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Abstract

Background Laparoscopic liver resection (LLR) has evolved over time, yet its role in extra-pancreatic biliary cancer has been
limited due to several factors. We aimed to evaluate the short-term outcome of LLR in extra-pancreatic biliary tract cancer.
Methods From January 2002 to 2016, all patients who underwent LLR for extra-pancreatic biliary tract cancer including
gallbladder cancer (GBC), intra-hepatic cholangiocarcinoma (ICC), and peri-hilar cholangiocarcinoma (PHC) with curative
intent (RO or R1) at Institute Mutualiste Montsouris were identified from prospectively collected databases. Patient charac-
teristics, and perioperative outcomes, were analyzed in all three groups.

Results A total of 35 patients were included: 10 with GBC, 14 with ICC, and 11 with PHC. There were 19 (54%) women
and median age was 71 years. Median operative time was 240 min, and estimated blood loss was 200 ml. Conversion to an
open procedure was more common in patients with PHC (45% vs. 7% for ICC and 0% for GBC, p=0.010). RO resection was
achieved in 10 (100%), 12 (86%), and 8 (73%) patients in GBC, ICC, and PHC groups, respectively (p =0.204). Postopera-
tive morbidity was reported in 19 (54%) patients of whom 12 (34%) had minor complications. Postoperative mortality was
reported in 4 (11%) patients; one (7%) in GBC group, one (7%) in ICC group, and two (18%) in PHC, p=0.681. Median
hospital stay was 11 days.

Conclusions The present series suggests that LLR is feasible in GBC, challenging but achievable in ICC but unsuitable for
the moment in PHC.
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to laparoscopic cholecystectomy and contributed to the late
introduction of LLR in management of GBC [3]. Recently,
several studies have demonstrated the safety of the minimally
invasive approach in GBC but more data are needed to have
better view of the long-term outcome [2—5]. Intrahepatic
cholangiocarcinoma (ICC) is not well presented in the LLR
studies, representing only 5 to 7% of laparoscopic resections
in the largest published series [1, 6]. This is related to the
major or extended liver resections required in addition to
lymphadenectomy and the frequent need for vascular and/
or biliary reconstructions [1, 6, 7]. Finally, peri-hilar chol-
angiocarcinoma (PHC) was the last to be adopted by the
minimal invasive approach due to complexity of the proce-
dure, including the requirement for extended liver resection,
lymphadenectomy, biliary-enteric reconstruction in addition
to dissection of tumors from the vascular structures within
the portal triad to achieve RO resection [4]. Published data
about the minimally invasive approach in PHC are limited to
a few reports with small number of patients [4, 8].

A preliminary report of three centers experienced in
minimally invasive surgery, including ours, presented their
experience in LLR of extra-pancreatic cholangiocarcinoma
focusing on the surgical procedures and technical aspects
[4]. The report demonstrated the safety and feasibility of the
minimal invasive approach in extra-pancreatic cholangio-
carcinoma [4]. However, impact of LLR on the short-term
outcomes is not clear.

Given this uncertainty, the present study aimed to evalu-
ate the role of LLR in management of extra-pancreatic bil-
iary cancer (including GBC, ICC, and PHC), with emphasis
on short-term outcomes.

Patients and methods
Study population

From January 2002 to 2016, all patients who underwent
LLR for extra-pancreatic biliary tract cancer (GBC, ICC
and PHC) with curative intent (RO or R1) at Institute Mutu-
aliste Montsouris were identified. Patients with distal chol-
angiocarcinoma who underwent Whipple’s procedure were
excluded.

