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Abstract

Background Combined liver and bile duct resection with biliary reconstruction for hepatobiliary malignancies are defined
as highly complex surgical procedures. The robotic platform may overcome some major limitations of conventional laparo-
scopic surgery for these complex cases but its precise role is however still to be defined.

Methods In our institution, patients requiring major hepatectomy with biliary reconstruction for malignancies were con-
secutively selected for minimally invasive robotic surgery from September 2020. All surgeries were undertaken using the da
Vinci Xi Surgical System® (Intuitive Surgical, Sunnyvale, CA, USA). Intra-operative technique and postoperative outcome
were analyzed.

Results A total number of 10 patients (3 males and 7 females, median age 72 years) underwent robotic major hepatectomy
and bile duct resection for hepatobiliary malignancies between September 2020 and March 2022. The indication for surgery
was perihilar cholangiocarcinoma in 5 of 10 patients. Median operative time was 338 min and median blood loss was 110 mL.
Postoperative length of stay was between 3 and 16 days (median: 9 days). There was no postoperative 90-day mortality.
Conclusions A robotic approach for hepatobiliary malignancies requiring combined major hepatectomy and bile duct resec-

tion seems feasible and safe in experienced hands.
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Combined major hepatectomy and bile duct resection with
biliary reconstruction for hepatobiliary malignancies are
defined as highly complex surgical procedures. These cases
are often performed by an open approach as technical sur-
gical challenges have limited a wide implementation of a
conventional laparoscopic approach. Robotic surgery may
overcome some major limitations of conventional laparo-
scopic surgery but its precise role in combined liver and
bile duct resection with biliary reconstruction is however
still to be defined.
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Recent papers have demonstrated the feasibility of a con-
ventional laparoscopic approach for major and technically
difficult liver resections [1-4]. However, only few reports
describe a pure laparoscopic approach for combined liver
and bile duct resections with bilio-enteric reconstruction
[5-8]. These cases usually involve patients with perihilar
cholangiocarcinoma, already known to have a significant
risk of perioperative morbidity when performed by an open
approach [9]. The robotic platform has however allowed
for better three-dimensional visualization, tremor filtering,
increased dexterity and ease of suturing as compared to con-
ventional laparoscopy. Recent multicenter studies already
reported favorable results of robotic surgery compared to
conventional laparoscopic surgery for pancreas and liver
resections [10-12].

The aim of this paper is to report the feasibility and
results of robotic combined major hepatectomy and bile duct
resection with biliary reconstruction for advanced hepato-
biliary malignancies.
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Materials and methods

We started robotic hepatobiliary surgery in our center
in the beginning of 2020. Initial robotic experience was
gained with inguinal hernia cases, distal pancreatecto-
mies and minor liver resections. Following our progres-
sive experience with robotic pancreatic and liver surgery,
patients requiring combined liver and bile duct resection
were consecutively selected for minimally invasive robotic
surgery from September 2020. Only patients with preop-
eratively suspected portal invasion or unclear resectability
were selected for an open procedure upfront. Also, limited
robotic access lead to immediate open surgery in a few
patients in this time period. A conventional laparoscopic
approach was never used in our center for this patient
group.

The indication for surgery was discussed by a multidis-
ciplinary team for all cases. All patients underwent pre-
operative evaluation with computed tomography imaging
and magnetic resonance imaging with cholangiopancrea-
tography to define biliary anatomy.

Information regarding patient demographics, indica-
tion for surgery, intra-operative details and postoperative
course were prospectively collected in our database. Insti-
tutional review board approval and written consent was not
needed for this analysis.

Surgical technique

All surgeries were undertaken using the da Vinci Xi Sur-
gical System® (Intuitive Surgical, Sunnyvale, CA, USA).
Our surgical technique was described in detail in a pre-
vious publication [13]. Briefly, patients were placed in
supine position with legs parted and a laparoscopic assis-
tant standing between the legs. Three robotic trocars were
placed in a straight line with a fourth trocar on the left
side slightly more cranially. The robotic port on the right
midclavicular line usually was a 12 mm port that could
be used for robotic stapling. In obese patients or patients
with a large abdomen, ports were placed above the level of
the umbilicus (approximately 20 cm below the xiphoid).
One or two additional 12 mm assistant trocars were gener-
ally placed in the lower abdomen in between two robotic
trocars (Fig. 1). The robot was docked, coming from the
patient’s right side.

