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Abstract
While the incidence of intrahepatic cholangiocarcinoma (ICC) is increasing, few patients are surgical candidates, 
and recurrence rates remain high. Surgical resection remains the only potential curative therapy for ICC, and many 
retrospective cohorts have demonstrated comparable short-term and long-term outcomes between open, 
laparoscopic, and robotic liver resection (RLR) for ICC. However, rates of lymphadenectomy remain low amongst 
all groups, especially in laparoscopic approaches, despite its role in prognostication and therapeutic management. 
RLR may offer many of the short-term benefits of laparoscopic liver resection (LLR) and facilitate adequate 
lymphadenectomy while also increasing the ability to access posterosuperior segments and perform major 
hepatectomies.
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INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver malignancy after 
hepatocellular carcinoma (HCC), and its incidence is increasing worldwide[1-3]. While the only curative 
therapy is surgical resection, only 15% of patients present with resectable disease[4,5]. Even with surgical 
resection, median survival ranges from 27 to 36 months, and disease recurrence will occur in two-thirds of 
patients[6]. In light of these statistics, systemic therapy is considered standard of care for all patients with 
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ICC, including those with resectable disease[7]. Therefore, a surgical approach that supports rapid recovery
and return to function with minimal disruption to quality of life is especially appealing.

Minimally invasive surgical (MIS) approaches, particularly laparoscopic liver resection (LLR), are well
described in the treatment of HCC and colorectal liver metastasis and are associated with improved short-
term outcomes[8-11]. However, MIS treatment of ICC, whether via LLR or robotic liver resection (RLR), has
not been well-studied, and its description is mostly limited to retrospective single-center studies from high-
volume, expert centers. For instance, in a large systematic review including 2,804 patients comparing open
liver resection (OLR) to LLR for malignant liver tumors, ICC was lumped with other metastatic liver tumors
and altogether only accounted for 7% of included patients[12]. With acknowledgment of the limited data, this
review examines the state of the current literature comparing open, laparoscopic, and robotic approaches
specific to ICC.

METHODS
This review aims to summarize the existing data on short-term and long-term outcomes of open,
laparoscopic, and robotic approaches to surgical resection of ICC. PubMed was searched for terms
including “intrahepatic cholangiocarcinoma,” “minimally invasive,” “laparoscopic”, and “robotic”, with a
search end date of January 31, 2023. Short-term outcomes included operative time, percent conversion,
intraoperative blood loss, major complications (Clavien Dindo grade  3a unless otherwise noted), length of
stay, and 30-day mortality. Oncologic outcomes include percent of patients receiving R0 resection, lymph
node dissection (LND), and ≥ 6 lymph nodes harvested. The long-term oncologic outcomes, including 
total percent recurrence, 1-year and 3-year overall survival (OS), and 1-year and 3-year disease-free 
survival (DFS), were also reported.

PRINCIPLES OF TREATMENT
Most patients are considered unresectable at presentation, as the tumor is often locally advanced or 
metastatic prior to causing symptoms[4]. Contraindications to resection include metastatic disease, nodal 
disease beyond the regional basin (N2 disease), and invasion of the common hepatic artery or both the right 
and left hepatic arteries[13-15]. Relative contraindications include multifocal tumors and portal vein 
involvement, although, in experienced centers, portal vein resections and reconstructions may be performed 
in selected patients[16,17]. In addition, due to the tendency of ICC for intraductal and periductal spread, major 
hepatectomies are often required, necessitating a sufficient future liver remnant (FLR) or sufficient 
hypertrophy of the FLR following augmentation strategies such as portal vein embolization (PVE)[18,19].

Few patients present with resectable disease, and surgery remains the only potentially curative treatment for 
ICC[5,13,20]. Principles of surgical resection include total excision of the tumor with negative margins and 
removal of locoregional nodes, particularly stations 8 and 12[6,15,21-23]. There is no evidence to support the 
need for an anatomic resection as long as negative margins can be obtained. Even at the time of surgery, 
resectable ICC is associated with lymph node metastases in 40% of patients, and LND should be performed 
routinely[24]. The 8th edition of the AJCC classification system recommends harvest of at least 6 nodes for 
adequate staging[25].

