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Abstract

Objective The aim of the study is to describe techniques
of robot-assisted parenchymal-sparing liver surgery.
Background Laparoscopy provides the same oncologic
outcomes as open liver resection and better early outcome.
Limitations of laparoscopy remain resections in posterior
and superior liver segments, frequently approached with
laparoscopic right hepatectomy, bleeding from the section
line, and prolonged operative times when a combined
procedure is needed.

Methods We retrospectively analyzed our series of robot-
assisted liver resections between 2008 and September 2010
to evaluate whether robot assistance can overcome the
limitations of laparoscopy.

Results A total of 23 patients underwent robot-assisted
liver resection for a total of 21 subsegmentectomies, 6
segmentectomies, 2 segmentectomies S6 + subsegmen-
tectomies S7, 1 bisegmentectomy S2-3, and 2 pericystec-
tomies. In ten cases (47.8%) liver nodules were located in
the posterior and superior liver segments. In three cases the
tumor was in contact with a main portal branch and in two
cases with a hepatic vein. In one case the tumor had contact
with both hepatic vein and portal branch. In the latter cases
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a no-margin resection was carried out. In 16 cases (65.5%)
liver resection was associated with a concomitant proce-
dure (10 laparoscopic colectomies, 1 robotic rectal resec-
tion, 3 laparoscopic radiofrequency ablations, and 2
extensive adhesiolyses). Mean operative time was
280 + 101 min, blood loss was 245 £ 254 ml, and mean
hospital stay was 8.9 & 9.4 days. Mortality was nil. One
case of biliary leakage and two of intraoperative hemor-
rhage requiring transfusion were the main complications
encountered.

Conclusions Robot assistance allows optimal access to all
liver segments and facilitates parenchymal-sparing surgery
also for lesions located in the posterosuperior segments or
in contact with main liver vessels.

Keywords Liver resection - Robot-assisted -
Laparoscopic - Liver tumor - Liver metastasis - Hydatid
disease

Laparoscopic hepatic resections (LHR) are considered to
be as safe as open hepatic resection (OHR). Clear margins
can be maintained, and the reduced postoperative pain as
well as the early recovery allow better patient tolerance for
repeated operations and early access to adjuvant chemo-
therapy [1].

Nevertheless, it is difficult to reproduce laparoscopically
elementary maneuvers of open surgery, i.e., intermittent
pedicle clamping, knots, and sutures, making hemorrhage
control and bile duct reconstruction demanding [2].

Wide use of high-energy devices and staplers has
replaced traditional use of pedicle clamping and Kelly
clamp crushing technique to obtain a bloodless section line,
and hand assistance is used for the preponderance of major
resections [3-5].
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Moreover, resection of liver masses located in the pos-
terior and superior segments (1, 4a, 7, 8), requiring curved
or angulated section lines, is made demanding by rigid
laparoscopic tools, leading to a great number of straight
section-line major hepatectomies even for small or isolated
liver nodules [6].

These facts are in contrast with the current trend toward
parenchymal-sparing surgery for both colorectal liver
metastases (CLRM) and hepatocellular carcinoma (HCC),
impairing the advantages of minimally invasive liver
resection [7, 8].

The use of endowristed instruments could be valuable to
carry out parenchymal-sparing surgery and to reproduce
basic skills of hepatic surgery in the laparoscopic setting.
Our series of robot-assisted LHR was reviewed to address
this issue. Operative outcome and technical considerations
of robot-assisted LHR were examined to verify whether the
da Vinci robotic system (Intuitive Surgical Inc., Sunnyvale,
CA) could support laparoscopic parenchymal-sparing liver
surgery.

Materials and methods

From January 2008 to September 2010, all patients
undergoing robot-assisted LHR were prospectively fol-
lowed up and their data maintained in a dedicated database.
The series comprises patients referred to our institution
with a diagnosis of CLRM and HCC, nonendocrine non-
colorectal liver matastases (NENCLM), hydatid cysts, and
giant liver hemangioma. Even though the two latter
pathologies have different behavior from malignant liver
lesions, their optimal treatment can be considered a
parenchymal-sparing procedure (total pericystectomy and
enucleation, respectively) and they were thus included in
the study [9, 10].

