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Abstract: Currently the majority of liver resections are performed via open resection. Nevertheless,

minimally invasive liver surgery is gaining ground and conventional laparoscopy has proven to be beneficial

in different fields of liver surgery compared to open resections. Still, conventional laparoscopy has a few

downsides, from which straight instruments, 2-dimensional view and awkward ergonomics are the most

obvious. The robotic surgical system is developed to overcome these limitations. It offers several advantages

over conventional laparoscopy to optimize conditions in minimally invasive surgery: instruments are wristed

with a wide range of motion and the view is 3-dimensional and magnified. With instruments with a greater

range of motion than in laparoscopic surgery, the use of a robotic system potentally broadens indications for

minimally invasive liver resection. Here, we discuss the steps of setting up a robotic hepatectomy program

against the background of the initial experience at our institution.
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Introduction

An increasing proportion of gastrointestinal procedures are
performed minimally invasive. Nowadays, even complex
procedures such as pancreatic and liver resections are
done in a minimally invasive way (1-3). While in both
pancreatic and liver surgery randomized clinical trials on
patient benefit are underway, extensive non-randomized
studies have already compared open with laparoscopic liver
resection. Compared to open surgery, the laparoscopic
approach has been associated with similar oncologic
outcomes, shorter hospital stay and less blood loss, most
evidently in minor liver resections (4-8).

Consequently, since the first conventional laparoscopic
liver resection in 1992 (9), this technique has been gradually
adopted by more and more predominantly very large
hospitals. Surprisingly, however, the percentage of liver
resections performed laparoscopically on a national health
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care level in many countries lags far behind that of other
gastro-intestinal (e.g., colorectal) procedures. For instance,
in the Netherlands in 2014 only 11% of liver resections
were performed laparoscopically (10). Slow adoption of
minimally invasive liver surgery may be due to the more
complex anatomy of the liver, a highly vascularized solid
organ, and the fact that many dedicated hepatobiliary- and
HPB-surgeons are still “open” surgeons. The disadvantages
of conventional laparoscopy (such as straight instruments
with a 1-dimensional working axis and troublesome optics)
are, therefore, most pronounced in liver surgery.

The use of a robotic surgical system can resolve these
downsides of conventional laparoscopy. The view of the
robotic system is 3-dimensional and instruments are
wristed, with a range of motion greater than the human
wrist. Robotic instrumentation may thus facilitate, for
instance, curved parenchymal transection lines or dissection
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Table 1 Robotic liver surgery in UMC Utrecht

Nota et al. Robotic hepatectomy

Table 2 Segments resected in the partial hepatectomies

Parameter Outcome Parameter Outcome
Procedures performed (n) 24 Procedures (n) 18
Cyst fenestrations 6 procedures in 5 patients Resections performed* (n) 21
Partial hepatectomies 18 Wedge or segment* (n) 16:5
Operative time in cyst 108 [90-117] Segment 2 3
f trati * (mi
enestrations® (min) Segment 2 & 3 5
Operative tlme |? palrtlal 137 [60-265] Segment 3 1
hepatectomies*” (min)
Patient who had previous 14 Segment 4B/5, wedge + gallbladder 2
abdominal surgery (n) Segment 5 2
Previous liver surgery 3 Segment 6 1
Conversion (n) 1 Segment 7 7
Histopathology in partial - Segment 8 3
hepatectomies (n) *, converted procedure excluded.
Benign 2
Colorectal liver metastasis 12
Neuro-endocrine tumour liver 1 August 2014, the hepato-pancreato-biliary team at UMC
metastasis Utrecht performed 24 robotic liver surgeries.
Hepatocellular carcinoma 5 In summary, 5 patients underwent a total of 6 cyst
. . fenestration procedures [in part, published (15)] and
Cholangiocarcinoma 1 . .
18 patients underwent a partial hepatectomy (Zables 1-3).
H H H H # . .
Complications in all patients” (n) 8 All procedures were fully laparoscopic-robotic. Fourteen
Grade Il < Clavien-Dindo 5 patients had had previous abdominal surgery, including
Length of stay** (days) 4[1-] 3 who had undergone liver surgery before. In the partial

*, reported as median (range); ¥, converted procedure excluded.
UMC, University Medical Center.

at the liver hilum. An additional advantage is less surgeon
fatigue, especially in longer procedures (11,12). More than
400 robotic liver resections have recently been described in
the literature [(13), reviewed in (14)], showing that robotic
liver resection is safe and feasible, and may especially
be of clinical advantage in smaller, ill-located partial
hepatectomies.

In this review, we present our initial robotic hepatectomy
case series and discuss the steps of setting up a robotic
hepatectomy program against the background of the
University Medical Center (UMC) Utrecht experience.