While minimally invasive approaches are often associated with less morbidity, improved quality of life, and 
shorter length of stay, this approach cannot compromise the basic oncologic tenets of negative surgical 
margins and adequate LND. High-quality data are lacking regarding these critical aspects of MIS 
management of ICC, but many retrospective cohort studies have evaluated its feasibility, short-term 
outcomes, and oncologic outcomes. It is important to interpret these studies in the context of inherent 
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selection biases.

OPEN VERSUS LAPAROSCOPIC APPROACHES
Short-term outcomes
Many retrospective cohort studies have compared short-term outcomes of LLR vs. OLR. A meta-analysis by
Regmi et al. compiled results from eight retrospective studies and compared short-term results of LLR vs.
OLR for ICC. Length of stay was demonstrated to be notably shorter (P = 0.05), and overall morbidity rates
were lower with LLR compared to OLR (P = 0.002). Duration of the operation and intraoperative blood loss
were comparable between groups (P = 0.10), but the need for intraoperative blood transfusion was lower in
the LLR group (P = 0.005). There was no difference in perioperative mortality between groups (P = 0.62)[26].

A more recent retrospective cohort study supports these findings, comparing consecutive patients between
2011 to 2021 undergoing LLR vs. OLR for ICC. Short-term outcomes, including operation duration, surgical
margins, and intra- and post-operative transfusion, did not differ significantly between the groups, but
length of stay was shorter for the LLR group (8.8 vs. 10.6 days, P = 0.031). Major complications were higher
in the OLR group, although not statistically different (3.3% vs. 12.3%, P > 0.05). Notably, however, there
were differences in the size of the tumors and the extent of hepatectomy. The tumor diameter was larger in
the OLR group (4.7 cm vs. 5.7 cm, P = 0.053). Larger resections were performed in the OLR group
compared to the LLR group, including more trisectionectomy and hemihepatectomy (0.0% vs. 3.1%, 56.7%
vs. 81.5%, P = 0.007)[27]. This suggests that while short-term outcomes of LLR may be acceptable and even
superior to OLR, these findings are at least partially reflective of a patient selection process to choose the
appropriate LLR candidates.

This bias was again shown in a larger multicenter study from Europe by Sahakyan et al., which compared
LLR to OLR for ICC[28]. Prior to matching, there was a significant difference in many baseline preoperative
characteristics: OLR was associated with a higher rate of bilobar disease (6% vs. 25%, P < 0.01) and major
liver resection (38% vs. 64.7%, P < 0.01). Cases were then matched for patient age, American Society of
Anesthesiologists (ASA) grade, size, location and number of tumors, and underlying liver disease. After
matching, rates of major complications and transfusions were similar between the two groups, but OLR was
associated with longer length of stay (5 vs. 8 days, P < 0.01), longer operative durations (209 vs. 294 minutes,
P < 0.01), more reoperations (4% vs. 16%, P = 0.046), and more overall complications (30% vs. 52%, P =
0.025)[28].

Multiple other cohort studies have examined these short-term outcomes between LLR and OLR and
demonstrated comparable operative durations, major complication rates, and mortality rates. The available
data seem to consistently support shorter length of stay and less intraoperative blood loss when comparing
LLR to OLR [Table 1]. Rates of R0 resection also remain comparable between approaches [Table 2].