Meticulous dissection of the liver hilum was gener-
ally done using the monopolar robotic hook, monopolar
scissors and bipolar Maryland or bipolar forceps. Robotic
ultrasound and indocyanine green were used selectively
to assess individual biliary and vascular anatomy. Liver
parenchymal dissection was done using the Kelly clamp
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Fig. 1 Patient positioning and port placement

crush technique with robotic Maryland and robotic ves-
sel sealer. Total pedicular clamping was used selectively
during parenchymal dissection to reduce blood loss. In
general, pedicular clamping was applied when parenchy-
mal transection was performed through non-ischemic liver.
Inflow occlusion was not used when the transection line
ran through ischemic liver parenchyma.

For bilio-enteric reconstruction, a Roux-en-Y loop was
prepared 30 to 40 cm from Treitz ligament. In patients
with non-dilated bile ducts, the hepaticojejunostomy was
performed using separate sutures with vicryl 4/0 for the
anterior and posterior wall. In case of dilated bile ducts,
we use a running v-loc™ 4/0 suture for the posterior wall
and separate vicryl 4/0 sutures for the anterior wall.

An intracorporeal robotic end-to-side entero-enteros-
tomy was made 60 cm more distally. The anastomosis was
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a two layered anastomosis using two layers of a resorbable
v-loc™ 3/0 running suture.

In all cases, a silicone drain was placed near the hepatico-
jejunostomy to detect postoperative bile leakage.

Postoperative outcome

Postoperative complications were classified using the Cla-
vien-Dindo classification [14]. After discharge, patients were
followed in our outpatient clinic at 1 month after surgery and
on indication thereafter.

Statistical analysis

Descriptive statistics including percentages, medians and
ranges were calculated using Microsoft Excel (Microsoft,
Redmond, WA, USA).

Results

The proportion of patients that underwent minimally inva-
sive liver surgery in our center increased from 70% in 2017
to 95% in 2021 (Fig. 2). From 2021, the majority of mini-
mally invasive procedures was performed robotically.

120
100

80 2%

..5,13%\ /
756,4%

60
o 45,0%

40
71

20 45

28 29

[
=
(6]

open
open
open
open
open
open

lap/conv
lap/conv
lap/conv
lap/conv
lap/conv

2012 2013 2014 2015 2016

open lap/conv

Fig.2 Evolution of minimally invasive liver surgery in our center
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Between September 2020 and March 2022, 11 patients
underwent robotic combined liver and bile duct resec-
tion with biliary reconstruction for hepatobiliary malig-
nancies. Before starting combined robotic liver and bile
duct resection, we had performed already 42 technically
or anatomically major robotic hepatic resections and
22 pancreatic resections. For this analysis, patients that
underwent a minor hepatectomy (less than 3 segments)
were excluded (N=1). During this study period, 9 other
patients underwent open surgery with combined liver and
bile duct resection. In two of these cases, open surgery was
performed because of unavailability of the robotic system.
The other seven cases had a preoperative high suspicion
of portal invasion with the need for portal reconstruction.

This series of patients included 3 males and 7 females
between 35 and 77 years old (median age: 72 years)
(Table 1). Four patients had previous open abdominal
surgery. The indication for surgery was perihilar cholan-
giocarcinoma in 5 of 10 patients (Fig. 3). Other patients
suffered from colorectal liver metastasis (N =2), gallblad-
der carcinoma (N=2) and HCC (N=1) (Table 2). Two
patients had preoperative biliary drainage and portal vein
embolization was performed in one patient. In three other
patients, the right portal vein was occluded by tumor
resulting in hypertrophy of the left hemiliver.
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Table 1 Preoperative characteristics
Gender Age (years) BMI (kg/m?) Previous surgery ASA  Preoperative  Total bilirubin level Preoperative biliary PVE
chemother-  at diagnosis (mg/ drainage (type/side)
apy dL)
F 75 37 Open hysterectomy 3 No 14.8 PTC; bilateral No
2 M 76 33 Open appendectomy 3 No 7.9 No No
Open cholecystectomy
3 F 46 25 Laparoscopic sigmoid 1 No 59 No No
resection
F 35 31 Laparoscopic gastric bypass 2 No 4.2 ERCP; left No
5 M 59 29 Laparoscopic right colec- 2 Yes 3.7 No No
tomy
6 F 77 31 Open bisegmentectomy 3 Yes 1.1 No Yes
s4B-5+CCE
F 68 27 No 3 No 1.2 No No
8 F 77 44 No 3 No 1.7 No No
9 M 77 36 Robotic prostatectomy 3 Yes 1.1 No No
Laparoscopic right colec-
tomy
10 F 59 21 Open hysterectomy 2 No 0.2 No No