In case of synchronous CLRM, simultaneous resection
was favored, and cases described in our previous paper
were included also in this study [11].

The terminology for liver anatomy and resection is
based on the Brisbane classification [12].

Operative time was calculated as the time between
pneumoperitoneum induction and closure of skin incisions,
including the robot setup time. The scrub nurse typically
dresses the robot when pneumoperitoneum is going to be
established or when a simultaneous procedure (i.e., lapa-
roscopic colectomy, cholecystectomy, adhesiolysis) and
laparoscopic ultrasonographic liver exploration are nearly
concluded. Therefore, time for robot docking is superim-
posed with other phases of the operation.

Intraoperative blood loss was calculated as the differ-
ence between instilled and aspirated fluids.
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Prior consent was obtained, and full treatment options
where submitted to all patients treated. Data collected were
retrospectively analyzed.

Inclusion criteria

Preoperative work-up included whole-body contrast-
enhanced computed tomography (CT) and liver gadoxetic
acid-enhanced magnetic resonance imaging (MRI), tumor
markers, and routine blood examination. During multidis-
ciplinary meetings, each patient was evaluated for techni-
cal feasibility of liver resection and feasibility of a
minimally invasive approach.

Technical feasibility was established if residual liver
volume (RLV) with optimal blood inflow and outflow and
biliary drainage was expected to be sufficient. RLV was
considered sufficient if it represented 35% of the whole
liver volume in case of normal liver, or 50% of the whole
liver volume in the presence of cirrhotic liver classified as
Child—Pugh class A.

A minimally invasive approach was indicated if the
largest liver CLRM had maximum diameter of 5-6 cm and
when the number and location of the lesions would have
not excessively prolonged the operating time (more than
four lesions located in four noncontiguous liver segments).
Only single HCC less than 6 cm in diameter was approa-
ched laparoscopically.

The choice between traditional and robot-assisted
operation was based on the complexity of the planned liver
resection.

Traditional laparoscopy was used when liver lesions
were single, small, subcapsular, and located in segments 2,
3, 4b, and 5.

Robot-assisted approach was preferred for larger and
deep lesions, and for resections encompassing two or more
liver segments, portal triad dissection, selective clamping,
and tumor location in the posterolateral segments.

Technique

During the study period, nonanatomical resection and
anatomical segmentectomy were the preferred strategy for
treatment of CLRM and HCC, respectively. In both groups
of patients, when the tumor was in close contact with a
major liver vessel, the operative strategy was defined at
the laparoscopic intraoperative ultrasonography (LIOUS),
according to the criteria of Torzilli et al. [13]. If the portal
branch or the hepatic vein was separated by a thin layer of
liver parenchyma from the lesion or was in contact with the
lesion without vessel wall discontinuation, with contact
<1/3 of the vessel diameter, the vessel was spared and
limited resection with no margin was performed [13, 14].
In all other conditions, vessel resection was carried out.
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Patient and trocar position

A central line is inserted prior to surgery to monitor the
central venous pressure, which is maintained at 4-5 cm
H,O during liver transection. The patient is placed in
supine position for lesions in the left lobe and in segment 5,
and the robot is docked over the patient’s head. After
pneumoperitoneum induction at 12 mmHg by means of the
Verres needle, a camera port is inserted at the level of the
umbilicus. Two 8-mm Intuitive trocars are placed along
the left and right midclavicular line, five fingerbreadths
from the umbilicus. Two accessory trocars are placed along
the left and right mammillary line below the robotic trocars
(Fig. 1, panel 1). For lesions in segment 4a, trocars are
positioned with the same disposition but more cranially
(Fig. 1, panel 2).

For lesions in segments 6-8, the patient is rotated on the
left flank to facilitate liver mobilization and inferior vena
cava dissection.

The camera port and the left robotic trocars are placed at
the level of the right costal margin, whereas the right
robotic trocar is inserted in the intercostal space between
the 10th and 11th rib along the scapular line. At this level

the risk of accidentally injury to lung is very low and direct
access to the posterolateral segments is provided, as pre-
viously shown by Gumbs and Gayet [15].

