most of the blood loss derives
from the hepatic veins and laparoscopy offers the
possibility of parenchymal transection under positive
pressure, resulting in less bleeding. However, minimally
invasive liver operations has some drawbacks, such
as lack of tactile feedback, restricted manoeuvres
and difficult visualization of the posterior and superior
segments of the liver®.,

Nowadays, LLR is utilized in a small percentage of
liver resections (5%-30%) in most centers, although
some very skillful surgeons have reported higher rates,
reaching from 50% to 80%"%%*%%], The majority of
data arise from minor resections but the proportion

Roishidenge ~ WJGS | www.wjgnet.com

of major resections is increasing'®. A recent analysis
performed in a general medical population, including
all liver resections in France along the year 2013,
resulted that 15% of liver resections were performed
through minimally invasive surgery®®”. Another surgical
population profile indicates that less than 10% of all
liver resections done for benign conditions are carried
out with laparoscopy in North American centers®®, In
fact, there are few centers with extensive experience
with LLR, Table 2 presents per operative results in high-
volume centers with more than 150 cases.

Indications for LLR do not differ from those for
open surgery®®®°, Indications are based on tumour
characteristics, liver function and patient’s general
health status. In patients who cannot tolerate pneumo-
peritoneum due to their cardiopulmonary status LLR is
contraindicated.

MILS may be used for benign and malignant (primary
and metastatic) tumors and living donor liver harvesting.
A high percentage of benign tumors was presented in
early series of MILS, whereas the proportion of malignant
has significantly increased in recent years!>’*°"%2,
Between June 2007 and December 2014, 214 LLR were
performed at the Liver Surgery Unit, University of Sao
Paulo Medical School. In our experience, 65.9% of LLR
patients were by malignant diseases and their proportion
has significantly increased in recent years (Table 2).

Classic indications for LLR are tumours confined to
the so-called “laparoscopic segments”: The left lateral
section (segments 2 and 3) and the anterior segments
(segments 4b, 5, 6). It is also preferable to operate
on tumours smaller than 5 cm, located away from
major blood vessels and hilar structures. Those are
the most frequently adopted indications, but are not
restrictive, once indications can be shifted and extent of
resection can be expanded according to the expertise
of a particular center’®®, For instance, peripheral
tumours are amenable to laparoscopic approach, even
when greater than 5 cm. On the other hand, LLR is not
advised for large intrahepatic lesions, because of difficult
tumor mobilization and risk of rupture!®.. Laparoscopic
LLS is considered the gold standard treatment for lesions
located on segments 2 and 3 and should be routinely
applied™”"*, This successful policy has led some
experts to expand the indication of routine laparoscopic
approach to left hepatectomy™.

Major liver resections (i.e., right hepatectomy)
showed to be feasible but remain technically demanding
procedures reserved to experienced surgeons. Patients
with bilateral or central tumors, close to the liver hilum,
major hepatic veins or inferior vena cava (IVC) are
not standard candidates for a laparoscopic approach.
However, in some expert centers, even these cases are
addressed laparoscopically in selected patients!®*”),

Posterior and superior segments of the liver have
been traditionally considered as “non-laparoscopic
segments” because laparoscopy offers a caudal vision
of the liver and there is a great amount of parenchyma
interposed between the surgeon’s view and those
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veins and long operative time. However, the occurrence
of gas embolism in this scenario is also extremely low.
Dagher et af®” in a multicenter study with 210 cases of
major LLR; reported 3 (1.43%) patients that developed
gas embolism. However, there was no influence of gas
embolism on postoperative morbidity and mortality®”.
Otsuka et al'**”! reviewed 477 major hepatectomies
from high-volume centers and observed only 3 (0.2%)
cases of gas embolism. In recent series, as well as in our
experience, no cases of air embolism were observed.
The occurrence of gas embolism has been also
related to argon beam coagulation, which increases
intra-abdominal pressure leading to an increased risk
of gas embolism™**®, As argon is not diffusible as
COz, the use of argon beam coagulator during liver
transection is not recommended by many experts”.

Intraoperative bleeding

The main technical challenge of LLR remains intrao-
perative hemorrhage during parenchymal transection.
Even though intraoperative bleeding rarely occurs, it
is difficult to manage in the absence of manual com-
pression.

