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Abstract Laparoscopic resection of liver tumors located
in the posterosuperior segments is a challenging operation
that could be facilitated by robotic assistance. Laparo-
scopic resection of 12 tumors located in posterosuperior
segments (IVa: 1; VII: 5; VIII: 6) was carried out under
robotic assistance. All patients had a single tumor nodule.
Data were collected prospectively and analyzed retro-
spectively. Surgery required a mean of 260.4 min
(115-430) and was completed laparoscopically in all but
one patient, who required conversion to mini-laparotomy
because of intolerance of pneumoperitoneum (8.3 %).
Mean estimated blood loss was 252.7 ml (50-600), making
transfusion necessary in 3 patients (25.0 %). Post-operative
complications occurred in 4 patients (33.3 %), being of
Clavien-Dindo grade II in 3 patients (25.0 %) and Cla-
vien—Dindo grade IV in 1 patient (8.3 %). Reoperation was
required in 1 patient, who subsequently had a long hospital
stay, because of decompensated cirrhosis. Median length of
hospital stay was 8.5 days (7-96). No patient was read-
mitted. Pathology showed hepatocellular carcinoma in 7
patients (58.3 %), liver metastasis in 2 patients (16.6 %),
and hepatic adenoma, focal nodular hyperplasia, and
hemangioma in one patient each (8.3 %). All patients had a
margin negative resection. After a mean follow-up period
of 21.4 months (£24.4), no patient with malignant histol-
ogy developed recurrence. Our initial experience confirms
that laparoscopic robot-assisted resection of tumors located
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in the posterosuperior segments is feasible. Further expe-
rience is needed before final conclusions can be drawn and
meaningful comparison with other surgical techniques
becomes possible.
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Introduction

After a long gestation [1], laparoscopic liver resection is
gaining momentum, especially in referral centers for liver
surgery and amongst younger surgeons [2]. Laparoscopic
liver resection was initially introduced into clinical practice
based on case series, demonstrating the usual benefits of
laparoscopy [3], but did not gain widespread popularity
until the publication of several major series [4], a review of
world experience [5], and the results of the first world
consensus conference [6].

Despite gifted surgeons have shown that conventional
laparoscopy allows resection of tumors located in all liver
segments [7] as well as all types of liver resections,
including extended hepatectomies [8], the intrinsic limita-
tions of laparoscopy, the need for extensive training, and
the challenges presented by safe liver transection, have not
made laparoscopy equally used across all types of liver
resections. Laparoscopy is indeed particularly suitable
when tumors are located in the anteroinferior liver seg-
ments (IVb, V, and VI) and when straight resection lines
are required, such as in left lateral segmentectomy [6].
Instead, when dealing with tumors located in the postero-
superior liver segments (IVa, VII, and VIII), or when
curvilinear resection planes are required to pursue
parenchymal sparing liver resection [9], laparoscopy is
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confronted by most of its technical limitations. Because of
these challenges, resection of posterosuperior liver seg-
ments was confirmed to be a major resection by the second
world consensus conference on laparoscopic liver resection
[10], and the difficult scoring system for this type of sur-
gery [11] allocates tumors located in segments VII and VIII
to the highest difficulty score.

The enhanced operative abilities offered by the da Vinci
Surgical System (dVSS) (Intuitive Surgical Inc. Sunnyvale,
CA, USA) could be particularly useful when pursuing
laparoscopic resection of liver tumors located in the pos-
terosuperior segments. The dVSS, indeed, when compared
to standard laparoscopy, offers significant operative
advantages (i.e., stereoscopic steady vision, wristed
instruments, tremor filtration, and scaled motion) that are
known to enhance surgical dexterity [12].

We herein present our experience with laparoscopic
robot-assisted resection of tumors located in the postero-
superior liver segments.

Materials and methods

Laparoscopic liver resection was considered in all patients
admitted to our Division with a diagnosis of resectable
liver tumors or metastases, between October 1, 2008 and
February 28, 2015. Contraindications to laparoscopy were
diagnosis of Klatskin tumor, need for extensive node dis-
section, need for associated major abdominal procedures,
history of previous major surgery in upper abdominal
quadrants, tumor size not permitting safe liver mobiliza-
tion, and anticipated poor tolerance to pneumoperitoneum.
Patients suitable for a laparoscopic approach having tumors
located in the anteroinferior liver segments (I, IVb, V, and
VI) or in the left lateral liver segments (II and III) were
operated upon by standard laparoscopy. Robotic assistance
was selectively employed in patients otherwise suitable for
laparoscopy who required major hepatectomy or resection
of posterosuperior liver segments (IVa, VII, and VIII).