Two accessory trocars can be placed along the midline
and the anterior axillary line (Fig. 1, panel 4).

Pringle maneuver

The device for inflow occlusion is composed of a 20-Fr
chest tube, an umbilical tape, and a plug used for occlusion
of the Foley catheter (Fig. 2, panel 1).

The chest tube is inserted in the epigastric region. The
umbilical tape is passed around the hepatoduodenal liga-
ment with the use of an endowristed Cadiere forceps
(Intuitive Surgical Inc., Sunnyvale, CA). Fine movements
of the 30° camera allow direct visualization of the Winslow
foramen during the whole procedure, and the Cadiere
forceps encircles easily the hepatoduodenal ligament
breaking out the pars flaccida of the lesser omentum. The
umbilical tape is then exteriorized through the chest tube
with the use of a 5-mm laparoscopic forceps. The chest
tube is finally closed with the plug to avoid air loss. When
inflow occlusion is needed, the on-table surgeon removes

Fig. 1 Trocar sites for robot-assisted liver resections. ¢ camera port,
r robotic trocar, a accessory trocar. Panel 1: trocar disposition in a
case of left colon cancer with synchronous liver metastases in
segments 3 and 1. One accessory trocar was inserted in the right iliac
fossa to carry out the simultaneous left colectomy. Panel 2: trocar
disposition in a patient with a recurrent liver mass in segment 4b.
Camera and robotic trocar have the same disposition as in panel 1

except for the higher position. Two accessory trocars were needed to
complete an extensive laparoscopic adhesiolysis. Panel 3: patient and
robot position for a lesion in segment 7. Panel 4: trocar disposition in
a patient with a liver mass in segment 7. The right robotic trocar is
inserted along the scapular line between the 10th and 11th rib. The
brown line is the costal margin
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Fig. 2 Pringle maneuver. Panel
1: tools for robot-assisted
extracorporeal Pringle
maneuver. Panel 2: trocar
position and tourniquet in place
(with arrow) for a lesion in
segment 7. Panel 3:
intracorporeal view of the
tourniquet. Panel 4: trocar
disposition for resection of
segment 7. u umbilical port,

t tourniquet. To encircle the
liver pedicle and set up the
tourniquet, port site 4 is used to
insert the camera and trocar 3
and “u” for the two operative
robotic arms. For liver resection
the camera is switched to port 2
with the two robotic arms in 1
and 3; 4 and “u” are used as
accessory trocars

the plug and blindly pulls the umbilical tape with the left
hand while pushing the tube with the right hand. When the
desired tape tension is achieved, the chest tube is closed
with the plug. With this technique, the console surgeon can
proceed with parenchyma transection while the on-table
surgeon performs the intermittent vascular occlusions.

Liver resection

All liver resections are guided by LIOUS performed by the
on-table surgeon. The console surgeon can view the
ultrasound screen in picture-in-picture mode by directing
the dissection plane, which appeared as an echogenic line
due to entrapment of air bubbles and clots between the cut
surfaces. Liver ligaments are sectioned on demand. The
round ligament is divided only for right and left lobe
resection to apply countertraction; otherwise, it is lifted-up
with a transfix suture on the abdominal wall to avoid
interference with vision. Triangular and coronal ligaments
are cut only for formal left lobectomy, hepatectomy, and
for resection of segments 2, 7, and 8. For resections in the
posterolateral segments, complete caval dissection is
completed. The liver is rotated to the left with the use of a
five-finger fan retractor, and the accessory hepatic veins are
ligated with Hem-o-lock clips and cut. Parenchyma is
usually transected with the harmonic scalpel for straight-
line resections. The Kelly clamp crushing technique using
endowristed bipolar Precise forceps (Intuitive Surgical
Systems, Sunnyvale, CA, USA) is preferred for curved and
angulated section line and tumor dissection close to a major
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liver vessel (Fig. 3). Hemostasis of small vessels is
obtained with monopolar or bipolar cautery. To secure
larger vessels on the transection line, we use Hem-o-lock®
clips or ligatures with Vicryl® or Prolene®. The hepatic
veins are usually divided with the laparoscopic linear sta-
pler. Biliostasis is assessed by observation, and bile leaks
controlled with sutures.

