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Introduction

Minimally invasive surgery began in the
1980s with laparoscopy [1-3]. The first
laparoscopic cholecystectomy was per-
formed by Professor Erich Miihe in 1985
[4-6]. Even though laparoscopic surgery
has been adopted by almost all surgical
specialties, it presents several disadvan-
tages such as limited mobility of straight
instruments, unstable camera platform,
two-dimensional imaging, and poor er-
gonomics for the surgeon [1, 2, 7]. The
robotic surgical system was created to
overcome these surgical limitations [7].
Robotic surgical platforms have been
available since the late 1990s [2] and the
first successful robotic procedure was
reported in 1997 by Drs. Cadiere and
Himpens in Brussels, who performed
a cholecystectomy using a da Vinci®
prototype [7-10]. The use of robots to
assist in performing surgical tasks has
been developing over the past 20 years
and currently is widely utilized in vari-
ous surgical specialties [11]. These novel
engineered systems improve surgeons’
performance when completing complex
tasks [11]. ‘The robotic system used
in surgery is fully controlled by the
surgeons at the console [11]. Robotic
technology has improved many aspects
of minimally invasive surgery including:
stable camera platform, elimination of
physiologic tremor, three-dimensional
imaging, simulation of the movement
of a surgeon’s wrist, enhanced dexterity,
increased precision, and a comfortable
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and ergonomically optimal operating
position [1-4, 7, 8, 12, 13].

The routine application of robotic
technology in surgery was slow [11]. It
started with cardiac surgery; however,
urologists truly adopted this new system
in its application in prostate surgery [3,
11, 12]. In the following years, robotic
surgery was used increasingly in gy-
necology and urology and has slowly
penetrated different areas of general
surgery [3, 11, 14]. Giulianotti etal. [10]
reported one of the first experiences in
robotics in general surgery in 2003. They
reported 193 patients, who were oper-
ated using minimally invasive robotic
technology, between October 2000 and
November 2002. Within this experience,
they reported the first robotic Whipple
and the first hepatic segmentectomies.

One of the main issues concerning
robotic technology are its high costs [2,
11]. Currently only one company pro-
duces and sells the robotic system and
the da Vinci® surgical system is the only
United States Food and Drug Adminis-
tration (FDA) approved robotic platform
[4]. Many hospitals cannot afford this
new technology because the acquisition
of the robot, coupled with the mainte-
nance, is very expensive [11]. However,
some authors, depending on how costs
are analyzed, have reported lower surgi-
cal costs for the robotic approach [15].

Since the advent of robotic technol-
ogy, the choice between a robotic or la-
paroscopic approach for different proce-
dures has been controversial [8]. To date,
robotic technology has demonstrated to
be safe and effective for several differ-
ent procedures (hysterectomy, cholecys-

tectomy, nephrectomy, fundoplication,
and prostatectomy) [8, 16]. However,
specific advantages for patients and sur-
geons are not well defined in most cases
[8]. Robotic technology has provided the
possibility of extending the use of mini-
mally invasive surgery to procedures that
are generally performed with the open
technique, which enabled surgeons who
were not comfortable with standard la-
paroscopy to perform minimally inva-
sive surgery without the increased risk
of complications associated with the ini-
tial learning curve [3, 8]. The robot
could be the bridge between open and
minimally invasive surgery for surgeons
who struggle with laparoscopy, even for
simple procedures with lower conversion
rates [17]. Robotic surgery has emerged
as a very important component of mod-
ern minimally invasive surgery and the
development of new robotic systems and
decrease in costs will facilitate a broader
adoption of this new technology [12].

Robotic approach to the liver

Since the Louisville Consensus Confer-
ence in 2008, the number of minimally
invasive liver resections has increased
worldwide. Their recommendations to-
wards laparoscopic major hepatectomies
and extended hepatectomies (biliary re-
construction is needed) were limited, es-
pecially when the lesions were in close
proximity to the hepatic hilum or major
vessels [18]. Moreover, in thelast consen-
sus presented in Morioka in 2014, they
still described that, with a small num-
ber of studies on robotic liver resection
reported in the literature, the outcomes
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Fig. 1 A Right hepatectomy robotic port
setting

were superior and not inferior when com-
pared to other techniques [19]. There
were no specific recommendations or in-
dications due to lack of evidence from
previous and present experience to draw
new guidelines. However, the overall
conclusion from the studies is that robotic
liver surgery is a feasible and safe proce-
dure when the indications for surgery are
respected and performed by experienced
surgeons in highly specialized centers.