Surgical technique

The surgical team comprised of 2 surgeons and a surgical
trainee. The senior surgeon operated from the robotic
console, while the second surgeon and the surgical trainee
exchanged robotic instruments and managed classical
laparoscopic tasks at the bedside (i.e., suction/irrigation,
insertion/withdrawal of needles, etc.).

Pneumoperitoneum was induced using a Veress needle
and maintained at 12 mmHg, during most of the procedure.
If necessary, pneumoperitoneum pressure was temporarily
increased, up to 20 mmHg, and airway pressure decreased,
to reduce back-bleeding and facilitate achievement of
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permanent hemostasis. All resections were guided by
laparoscopic contact ultrasound, managed by the surgeon at
the table. Ultrasound images were visualized by the sur-
geon at the console, as a picture-in-picture image, using the
Tilepro® system [12].

Patients with tumors located in segments VIII and [Va
were placed supine with the legs parted. The table was
placed in 25°-30° reverse Trendelenburg position and
titled 15°-20° to the left side. The patient side cart was
docked over the head of the patient. Five trocars were
placed, all close to the costal margin. The optic port was
placed along the midclavicular line. Robotic ports and the
assistant port were placed along a curvilinear line as
shown in Fig. 1. Liver mobilization was not usually
required. Specific attention was paid in patients with
cirrhotic livers to preserve the round ligament to maintain
the collateral circulation that may develop by means of
recanalized umbilical vein. For tumors located in the most
lateral portion of segment VIII, close to segment VII,
division of round and falciform ligaments was instead
required, to improve exposure. Pulling the liver stump of
the round ligament on the left side, resulted in clockwise
rotation of the right hemiliver, especially after additional
division of right triangular ligament and right coronary
ligament. Extensive liver mobilization, however, was not
required.

Patients with tumors located in segment VII were placed
on the left flank position and the patient side cart was
docked at 30°—45° clockwise over the head of the patient.
The table was placed in 25°-30° reverse Trendelenburg
position. Five trocars were placed, all close the costal
margin. No intercostal trocar was placed. The optic port
was placed along the anterior axillary line. Robotic ports
and assistant port were placed along a curvilinear line as
shown in Fig. 2. The right liver lobe was mobilized until
the target area came into clear view, so that it could be
safely dominated.

Parenchymal transection was carried out by clamp-
crushing technique using bipolar precise forceps and
electrified monopolar curved scissors (Fig. 3). Harmonic
scalpel was not used routinely since this instrument cannot
articulate, thus reducing the possibility to follow curvilin-
ear resection lines and pursue parenchymal sparing surgery
especially in posterosuperior segments. Pringle maneuver
was not employed. Portal and hepatic pedicles were
secured by Hem-o-lock clips, ligature, or suture-ligature as
appropriate. Anatomical resection, including segmentec-
tomy or sub-segmentectomy as appropriate, was pursued in
hepatocellular carcinoma under ultrasound guidance. Portal
pedicles were identified and selectively ligated [10].

After completing resection, the specimen was placed
into an endobag and extracted through an enlarged port
site. Hemostatic products such as collagen or fibrin glue
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Fig. 1 For tumors located in
segment VIII or IVa, the patient
is placed supine and the table is
oriented in the reverse
Trendelenburg position and
tilted to the left side. The patient
side cart is docked over the head
of the patient (arrow), with 2
robotic arms (RA) on the
patient’s left side (see set up of
patient side cart as shown in the
box). Five ports are used (3,

8 mm; 2, 12 mm). The optic
port (OP) is placed along the
midclavicular line, and the
assistant port (AP) is placed
between OP and RAI

Fig. 2 For tumors located in
segment VII, the patient is
placed on the left flank position
and the table is oriented in the
reverse Trendelenburg position.
The patient side cart is docked
between 30° and 45° clockwise
over the head of the patient
(arrow), with 2 robotic arms
(RA) on the patient’s left side
(see set up of patient side cart as
shown in the box). Five ports
are used (3, 8 mm; 2, 12 mm).
The optic port (OP) is placed
along the anterior axillary line,
and the assistant port (AP) is
placed between OP and RAI
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Fig. 3 Robotic liver transection using bipolar Maryland forceps, as
crushing and coagulating instrument, and monopolar curved scissors,
as cutting and coagulating instrument. A Cadiere forceps, holding a
peanut gauze, can be used to improve exposure, or to achieve
temporary bleeding control. Suction/irrigation is concurrently applied
by the surgeon at the table

were not routinely used. One or two closed suction drains
were left close to resection area.