A suction drainage is always left in place.

In case of synchronous CLRM, liver resection is carried
out before colon resection to avoid the detrimental effects
of prolonged portal vein occlusion on the colonic anasto-
mosis [16].

The specimen is extracted through the umbilical port, as
previously described [17].

Statistical analysis

Data in text are given as mean =+ standard error (SE). Data
were subjected to Student’s z-test, where appropriate, and
were considered significantly different at p < 0.05.
Statistical analysis was carried out using Prism 4.0.3 data
analysis software (GraphPad Software, San Diego, CA).

Results

Patient characteristics and details of the surgical procedures
are summarized in Tables 1 and 2, respectively. Twenty-
three patients underwent robot-assisted parenchymal-spar-
ing liver surgery during the study period, and a total of 38
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Fig. 3 Intraoperative view of some phases of robot-assisted LHR.
Panel 1: inferior vena cava dissection (IVC) with ligation of a right
posterior hepatic vein (RPHV) to segment 7. Panel 2: pericystectomy
in segment 7. PV: right phrenic vein indicating position of the right
hepatic vein (RHV) confluence into the IVC. The intraparenchymal
portion of the RHV was compressed by the hydatid cyst as shown in
the picture. Panel 3: laparoscopic ultrasound-guided finger compres-
sion. In the echographic view the arrow indicates the hyperechoic

liver nodules distributed in all liver segments (average of 1.6
nodules per patient) were removed.

Patient data and type of resections

The series comprises a wide range of liver involvement in
terms of number, location, and nature of lesions.

Ten patients (43.4%) had multiple liver lesions and in
four cases bilobar spread. In two of these, robot-assisted
liver resection represented the first stage of a two-stage
hepatectomy consisting in multiple subsegmentectomies on
the left lobe. Both patients had synchronous CRLM. One
had right colon cancer with 25 and 4 metastases in the right
and left lobe, respectively. The second had left colon
cancer with 11 metastases in the right lobe (one of them
with diameter 11 cm) and 3 in the left lobe (one of them
with diameter 5 cm). Both patients underwent right portal
vein embolization 1 week after surgery and the following
right hepatectomy 5 weeks later. In 11 patients (47.8%)
liver lesions were located in the posterior and superior
segments for a total of 14 removed nodules. One subseg-
mentectomy 1, two subsegmentectomy 7, three subseg-
mentectomy 8, and two pericystectomies in 4a and 7 were

appearance of the laparoscopic forceps used to compress the portal
branch to segment 6 that is already discolored (portion of the liver at
the left of the ultrasound probe). Panel 4: hepatic vein from segment
7. Using the Kelly clamp crushing technique it is possible to isolate
safely also the hepatic veins. The water in the field is the result of
continuous instillation of water for bipolar forceps irrigation

performed. In one case of giant hemangioma (8 cm) and of
CRLM (four metastases) a subsegmentectomy 7 was car-
ried out along with a segmentectomy 6. In one case of clear
cell renal carcinoma metastasis (diameter 2 cm) deeply
located in segment 7, segmentectomy was accomplished
successfully.

In six cases the liver mass was in close contact with a
main liver vessel. In three cases the tumor was in contact
with the left portal branch. In one of them the left portal
branch was encompassed by CRLM in segment 2 and in
segment 1, respectively.

A bisegmentectomy 2, 3 was then carried out, allowing
wide exposition of segment 1. The Spiegel lobe and the
paracaval portion of the first segment were mobilized,
clipping and dividing the short hepatic veins connecting
segment 1 to the inferior vena cava. Transection was
completed along a plane passing through the paracaval
portion of segment 1. In the other case a no-margin liver
resection was possible due to the presence of a thin layer of
parenchyma between the CRLM (4 cm diameter) in seg-
ment 2 and the left portal vessels.