Major and minor resections were de-
fined using the classical definition de-
scribed by Couinaud. The removal of
three or more liver segments is consid-
ered a major resection and the removal
of two or less hepatic segments is consid-
ered a minor resection [19]. Most of the
authors followed this definition [20-25].
Tsung et al. [26] considered the resec-
tion of 4 or more liver segments as being
a major hepatectomy.

Major robotic hepatectomies

Major hepatectomy is a complex pro-
cedure, regardless of the approach, that
requires a high level of expertise, ad-
vanced surgical skills and perfect knowl-
edge of the anatomy, which is probably
why the total number of procedures re-
ported is stilllow: 63 right hepatectomies
and 41 left hepatecomies. The port set-
ting for right hepatectomy is shown in
B Fig. 1.

The advantage of the robotic platform
is that it holds the potential to overcome
the technical limitations of laparoscopy.
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The robot allows complex hilum prepa-
rations and hepatocaval dissections, as
well as parenchymal transections with
minimal blood loss (BFig.2). The en-
dowristed instruments allow for better

control of the vasculature, thus, decreas-
ing the risk of bleeding. The platform
stability and the use of the 4™ arm aids
in the retraction of the liver for better vi-
sualization, selective control, dissection,
and handling during the different steps
of the procedure that require better ex-
posure of the anatomy.

The addition of fluorescence with in-
docyanine green (ICG) to the robotic
platform provides the surgeon with di-
rect real-time visualization of the bil-
iary tree anatomy, recognition of vascu-
lar anatomy, discrimination of anatomi-
cal variants, evaluation of organ and tis-
sue perfusion, lymph node identification
and, foremost, the distinction between
normalliver parenchymaand tumor cells.
Tumor cellsare usually hypofluorecentle-
sions with no ICG uptake ([27]; @ Fig. 3).

» Use of indocyanine green
allows for direct real-time
visualization

Indications for major robotic hepatec-
tomies included malignant and benign
liver lesions. Malignancy was the indi-
cation for resection in 60-100 % of the
casesanditmostfrequentlyincluded hep-
atocellular carcinoma (HCC) [22, 24, 25]
and colorectal metastasis (CRM) [20, 21,

Fig. 2 < Parenchy-
mallivertransection

26]. Mean operative time ranged from
229-621 min. Similar operative times
were described by Giulianotti et al. [20],
Tsung et al. [26], and Ji et al. [25] (313,
330, and 338 min, respectively), although
thereisadifference in the number of cases
(27, 21, and 9, respectively). Estimated
blood loss ranged from 200-478 ml. Ji
et al. [25] described a reduced estimated
blood loss (EBL) with the robotic ap-
proach in his series compared to laparo-
scopic, and open approach (280, 350,
and 470 ml, respectively). Giulianotti
et al. [20] reported a higher EBL in
cirrhotic patients who had liver resec-
tions. The transfusion rate ranged from
6-44 %. Tsung et al. [26], in his series
comparing robot vs. open approaches,
reported a significant difference in EBL
(200 vs. 500 ml) and transfusion rates (1
vs. 6). Conversion to open rate ranged
from 0-47 %. The reasons for conversion
were mainly due to difficulty in bleed-
ing control, failure to respect oncologic
margins, especially when the tumor was
located in the posterior surface of theliver
or adjacent to major vessels. The hospital
length of stay ranged from 5-15 days.

» Shorter length of stay with
robotic approach compared to
the open approach

A shorter length of stay was described by
Tsung et al. (5 vs. 8 days) in his series
when compared to the open approach
[26]. The overall complication rate was
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19 %, ranging from 7-40 %. The most
common complications reported in the
literature were bile leak and intrabdomi-
nal fluid collections [23]. Zero mortality
was reported in all of the studies.

The resection margins were zero in
most cases. Lai et al. [24] described
R1 resection in 7% (n = 3) of cases.
From the 3 patients, 2 patients had col-
orectal metastases that were treated with
radiofrequency ablation without local re-
currence.

Robotic extended liver resections have
also been reported in the literature. Giu-
lianotti el al. were the first to describe this
resection in a series in 2010. The author
described 3 cases in 2 different publica-
tions. The first case described was an
extended right hepatectomy with biliary
reconstruction for a hilar cholangiocar-
cinoma [28] and 2 cases of right trisec-
tionectomy in a later report [20]. Ji et al.
[25] described one case of left hemihepa-
tectomy with caudate lobe resection and
Spampinato et al. [21] included a case of
extended right hemihepatectomy in his
series. A case report published by Chen
et al. [29] reported a left hemihepatec-
tomy with revision hepaticojejunostomy.
A left extended hepatectomy converted
to open due to bleeding after biliary re-
construction was described by Quijano
et al. [30] .The results of the most im-
portant series of major hepatectomies are
summarized in @ Table 1.