Some cases of hemorrhagic complications have been
reported, mainly related to hepatic veins injuries™®"*%%,
and were managed either laparoscopically or by conver-
sion to laparotomy. Intraoperative bleeding is the main
cause of conversion to laparotomy in most series!>**"*>
99,163-165]

Major blood loss during liver resection has a direct
effect on postoperative course!*®® and negatively affects
oncological outcomes!**®), Perioperative blood trans-
fusions are associated with a higher rate of recurrence
and lower survival after surgical treatment of malignant
diseases, especially HCC™®.

Blood loss reported during laparoscopic surgery
varies between series, and is directly related to the type
and difficulty of LLR[34819399163165] 1y severa] meta-
analysis of comparative studies intraoperative bleeding
tends to be lower at laparoscopic approach than at open
resection resulting in decreased requirement for blood
transfusion (Table 6)!*1°11%3,

Studying patients with malignant diseases (HCC
and CRLM), Parks et al*”! showed significantly lower
blood loss in the group undergoing LLR than in the
group undergoing OLR. Analyzing only patients with
HCC, other meta-analyses yielded similar results, with
systematic advantage for the group undergoing LLR,
with less intraoperative bleeding and lower rates of
blood transfusion!*!”*18168:169],

The factors responsible for reduced blood loss
during LLR are magnified view of the operating field,
the positive pressure of the CO2 pneumoperitoneum
that avoids retrograde bleeding from hepatic veins, the
emergence of new transection devices and adequate
inflow and outflow control™’®. In order to address
essential steps in bleeding control during LLR, a recent
experts’ literature review made some recommendations:
Maintenance of pneumoperitoneum between 10-14
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mmHg; low CVP (< 5 mmHgq); laparoscopy control of
inflow and outflow; and surgeons should be experienced
with the use of all surgical devices for liver transection
and should master laparoscopic suture before starting
LLRI,

Conversion

The reported conversion rate is in the range of 0%-
20%""", varying mostly according to the indication for
LLR. Series on benign disease show conversion rates
from nil to 10%!*>"*?3  QOpservational comparative
studies focused on malignant diseases (Tables 4 and 5)
showed conversion rates ranging from 0% to 23.3%"*°%,
However, with surgical expertise the conversion rate can
be reduced to < 5% in high-volume expert centers™**®,
In our experience the overall conversion rate was 6.5%;
however, in the last 100 cases, the conversion rate was
3.0%.

The conversion rate is also related to the complexity
of the surgical procedure and accumulated experience.
In a multicentric review of 210 major hepatectomies
conversion rate was 12.4%. To evaluate the effects of
learning curve on outcomes, a comparison was made
between the first 15 major LLR performed at each
center and the subsequent 120 major hepatectomies.
Conversion rate (18.8% vs 7.5%, P = 0.0018) was
significantly lower in the late group™”. In patients with
cirrhosis reported conversion rates are higher, ranging
from 7% to 19.4%"%.

EFFICACY OF LLR

Postoperative outcomes: Comparison with OLR

The literature data cited above indicate that LLR is
feasible and safe when compared to OLR for both
benign and malignant liver lesions. At present, there are
20 meta-analysis summarized on Table 6 comparing
the reSUItS Of LLR and OLR[94,111,117,118,127—130,148-153,167—169,
1721741 Most studies have consistently demonstrated a
significantly lower length of stay (LOS) as compared
to the open approach. The overall shorter LOS in
laparoscopic resection is not only associated with quicker
hospital discharge, but an earlier return of bowel activity
and lesser requirement of analgesics****", Rao et
al"*® pooled analysis of 32 comparative studies showed
significant reduction in LOS (2.96 d, 95%CI: -3.70 to
-2.22) and in the time to oral intake (1.33 d, 95%CI:
-1.86 to -0.80) in the laparoscopic group.