Two no-margin liver resections were performed for
CRLM in close contact with the left hepatic vein
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Table 1 Clinical characteristics of patients, n = 23 (%)

Sex
Male 15 (65.2)
Female 8 (43.8)

66.4 £ 13.4 (32-84)
27.7 £ 4.5 (19-38.3)

Age* (years)
BMI* (kg/m?)

ASA* I 13 (50)
Liver disease
CRLM 14 (60)
HCC 3 (13)
Benign liver tumor 2 (8.6)
Hydatid cyst 2 (8.6)
Clear cell renal metastasis 14.3)
Gallbladder carcinoma metastasis 1 4.3)
Associated chronic liver disease 3 (13)
Preoperative chemotherapy 5217
Synchronous CRLM 11 (47.8)
Metachronous CRLM 3 (13)
History of abdominal surgery 7 (30.4)
Associated disease 12 (46.1)

Metachronous CRLM: liver metastases developed almost 3 months
after colon resection

Synchronous CRLM: liver metastases with primary tumor in site
ASA American Society of Anesthesiologists

? Mean values (range) expressed

(subsegmentectomy 2) and for the above-mentioned renal
cell carcinoma in segment 7 with contact <1/3 of the right
hepatic vein diameter.

A no-margin resection was successfully obtained also
for a 6-cm well-differentiated HCC in segment 8 displacing
the middle hepatic vein and separated from the portal
branch to segment 8 and 5 by a thin layer of parenchyma.
The bile duct from the latter segment was injured during
parenchyma transection and repaired with an interrupted
4-0 polydioxanone suture.

Segmentectomy 6 for a HCC in alcohol-related liver
cirrhosis was conducted with a hybrid technique. During
the first phase we reproduced the ultrasound-guided finger
compression described by Torzilli [18]. The portal branch
to S6 was identified by LIOUS and compressed between
the echographic probe and a laparoscopic forceps. When
segment 6 discolored, the resection margin was marked
using electrocautery. Parenchyma transection was then
completed using the robot under LIOUS guidance (Fig. 3,
panel 3).

In two patients with CRLM, four subcentimeter focal
liver lesions (three and one, respectively) discovered on
LIOUS exploration underwent echo-guided radiofrequency
ablation.

In 10 cases liver resection was coupled to laparoscopic
colon resection (eight left colectomies and two right
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colectomies) and in one case to a robot-assisted anterior
rectal resection. In two cases robot-assisted liver resection
was a second hepatectomy.

Intraoperative data and postoperative outcome

A total of 29 liver resections and 2 pericystectomies were
performed. All the procedures were carried out using the
four-arm da Vinci robotic system. For liver transection we
used the harmonic scalpel and the bipolar forceps in eight
cases of straight-line liver section line; in the other cases
we preferred the Kelly clamp crushing technique and
bipolar/monopolar coagulation. Endoscopic staplers were
used only to secure and divide the left hepatic vein in the
bisegmentectomy 2-3 and never for parenchyma transec-
tion. Intermittent pedicle clamping was applied in 12 cases
(52.1%) with mean clamping time of 68.9 min.

Overall mean operative time was 280 £ 101 min. In
patients with associated colon resection the mean operative
time was 280 & 115 min, and 268 + 75 min in patients
undergoing only liver resection (p > 0.05). No difference
was found also when operative times of liver resections for
lesions located in the posterior and superior segments were
compared with those of the anterior segments (286 & 93
versus 288 £ 112 min, respectively).

Mean blood loss was 245 ml, and intraoperative trans-
fusions were required in two cases (8.6%). Bleeding
occurred before we standardized the technique of pedicle
clamping, and both patients had risk factors for hemorrhage.
One underwent preoperative bevacizumab—irinotecan-
based chemotherapy, and the other had alcohol-related
cirrhosis.

Conversion occurred in two cases (8.6%), a bisegmen-
tectomy 6—7 for HCC in liver cirrhosis and a simultaneous
liver and colon resection. Synchronous CLRM were in
segments 6 and 7 and the primary tumor in the splenic
flexure. Conversion was deemed necessary as result of
prolonged operative time due to the long resection plane
and obesity, respectively.