Minor robotic hepatectomies

Minor hepatectomy is one of the most
performed liver procedures worldwide.
The mostcommonlyreported procedures
include wedge resections, bisegmentec-
tomy, segementectomy, and left lateral
segmentegtomy. Minor robotic hepatec-
tomies resection included malignant and
benign liver lesions. Malignant tumor
resection ranged between 54 and 100 %.
CRM [26, 31, 32] and HCC [20, 22, 24,
33] pathology were most frequent re-
sected.

The mean operative time ranged from
142-403 min with a tendency towards
an increased operative time observed
in series that had a smaller number
of cases. Estimated blood loss ranged
from 30-415 ml.  Giulianotti et al.

Abstract

Robot-assisted hepatobiliary surgery has
been steadily growing in recent years.

It represents an alternative to the open

and laparoscopic approaches in selected
patients. Endowristed instruments and
enhanced visualization provide important
advantages in terms of selective bleeding
control, microsuturing, and dissection.
Cholecystectomies and minor hepatectomies
are being performed with comparable results
to open and laparoscopic surgery. Even
complex procedures, such as major and
extended hepatectomies, can have excellent
outcomes, in expert hands. The addition of
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indocyanine green fluorescence provides

an additional advantage for recognition of
the vascular and biliary anatomy. Future
innovations will allow for expanding its

use and indications. Robotic surgery has
become a very important component of
modern minimally invasive surgery and the
development of new robotic technology will
facilitate a broader adoption of this technique.

Keywords

Robotic surgical procedures - Hepatobiliary
surgery - Liver surgery - Biliary surgery -
Indocyanine green fluorescence

Zusammenfassung

Die roboterassistierte hepatobilidre
Chirurgie ist in den letzten Jahren stetig
gewachsen. Sie stellt bei ausgewahlten
Patienten eine Alternative zu den offenen
und laparoskopischen Verfahren dar. Die
Endowrist-Instrumente und die verbesserte
Visualisierung bieten einen wichtigen Vorteil
beziiglich Blutungskontrolle, Mikrondhten
und Dissektion. Cholezystektomien und
kleinere Hepatektomien werden mit
vergleichbaren Ergebnissen durchgefiihrt wie
offene und laparoskopische Operationen.
Auch komplexe Verfahren, wie z. B. schwere
und erweiterte Hepatektomien zeigen
exzellente Ergebnisse, sofern sie von Experten
durchgefiihrt werden. Der zusatzlich
verwendete fluoreszierende Farbstoff

Roboterassistierte hepatobiliare Chirurgie

Indozyaningriin bietet einen weiteren
Vorteil zur Erkennung der vaskuldren und
bilidren Anatomie. Zukiinftige Innovationen
werden es ermdglichen, die Anwendung und
Indikationsgebiete fiir dieses Verfahren zu
erweitern. Die roboterassistierte Operation ist
zu einem sehr wichtigen Teil der modernen
minimal-invasiven Chirurgie geworden, und
die Entwicklung neuer Robotertechnologien
werden eine breitere Anwendung dieser
Technik fordern.

Schliisselworter

Roboterassistierte Chirurgie - Hepatobilidre
Chirurgie - Leberchirurgie - Gallenchirurgie -
Indozyaningriin

[20] reported a lower EBL in these set
of patients when compared with ma-
jor hepatectomies (150 vs. 300 ml),
although the transfusion rates were sim-
ilar between the two procedures (21 vs.
22%). Among the 9 transfusions per-
formed, 5 were for cirrhotic patients and
4 for noncirrhotic patients. Tsung et al.
demonstrated a significant decrease in
operative time, EBL and LOS with in-
creased experience. Authors compared
initial with later experience, but did
not specify between major and minor
procedures [26]. The transfusion rate
ranged from 0-21 %. Authors that com-
pared robotic to open hepatectomies

have also confirmed a significant reduc-
tion in intraoperative blood loss and
length of hospital stay in the robotic
groups [34, 35]. Conversion to open
rate ranged from 0-20%, with bleed-
ing being the most common cause [31,
36]. The hospital length of stay ranged
between 4 and 11 days. Morbidity rate
ranged from 0-50 %. Biliary leak [31]
and intrabdominal fluid collection [23,
35] were the most commonly described
complications in the studies [31, 34, 36].
Mortality was reported in two studies
(n =3) [35, 37].