Initial experience with robotic hepatectomy at

UMC Utrecht

Since the start of the robotic hepatectomy program in
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hepatectomies, a total of 21 resections were performed in
17 patients and 1 procedure was converted. The majority
of the resections were performed for colorectal liver
metastasis. The median operative time for our robotic
hepatectomies was 137 minutes. Four patients had a
grade III complication and one patient had a grade IV
complication (Clavien-Dindo). The patient who had a
grade IV complication suffered from a pulmonary embolism
postoperatively and was admitted to a medium care unit for
2 days (16). We observed no grade V complications in our
patients. In two of the patients with malignant disease, the
surgical margin was positive (defined as tumour cells <I mm
distance to resection surface). Median length of hospital stay
was 4 (range, 1-8) days. All patients visited our outpatient
clinic after discharge: all had fully recovered and there were
no wound healing problems.

Prerequisites for a robotic hepatectomy program

Several conditions must be met prior to starting the
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Table 3 Segments resected in the robotic cyst fenestrations

Parameter Outcome (n)
Procedures 6
Polycystic liver disease 3
Segment 1 1
Segment 4B 1
Segment 7 1

program. First and foremost, as anywhere in surgery, a
successful program is a team effort. The team comprises the
surgeons, as well as anaesthesiology, OR staff, and robotic
support staff. At UMC Utrecht, we started out with two of
the three HPB-surgeons performing each procedure, with
one surgeon at the console for the first ten procedures and
the other at the tableside, and switch for the next ten. In
this way, experience is built by the team while the learning
curve is steep enough for the individual.

Second, equipment and available expertise are needed.
UMC Utrecht has one da Vinci robotic system (currently,
the Si) in operation since 2000 that has mainly been used
in urology and gastro-intestinal oncology surgery. Thus,
at the time of starting the hepatectomy program, there
was wide experience available within our department with
robotic oesophagectomies, thyroidectomies, and distal
pancreatectomies. While the HPB surgeons already had
some experience performing robotic distal pancreatectomies
(about 20 procedures performed by two surgeons),
additional support was available from our upper-GI team
and robotic physician assistant. In addition, the HPB
surgeons all had extensive previous exposure in general
surgical laparoscopy as well as limited experience with
laparoscopic liver resection (mainly left lateral resections;
around ten procedures performed per surgeon).

Third, proctoring is considered a crucial step in starting
a program. Expertise worldwide in robotic liver resection,
however, is sparse and still concentrated in a few hospitals.
Therefore, in addition to official da Vinci console training
(Paris, France), our team spent two multiple-day visits on
case observations with Dr. Yuman Fong (Memorial Sloan-
Kettering Cancer, New York; currently, City of Hope
Medical Center, Duarte, CA, United States).

Patient selection
Patient characteristics

Indications for liver resection were set in our multidisciplinary
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HPB-tumour board meeting. Individual patients were
next selected for robotic hepatectomy by the staff HPB
surgeons based mainly on lesion location (i.e., lesions
suitable for wedge, one- or two-segment resection without
need for dissection at the hilum). Certain specific patient
characteristics were specifically taken into account.
First, body mass index (BMI). BMI of patients in our
series BMI ranged from 18-33 kg/m’. Currently, there
is no consensus on ‘ideal’ BMI for robotic liver surgery.
Though, in extreme obesity or in patients with a very low
BM], it can be difficult to obtain enough working space
and have adequate exposure. Furthermore, we excluded
patients who had had very extensive abdominal surgery
(e.g., complicated gastro-intestinal procedures) and severe
comorbidities, such as patients with abnormal coagulation
or conditions that precluded the patient from lying in anti-
Trendelenburg. Patients who had undergone liver surgery
were not excluded, provided previous resection was in the
contralateral hemi liver. In our initial series, we performed
two re-do robotic liver resections for colorectal metastases:
a segment-2/3 metastasectomy after previous right
trisectionectomy and a segment-2 metastasectomy after
previous right hepatectomy.

Resection type

Following the 2008 Louisville Statement, and in the 2014
meeting in Morioka, Japan, it is recommended that surgeons
implementing a laparoscopic liver resection program start
with minor resections (defined as two or less segments) of
segment 2, 3, 4B, 5 and 6. In the statement, resections of
the posterosuperior segments (1, 7, 8, 4A) are considered
‘major resections’ and were not accepted as standard of
care (17,18).

We started our robotic hepatectomy program according
to these recommendations and first performed resections
of the anterior and inferior segments. Alongside, robotic
skill was further built with liver cyst fenestrations (15)
and robotic distal pancreatectomies. However, due to
the aforementioned benefits of the robotic system and
based on first experience, we expected resections of the
posterosuperior section to be technically less challenging
robotically than with conventional laparoscopy. Hence, we
successfully started early in the program with resections of
segment 7 or 8.