Patients were discharged after a mean of 8.9 days (range
3-46 days). Ignoring the higher hospital stay for robot-
assisted liver resections (46 days) due to ileocolic anasto-
mosis failure of the concomitant right colectomy, the mean
hospital stay was 6.8 £ 2.8 days (median 7 days). Mean
hospital stay for patients undergoing liver resection without
concomitant colon resection was 5.2 £ 1.9 days (median
4 days, range 3-9 days), while for patients with synchro-
nous CRLM it was 9 & 2.6 days (median 8 days, range
7-46 days) (p < 0.05).

Reasons for longer stay were colon anastomotic failure
and biliary fistula. The first event required reoperation to
divert the bowel transit with a loop ileostomy and for the
toilette and drainage of the abdominal cavity. Patient with
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Table 2 Operative data

Table 2 continued

Site of liver nodules, n (%)
S1
S2
S3
S4a
S4b
S5
S6
S7
S8
Mean nodule size (cm)*
Contact with main liver vessels
Portal branch
Hepatic vein
Both
Type of resection
Subsegmentectomy 2
Subsegmentectomy 3
Subsegmentectomy 2-3
Bisegmentectomy 2-3
Subsegmentectomy S4b
Bisegmentectomy 4b—5
Subsegmentectomy 5
Segmentectomy 6
Segmentectomy 6 + subsegmentectomy 7
Bisegmentectomy 6—7
Subsegmentectomy 7
Segmentectomy 7
Subsegmentectomy 8
Segmentectomy 8
Subsegmentectomy 1
Pericystectomy 4a
Pericystectomy 7
Simultaneous procedures
Laparoscopic colectomy
Robot-assisted rectal resection
RFA
Extensive adhesiolysis
Length of surgery (min)*
Length of Pringle (min)*
Blood loss (ml)*
Conversions
Length of stay (days)®
Morbidity
Biliary leakage
Intraoperative hemorrhageb
Colonic anastomotic failure
Prolonged trocar-site pain

Incisional hernia

W A O 9N WY N =

4+ 1.8 (0.5-6)

5(21.7)
3(13)
1(4.3)
1 (4.3)
2 (8.6)
1 (4.3)
1 (4.3)
4(17.3)
2 (8.6)
1 (4.3)
3(13)
1 (4.3)
3(13)
1 (4.3)
1(4.3)
1(43)
1(4.3)

10 (43.4)
1 (4.3)

3(13)

2 (8.6)

280 + 101 (150-420)
68.9 + 31.7 (40-120)
245 + 254 (0-1,000)
2 (8.6)

8.9 & 9.4 (3-46)

1 (4.3)
2 (8.6)
1(43)
2 (8.6)
1(4.3)

DVT 1 (4.3)

Pneumonia 14.3)
Reoperation 14.3)
90-Day mortality 0

? Mean values (range) expressed
b . .
Intraoperative transfusions

DVT, deep vein thrombosis

recurrent hydatid cyst in segment 4a developed a low-
output biliary fistula that healed spontaneously.

Patients undergoing liver resection in segment 7 expe-
rienced prolonged pain (more than 2 weeks) at the level of
the thoracic port site, but pneumothorax or inadvertent lung
injury did not occur and a chest tube was never inserted.

Pathological examination showed adequate tumor-free
margins (1.46 = 0.8 cm; range 0.1-3 cm) in all specimens
except for no-margin resections (four cases). Two out five
patients undergoing neoadjuvant chemotherapy had marks
of chemotherapy-associated hepatic sinusoidal obstruction
syndrome.

After mean follow-up time of 25.1 £ 11.7 months,
among 19 patients with malignant tumor, 1 patient with
HCC died for tumor progression. Two patients with CRLM
died for tumor progression after discontinuation of adju-
vant chemotherapy with hepatic, nodal, and peritoneal
relapse. Three patients with CRLM are alive with disease
(one lung, one lung and nodal, and one liver). Their on-
cologic history started with colon tumor with synchronous
bilobar liver metastases. Two of them received two-stage
hepatectomy. Afterwards, two of them underwent a second
hepatectomy and one a third hepatectomy for liver recur-
rence at sites different from those of the first resections.
Notably, both patients who died and two out of three alive
with disease have a tumor expressing the mutated version
of the KRAS gene associated with absence of response to
cetuximab. Liver recurrences occurred at sites different
from that of the first resection in all but one patient, who
received a resection with positive margins to preserve
the left hepatic vein in the perspective of a two-stage
hepatectomy.