Robot-assisted liver resections allow
for complex reconstructions of vascular
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Fig. 3 A Intraoperative view of a liver colorectal metastasis (a) and fluorescence pattern of the le-

sion (b)

and biliary anastomosis and will aid to
preserve liver paremchyma in lesions lo-
cated in the posterior-superior segments,
avoiding the lesions to be treated with
amajor hepatectomy [31]. Minor robotic
liver resections are reported in the lit-
erature in other smaller series [25, 38,
39]. Their outcomes are similar with the
studies mentioned in this review. The
outcomes of the most important series
of minor hepatectomies are summarized
in @ Table 1.

Current literature scarcely describes
long-term follow up for minor and mayor
hepatecomies. Lai et al. [24] described
a median follow-up of 14 months. Only
6 patients had a recurrence with the two
differentapproaches. Only 1 patient from
the robot cohort developed recurrence of
HCC after surgery. With a median fol-
low-up of 24 months, Troisi et al. [31]
described a 37 % recurrence rate for the
robotic experience. CRM disease-free
patients at 1 and 3 years were 79 and 62 %
with a mean follow-up of 9.6 months.
Choi et al. [23] experienced no HCC
recurrences at the 11-month follow-up,
with 1 patient who developed CRM re-
currence at the 5-month follow-up. Felli
etal. [32] reported no liver-related post-
operative complications with zero day
mortality at the 11.3-month follow-up.

Learning curve of minimally
invasive liver resection

The learning curve for laparoscopic liver
resection is long and steep, although the
surgical technique has improved in re-
cent years, making it feasible and safe in
expert hands. Several authors [40-43]
have described the learning curve for la-
paroscopic liver resections. For minor
and major resections, the learning curve
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hasbeen reported at 22 cases [40] and be-
tween 45 and 75 cases [41], respectively.
For both resections, a total of 60 cases
were described to overcome the learning
curve [42]. In order to improve the pe-
rioperative outcomes in major complex
resections, a minimum of 10 cases were
required [43].

Although there is no specific learn-
ing curve established for robotic liver
surgery, Tsung et al. [26] compared his
early experience with 13 patients to 44 pa-
tients performed in his later phase. The
authors reported a significant decrease
in EBL (300 vs. 100 ml), operative time
(381 vs. 232 min), overall room time (466
vs. 314.5 min) and length of stay (5 vs.
4 days). Theauthors concluded that these
improvements are due to the increased
experience of the surgeon with the robot
platform. Choi et al. [23] analyzed the
operative time on 10 consecutive left hep-
atectomies. The authors reported that
parenchymal transection was the most
time-consuming step. The console time
and overall operative time decreased after
the seventh case. The robotic approach
might have a lower learning curve as sur-
geons become more experienced with
the technique and more familiar with
the platform. Moreover, because robotic
surgery and open surgery share the same
set of skill principles, the learning curve
at the console will most likely be shorter
even for inexperienced minimally inva-
sive surgeons [10].

Robotic approach to the
gallbladder

More than 1 million cholecystectomies
are performed annually in the United
States [14]. Cholecystectomy has un-

dergone considerable changes over the
past 25 years [17]. Initially, the laparo-
scopic approach was faced with skepti-
cism from societies and was ignored for
several years [4]. Currently, laparoscopic
cholecystectomy is considered the gold
standard for benign gallbladder pathol-
ogy and has shown well-characterized
benefits compared to open surgery [4, 6,
13, 17, 44], with more than 90 % of chole-
cystectomies performed laparoscopically
in the United States [5, 14]. Laparoscopic
single-site surgery was first introduced
in an effort to improve cosmetic out-
comes, but no clinical advantages were
demonstrated over standard laparoscopy
[4]. Parallel to this new development,
robotic technology appeared to improve
precision and dexterity, and was also able
to expand into the field of single-site
surgery [4]. Robotic-assisted cholecys-
tectomy was first introduced by Himpens
in 1997 [7-9]. Since then it has gained
popularity in general surgery as more
surgeons become familiar with this new
technology [14]. Although cholecystec-
tomy remains one of the most frequently
performed procedures in general surgery,
there are few studies that compare robotic
and laparoscopic cholecystectomies [45].