Morbidity and mortality

Nguyen et al'** found that the overall mortality rate was
0.3% (range 0% to 10%) in 2804 patients operated by
LLR until 2008. There were no reported intraoperative
deaths. Most common cause of postoperative death was
liver failure™®. Modern series from large volume centers
report mortality for LLR in the range of 0% to 2.4%""*
32,33,35-49,52-58,81,93,99,164,165]. Jackson et aI[153] pooled reSUltS
of 40 studies comparing mortality rates between LLR
and OLR and there were no significant differences
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between the groups for both in-hospital mortality and
postoperative mortality within 30 d of discharge™,

The comprehensive review of LLR published series
by Nguyen et al™ found an overall morbidity rate was
10.5% (range 0% to 50%). The most common liver-
related complication was bile leakage (1.5%) followed
by transient hepatic insufficiency (1.0%). The most
common general and surgical-related complications
were pleural effusions, incisional bleeding and wound
infections each with less than 1%,

In large series including benign and malignant
disease, the overall morbidity rate ranges from 3.2%"”*
to 45%. In our series of 214 LLR, morbidity rate was
15% and mortality was 0.5% (one cirrhotic patient
died of sepsis). The most common postoperative com-
plications were: Ascitis (15.6%) followed by incisional
hernias (9.4%), ileus (9.4%) and pneumonia (9.4%).

Comparative studies showed significant decrease in
the complication rate in patients undergoing LLR'*5015
1331721 ' A meta-analysis published by Mirnezami et aft**”!
showed a significant decrease in the incidence of liver-
specific complications with LLR compared with OLR.
Similarly, Jackson et al'*** analyzed 47 studies and
demonstrated that patients who underwent LLR had
lower postoperative complications rates when compared
with OLR. Specifically, minimally invasive approaches
had lower rates of wound infections, incisional hernias,
and cirrhotic decompensation events.

Regarding malignancies, patients with CRLM who
underwent laparoscopic resections also have lower
rates of postoperative complications than the open
group[127'128’13°].

Recently, our group published a series including 30
patients with HCC that underwent LLR. Postoperative
complications were observed in 40% of patients (75%
grade I by Dindo-Clavien classification) and the mortality
rate was 3.3%"7%\. A consistent finding among the meta-
analysis of LLR for HCC includes reduced complication
ratest''71%%1731741 Xjong et al'''’! examined ascites
and postoperative liver failure and reported reduced
incidences of both. Recently, Morise et al** analyzing
the subset of patients with known cirrhosis also noted
a significant reduced incidence of postoperative ascites
and liver failure.

Cost analysis
There are concerns that LLR may be associated with
increased cost due to laparoscopic equipment!*”,
Koffron et al™* showed that the operating room costs
for MILS were significantly higher than those of OLR;
however, overall costs were reduced due to shorter
LOS. Similarly, Polignano et al’” reported increased
disposable instrument costs with LLR. However, these
expenses were offset by reduced high dependency unit
and ward stay costs, resulting in significantly lower total
costs with LLR™"7,

In a recent meta-analysis published by Limongelli
et al’®, 9 studies were analyzed comparing the costs
of patients undergoing LLR (n = 344) vs conventional
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approach (n = 338). LLR was associated with lower
ward stay cost than OLR (2972 USD vs 5291 USD) but
costs related to operation (equipment and theatre) were
higher in the group of patients undergoing LLR. The
total cost was lower in patients managed by LLR (19269
USD) compared to OLR (23419 USD). The same trend
of overall cost reduction was observed when the subset
of patients undergoing minor LLR was analyzed (total
cost: LLR 12720 USD vs OLR 17429 USD).

Regarding major hepatectomies results are con-
tradictory. There is no proven economic benefit related
to the laparoscopic procedure when compared to con-
ventional counterparty!*'7*'84,

ONCOLOGICAL RESULTS

Initial limitations of laparoscopic liver surgery included
the fear of unfavorable oncological outcomes™. As a
new technique, LLR should prove to be non-inferior
when compared to the established methods. Pursued
oncological results were two-fold: Intraoperative tumor
clearance (complete resection with adequate margins)
and long-term survival.

Surgical margins

As observed for any laparoscopic operation, LLR is
performed without tactile feedback along with a limited
bi-dimensional field of view. Moreover, as mentioned
earlier, the insertion of the laparoscope through or near
the umbilicus implicates in a caudal view of the liver®*®,
Complete resection is the goal for the treatment of
hepatic malignancies and the limitations in tactile
feedback associated with the modified field of view
made surgeons concern about adequate intraoperative
oncological results.