Rates of lymphadenectomy
As previously mentioned, LND is recommended as standard of care in the surgical management of ICC at
the very least for staging and prognostication purposes and to guide decision-making vis-à-vis adjuvant
therapies[24,25]. Current guidelines propose a minimum of 6 lymph nodes for adequate LND[24]. Locoregional
control and even survival may improve with the performance of LND[24,29,30], although the survival benefits
remain debated[31,32]. Adequate LND generally includes stations 8 and 12 [Figure 1], with one study
demonstrating improved DFS and OS with inclusion of these stations, although this difference was not
statistically significant (P = 0.080 and P = 0.078, respectively)[33]. Even in lymph node-positive disease,
surgical resection with LND may be associated with improved survival[34,35]. Yet, there is a general failure to
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Table 1. Short-Term Outcomes of Laparoscopic vs. Robotic vs. Open Liver Resection for Intrahepatic Cholangiocarcinoma

First 
Author, 
Year, 
Design

Approach n
Tumor 
Size, 
cm

Major 
Hep., 
%

Operative 
Time, min

Conversion, 
%

Intraoperative 
Blood Loss, ml 
(mean)

Major 
complications, 
%

Length 
of stay 
(days)

30-day 
Mortality, 
%

Uy, 2015 
SI RC[52]

LLR 
OLR

11 
26

4.15 
4.25a

54.5 
84.6

272.5 
335a

NR 325 
750*a

9.1 
26.9

9 
11a

NR

Lee, 2016 
SI RC[53]

LLR 
OLR

14 
23

3.5 
4.0a

50.0 
82.6

255 
330a

NR 325 
625*a

17.4 
21.4

15 
20a

NR

Wei, 2017 
SI RC[54]

LLR 
OLR

12 
20

5.25 
6a

58.3 
55

212 
230a

16.7 350 
350a

16.7 
15

14 
11a

0 
0

Zhu, 2019 
SI RC, PSM[
55]

LLR 
OLR

18 
36

6 
6

55.6 
61.1

225 
190*a

11.1 200 
300a

5.6 
11.1

6 
6a

0 
0

Martin, 
2019 
Database[40
]

LLR 
OLR

312 
1997

5.01 
6.40*b

37.8 
54.5*

NR NR NR NR NR NR

Kinoshita, 
2019 
MI RC[56]

LLR 
OLR

15 
21

2.6 
3.4b

NR 360 
358a

NR 150 
500a

13 
19

NR NR

Hobeika, 
2020 
MI RC, PSM[38]

LLR 
OLR

109 
109

NR 47.7 
47.7

240 
263a

13.8 200 
346*a

22.9 
26.6

7 
14*a

5.5 
3.7

Kang, 2020 
SI RC, PSM[
37]

LLR 
OLR

24 
24

4.7 
4.1b

75 
75

407.2 
316.4b

20 1717.2 
800.0b

70.8 
79.2c

8.9 
15.3*b

NR

Wu, 2020 
SI RC[57]

LLR 
OLR

18 
25

NR 33 
52

305 
300a

NR 375 
500*a

6 
8

6 
9*a

0 
4

Haber, 
2020 
SI RC[58]

LLR 
OLR

27 
31

6.0 
6.5a

70 
78

314 
282a

7 NR 19 
32

10 
12*a

7 
0

Ratti, 2021 
SI RC, PSM[
42]

LLR 
OLR

150 
150

5.3 
5.8b

34 
36.7

270 
230b

11.3 150 
350*b

4 
8

4 
6a

1.3 
1.3

Wang, 
2022 
SI RC[27]

LLR 
OLR

30 
65

4.7  
5.7b

56.7 
81.5*

231  
225.3b

20 200  
300*b

3.3  
12.3

8.8  
10.6*b

0 
0

Sahakyan, 
2022 
MI RC, PSM[28]

LLR 
OLR

50 
50

5.5 
5.8b

38 
74*

209 
294*b

10 NR 24 
38

5  
8*a

4 
10d

Brustia, 
2022 
Database, 
PSM[59]

LLR 
OLR

89 
89

4.67 
5.32b

53.9 
68.5

NR 17.9 NR 8.9 
17.9

NR NR

Hamad, 
2022 
Database[48
]

RLR 
OLR

72 
1804

5.1 
6.8b

45.5 
67.3*

NR 8.3 NR NR 5.8 
8.9*b

2.2 
3.0

Shapera, 
2022 
SI RC[60]

