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ABSTRACT:  
 

Background: The role of robotic surgery for colorectal cancer liver metastases (CRCLMs) has never been investigated 

in large series. 

Methods: A systematic literature review was carried out on PubMed and Cochrane libraries.   

Results: We selected 9 studies between 2008 to 2021. 262 patients were included. 131 patients underwent simultane-

ous resections. The mean blood loss was 309.4 ml (range, 200-450 ml), the mean operative time was 250.5 min (range, 

198.5-449.0 min). The mean length of hospital stay was 7.98 days (range, 4.5 to 12 days). The overall postoperative 

mortality was 0.4%. The overall morbidity rate was 37.0%, Clavien-Dindo grade III-IV complications were 8.4%. The 

mean 3-year overall survival was 55.25% (range, 44.4-66.1%), the mean 3-year disease free survival was 37% (range, 

33.3-41.9%).  

Conclusion: We can conclude that robotic-assisted surgery might be considered as a technical upgrade option for 

minimally invasive approach to CRCLM resections even for simultaneous operations and challenging cases. 

 

Keywords: colorectal liver metastases; robotic surgery; systematic review 

 

INTRODUCTION 

Colorectal Cancer (CRC) is the third most frequent cancer worldwide regarding incidence and the fourth big killer re-

garding mortality 1. 50% of patients affected by CRC will develop liver metastasis from diagnosis 2. Although oncolog-

ic therapies have made significant advances, the most effective treatment for Colorectal Cancer Liver Metastasis 

(CRCLMs) remains surgical resection 3-5.  

In the last fifteen years the opportunity to perform of Minimally Invasive (MI) liver resections has been extensively 

investigated and its rules were clearly stated during the international consensus held in Louisville 2008, Morioka 2014, 

and Southampton 2017 6-8. 

Despite laparoscopy is still the predominant MI surgical technique to perform liver resections, Robotic Liver Re-

sections (RLR) have been proposed as an alternative approach to overcome some technical limitations of Laparoscopic 
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Liver Resections (LLR). It has been reported that robotic approach may offer a safer and more comfortable technology 

than conventional LLR, especially in major and postero-superior segments and complex reconstructive time 9,10. 

Although CRCLMs represent a heterogeneous clinical scenario, a dedicate research interest including multicenter ex-

periences and clinical trials are even more necessary to outline the best indication for clinical practice 11-13. 

So, accordingly, to the development of surgical technologies and the effectiveness of multimodal therapies also 

the approach to CRCLMs resection changed both for simultaneous and delayed procedures 3,4,7,10,14-18. 

Despite some recent reviews tried to investigate the role of RLR for CRLMs, so far, indications and limits of RLR for 

CRLMs has not been clearly investigated 19,20. 

To date, there are in the literature cases series and meta-analyses that compare RLR and LLR, but these are often het-

erogeneous regarding surgical indications and they often included a small sample size of patients  6,10,15,21. This sys-

tematic review aims to assess and clarify the safety and oncological outcomes of the robotic resection of CRCLM 

through a complete and systematic review of the literature. 

 

MATERIAL AND METHODS 

Aims 

Our primary endpoint is to evaluate the safety of RLR for CRCLMs in terms of postoperative morbidity and mor-

tality. The secondary endpoints are the evaluation of the oncological outcomes, the assessment of the oncological radi-

cality, long-term overall survival (OS) and disease-free survival (DFS) outcomes. The comparison with these results 

with the current literature can provide an overview of the advantages and disadvantages of the robotic-assisted tech-

nique for CRCLMs resection compared with OLR and LLR. 

Literature research 

A systematic literature review was carried out on PubMed (Medline) and Cochrane libraries on the 23rd of April 

2021, taking into consideration all the articles published in the English language without restrictions of time. 

The research query was as follow: (robot* OR robotic* OR Vinci) AND (liver OR hepatic* OR hepatectom*) AND 

(colon* OR colorectal OR rect* OR metastas*). The query keywords were searched in the titles and abstracts.  

Inclusion and exclusion criteria 

The inclusion criteria were as follow: 1. Original articles with a retrospective or prospective case series of more 

than three RLR performed for CRCLMs; 2. Studies with at least one of the following outcomes: postoperative morbidi-

ty, postoperative mortality, radicality of the surgery (R0/R1-2), overall survival rate, disease-free survival rate. 

The exclusion criteria were: 1. RLRs performed for other pathologies except for CRCLM; 2. Case reports, reviews, 

meta-analysis, letters and editorials; 2. articles that do not have well defined any of the outcomes indicated in the in-

clusion criteria; 3. Full-text articles not in the English language. 
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Article screening and selection 

All the articles were screened for the inclusion and exclusion criteria by two authors (FC, AS) and incongruences 

were solved by mutual discussion or querying to a third researcher (AR). The articles eligible for a full-text evaluation 

were then further screened to select only the articles that fully met the inclusion and exclusion criteria. The screening 

and review process was carried out in accordance with the PRISMA 2020 statement 22. 

Data extraction and processing 

The following data were extracted from the selected articles: total number of patients involved, number of pa-

tients who underwent RLR with CRCLMs indication, baseline characteristics (age, gender, BMI, ASA score), the total 

number of liver resections, number of patients undergone to major and minor hepatic resections, number of patients 

undergoing simultaneous resection procedures with the primary tumor, intraoperative characteristics (blood loss, op-

erative time, use of the Pringle maneuver), postoperative characteristics (30-days mortality, 30-days in-hospital mor-

bidity and major complications, length of hospital stay), follow-up characteristics (radicality of the resections, overall 

survival, disease-free survival). Complications were classified according to Clavien-Dindo 23. In the series with an in-

dividual description of the results, the data were processed and calculated with SPSS v26 (IBM®). All data was then 

reported into a database and herein presented as results. 