The encouraging results of LLR set surgeons to
search alternatives to overcome those limitations. LLR
performed either with laparoscopic or hand assistance
offers the possibility of placing the surgeon’s hand
into to the operative field, ruling out the lack of tactile
feedback™. Moreover, during LLR intraoperative ultra-
sound should be extensively used, not only to identify
occult previously unknown lesions, but most importantly
to aid surgical planning in order to obtain clear surgical
margins™®,

The best evidence available to date indicates that
surgical margins in LLR are as good as in conventional
procedures. Comparative studies and meta-analysis
have indicated that patients operated with LLR have no
increased risk of positive surgical margins!!!7:118128:130,145,
1301681721741 | | R is carried out under a magnified field of
view, which implies in augmented perception of operative
blood loss and induces surgeons to be more meticulous,
especially when employing a new technique®***!, Another
reason for adequate margins relies on patient selection
and surgical planning for laparoscopic cases. Surgery
should be extensively planned to include peripheral
tumors located away from vascular structures and far
from the transection planet®*%%5%3],
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Long-term outcomes - CRLM

Inadequate intraoperative staging, insufficient surgical
margins, port-site seeding and peritoneal dissemination
were feared outcomes that limited the application
of LLR to the treatment of CRLM. Those fears were
not confirmed and LLR slowly gained acceptance for
operations on CRLM.

The cautious progress demonstrated that results
on selected patients proved to be equally good for LLR
when compared to conventional operations (Tables 5
and 6)1"?*%, Moreover, LLR increases the chance for
future resections once laparoscopy reduces operative
adhesions and eases futures interventions™. Other tech-
nical benefits include the expansion of liver resections
to elderly patients and the possibility of synchronous
colorectal resections made feasible by a less morbid
approach[131,132,183]_

Long-term outcomes - HCC

HCC is the most common primary liver malignancy and
figures as a leading cause of cancer related death™®",
It has a frequent association with chronic liver disease,
which implies that management of such tumors comes
along with the management of cirrhosis and its com-
plications.

Initial results of laparoscopic operations on cirrhotic
patients have shown excellent short-term perioperative
outcomes!?***%%1, One of the intraoperative benefits of
LLR is reduced blood loss; perioperative blood trans-
fusions have a negative impact in survival for HCC™®,
indicating that laparoscopic resection is a useful tool to
improve long-term outcomes.

Comparative and meta-analytical studies took a look
into survival rates of LLR and long-term outcomes were
superimposed to conventional results (Tables 4 and
)[111L117188173174] Thys, LLR is an acceptable option for
treating patients with HCC.

TECHNICAL CONSIDERATIONS

PLLR is the most frequent method of LLR and is mostly
applied to less complex operations, such as wedge
resections, non-anatomic and anatomic resections on
the anterolateral segments'*. Some expert teams
also perform PLLR for major resections and complex
procedures such as living donor graft harvesting™®.
HALS offers the advantage of regaining tactile feedback
lost with PLLR. It is also helpful in instances were
extensive liver mobilization is required, such as posterior
sectionectomies and major resections®®. Hybrid resec-
tion associates laparoscopy for liver mobilization with
an auxiliary incision for parenchymal transection and
specimen removal™, Hybrid resections has been
reported as a useful tool to increase the frequency of
major resections'®. Figure 1 demonstrates the rationale
from the Liver Surgery Unit at University of Sao Paulo
Medical School for selecting the best MILS approach for
each scenario.
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Minor resections

Minor resections were responsible for the successful
start of LLR during the 1990’s and still represent one of
the major indications of LLR. Especially when located in
easily accessible, minor resections should be routinely
performed through laparoscopy!**..