Outcome metrics

Data from all patients were prospectively entered in a
computer database and analyzed retrospectively. Operative
time was estimated from induction of pneumoperitoneum
to closure of skin incisions. Intraoperative blood loss was
calculated by the difference between instilled and aspirated
liquids. Liver anatomy and type of resection were defined
according to the Brisbane classification [13]. Complica-
tions were classified according to the Clavien—Dindo
classification [14]. Post-operative mortality, presented at
90 days, was defined as any death occurring at any time
during the initial hospital stay or at the time of readmission
if related to initial surgery or its complications.

Results

Twelve patients underwent laparoscopic robot-assisted
resection of tumors located in the posterosuperior segments
(Table 1). All patients had a single tumor nodule.

Laparoscopic robot-assisted liver resection was suc-
cessfully carried out in all but one patient, who required
conversion to mini-laparotomy, when the operation was
nearly completed, because of poor tolerance to pneu-
moperitoneum (1/12; 8.3 %).

Main intraoperative and post-operative outcome mea-
sures are summarized in Table 2. Blood transfusions were
required in 3 patients (25 %). Two patients received 2 and 3
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blood units, respectively, while the third patient, with
advanced liver cirrhosis, bled twice, 2 and 4 weeks after the
initial surgery, and eventually required a total of 12 blood
units. Hemostasis in this patient was not easily achieved
even through an open approach and despite wide liver
mobilization. At both reoperations he was found to have
arterial bleeding from several small arteries scattered all
through the resection bed. This patient had a long hospital
stay (96 days), including intensive care support, mostly
required to recover from decompensated liver cirrhosis.

Pathology of resected specimens showed hepatocellular
carcinoma in seven patients (58.3 %), liver metastasis in
two patients (16.6 %), and hepatic adenoma, focal nodular
hyperplasia, and hemangioma in one patient each (8.3 %).
All patients had margin negative resection. After a mean
follow-up period of 21.4 months (424.4 months), no
patient with malignant histology developed tumor recur-
rence and none was readmitted.

Discussion

Parenchymal sparing surgery and anatomic resections in
posterosuperior liver segments require to follow curvilinear
resection planes. Resection of tumors located in these
segments using conventional laparoscopic techniques may
be troublesome, requires extensive training, and probably
can be safely and reliably performed only by a minority of
surgeons with innate abilities for laparoscopy [9]. As
already reported by Casciola et al., the use of endowristed
robotic instruments is particularly useful when dealing with
this type of liver resections [9]. Despite the limited range of
available instruments making the crush-clamp technique
the only enforceable method for liver resection under
robotic assistance, we were impressed by efficacy and
precision of robotic liver transection. In particular it is
worth noting that biliary and vascular pedicles are identi-
fied quite easily during parenchymal transection and are
rarely cut across inadvertently. We do not have an expla-
nation to justify the efficacy of robotic crush-clamp tech-
nique but we assume that the ability to freely decide the
angulation of the crushing instrument, coupled with the
need to proceed with very small bites, could play a role.
Further, when major bleeding occurs, the possibility of
toggling between three robotic arms offers some practical
advantages. For instance, the fourth robotic arm, holding a
peanut gauze, can be used to press on the bleeding vessel to
achieve temporary hemostasis while the other two arms are
used to throw transfixing sutures. In other instances, the
fourth robotic arm can be used to hold a suture placed on
one extremity of a divided vessel, thus achieving bleeding
control on one side, while hemostasis is completed using
the other 2 robotic arms on the other side.
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Table 1 Patients characteristics

Table 2 Main intra- and post-
operative outcome measures

Our experience confirms that laparoscopic robot-assisted
resection of tumors located in the posterosuperior liver
segments is feasible. The limited number of patients

Number or mean

Range or percentage

Sex (male:female)
Age (years)
BMI (kg/m?)
ASA physical status classification
ASA'T
ASA 11
ASA 11T
ASA IV
Previous abdominal surgery”
Type of previous abdominal surgery
Appendectomy
Laparoscopic cholecystectomy
Laparoscopic liver resection (segment VI)
Hysterectomy
Tumor location
Segment [Va
Segment VII
Segment VIII
Tumor diameter (millimeters)
Liver
Normal
Steatotic