Kaminski etal. [14] compared laparo-
scopic (n = 733,929) and robotic (n =
1,608) approaches and reported essen-
tially no differences in intraoperative and
postoperative complications and length
of hospitalization. Our institution also
performed a retrospective study com-
paring 147 laparoscopic vs. 179 robotic
cholecystectomies [45]. There were no
statistical differences in operative time,
blood loss, length of hospitalization, or
major complications. Thus, it was con-
cluded that both approaches were safe
and feasible and that the robotic ap-
proach could also potentially have a role
in biliary ducts injury management [45].
Moreover, another advantage to robotic
technology is the fluorescent equipment
[46]. This is a novel and emergent tech-
nology that can be useful to help guide
the surgeon during the procedure and is
not available in all laparoscopic cameras
[46, 47]. To our knowledge, our group
has published the largest series of ICG
fluorescent cholangiography with 184 pa-
tients [46, 47]. Outcomes showed high



Table 1

Important series of major and minor hepatectomies described in the literature

Author Cases Mean Type of Mean EBL Trans- Convers- Morbidity Mortality Mean Malig- Resection
(n) age procedure  oper- (ml) fusion ion to rate (%) rate(%) LOS nant  margins
(years) ative rate (%) open (days) (%) (RO)
time rate (%)
(min)

Mayor hepatectomies
Giulianotti 27 57 RH (20) 313 300° 22 4 30 0 8 74 100 %
etal. (2011) LH (5) RT (2)
[20]
Spampinato 25 63° RH (16) 430°  250° 44 4 16 0 8° 68 100 %
etal. (2014) LH (7)
[21] ERH (1)

LLS +S6 (1)
Tsungetal. 21 60 NR 330° 200° 6 19 24 0 5 71 100%
(2014) [26]
Wu et al. 20 61 RH (12) 380 325 NR 5 8 0 8 100 NR
(2014)*[22] LH (6)

Three S (1)

LLS +

S5,6(1)
Choi etal. 20 52° RH (6) 621 478 15 10 40 0 15 70° 100 %°
(2012) [23] LH(14)
Lai etal. 10 61 RH(7)LH (3) 229 413 7° 9° 7 0 6 100 93 %
(2013)*[24]
Jietal. 9 NR RH(2)LH (6) 338 280 0 0 8 0 7 62 100 %
(2013)*[25] LH+CS+

RnYH (1)
Minor hepatectomies
Kingham 65 64 S(26)BIS(7) 163" 100° 1.6 6.3 11 2 4 78 98 %
etal. (2016)° W (22)
[35] LLS (10)
Giulianotti 43 57° S(16) 198 150 21 7 16 0 6" 51 100 %
etal. (2011) BIS (10)
[20] W (8) LLS (9)
Troisi et al. 40 65 S(7) BIS (8) 271 330 NR 20 13 0 6 70 93 %
(2013)°[31] W (15)

LLS (2)

NAS (6)

rates of cystic duct (97.8 %), common
hepatic duct (94 %), and common bile
duct (96.1 %) visualization which were
reduced, but still high (91.6, 79.1, and
79.1 %, respectively), in cases of acute
cholecystitis [46].
or major biliary complications were reg-
istered [46]. @ Table 2 summarizes the
largest series of robotic cholecystectomy
recently reported [12, 14, 45, 46, 48].
Even if outcomes of laparoscopic and
robotic cholecystectomy are comparable,
the application of the robot in general
surgery has always been a point of dis-
cussion, with costs often being at the cen-
ter of the discussion [17]. Rosemurgy
et al. [17] reported that variable costs
for robotic cholecystectomy were $250

No biliary injuries

over the laparoscopic approach and that
hospital charges for robotic cholecystec-
tomy were US$ 8000, significantly higher
than laparoscopy. Including the amor-
tized cost of the robot, an analysis of 20
differentrobot-assisted procedures found
that the robot added a 13 % cost to pro-
cedures (about US$ 3200 higher).
Kaminski et al. [14] also reported sig-
nificantly higher total costs for robotic
cholecystectomy compared to laparo-
scopic cholecystectomy. Probably, the
increased expenses of the robot are re-
lated to the acquisition of the system, the
steep learning curve, the prolonged op-
erating time and the surgical instruments
which have limited number of uses. As
the surgeon gains experience, the op-

erating time is reduced and becomes
less deciding in cost determination. De-
spite these reports, more prospective
randomized studies are needed to assess
real costs of robotic surgery in different
procedures [49].