C-section

Fig. 3 Robotic major hepatectomy and bile duct resection for perihi-
lar cholangiocarcinoma (Klatskin type IV). A hilar dissection on por-
tal vein; B bile duct transection for frozen section; C release of seg-

Operative characteristics

Median operative time was 338 min (range: 255 to
460 min) (Table 3). Median blood loss was 110 mL (range

ment 1 from caval vein; D left hepatectomy with segment 1; E double
barrel anastomosis between right anterior and posterior bile duct; F
hepaticojejunostomy

40 to 350 mL). One of 4 patients operated without pedicu-
lar clamping did not tolerate inflow occlusion due to severe
hypotension and subsequently had the highest blood loss
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Table 2 Indications for surgery and performed procedures

Indication for surgery

Robotic procedure

Perihilar cholangiocarcinoma Bismuth-Corlette type IV

2 Perihilar cholangiocarcinoma Bismuth-Corlette type I1I-B

3 Perihilar cholangiocarcinoma Bismuth-Corlette type III-A

4 Giant fibronodular HCC

5 Giant CRLM left lobe and segment IV/I involving bile duct bifurca-
tion

6 Local recurrence gallbladder carcinoma involving extrahepatic bile
duct

7 Gallbladder carcinoma involving right portal vein and extrahepatic
bile duct

8 Perihilar cholangiocarcinoma Bismuth-Corlette type III-A

9 CRLM left hemiliver involving right anterior bile duct

10 Perihilar cholangiocarcinoma Bismuth-Corlette type I1I-B

Left hepatectomy + segment I 4 extrahepatic bile duct+LNs+HJ on
right hepatic duct (separate anterior and posterior branch)

Left hepatectomy + segment I + extrahepatic bile duct+ LNs+HJ

Right trisectionectomy + segment I+ extrahepatic bile
duct+LNs+HJ

Right trisectionectomy + extrahepatic bile duct+HJ on left lateral
section

Left hepatectomy + segment I+ extrahepatic bile duct+HJ
Right hepatectomy + extrahepatic bile duct+LNs+HJ

Right hepatectomy + segment IVB + extrahepatic bile
duct+LNs+HJ (separate bile duct segment IV and left lobe)

Right trisectionectomy + segment I+ extrahepatic bile
duct+LNs+HJ

Left hepatectomy + extrahepatic bile duct + LNs +implantation right
anterior duct on CBD

Left hepatectomy + segment I + extrahepatic bile duct+LNs+HJ

LN lymph node, HJ hepaticojejunostomy, HCC hepatocellular carcinoma, CRLM colorectal liver metastasis, CBD common bile duct

Table 3 Intra-operative characteristics and postoperative outcome

Number of retrieved Pringle Pringle duration (min) Operative Blood loss  Blood transfu-  RO/R1 Length of
lymph nodes time (min) (mL) sion (units) stay (days)

1 8(1+4) Yes 22 460 50 No RO 13

2 9 (0) No 0 290 120 No RO 6

3 11 (0) Yes 15+15+10 380 50 No RO 6

4 7(0) Yes 30420 310 40 No RO 9

5 5(0) Yes 47 325 320 No R1 vasc 3

6 9(1+4) No 0 285 40 No RO 9

7 724+) Yes 25+45 400 150 No RO 13

8 16 (0) No 0 420 100 No RO 16

9 5(14) Yes 30 255 300 No RO 7

10 9(0) No 0 350 350 No RO 8

in this series. There were no intra-operative complications

or

technical issues and no conversions.
Regarding biliary reconstruction, in 6 patients the

bilio-enteric anastomosis involved only one bile duct. In 3
patients, two separate anastomoses were created for indi-
vidual bile ducts. A double barrel anastomosis was made in
only 1 patient.

Postoperative outcome

Postoperative length of stay ranged between 3 and 16 days
(median: 9 days).