RLR 
OLR

15 
19

5.5 
4.5b

87 
95

331 
356b

NR 100 
420*b

13 
26.3

4 
7b

6.7 
5.3

Outcome Definitions: Major hepatectomy:  3 consecutive liver segments[61]. Major complications: Clavien-Dindo grade  IIIa complications unless 
otherwise noted. Hep: Hepatectomy; SI: Single institution; RC: retrospective cohort; LLR: Laparoscopic liver resection; OLR: open liver resection; 
NR: not reported; PSM: propensity-score matched (matched data presented); MI: multi-institution; RLR: robotic liver resection. *Designates 
statistical significance. aReported as median. bReported as mean. cIncluded Clavien-Dindo grade II and above complications. dReported as 90-day 
mortality.

adhere to these recommendations at the broad national level, with a National Cancer Database (NCDB) 
study demonstrating a low overall rate of LND for 58.2% of ICC cases and only 24.8% with an adequate 
examination of 6+ lymph nodes per guidelines[36]. In fact, if there is a major deficiency of LLR in the 
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Table 2. R0 Resection and Lymphadenectomy Rates in Laparoscopic vs. Robotic vs. Open Liver Resection for Intrahepatic 

Cholangiocarcinoma

First Author, Year, 
Design Approach n R0 Resection, % Lymph Node Dissection, 

%
6 Lymph nodes, 
%

Uy, 2015 
SI RC[52]

LLR 
OLR

11 
26

NR 9.1 
73.1

NR

Lee, 2016 
SI RC[53]

LLR 
OLR

14 
23

NR 35.7 
65.2

NR

Wei, 2017 
SI RC[54]

LLR 
OLR

12 
20

100 
95

33.3 
55

NR

Zhu, 2019 
SI RC, PSM[55]

LLR 
OLR

18 
36

94.4 
94.4

38.9 
41.7

NR

Martin, 2019 
Database[40]

LLR 
OLR

312 
1997

81.3 
76.9*

48.5 
61.2*

8.7 
15.4*

Kinoshita, 2019 
MI RC[56]

LLR 
OLR

15 
21

93.3 
95.2

40 
33

NR

Hobeika, 2020 
MI RC, PSM[38]

LLR 
OLR

109 
109

86.2 
87.2

33.9 
73.4*

14.7 
25.7*

Kang, 2020 
SI RC, PSM[37]

LLR 
OLR

24 
24

NR 25.0 
75.8*

NR

Wu, 2020 
SI RC[57]

LLR 
OLR

18 
25

(only R0 resections included in the 
study)

NR 33 
32

Haber, 2020 
SI RC[58]

LLR 
OLR

27 
31

89 
74

85 
94

NR

Ratti, 2021 
SI RC, PSM[42]

LLR 
OLR

150 
150

97.3 
95.3

88 
90

NR

Kim, 2022 
Database[36]

LLR 
RLR 
OLR

3262 
175 
5174

88.4 
90.1 
85.1

45.9 
43.6 
61.1*

24.3 
35.3 
26.7 

Wang, 2022SI RC[27] LLR 
OLR

30 
65

96.7 
95.4

20.0 
56.9*

0 
10.8*

Sahakyan, 2022 
MI RC, PSM[28]

LLR 
OLR

50 
50

84 
84

20 
60*

NR

Brustia, 2022 
Database, PSM[59]

LLR 
OLR

89 
89

84.0 
70.0

NR NR

Hamad, 2022 
Database[48]

RLR 
OLR

72 
1804

80.6 
81.6

47.2 
55.3

NR

Shapera, 2022 
SI RC[60]

RLR 
OLR

15 
19

86.7 
63.2

NR NR

SI: Single institutional; RC: retrospective cohort; LLR: Laparoscopic liver resection; OLR: open liver resection; NR: not reported; PSM: propensity 
score matched (matched data presented); MI: multi-institutional; RLR: robotic liver resection. *Designates statistical significance.

treatment of ICC in the existing literature, it is the lower rate of LND performed with this approach. This is 
generally attributed to technical difficulty of this procedure and likely remains one of the major barriers to 
and shortcoming of the adoption of LLR for ICC[21,22].