Cholecystectomy is one of the sim-
plest procedures in general surgery, so
this operation can be used to gain expe-
rience with the robot and with lower con-
version and morbidity rates [17]. Many
agree that it is beneficial to start with
a procedure that the trainee is comfort-
able with and may be repeated at short
intervals so that the surgeon can focus
on becoming familiar with the console
and docking [44]. Robotic surgery may
require some different skills than tra-
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Table 1

Important series of major and minor hepatectomies described in the literature (Continued)

Author Cases Mean Type of Mean EBL Trans- Convers- Morbidity Mortality Mean Malig- Resection
(n) age procedure  oper- (ml) fusion ion to rate (%) rate(%) LOS nant  margins
(years) ative rate (%) open (days) (%) (RO)
time rate (%)
(min)
Tsungetal. 36 60 NR 198"  285° 3 0 17 0 4 69 93%
(2014) [26]
Montaltietal. 36 62 S (6) BI (6) 306 415 NR 13.9 19 1 6 69 69.4%
(2016)°[37] W (15) M (9)
Lai etal. 33 61 S(7)BIS(4) 203 373 7 9° 3 0 6° 100 93 %
(2013) [24] W (10)
LLS (12)
Wuetal. 32 61 S(8)BIS(24) 380 325 NR 5 8 0 8 100 NR
(2014)*[22]
Tranchart 26 67 S(7)BIS(1) 210 200 14 14 36 0 6 54 -
etal. (2014) W (13)
[36] LLS (5)
Felli etal. 18 65 S(10)W @) 142 50 5 0 20 0 5.7 75 84 %
(2015)°[32] LLS (4)
Quijanoetal. 13 59° S(3)BIS(2) 207 119 0 0 8 0 1 65° 100 %°
(2016) [30] W (8)
Packiametal. 11 57 NR 175 30 0 0 27 0 4 55 NR
(2012) [40]
Yu etal. 10 50 LLS (10) 292° 389° 0 0 0 0 8 77 NR
(2014) [33]
Choi et al. 10 52° S(2)W (4) 403 184 10 0 50 0 8 70° 100 %°
(2012) [23] LLS (4)
EBL estimated blood loss, LOS length of hospital stay, RH right hepatectomy, LH left hepatectomy, RT right trisegmentectomy, ERH extended right
hepatectomy, LLS left lateral segmentectomy, S segmentectomy, BIS bisegmentectomy, W wedge resection, NAS non-adjacent segmentectomies,
SS subsegmentectomies, CS caudate segmentectomy, RnYH Roux-en-Y hepaticojejunostomy
°Authors include both major and minor hepatectomy results
®Values are expressed as median
“Cases may overlap between the studies

ditional laparoscopic surgery [12]. Vi-
dovszky et al. [13] analyzed the learn-
ing curve for robotic cholecystectomy
where they found around 20-30 cases are
needed to gain experience in this proce-
dure. They divided the learning curve in
three stages, 15 cases each, and reported
a significant reduction in operative time
between the first and third stage, this
corresponded mainly to a reduction in
the docking time rather than the robotic
time. Moreover, robotic cholecystectomy
is an effective model for teaching resi-
dents [12]. Significant and reproducible
improvement can be gained with low risk
of adverse outcomes for patients [12].
In an article by Prasad et al. [50],
more than 80 % of the iatrogenic bile
duct injuries occur following cholecys-
tectomy. Risk factors for biliary duct
injuries are variable biliary and vascular
anatomy, inappropriate exposure, ag-
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gressive attempts at hemostasis and the
surgeons experience. This complication
could have devastating consequences
on patients’ quality of life. Depending
on the type of lesion, a resection of
the duct might be necessary, followed
by a Roux-en-Y hepaticojejunostomy
reconstruction. Although many centers
have reported favorable results with la-
paroscopic Roux-en-Y hepaticojejunos-
tomy [50], this procedure is technically
demanding and advanced laparoscopic
skills like suturing and intracorporal
knot techniques are needed [51, 52].
The robotic system has allowed for im-
proved precision, accuracy, and safety
by reproducing the surgeon’s natural
movements with a stable camera and
reduced tremor [50-53]. The benefits of
the robotic approach can be seen in the
fine dissection of dense adhesions, the
suturing of the hepaticojejunostomy and

the jejunojejunostomy anastomosis [50,
51] with comparable operative times to
laparoscopy [51]. The robotic system
has also been successfully applied in
pediatric choledochal cysts [53]. Al-
izai et al. [53] have reported 27 cases
of robotic-assisted resections of chole-
dochal cysts and hepaticojejunostomies
in pediatric patients with an 81% of
success (22 of 27 cases). They concluded
that the robotic approach was safe [52,
53] and patients had a rapid recovery, low
complication rate, and good cosmetic
outcomes [53].