Type of lesion

We performed the majority (12 out of 18 patients) of our
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Figure 1 CT-scan, port placement and closed incisions of a patient who underwent a resection of a posterior segment.

resections for colorectal liver metastasis (median lesion size
19 mm, range 9-57 mm), since these lesions are common
in our practice and often easy to locate by ultrasound, or by
vision when subcapsular.

Other resected lesions included adenomas, neuro-
endocrine liver metastases, intrahepatic cholangiocarcinoma,
and hepatocellular carcinoma (HCC). One of two patients
we resected for HCC was converted. This concerned a large
(31 mm) HCC in segment 5 without clinical or radiological
signs of liver cirrhosis or other parenchymal disease, which
was deemed suitable for a wedge resection of segment 4B-5
along with the gallbladder. However, during surgery, the
liver parenchyma appeared fibrotic and the lesion could not
be properly delineated making it unclear if a safe oncologic
margin could be obtained. The procedure was converted to
a laparotomy, which resulted in a resection with a tumour
free surgical margin. A cirrhotic or fibrotic liver can cause
difficulties in parenchymal transection. Hence, although
successful robotic resection for HCC has been reported in
series from Asia (19), in our opinion, it would be preferable
to not include HCC’s in an initial hepatectomy program, or
to beware of a low threshold for conversion.

Surgical technique and robotic instruments
Patient positioning

In resections of left-sided and anterior segments, patients
are placed in a 15 to 30-degrees reverse-Trendelenburg,
French position. Four trocars are placed: one for the camera
below the umbilicus, two robotic arms and a laparoscopic
port for assistance. The robot is then docked over the
patient’s head and the tableside assistant is positioned
between the patient’s legs. For resections of posterosuperior
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segments, patients are placed in the left-lateral position
(Figure 1). Four trocars are placed, and a fifth trocar for
assistance where appropriate. The robot is docked over
the patient’s head. All procedures were performed fully
laparoscopic, no transthoracic trocars or hand ports were
needed in any case.

Ultrasound and parenchymal transection

Intraoperative ultrasound is crucial in delineating
oncological liver transection planes. We used a curved
array 4-way laparoscopic transducer in our initial series
(Hitachi Aloka Medical Inc., Wallingford, CT, USA). This
laparoscopic transducer provided excellent imaging of
the anterior liver segments, while imaging of segment-7
and segment-8 was felt to be less easy although adequate.
Notably, a robotically controlled “drop-in” ultrasound
transducer is on the market (Hitachi Aloka Medical Inc.)
that may be of particular use in robotic liver surgery (13).

There are several techniques for parenchymal transection
in robotic liver surgery (7able 4). It remains unclear,
for both laparoscopic and robotic hepatectomy, which
technique is best. In line with the absence of a clearly
superior transection technique even in open surgery, it was
recommended that surgeons should use the technique they
are familiar with and that an individual assessment should
be made per resection (18,20).

In open liver resection, the CUSA system is most
frequently used in our center. This device is as of yet
unavailable for the da Vinci Si surgical system. We mostly
used a combination of the wristed Maryland bipolar and
vessel sealer devices for parenchymal transection. The
Endo GIA was used to control pedicles or larger branches
of hepatic veins where deemed appropriate. A Pringle
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Table 4 Techniques for parenchymal transection in robotic hepatectomy
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Transection method  Open/lap./robot Best suited for Pro Con

Maryland Bipolar R Superficial coagulation; Wristed; subtle dissection Inefficient for larger plane of

Forceps structural preparation transection

PK dissecting R Subtle parenchymal Wristed; subtle dissection Inefficient for larger plane of

forceps dissection transection

Vessel sealer R Parenchymal transection, Wristed; efficient and reliable Bulky head; more expensive

vessel transection parenchymal transection (disposable)

Harmonic ACE R, L Parenchymal dissection Efficient parenchymal Non-wristed; risk of inadvertent
transection tissue damage by ‘hot leg’

EndoClips R, L Ligation of vessels Reliable vessel sealing Inefficient; size may not match

vessel

CUSA system o, L Parenchymal dissection ~ Subtle and efficient Non-robotic (bedside assistant)
parenchymal transection

Stapling device o, L Ligation of larger vessels; Reliable sealing of large Less easy to manipulate; expensive

parenchymal transection

vessels for parenchymal transection

manoeuvre was applied in two patients.

TachoSil (Takeda Nederland b.v., Takeda, Zurich,
Switzerland) was used on the resection surface where
deemed appropriate. Given our initial experience with these
novel transection techniques, a surgical drain was placed
with low threshold (9 out of 24 patients). There were no
postoperative bile leaks or hematomas in our initial patient
series.