One patient was readmitted with a biloma on postopera-
tive day 12 requiring percutaneous drainage (Clavien-Dindo
grade III). On postoperative day 15, ERCP was performed

@ Springer

with placement of a plastic stent. She was discharged with
the drain in situ that was removed eventually on day 56.
There was no postoperative 90-day mortality.

Discussion

In modern liver surgery, it is currently accepted that mini-
mally invasive resections have superior outcome when
compared to an open approach [12]. For complex hepato-
biliary malignancies, such as perihilar cholangiocarcinoma
requiring major resections and difficult reconstruction, a
minimally invasive approach has however been considered
impossible for a long period of time. This was related to the
limitations of conventional laparoscopic surgery in terms
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of fine dissection and advanced suturing. However, some
authors have reported acceptable feasibility and safety of a
laparoscopic approach in selected patients [5, 15, 16]. Nev-
ertheless, a supra-umbilical median incision is often used to
create the hepatico-jejunal anastomosis [5]. A wide imple-
mentation of this technique has furthermore been poor [6].

The introduction of robotic surgery has allowed for better
visualization, tremor filtering and increased dexterity creat-
ing the possibility of more complex minimally invasive pro-
cedures. As a result, we and others have previously reported
initial experiences with robotic surgery with biliary recon-
struction [13, 17]. In addition, first results were recently
reported for robotic resection of extrahepatic cholangiocar-
cinoma in a series of 15 patients in the USA [18]. How-
ever, not all of these patients underwent combined major
hepatectomy and bile duct resection. Overall, there were no
intra-operative complications and short-term outcome was
promising.

In this preliminary first European series, we describe 10
patients that underwent robotic resection of complex hepa-
tobiliary malignancies requiring major hepatectomy and bile
duct resection with biliary reconstruction. Of all included
patients, half of them had perihilar cholangiocarcinoma type
III or IV. Although it only involves 10 cases in total, this
single-center series illustrates that robotic surgery is feasible
with limited blood loss and minor morbidity, even in patients

that previously had open surgery. Also, 9 of 10 patients had
negative surgical margins, confirming the oncological safety.

In the literature, most reports come from high-volume
centers in Asia. These papers also show favorable outcomes
for robotic resection for perihilar cholangiocarcinoma in
terms of blood loss and length of hospital stay [19, 20].
Also, oncological outcomes were not inferior. However,
another paper reported worse morbidity after robotic surgery
compared to an open group, possibly due to poor patient
selection and insufficient robotic experience [21]. In gen-
eral, robotic surgery for biliary tract cancer appeared to be
non-inferior to open surgery in a recent review article [22].

We believe that sufficient robotic experience with hepa-
tobiliary surgery is essential when offering this technique
to patients with complex malignant disease. In our center,
we started offering robotic surgery for these patients only
after having performed a significant number of robotic pan-
creatic resections and robotic major hepatectomies (as well
as conventional laparoscopic major hepatectomies). The
complexity of dissecting the structures of the porta hepatis
and biliary reconstruction can only be mastered by the sum
of experiences gained with robotic pancreatic surgery and
major hepatectomy.

One could argue the role of the robotic platform in these
advanced cases for surgeons that are masters in conventional
laparoscopic hepatobiliary surgery. One of the advantages

Fig.4 Porcine model for hilar dissection and biliary reconstruction
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of the robotic approach may be a higher rate of retrieved
lymph nodes as previously reported after robotic gastrec-
tomy for gastric cancer [23]. In our series, a median number
of 8.5 lymph nodes was retrieved, significantly higher than
the advised number of 4 lymph nodes required for adequate
staging [24]. Furthermore, hilar dissection and bile duct
reconstruction requiring advanced suturing can be per-
formed more easily and precisely using the robot. Indeed,
the introduction of robotic surgery in our hepatobiliary unit
has increased the percentage of minimally invasive proce-
dures to approximately 95%. This was mainly the result of
including advanced cases for robotic surgery that previously
would have been operated by an open approach.

To enhance a further implementation of robotic hilar dis-
section and biliary reconstruction, we recently developed
a porcine model for training purposes (Fig. 4). With this
model, arterial and portal dissection as well as biliary recon-
struction can be trained in a standardized manner, helping to
improve individual surgical skills.

In conclusion, this series supports the application of
robotic minimally invasive surgery for complex hepatobil-
iary malignancies in a high-volume center with sufficient
robotic case load. Standardized training may lead to a further
safe implementation of this technique.
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