Across the literature, rates of adequate LND are low overall, with large differences between OLR and LLR 
[Table 2]. Rates of LND were 30% in LLR vs. 75.4% in OLR (P < 0.001) in the retrospective cohort detailed 
by Kang et al., a difference that persisted after propensity matching[37]. Similar differences were observed in a 
French nationwide propensity-matched cohort by Hobeika et al., with LND in 33.9% of LLR and 73.4% of 
OLR, and even yield of  6 lymph nodes in only 14.7% of LLR and 25.7% of OLR[38]. Lee et al. also observed a 
similar difference in their series, with rates of 35.7% in LLR vs. 65.2% in OLR (P = 0.101), as did Wang et al. 
with 20.0% in LLR vs. 56.7% in OLR (P = 0.001)[27,39]. Even in a national database study including 2,309 
patients undergoing liver resection for ICC, significantly fewer LLR patients received any lymph node 
evaluation compared to OLR (39% vs. 61%, P < 0.001). Even more striking, the rate of an adequate LND of 
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Figure 1. Lymph node stations included in lymph node dissection for intrahepatic cholangiocarcinoma, particularly stations 12 
(hepatoduodenal ligament) and station 8 (common hepatic artery). The depicted nodal stations include station 1 (right cardiac), station 
3 (lesser gastric curvature), station 5 (supra-pyloric), station 7 (left gastric artery), station 8 (common hepatic artery), station 9 (celiac 
axis), station 12 (hepatoduodenal ligament), station 13 (posterior pancreatic), and station 16 (abdominal aortic)[33].

6 lymph nodes was exceedingly low in both groups (9% vs. 15%, P < 0.001)[40].

Historically, a need for extensive portal lymphadenectomy was considered a contraindication to LLR[12].
However, a propensity-score-based, case-matched analysis by Ratti et al. demonstrates that laparoscopic
LND for biliary malignancy is not only feasible but can result in adequate lymph node yield while also
providing benefits of lower blood loss, fewer intra- and post-operative blood transfusions, and shorter
length of stay compared to open LND. In addition, both overall and lymphadenectomy-related morbidity
was similar between groups. Notably, this was a single-center study at a tertiary referral center at the
Hepatobiliary Surgery Division of San Raffaele Hospital, Milano describing experiences after implementing
institutional policy to mandate LND in both MIS and OLR[41]. Their findings support that a minimally
invasive approach to ICC is feasible and can still be oncologically sound in technically proficient hands.

Oncologic outcomes
Few studies have investigated differences in oncologic outcomes between LLR and OLR [Table 3]. Kang et
al. compared 3-year OS and DFS within the cohort from 2004 to 2015 in their center with 1:1 propensity-
score matching for age, gender, tumor location, extent of hepatectomy, and nodularity. There were no
statistical differences between 3-year DFS or OS between the LLR and OLR groups before or after matching.
Prior to matching, 3-year OS for patients undergoing LLR vs. OLR were 76.7% and 81.2% (P = 0.621),
respectively, and 3-year DFS were 65.6% and 42.5% (P = 0.122). After matching, rates became more similar
between LLR and OLR with 3-year OS of 74.8% and 75.5% (P = 0.710) and 3-year DFS of 59.9% and 41.8% (
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Table 3. Long-Term Outcomes of Laparoscopic vs. Open Liver Resection for Intrahepatic Cholangiocarcinoma

First Author, 
Year, Design Approach n

Median 
Follow-Up, 
months

Total 
Recurrence, %

1-yr Overall 
Survival, %

3-yr Overall 
Survival, %

1-yr Disease-
Free Survival, 
%

3-yr Disease-
Free Survival, 
%

Uy, 2015 
SI RC[52]

LLR 
OLR

11 
26

17 overall 36.4 
46.3

NR 77.9 
66.2

NR 56.2 
39.4

Lee, 2016 
SI RC[53]

LLR 
OLR

14 
23

15 
35

21.4 
43.4

NR 84.6 
75.7

NR 76.9 
56.7

Wei, 2017 
SI RC[54]