Robotic cholecystectomy is a safe and
feasible procedure [13] that is growing in
the United States [14]. There are no clear
clinical benefits of the robotic approach
over laparoscopy [13, 14, 46] but robotic
technology still has higher costs than la-
paroscopy; although they are decreasing
[12-14, 46].



Table2 Mostimportant series of robotic cholecystectomies described in the literature

Author Cases (n) Mean MeanBMI Typeof Mean Conversion Morbidity  Biliary Mortal- Mean LOS
age (kg/m?) surgery operative toopen rate (%) duct ity (days)
(years) time rate (%) injury rate
(min) rate (%) (%)
Multiport robotic cholecystectomy
Kaminski et al. 2010:524, 533 15.2¢ RC - 0 Intraopera- - - 3.63
(2014) [14] 2011:1084 55.8 17.5° RC 1.66 tive: 4.5 4.59
4
Baek et al. (2015) 925 41.1 255 RC 49.8 0.1 0.9 0.1 0 1.2
[48]
Ayloo et al. (2014) 179 402 329 RC 95.7 1.1 33 0 0 0.9
[45]
Nelsonetal. (2012) 160 460  93° RC 104.4 13 1.9 0 0 —
[12]
Daskalaki et al. 112 04 321 RC 85.5° 0 32° 0 0 72 % out-
(2014) [46] patient®
28%3.7°
Single incision robotic cholecystectomy
Gonzalez A et al. 465 48" 25t0<30° SIRC 52' 2.7° 26 0 - 16.3%
(2015) [6]
Kubatetal. (2016) 150 E576 E257 SIRC 83.3 0.7 E5.2 0.7 0 1
[59] (E76, U504 U282 (E71.9, (E0,U14) U122 (E0,U1.4) (E1.2,U2)
u74) U 95)
Bibi et al. (2015) 102 51 28.26 SIRC 110 3.9° 4 0 - 1.97
[62]
Pietrabissa A et al. 100 534 244 SIRC 71 2 0 0 0 -
(2012) [63]
Vidovszky et al. 95 452 30.1 SIRC 88.63 1.1,6.3° Readmis- 0 0 88.4 % out-
(2014) [60] sions 6.3 patient
Reopera-
tions 1.1
Morel etal. (2014) 82 4874 2633 SIRC 91.05 12,24 4.88 0 - 24
[64]
Daskalaki et al. 72 375 32.1° SIRC 84 0 0 0 0 72 % out-
(2014) [46, 65] patient®
28%3.7°
Chungetal. (2015) 70 403 295 SIRC 111.5 14 Readmis- 0 0 1.5
[61] sions 2.8
RC robotic cholecystectomy, SIRC single-incision robotic cholecystectomy, E elective, U urgent, BMI body mass index, LOS length of hospital stay
°Additional port or conversion to laparoscopy
°Mean values including both single-incision and multiport cholecystectomy
‘Mean weights in kilograms
‘Obesity rate (%)
“Time expressed in hours
Values are expressed as median

Single-incision robotic
cholecystectomy

The first single-incision laparoscopic
cholecystectomy was published in 1997
[6, 54]. Tt is a challenging operation with
a prolonged surgical time and learning
curve; some of the challenges surgeons
must face are limited visualization, lack
of triangulation, and internal/external
collisions [6]. Single-incision robotic

cholecystectomy was introduced in 2011
[5, 14] with the first experiences be-
ing described by Kroh and Wren [5,
55]. Robotic technology tried to repro-
duce advantages of the single-incision
approach with the same principles of
multiport laparoscopic cholecystectomy
[5]. 'The advantages of the robotic
approach are the high definition stereo-
scopic three dimensional visualization,
the single-site port with four openings

(one for the camera, two for the surgeon
and one for assistant), the reassignment
of the instruments (since they cross the
fascia preventing any confusion from
the surgeon sitting at the console) and
the curved trocars that cross the fascia
and re-approximate at the target repro-
ducing the triangulation necessary for
laparoscopy [5].

Outcomes on robotic single-incision
cholecystectomy vary between studies
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but most agree on longer operative time
and no significant differences in length
of hospitalization and complication rates
compared to the laparoscopic approach
(6, 44, 56].