Patients who required conversion to laparotomy were
included and analyzed with intention-to-treat. Follow-up was
updated to July 2017. Data were retrospectively retrieved
from a prospectively maintained database. The data included
demographic variables, primary tumor characteristics and
management, operative data, tumor pathology and short- and
long-term outcomes. Patients were compared according to
type of extra-pancreatic biliary tract cancer. This study was
approved by the institutional review board and conducted in
accordance with the Declaration of Helsinki.
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Preoperative evaluation

All patients had routine laboratory testing, including com-
plete blood count, liver and kidney function tests, coagula-
tion profile, serum electrolytes and tumor markers (CA-19-
9). Magnetic resonance cholangiopancreatography (MRCP)
was used in all patients to assess the extent of liver disease
and to determine the resection planes. Tri-phasic abdominal
CT scan was used to assess vascular invasion, and three-
dimensional reconstruction was obtained in complex surger-
ies for planning. Resectability of peri-hilar cholangiocarci-
noma was determined by Blumgart staging system [9]. Chest
and abdominal CT scan was used to rule out metastasis, as
well as PET-CT if metastasis suspicion was high. The deci-
sion for hepatectomy was taken by a multidisciplinary board
that included surgeons, medical oncologists and radiologists.

Surgical procedures

Operative procedures, including positioning of trocars, were
as previously described [4, 7, 10, 11]. Liver resectability
was always confirmed by intraoperative ultrasonography.
Major hepatectomy was defined as the resection of three
or more contiguous segments [6]. For all procedures, tissue
dissection and hemostasis were performed using the Thun-
derbeat® ultrasonic dissector (Olympus Co, Tokyo, Japan);
bipolar forceps (MicroFrance CEV 134, Medtronic, Minne-
apolis, MN) provided retraction and rescue hemostasis.

Postoperative outcomes

Post-hepatectomy morbidity and mortality were assessed
at 90 days after surgery using Clavien—Dindo classification
[12]. Severe postoperative complications were defined as
Clavien—Dindo grade > 2. Postoperative hepatocellular insuf-
ficiency was diagnosed using the “50-50" criteria on post-
operative day 5 [13]. Bile leakage was defined as bilirubin
concentration in the drain fluid at least 3 times the serum
bilirubin concentration on or after postoperative day 3 or as
the need for radiologic or operative intervention resulting
from biliary collections or bile peritonitis, according to the
International Study Group of Liver Surgery [14]. Ascites
was defined as abdominal drainage output of more than
10 ml per kg per day after the third postoperative day [15].

Statistical analysis

Baseline characteristics of the studied population, intraop-
erative and pathological characteristics as well as postop-
erative outcome were analyzed. Categorical variables were
compared using the X2 test or Fischer’s exact test when
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appropriate. A p value of <(0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS version 20.0 (SPSS Inc., Chicago, IL), and statistical
significance was accepted at the 0.05 level.

Results

Preoperative patient characteristics and surgical
procedure

A total of 35 patients were included in this study: 10 with
GBC, 14 with ICC, and 11 with PHC. There were 16 (46%)
men, and median age was 71 years (range 41 to 86 years).
Preoperative base characteristics were similar between the
three groups. Patients with PHC were significantly more
likely to have undergone preoperative biliary drainage
procedures, to have major hepatectomy with caudate lobe
resection and to require vascular resection and biliary recon-
struction compared with patients who presented with ICC
or GBC. Preoperative and intraoperative characteristics are
detailed in Table 1.

Surgical details and perioperative outcomes

Median operative time was 240 min; it was significantly
longer in PHC group (355 min) compared with ICC
(205 min) and GBC (180 min) groups (p =0.016). Median
estimated blood loss was 200 ml, and 5 (14%) patients had

more than 500 ml blood loss. Five (14%) patients required
blood transfusion with no significant difference between
groups (Table 1).

Conversion to an open procedure was more common in
patients with PHC (45% versus 7% for ICC and 0% for GBC)
(p=0.010). A total of 6 patients were converted to open sur-
gery: one patient with ICC was converted to control bleed-
ing from the inferior vena cava and suture a bile leak in the
posterior pedicle and 5 patients with PHC due to unclear
anatomy (n=1), unclear resectability status (n=2), and revi-
sion of a biliary anastomosis (n=2). None of the patients
with GBC required conversion to open surgery. Median
tumor diameter was 68 mm, and PHC lesions were signifi-
cantly smaller in size compared to ICC and GBC lesions
(» <0.039). Median retrieved lymph nodes in GBC, ICC,
and PHC groups were 6, 3, and 9, respectively (p =0.467).
The number of lymph nodes retrieved was not significantly
different between groups, nor was AJCC stage. RO resection
was achieved in 10 (100%), 12 (86%), and 8 (73%) patients
in GBC, ICC, and PHC groups, respectively with no signifi-
cant difference among all groups (p=0.204).