LLR 
OLR

12 
20

17.5 
12

50 
60

NR 56.3 
32.7

NR 43.8 
27.9

Zhu, 2019 
SI RC, PSM[55]

LLR 
OLR

18 
36

24 overall 55.6 
61.1

66.7 
72.2

45.8 
38.2

53.1 
48.7

37.8 
34.9

Kinoshita, 2019 
MI RC[56]

LLR 
OLR

15 
21

26 overall NR 86 
84

58 
78

66 
80

49 
65

Kang, 2020 
SI RC, PSM[37]

LLR 
OLR

24 
24

29 
29.2

NR NR 74.8 
75.6

NR 59.9 
41.8

Wu, 2020 
SI RC[57]

LLR 
OLR

18 
25

NR 100.0 
96.0

76.9 
43.1

47.1 
20.0

27.8 
24.0

0.0 
4.0

Ratti, 2021 
SI RC, PSM[42]

LLR 
OLR

150 
150

NR 59.3 
63.3

NR NR NR NR

Sahakyan, 2022 
MI RC, PSM[28]

LLR 
OLR

50 
50

51 overall 25 
22

NR 55.8 
56

59.4 
62.4

40 
38.3

Brustia, 2022 
Database, PSM[
59]

LLR 
OLR

89 
89

NR NR 92 
92

75 
58  *

71 
61

41 
37

Wang, 2022 
SI RC[27]

LLR 
OLR

30 
65

13.8  
10.7

33.3 
44.6

75.7 
71.3

52.0 
51.1

63.4 
71.3

41.7 
53.5

SI: Single institutional; RC: retrospective cohort; LLR: Laparoscopic liver resection; OLR: open liver resection; NR: not reported; PSM: propensity 
score matched (matched data presented); MI: multi-institutional. *Designates statistical significance.

P = 0.350)[37].

Lee et al. also examined survival outcomes in their smaller cohort of 39 patients undergoing hepatectomy 
from 2010 to 2015 and found similar 3-year DFS and OS between groups. Comparing LLR and OLR, 3-year 
OS was 84.6% and 75.7% (P = 0.672), and 3-year DFS was 76.9% and 56.7 (P = 0.456), respectively. Even 
when comparing subgroups of patients who did or did not receive LND, as LND was significantly more 
common in the OLR group, there was no difference in OS or DFS between approaches[39].

Another cohort at a large Italian tertiary center found LLR to be non-inferior in oncologic outcomes 
compared to OLR in terms of overall and DFS. Notably, the patients who underwent LLR had a shorter 
median time to adjuvant treatment than those who underwent OLR (35 vs. 49 days, P = 0.03), and a greater 
percentage received systemic adjuvant therapy at all (82.7% vs. 77.3%, P < 0.05)[42].

While these studies are not randomized, multiple retrospective cohorts with and without propensity 
matching have demonstrated similar long-term oncologic outcomes in terms of recurrence and OS between 
LLR and OLR for ICC [Table 3].

ROBOTIC APPROACH
Robotic surgery has been growing in popularity, with benefits including increased dexterity, 3D 
visualization, surgeon comfort, and a quicker learning curve. Specific to minimally invasive liver resections, 
the robotic platform has increased the ability of the surgeon to perform major hepatectomies to safely access 
the posterosuperior segments and decrease conversions[43-46]. Although many retrospective cohorts have also 
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Figure 2. Complete robotic portal lymphadenectomy for intrahepatic cholangiocarcinoma, with indocyanine green (Firefly) to highlight 
biliary anatomy.

demonstrated increased R0 resection rates between RLR and LLR for hepatic malignancies, this difference 
has not been borne out in a meta-analysis[47].

Studies specific to the robotic approach for ICC are sparse but promising. An NCDB study only identified 
72 robotic-assisted cases for stages I-III ICC between 2004 and 2017, compared to 1,804 open cases. 
Examining short- and long-term outcomes between RLR and OLR, they found no differences between the 
rate of R0 resection, post-operative morbidity, or long-term survival while reducing the length of hospital 
stay (6 vs. 9 days, P = 0.019). Notably, there was no difference in LND between groups, which is a striking 
contrast to studies comparing LLR to OLR[48].