Combined procedures

In three patients we performed multiple segmentectomies
in one procedure. In addition, two patients received a
laparoscopic right hemicolectomy and sigmoidectomy,
respectively, in the same procedure as their robotic
hepatectomy. Standard laparoscopic colon resection
was chosen in these cases, as a robotic hemicolectomy
program is not set up in our hospital yet. Combining these
procedures seems safe and feasible. This is in line with the
largest case series on robotic hepatectomy to date, where
23 of the 70 patients underwent an associated surgical
procedure (21). For the laparoscopic colectomies, the robot
was undocked and the patient repositioned and redraped.
For one of the multi-segmentectomies, we performed right-
posterior resection first and then repositioned and redocked
the robot to perform left sided resection. Potentially, the
da Vinci Xi may overcome the inefficiency of re-docking in
such cases as it permits multi-quadrant surgery.
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Anaesthesia & perioperative care

All patients were operated under general anaesthesia with
the first ten patients receiving an epidural catheter for
analgesia. However, we omitted epidural anaesthesia after
our 10th successful robotic hepatectomy and switched to
patient-controlled analgesia where appropriate. Central
venous pressure measurement, nasogastric tube placement
and avoidance of excessive fluid administration were
standard per-operative procedures per our liver resection
protocol.

Postoperative care was according to the UMC Utrecht
enhanced recovery after surgery (ERAS) protocol. Literature
on ERAS specific for robotic hepatectomy is lacking.
However, studies comparing ERAS versus traditional care
for laparoscopic hepatectomy show that ERAS is safe and
feasible and associated with less postoperative complications
and shorter hospital stay. Therefore, we used this protocol
for our patients who underwent robotic hepatectomy (22).

Evaluation and expansion of the program
The learning curve

Conventional laparoscopic liver resection may have a
learning curve of up to 60 resections (23). For minor
laparoscopic liver resections alone, learning curves have
been reported ranging from 22 to 35 resections. Major
laparoscopic have longer reported learning curves: 45
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to 60 cases (24-26). Data on learning curves in robotic
hepatectomy are not available. In would be interesting
in the future to see if robotic hepatectomy has a steeper
learning curve than laparoscopic hepatectomy. As for
pancreatic resection for example: in pancreatic resection,
regarded a highly complex procedure, a comparison
has been made between learning curves in conventional
laparoscopic resections and robotic resections. A
significant shorter learning curve is shown for the robotic
resections (27).

Evaluation and expansion

Our initial experience with robotic hepatectomy shows
that this technique is easily adopted, allows for even fully
laparoscopic, parenchyma-sparing resections of ill-located
liver lesions, and is associated with low morbidity and fast
recovery. The further expansion of our program will include
training of an additional HPB-surgeon, volume expansion
for the minor resections, dissemination of the technique
in several other Dutch tertiary care hospitals to enable
outcomes research, and emulation of the program with
right and left hepatectomies in the near future.

Cost & healthcare context

As anywhere else, the use of robotics in surgery is under
scrutiny. Downsides of the robotic system frequently
mentioned by media and health care providers focussing on
pure laparoscopic surgery, are the presumed higher costs
and lack of evidence. Longer operative time and expensive
equipment are two of the major reasons robotic surgery
is expensive currently. Still, the potential shorter hospital
stay and the fact that, theoretically, a larger proportion of
liver resections can be performed minimally invasive, may
compensate for this alongside the reduction in cost that may
come from the introduction of competing robotic platforms
in the near future. A recent study, comparing robotic with
open liver resection, showed no difference in costs between
these two techniques (28). Moreover, robotic sealing
devices like the vessel sealer (Tzble 4) may be relatively less
expensive than multiple laparoscopic stapler loads.

Health insurance in the Netherlands is mandatory and
comprises a “hybrid” healthcare system where insurance
companies are private (most not-for-profit branches of
larger comprehensive, for-profit insurers), while overall
health care expenditure and pricing is under strong
government control. Within this context, there is no
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additional reimbursement (yet) for robotic gastro-intestinal
surgical procedures. The university hospitals, however,
have a responsibility and funding for tertiary care as well
as research and innovation. The robotic program of UMC
Utrecht is, therefore, partly funded via these academic

resources.

Conclusions

In conclusion, robotic liver surgery can be safely and
relatively easy implemented, provided that the start-up
of the program is well coordinated. Due to the earlier
mentioned benefits, indications for robotic liver resections
can potentially be expanded using a robotic surgical system.
In our opinion, the widespread introduction of minimally
invasive surgery in liver resection will be most likely

through robotic surgery.
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