Discussion

Today, surgical treatment of CRLM and HCC is moving
toward a parenchymal-sparing approach.

The observation that the width of surgical margin is not
correlated with the recurrence rate of CRLM has encour-
aged several surgeons to favor limited liver resections over
major hepatectomies [8, 19, 20].
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This approach has the advantage of reduced morbidity
without changes in long-term results and offers the possi-
bility of repeated hepatectomies in case of liver recurrence
[7, 21, 22].

Recently, this trend has been enhanced by progress in
ultrasound-guided liver resections, reducing the need for
major hepatectomies even in complex situations such as
tumor invasion of the hepatic veins [23, 24].

Anatomic resection of parenchyma involved by
the tumor along with its feeding portal branch is considered
the gold-standard treatment for HCC. Furthermore, the
impaired liver function requires a balance between onco-
logic requirements and parenchyma preservation.

Two techniques have been proposed to address this
issue. The puncture technique proposed by Makuuchi et al.
and the latest intraoperative ultrasound-guided finger
compression are the most attractive modalities to perform
anatomic segmental and subsegmental resections, coupling
radical removal of the tumor and maximal parenchyma
saving [18, 25].

Moreover, recent evidence supports revision of a stan-
dard anatomical resection for HCC. Matsui et al. and
Dahiya et al. observed that no-margin resection and extent
of resection for HCC do not seem to affect tumor recur-
rence and long-term survival [14, 26].

In this context, laparoscopic surgery failed to resemble
open liver techniques, especially for lesions located in the
posterior and superior segments.

Even in studies specifically designed to investigate the
role of laparoscopy to approach posterolateral liver
malignancies, major resection is the prevalent procedure
performed in contrast to minor liver resections for lesions
of the anterior segments [6].

This discrepancy can be ascribed to the rigid laparo-
scopic tools. In fact, segmentectomies and subsegmentec-
tomies of the posterosuperior segments require curved or
angulated section lines, which are demanding with instru-
ments with few degrees of freedom [6].

The same trend can be observed also in the latest and
larger study on robot-assisted LHR, where liver transection
was carried out using the Harmonic device, the sole robotic
device with four degrees of freedom [27].

Even though our study presents limitations due to its
retrospective basis, the small size series, and the hetero-
geneity of the liver lesions treated, it clearly shows the
potential of robotics to resemble techniques and outcome
of parenchymal-sparing OHR.

In 47.8% of cases liver lesions were located in the
posterior and superior segments and right hepatectomy was
never performed. Limited resection was possible even
when the tumor was in contact with a portal branch or
hepatic veins, and when both were compressed by the
tumor mass.
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Use of endowristed instruments also for parenchymal
transection was the main achievement during the study
period. Returning to a traditional Kelly clamp crushing
technique for curved resection planes, avoiding the use of
the harmonic scalpel, allowed liver resections to be per-
formed with maximal parenchymal preservation even for
lesions that were deeply located and in contact with the
main liver vessels.

To date, the Kelly clamp crushing technique coupled to
intermittent pedicle clamping is the most efficient method
in terms of resection time, blood loss, and blood transfu-
sion frequency and has proved to be also the most cost-
efficient device [28-31].

Nevertheless, this technique is not easily reproducible in
laparoscopic surgery, favoring the use of the harmonic scalpel,
the dissecting sealer, and other transection devices. Addi-
tionally, the inflow occlusion allows a bloodless transection
plane with continuous visualization of the vascular structures
that can be divided or preserved according to the operative
strategy. Even though the Pringle maneuver, especially when
prolonged, is considered harmful, there is not strong evidence
supporting its detrimental effects on liver metabolism, and its
use has been demonstrate to be safe [32].