As detailed in Table 2, 19 (54%) patients presented with
postoperative complications of whom 12 (34%) developed
minor complications (Clavien-Dindo grade < 2) within the
90 postoperative days. Patients with GBC presented with
less postoperative complications compared with ICC and
PHC patients (p =0.022). Bile leak, liver failure, and kid-
ney injury rates were similar between groups (p > 0.05).
Postoperative mortality rate was 11% (n=4); one (7%)

Table 1 Preoperative
characteristics and surgical

procedure Female gender, n (%)

Age (years), median (range)
BMI, median (range)
Associated comorbidities, n
Hypertension
Diabetes mellitus
Previous abdominal surgery, n (%)
Preoperative drainage, n (%)
Major hepatectomy, n (%)
Right-sided resection
Extended resection
Caudate lobe resection
Biliary reconstruction, n (%)

Lymphadenectomy, n (%)

Associated extrahepatic resection, n (%)

Vascular resection
Pancreatic resection
Others

Pringle maneuver, n (%)

Total N=35 GBCN=10 ICCN=14 PHCN=11 p value
19 (54) 7 (70) 9 (64) 3(27) 0.091
71 (41-86) 74 (57-85) 71 (41-86) 62 (55-79) 0.370
24 (16-33) 23 (16-28) 24 (20-33) 24 (21-33) 0.392
11 (31 1(3) 6 (17) 4(11) 0.212
6 (17) 0 5(14) 1(3) 0.051
17 (49) 8 (23) 5(14) 4(11) 0.063
3(8) 0 0 3(8) 0.028
20 (57) 2(5) 10 (29) 8(23) 0.019
14 (40) 2(5) 6 (17) 6 (17) 0.261
8(23) 1(3) 4(11) 3(8) 0.517
6 (17) 0 0 6(17) <0.001
13 (37) 1(3) 1(3) 11 (31) <0.001
29 (83) 9 (26) 10 (29) 10 (29) 0.447
11 31) 2(5) 3(8) 6(17) 0.136
4 (11 1(3) 1(3) 2(5) 0.681
4 (11 0 0 4(11) 0.007
3(8) 1(3) 2(5) 0 0.440
6 (17) 0 4(11) 2(5) 0.186

ICC intrahepatic cholangio carcinoma, PHC peri-hilar cholangiocarcinoma, GBC gallbladder cancer
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Table 2 Perioperative outcomes

Outcome Total N=35 GBCN=10 ICCN=14 PHC N=11 p value
Operative time (min), median (range) 245 (75-540) 180 (75-508) 205 (120-540) 355 (290-420) 0.016
Blood loss (ml), median (range) 200 (10-1200) 110 (10-500) 200 (50-1200) 250 (120-1200) 0.429
Perioperative RBC transfusion, n (%) 5(14) 0 2(5) 3(8) 0.204
Conversion, n (%) 6 (17) 0 1(3) 5(14) 0.010
Max. tumor size (mm), median (range) 68 (10-170) 85 (10-170) 70 (30-130) 30 (15-150) 0.039
Cellular differentiation, n 20 0.165
Well 10 1 2
Moderate 10 4 3
T stage, n 35 0.395
Carcinoma in situ 1 0 1 0
1 4 1 3 0
2 15 6 5 4
3 12 3 3 6
3 0 2 1
N stage (0/1), n 18/11 4 2 5 0.342
Number of retrieved LN, median (range) 8 (0-25) 6 (0-24) 3 (0-25) 9 (0-19) 0.467
AJCC stage (7th edition), n 34 0.131
0 1 0 1 0
I 3 1 2 0
1T 11 4 4 3
I 14 4 3 7
v 5 0 4 0
RO resection, n (%) 30 (86) 10 (100) 12 (86) 8 (73) 0.204
Overall morbidity, n (%) 19 (54) 2(5) 8 (23) 9 (26) 0.017
Liver failure 4(11) 2 0 2 0.220
Pulmonary complications 10 0 4 6 0.022
Kidney injury 5 1 2 2 0.867
Bile leak 8 (23) 2 2 4 0.413
Ascites 6 0 3 3 0.218
Clavien—Dindo type, n 16 2 7 7 0.287
| 4 0 3 1
1T 8 1 4 3
Illa 2 1 0 1
Iva 1 0 0 1
IVb 1 0 0 1
Postoperative mortality, n (%) 4(11) 1(10) 1(7) 2 (18) 0.681
Hospital stay (days), median (range) 11 (3-57) 8 (3-43) 10 (4-20) 21 (10-57) 0.028