Another LLR minor resection that should be rou-
tinely performed is LLS!*?**°*, This resection was
the first published successful anatomic LLR and has
been extensively studied™. Comparative studies have
shown that LLS is technically feasible, with superior
short-term outcomes and equal long-term oncological
results”**®*¥”1, Moreover, it is a standardized procedure,
allowing reproducibility and training for surgeons initiating
their experience with LLR"®"",

Major resections

Laparoscopic major resections have been compared
to conventional resections and operative results favor
LLR on reduced blood loss, shorter length of stay and
fewer complications!®*®°!, Major resections are feasible
procedures but are clearly experts’ job. Published series
derive from multi-institutional studies that gather the
experience of high-volume centers, were operations are
carried out by experienced liver surgery teams! %7,

Difficult resections

Access to “non-laparoscopic” segments is difficult
once they are located posterior and superior to the
liver. Moreover, the postero-superior location demands
extensive mobilization in order to bring these segments
to the operative field**®. Mobilization can be toilsome
once the right liver should be detached from its liga-
ments, the diaphragm, retroperitoneum and, sometimes,
the IVC.

The perceived technical difficulty to operate on the
non-laparoscopic segments has been confirmed in
papers that indicate posterior sectionectomies as “major
operations” (despite including only two segments),
associated with higher conversion rates, higher blood
loss, prolonged operative times and narrower surgical
margins[61,85,99,100].

Resections on these difficult segments can be
performed, but usually demand special techniques to
overcome above-mentioned limitations. HALS, laparo-
scopy-assisted and trans-thoracic port placement are
useful strategies applied to difficult resections!!%%°+*%0194,

NEW TECHNOLOGIES

MILS has evolved during the past two decades and still
moves forward. Robot assisted resections are feasible as
reported in case series. Robotic surgery might improve
results of LLR once it offers a three-dimensional view
and has a greater range of movements, which can be
useful for complex resections?®**9%1%3,

Another perspective for LLR is the association of
three-dimensional (3D) image guidance to help surgeons
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/\

Hepatectomies demanding

‘ No absolute contraindication ‘

lymphadenectomy or
vascular resection (/.e., hilar
cholangiocarcinoma)*
Multinodular disease that cannot be
resected with anatomical lobectomy*

LLR

] | )

l

Difficult anatomical
location (S1, 4a, 7, 8)

l l

OLR Wedge resections on the Left or right standard
anterolateral segments (S2, 3, hepatectomy
4b, 5, 6) and anatomical LLS

PLLR

PLLR

alternative: HALS or hybrid®

Wedge resections Superior segments Segment 1

or right posterior (S7-8)

sectionectomy (S6-7)

Spiegel: PLLR
Right-side: OLR
HALS or hybrid in

selected cases

HALS or Hybrid
transthoracic’

HALS or hybrid
PLLR in selected cases

Figure 1 Flowchart demonstrating a suggested approach to the liver nodules using the minimally invasive approach (Liver Surgery Unit, University of Sao
Paulo Medical School). 'HALS or hybrid in selected cases; “When technical difficulties are anticipated/intraoperative difficulties; *When abdominal approach is not
possible. HALS: Hand-assisted liver surgery; LLR: Laparoscopic liver resection; OLR: Open liver resection; LLS: Left lateral sectionectomy; PLLR: Pure laparoscopic

liver resection.

to navigate along the liver anatomy while planning and
executing de resection. 3D image simulation appears to
be useful for surgical planning and has a high accuracy
for predicting surgical margins and liver volumes.
Further dynamic applicability of the 3D planning to navi-
gation during operation is expected to improve operative
results'**,

Single port operations have been recently incor-
porated to LLR and anecdotally described. Recent
reviews of the scarce available data identified around
30 reported cases. Most cases were highly selected
and included small resections, even though major
hepatectomy has also been performed. At this point no
conclusion or recommendation can be made for single
port LLR, further studies are needed to indicate it's role
in LLR[195'196].

CONCLUSION

LLR has been progressively developed along the past
two decades. Despite initial skepticism, improved
operative results made LLR incorporated to surgical
practice and operations increased in frequency and
complexity. However, the expansion of MILS becomes
essential when we consider that countries with long-
standing tradition in surgery apply laparoscopy to liver
surgery in less than 15% of cases. High quality studies
allied with high-level surgical training are required to
base surgical practice and to disseminate the benefits
of MILS to many centers as possible. LLR should be
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standard practice for anterolateral resections and LLS,
major resections are feasible procedures but restricted
to experienced centers. Future applicability of new
technologies such as robot assistance and image-guided
surgery is still under investigation.
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