Gonzalez et al. [6] performed a mul-
ticenter study with 465 patients (66.4 %
obese or overweight, 65.2 % with surgi-
cal indication of symptomatic cholelithi-
asis or biliary colic, 48.6 % with previous
abdominal surgery and 18 % with ASA
3-4). Single-incision robotic cholecys-
tectomy was successfully completed in
455 (97.8 %) of the patients. The mean
operative time and length of hospitaliza-
tion were 52 minand 16.3 hs, respectively.
Male gender, obesity, and primary indi-
cation other than biliary dyskinesia were
independent predictors of extended sur-
gical time. Failure was reported to occur
in 10 patients (2.2%): 2 with diagno-
sis of cholecystitis and 8 biliary colic,
and 7 of them were men. Complica-
tion rate was 2.6 % with 2 (0.4 %) biliary
leaks, 7 (1.5%) surgical site infections,
2 (0.4 %) organ/gall bladder fascia in-
fections, and 2 (0.4 %) wound disrup-
tions. These rates were comparable to
other publications on laparoscopic sin-
gle-incision and open cholecystectomy,
which report biliary duct injury rates of
0.72 % and 0.4 %, respectively [6, 57].

Antoniou et al. [58] performed a sys-
tematic review that included 29 studies
and a total of 1166 patients who un-
derwent a single-incision laparoscopic
cholecystectomy and reported a 90.7 %
success rate and 6.1 % complication rate.
Acute cholecystitis was a factor predis-
posed to failure (success rate 59.9 vs.
93 %, p < 0.0001). The mean operative
time was 70.2 min and the mean hospital
stay 1.4 days. They also reported a pro-
longed operative time in obese patients
and patients with diagnosis of cholecys-
titis.

There are few direct comparisons be-
tween laparoscopic and robotic single-
incision cholecystectomy. Gustafson et
al. [44] compared 38 laparoscopic vs.
44 robotic single-incision cholecystec-
tomies performed by a single surgeon
between 2011 and 2013. No significant
difference were found in the conversion
rate, length of hospitalization, incidence
of incisional hernia requiring repair, in-
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traoperative and postoperative compli-
cations, wound complications, and read-
missions related to the procedure [18].

Kubat et al. [59] reported the use of
the robotic single-incision approach in
elective and urgent cholecystectomy. Ur-
gent robotic single-incision cholecystec-
tomy presented with significantly longer
operative time and length of hospitaliza-
tion but with no significant differences in
complication rates, 30 day mortality, and
readmissions. Thus, they concluded that
single-incision robotic cholecystectomy
is safe and can be applied for elective or
urgent surgery.

O Table 2 summarizes the largest se-
ries of single-incision robotic cholecys-
tectomy reported in the literature in re-
cent years [6, 46, 59-65].

To conclude, single-site robotic chole-
cystectomy improved many of the disad-
vantages of the single-site laparoscopic
approach with three dimensional vision,
reassignment of the instruments and im-
proved ergonomics [5]. It is safe and
feasible in all patients with different gall-
bladder pathologies [5, 6, 44] and flu-
orescent cholangiogram available in the
robotic console aids in augmenting its
safety [5]. Costs are higher [5, 44] but
the shorter learning curve allows for re-
duced operative times when compared
to laparoscopy [5]. Cosmetic outcomes
and patient satisfaction for the single-in-
cision robotic approach are better than
conventional laparoscopy [66].

Innovations and future
applications

Several surgical innovations will be avail-
able in the future and will change the
way hepatobiliary surgery is performed.
Efforts towards bioartificial liver devel-
opment and liver regeneration are being
made [67, 68].

) Real-time cancer detection
and fluorescent-guided surgery
will soon be possible for patients

New fluorescent molecules with deeper
tissue penetration and improved signal,
as well as monoclonal antibodies conju-
gated to near-infrared fluorophores are

being developed [69, 70]. In vivo, real-
time cancer detection and fluorescent-
guided surgery will soon be possible in
humans and not only in a lab setting [71,
72].

New technological advancements will
also include better processing of images,
new computer interfaces, more advanced
robotic systems and surgical tools. All of
which will eventually lead to the develop-
ment of a “new operating room” concept
that will allow for better overall patient
treatment.

Conclusion

Robot-assisted hepatobiliary surgery
has been steadily growing over recent
years. Current literature has shown that
even complex procedures, such as ma-
jor and extended hepatectomies, can
be performed with excellent results, in
expert hands. Limitations include bulky
lesions, resections in posterior-supe-
rior segments, and results that are not
generalizable in nonexpert hands. Nev-
ertheless, this is a promising technol-
ogy that could expand the indications
to minimally invasive hepatobiliary
surgery.
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