ICC intrahepatic cholangiocarcinoma, PHCC peri-hilar cholangiocarcinoma, GBC gallbladder cancer

patient in GBC group died due to pulmonary embolism,
one (7%) patient in ICC group due to sepsis and multi-
organ failure, and two (18%) patients in PHC due to liver
failure (n=1) and biliary peritonitis (n = 1), with no signif-
icant difference between the 3 groups (p =0.681). Median
hospital stay was 11 days, and it was significantly longer
for patients with PHC (21 days) compared with GBC
patients (8 days) and ICC group (10 days) (p=0.028).
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Discussion

Biliary tract cancers are rare tumors arising from the lining
epithelium of bile ducts and include gallbladder cancer,
intra-hepatic cholangiocarcinoma, peri-hilar cholangio-
carcinoma and distal cholangiocarcinoma [16]. All these
different types of biliary cancers share the same poor
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prognosis, and surgical resection offers the best chance
for potential cure. However, only 5-10% of patients are
surgical candidates as these tumors tend to metastasize to
lymph nodes, invade vascular structures, and present with
distant metastases at the time of diagnosis [16].

While surgical procedures are well standardized via the
open approach, published data about the minimally invasive
approach for biliary cancer are limited to few reports with
a restricted number of patients. The present series provides
an update on our experience with LLR for extra-pancreatic
cholangiocarcinoma. This study analyzes the postoperative
outcomes after LLR in 10, 14, and 11 patients with GBC,
ICC, and PHC, respectively. The present series shows sat-
isfactory results in terms of blood loss, blood transfusion,
and operative time in addition to acceptable morbidity and
mortality rates.

GBC is a rare tumor and most often discovered inci-
dentally after cholecystectomy performed for supposedly
benign etiology [3]. For stages T1b or higher GBC, radi-
cal cholecystectomy including wedge resection or 4b-5 bi-
segmentectomy with loco-regional lymphadenectomy is the
only potential curative option for early disease [2]. Until
recently, the minimally invasive approach was not recom-
mended due to the reported port site recurrence in patients
with incidental GBC after laparoscopic cholecystectomy
[17, 18]. Interestingly, the present study did not observe any
port-site recurrence and we think that surgical manipulation
and gallbladder perforation probably contributed to the large
number of port site recurrences previously seen. The current
results are in accordance with those reported by the largest
series to date, published by Agarwal et al. [2]. In this series,
24 patients who had LLR for GBC were compared to 46
patients who underwent open radical cholecystectomy after
matching. The 24 patients had successful RO resection with
median blood loss of 200 ml, median lymph node yield of
10 nodes, 12.5% complications rate and none of the patients
developed recurrence at port sites. In another report, Castro
et al. [3], described 18 patients with GBC who had LLR
with median blood loss of 125 ml, no conversion to open
surgery and all patients had RO resection, median lymph
node yield of 6 with a complication rate of 11% and no port
site recurrence.. In the present series, 10 patients with GBC
underwent successful LLR without conversion to open sur-
gery. Median blood loss was 110 ml; all patients had an
RO resection with a median lymph node yield of 10, minor
complications in two patients, and postoperative mortality
in one patient.