Therefore, we consider the opportunity to reproduce this
technique a major advantage of robotic surgery over tra-
ditional laparoscopy even if the robot-assisted Kelly clamp
crushing technique could be further improved with the
introduction of irrigated bipolar forceps. In fact, the on-
table surgeon who continuously irrigates and aspirates the
transection plane obviates the lack of an irrigating channel
running down the length of to robotic bipolar forceps to
allow the introduction of saline solution to the operating
site. This technique was standardized only in the last year
and thus used only in eight patients.

Trocar position is another crucial issue in this setting,
especially to approach lesions in segment 7. The transcostal
port site enables a wide range of movements of the entire
robotic system, necessary for inferior vena cava dissection
and parenchyma transection of segment 7. In fact, the
extremely posterior position of this trocar enables great
maneuverability in the right paracaval space and consid-
erable reduction of external arm fighting due to the proper
distance between the three robotic trocars. In addition, the
camera port inserted at the level of the costal margin with
its major axis parallel to that of the inferior vena cava and
patient rotation on the left flank are essential for complete
caval dissection and right liver retraction.

Criticisms of this study could be voiced because, in two
patients, robot-assisted resection preceded right portal vein
embolization and one of the aims of strict parenchymal-
sparing surgery is to avoid two-stage hepatectomy [13].

However, we are confident that lesion dimensions in
one case and number in the other would have made
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oncologically appropriate multiple resections of right lobe
liver metastases impossible. In one of these two patients
and in another with bilobar CRLM we used laparoscopic
RFA to aid tumor clearance. Lesions were subcentimeter in
both cases and were missed at the postchemotherapy CT
scan, detected during LIOUS exploration, and finally
ablated. Even though the use of RFA can be criticized for
CRLM treatment, we preferred to reduce the risk of post-
operative morbidity from multiple segmentectomies for
very small lesions in patients with advanced disease
requiring aggressive postoperative chemotherapy [33].
Therefore, we ascribe the use of RFA to a tactical choice
more than to a failure of the technique.

HCC was approached according to the above-mentioned
techniques.

A segmentectomy 6 was accomplished using the lapa-
roscopic counterpart of the Torzilli’s ultrasound-guided
finger compression, and to the best of our knowledge this is
the first such report in literature [34]. No-margin resection
was successfully carried out for a large tumor in segment 8
displacing the middle hepatic vein and the branches of the
right portal pedicle.

The series also included two patients with liver hydatid
cysts located in segments 4a and 7, respectively. The
peculiarities of these lesions are very different from those
of malignancies, but their anatomical locations and the type
of resections performed were considered helpful to show
advantages of robot-assisted LHR.

Robot-assisted resections were associated with an
acceptable morbidity rate. There were only three cases of
liver surgery-related morbidity: two intraoperative hemor-
rhages requiring transfusion before optimization of the
Pringle maneuver, and one bile leak healed without inter-
ventions. A note of caution for the use of the intercostal
port derives from the risk of prolonged postoperative pain.
However, cases of accidental lung injury or pneumothorax
requiring chest drainage were not reported, in agreement
with previous series [15].

The mean duration of hospital stay did not differ signifi-
cantly from historical series of OHR, but an extended period
of surveillance was mandatory also for asymptomatic
patients due to the experimental nature of the procedure.

In conclusion, real advantages of robotic surgery over
laparoscopic surgery have not been clearly demonstrated.
Concerning liver surgery, previous studies have demon-
strated feasibility and safety of robotic assistance for major
hepatectomies, complex biliary reconstructions, and liver
resections for synchronous CRLM [11, 27, 35]. On the
contrary, no clear benefits of robot-assisted surgery were
shown for resection of peripheral liver lesions [36].

Finally, results of this series show that robot-assisted
LHR is safe and feasible and provide considerable evi-
dence that robotics could overcome limitations of

traditional LHR associated with tumor location, supporting
robot use only for complex resections. In fact, major
advantages of the da Vinci robotic system are appreciable
when the robot is not used as a laparoscopic tool but as an
extension of the human hand, reproducing the vast amount
of movements, techniques, and tricks learned in open liver
surgery practice to perform complex resections close to
major liver vessels, in posterosuperior segments, or when
biliary reconstruction is required. Controlled studies to
verify these observations are mandatory.
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