The robotic approach was also demonstrated to improve LND rates and retrieval of at least 6 nodes in 
another NCDB analysis by Kim et al., which examined open vs. laparoscopic vs. robotic approaches for both 
ICC and gallbladder cancer (GBC). In fact, rates of both R0 resection and retrieval of 6+ nodes were highest 
within the RLR group in the combined ICC and GBC group. For ICC only, comparing LLR vs. RLR vs. 
OLR, R0 resection was achieved 88.4% vs. 90.1% vs. 85.1%, respectively (P = 0.061), and retrieval of 6+ nodes 
in 24.3% vs. 35.3% vs. 26.7% (P = 0.338), respectively. Rates of LND were highest in the OLR group yet low 
regardless of approach, 45.9% vs. 43.6% vs. 61.1% (P < 0.001), respectively. Performance of surgery at high 
volume and academic centers predicted R0 resection and adequate lymphadenectomy regardless of 
approach[36].

One of the largest benefits of RLR for biliary tract cancer may be improved lymphadenectomy rates while 
also preserving the other benefits of LLR, such as decreased length of stay, decreased morbidity with quicker 
recovery, and preserved long-term outcomes[36,43]. Adjuncts, such as indocyanine green (ICG), can also be 
easier to utilize on the robotic platform and may help detect tumors and their margins, satellite lesions, or 
even metastases [Figure 2][49-51].

PATIENT SELECTION
Ultimately, any approach to surgical resection for ICC should include the basic principles of negative 
margins and adequate lymph node staging. Surgeons must account for their own technical proficiency and 
experience when selecting patients for a minimally invasive approach. Even at expert, high-volume centers, 
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specific tumor characteristics disqualified patients from a laparoscopic approach. These characteristics 
include lesions that require biliary or vascular resections, lesions infiltrating the inferior vena cava, and 
lesions in contact with the hepatic vein of the FLR[42]. However, the robotic platform may expand the patient 
selection criteria due to more dexterity and technical capabilities, with increased ability to suture, dissect 
larger tumors, and access the posterosuperior segments[45].

At our institution, we routinely offer MIS hepatectomy for ICC, and our preferred approach for this is the 
robotic platform, which, in our experience, has allowed for expanding criteria for MIS, reduced the learning 
curve, and facilitated the performance of LND, which should be standard practice for this disease. Of 
course, the experience and technical ability of the surgeon should also be taken into account, as individual 
surgeons should recognize the limit of their abilities on the MIS platform - as they should with open surgery 
- in deciding which patients should be offered this option. Guiding principles of R0 resection and adequate 
lymphadenectomy are crucial and cannot be discarded for the sake of a MIS approach. Academic centers 
and high-volume minimally invasive centers demonstrate the highest rate of achieving these oncologic 
principles and are associated with the best long-term outcomes for this highly select group of patients[36].

CONCLUSION
Although high-quality, randomized data do not yet exist comparing open, laparoscopic, and robotic 
approaches to resection of ICC, multiple cohorts and meta-analyses demonstrate comparable short- and 
long-term outcomes between OLR and LLR. It should be noted that while we attempted to comprehensively 
include all studies specifically comparing surgical approaches for ICC, this is not a true systematic review 
nor meta-analysis, and conclusions must be drawn with caution, especially as it does not include any 
randomized data. Rather, we submit this review in the context of the approach of our group to the surgical 
treatment of ICC. Acknowledging the limitations of the data, benefits of LLR may include decreased length 
of stay and decreased morbidity while preserving survival outcomes. However, a major shortcoming in LLR 
is the decreased rate of LND, likely secondary to technical difficulty. The robotic platform may facilitate 
adequate lymph node harvest and expand minimally invasive options for more complex tumor locations 
and major hepatectomies.
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