Intra-hepatic cholangiocarcinoma generally requires
major liver resection with formal lymphadenectomy, and
in some cases vascular or biliary reconstructions, which
explains the limited diffusion of laparoscopic approach [6].
A recently published review article [19] of LLR for ICC
showed that only 101 (5.5%) patients with ICC were treated

with laparoscopic approach out of 1882 patients in 11 stud-
ies. Therefore, scarce information is available about outcome
of LLR in ICC. One of the largest series [20] included 20
patients who were treated by laparoscopy, and these patients
were matched to 60 patients who had open surgery. In LLR
group, RO resection was achieved in all patients, 19 patients
were managed by laparoscopy and only one patient (5%)
was converted to open surgery with less blood loss com-
pared to open surgery. The complication rate was 15%, and
most of these complications were minor with no postop-
erative mortality. The second largest study on LLR for ICC
was published by Lee et al. [21] and compared 14 patients
who underwent LLR to 23 patients who had open surgery.
Patients in LLR group had less blood loss and shorter hospi-
tal stay. The authors did not observe any difference between
both groups regarding complications, tumor recurrence and
patient survival. In our cohort, 14 patients with ICC were
managed by laparoscopy with median blood loss of 200 ml,
and only one patient (7%) was converted to open surgery.
RO resection was achieved in 86% of cases, and major liver
resections and formal lymphadenectomy were performed
in 71% of cases. Again, half of these patients had minor
complications and one (7%) patient died postoperatively
due to sepsis and multi-organ failure. In terms of postop-
erative morbidity, the current results show a higher rate of
postoperative complications compared with other published
reports. In particular, in the study published by Ratti et al.
[20] major liver resection was performed in 85% of cases
and lymphadenectomy was done in only half of patients and
in the study published by Lee et al. [21] half of patients had
minor resections and formal lymphadenectomy was done in
36% of cases.

Peri-hilar cholangiocarcinoma or Klatskin tumor was the
last to be considered for the laparoscopic approach due to
the complexity of the procedure. Curative-intent surgery
requires major hepatectomy, including the caudate lobe,
radical lymphadenectomy, bile duct resection/reconstruc-
tion, and in some cases vascular resection. In the literature,
there are 8 studies with a total of 32 cases (including our
previous report) of PHC that were managed laparoscopically
[8]. The largest study [22] includes 14 patients diagnosed
with PHC, and in that study most of the patients underwent
local hilar resection and biliary reconstruction only, without
performing the standard management as described above.

To the best of our knowledge, this cohort of 11 patients
who had LLR for PHC represents the largest series from a
single institution to date. Most patients had major hepatec-
tomy with biliary reconstruction; vascular and pancreatic
resections were performed due to tumor extension in 6 cases
with a median blood loss of 250 ml and 5 patients required
conversion to open surgery. RO resection was achieved in
73% of cases, and postoperative morbidity rate was 64%
(n=" patients) mostly including minor complications.
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Postoperative mortality rate was 18% (n=2 patients).
Despite high postoperative mortality rate observed in the
present series, this rate in literature ranges from 4 to 18%
after open surgery for PHC [23-25]. Short-term outcomes
seem similar to those reported following an open approach,
although postoperative mortality rate (18%) should be care-
fully interpreted considering the small number of patients
included. There are no large series of LLR in PHC to
compare to our results. Large series of open approach for
PHC have reported surgical resectability ranging between
50 and 80%, RO resection achieved in 70-80% of patients
[26]. Analysis of current results shows that LLR in PHC is
promising, yet it is challenging and still in its developing
phase. Main challenges are due to the complexity of surgi-
cal technique and overall scarceness of patients. Despite the
absence of own experience in robotic assisted surgery, we do
believe that robotic approach in liver resection for cholangio-
carcinoma appears promising and technically achievable in
selected patients specially when there is a need for vascular/
biliary reconstructions.

There are clear limitations to this study, including its
single center nature and the limited number of patients.
Although small, this series represents the largest number of
patients surgically treated for extra-pancreatic cholangiocar-
cinoma in a single institution through a minimally invasive
approach.

Despite the complexity of biliary cancer surgical man-
agement, the present series suggests that LLR is feasible
in patients presenting with early-stage gallbladder cancer
and intra-hepatic cholangiocarcinoma. Regarding LLR in
patients presenting with PHC, although results seem promis-
ing, more evidence is required and the procedure should still
be considered in its early developing stages and reserved for
highly specialized centers.
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