Cirrhotic

4:8
61.1
28.3

O O O W O

—_ = N o0

5

33.3:66.6 %
30-70
24.6-40.6

25.0 %
75.0 %

75.0 %

66.6 %
16.6 %
83 %
83 %

8.3 %
41.6 %
50.0 %
12-50

25.0 %
333 %
41.6 %

ASA American Society of Anesthesiology, SD standard deviation

* Three patients had 2 previous abdominal operations

Number or mean or median

Range or percentage

Mean operative time (min)
Conversion to open
Mean estimated blood loss (ml)
Transfused patients
Post-operative complications
Clavien—Dindo I
Clavien—Dindo II
Clavien—Dindo III
Clavien-Dindo IV
Clavien-Dindo V
Repeat surgery
90-day or in-hospital mortality
Mean time to first flatus (post-operative day)
Liquid diet (post-operative day)
Median length of hospital stay (days)

90-day readmission

260.4
1
252.7

© P = = O = O = O WO AW

115-430
8.3 %
50-600
25.0 %
333 %

25.0 %

8.3 %

8.3 %

1-2

7-96

included in this study, however, does not allow us to draw
firm conclusions. It is indeed likely that we are still along
our learning process, so that the technique described herein
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will evolve and almost certainly will be refined. Further
developments of robotic technology are also expected to
occur, and could extend the indications of robotic assis-
tance beyond current limits. When trying to foresee future
development of robotic assistance in hepato-biliary sur-
gery, one should consider that the dVSS was initially
introduced for heart surgery [15], and subsequently become
very popular in urology and gynecology. As a consequence
it is not surprising that most of the instruments that are
currently available were developed in these surgical spe-
cialities. For instance, while there are several robotic
instruments that can be used only for heart valve repair
[16], none was specifically conceived for liver resection. In
particular, current robotic equipment for liver resection
lacks of a dedicated device for parenchymal transection.
Instruments developed for conventional laparoscopy can
still be used by the surgeon at the table, but this approach
largely reduces the potential advantages of robotic assis-
tance. Further, the range of motion of the surgeon at the
table is often limited, because the bulk of robotic arms may
cause collisions with laparoscopic instruments and cer-
tainly shrinks the working space. When Intuitive Surgical,
or one of its potential competitors, will decide to invest in
general surgery we will see the real potential of robotic
assistance also in other surgical fields, including liver
resection. Until that moment, we should realize that we are
operating on the liver with a set of instruments mostly
developed to operate on the urinary tract and on the female
genital apparatus.

Some of our operative decisions may deserve a specific
comment. We elected not to use a Pringle maneuver. In a
multi-institutional study comparing laparoscopic and robot-
assisted major hepatectomies, we already reported that
Pringle maneuver could be omitted when using robotic
assistance [17]. While we agree that preparing for a Pringle
maneuver could be prudent, and that inflow occlusion may
be necessary in some patients, we do not feel that it should
be routine when using robotic assistance. Further, espe-
cially when the patient is on the flank position, being ready
for a Pringle maneuver may not be straightforward, par-
ticularly in obese patients.

We prefer to place suction drains close to the resection
bed. This decision is based on anticipated difficulty to
reach these posterior areas in case of symptomatic fluid
collections which could require percutaneous catheter
drainage. Actually, we have not come across bile leaks, so
that drains could have been probably avoided in the
patients presented in this study. However, the limited
number of patients shown here does not allow us to make
final conclusions in this regard, and change our practice.

Based on available information, it was not possible to
address the issue of costs in our study. In a previous study,
we have shown that operative costs of robotic
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pancreaticoduodenectomy exceeded those of conventional
surgery by more than €6000 [18], but quite surprisingly,
when a similar analysis was performed for distal pancrea-
tectomy the Indiana group reported that reduction in hos-
pital costs produced a positive economic balance, despite
confirmed higher operative costs [19]. Reliable economic
evaluation should be carried out prospectively because it
requires a very sophisticated analysis, including a con-
temporary comparator operation and more specific con-
sideration of outcomes, such as clinical effectiveness or
survival expressed as quality-adjusted life-years.

In conclusion, we have confirmed the feasibility and the
safety of laparoscopic robot-assisted resection of tumors
located in the posterosuperior liver segments. Further
experience is needed before final conclusions can be drawn
and meaningful comparison with other surgical techniques
becomes possible.
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