 

RESULTS 

Two hundred-sixty-two records* were identified and screened from the title and abstract according to the inclusion 

criteria. No duplicates were detected. Thirty-one records were considered eligible and screened with a full-text evalu-

ation. Twenty-two records were excluded with reasons, of which: five were excluded due to unspecified diagnosis, 

fifteen due to lack of outcomes, one for language, one for lack of full text. Nine studies were then selected for qualita-

tive and quantitative analysis (Figure 1). 
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Figure 1. Study flow diagram. The number of records screened is accidentally the same as number of RLRs. 

From our research, the total number of patients who underwent an RLR for CRCLM was 262, consisting of 161 males 

(61.5%), 97 females (37.0%) and 4 indeterminate (1.5%). The central value for the age varied between 59.0 and 72.0 

years old in all the studies. The BMI varies from 23.4 to 28.0 between the studies.  

The ASA score was expressed only in four studies: the percentage of ASA grade III-IV was 35.7% (n=10) in Ceccarelli 

et al., 81.7% (n=94) in Beard et al., 25.0% (n=3) in Navarro et al. and 83.3% (n=5) in Patriti et al 24-26. None of the baseline 

characteristics constituted a contraindication to RLR.  

The baseline characteristics of patients are listed in table 1.  

 

 

Table 1. Baseline characteristics. 

Study Year Study type 
Type of Da 

Vinci Robot 

Tot. N of 

cases 

N of pa-

tients oper-

ated for 

CRCLM, 

N (%) 

Age, years 
Gender,  

M/F 
BMI  

ASA score,  

I-II/III-IV 

Ceccarelli 24 2021 
Retrospec-

tive cohort 

Si,   

Xi (since 

2017) 

28 28 (100) 
Mdn 65.0 

(IQR 5-73) 
18/10 

Mdn 27.5 

(IQR 24-29) 
18/10 

Rahimli 27 2020 
Retrospec-

tive cohort 

Si,   

Xi (since 

2019) 

25 12 (48) 
M 63.5 (SD 

±11.3) 
6/6 

M 26.2 (SD 

±2.7) 
N/A 

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the 
total number across all databases/registers). 

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by 
automation tools. 

 

 

 

 

 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
 

For more information, visit: http://www.prisma-statement.org/ 
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Guadagni 28 2020 
Retrospec-

tive cohort 

Si,   

Xi (since 

2015) 

20 20 (100) 
M 66.1 (SD 

±11.8) 
13/7 

M 24.4 (SD 

±2.7) 
N/A 

Beard 25 2019 
Retrospec-

tive cohort 
Si 629 115 (18.3) 

 M 61.0 (SD 

±11) 
76/39 

M 28.0 (SD 

±6) 
21/94 

Navarro 29 2019 
Retrospec-

tive cohort 

Si,   

Xi 
12 12 (100) 

M 59.0 (Ra 

37-77) 
7/5 

M 24.9 (SD 

±2.4)  
9/3 

Guerra 30 2019 
Retrospec-

tive cohort 
Si 59 59 (100) 

Mdn 64.0 

(Ra 43-84) 
37/22 

Mdn 26.0 

(Ra 17-38) 
N/A 

Dwyer 31 2018 
Retrospec-

tive cohort 
Si 6* 4 (67) M 59.3 2/4 M 23.4 N/A 

Croner 32 2015 
Retrospec-

tive cohort 
Si 9 4 (44.4) 

M 61.5 (SD 

±13.3) 
N/A N/A N/A 

Patriti 26 2008 
Retrospec-

tive cohort 
Si 7 6 (85.7) 

M 72.0 (SD 

±12) 
2/4 

M 26.2 (SD 

±4.6) 
1/5 

M: mean; Mdn: median; SD: standard deviation; Ra: minimum-maximum; IQR: interquartile range; CRCLM: colorectal 

cancer liver metastases. *Two patients did not receive any liver resection (one ablation and one undetectable 

lesion at the ultrasound) but they were included in baseline data. 

 

 

 

 

 

 

 

Only the paper by Ceccarelli et al. 24 is detailed enough to relate BMI, Age, ASA with complications. Authors reported 

complications Clavien-Dindo score >2 in 4 patients. 

Baseline characteristics of the patients were: 2 (7.14%) patients ASA I/II, with mean age of 35(SD±5.6) and a BMI of 

20.3 (SD±1); 2 (7.14%) patients were ASA III/IV with mean age of 64.5(SD±2.1) and a BMI of 28.12 (SD±4.1). 

According to Brisbane classification, hepatic resections were classified as major if more of three segments were ablated 

33. Thirty-eight major resections were performed (14.5% of patients), in 15 cases simultaneously to primary cancer re-

section. One hundred and thirty-one procedures (50%) were performed simultaneously with resection of the primary 

tumor. In table 2 we reported are depicted in detail colorectal procedures associated to RLRs. 

Operative data are shown in tables 3 and 4.  

 

Table 2. Colorectal procedures associated to RLRs.. 

Study 
Simultaneous resections, 

N (%) 

Simultaneous colon re-

sections (N, type of resec-

tions) 

Simultaneous rectal re-

sections (N, type of resec-

tions) 

Ceccarelli 24 28 (100) 16 (9 RH, 7LH) 12 (10 RAR, 1 HP, 1 MP) 

Rahimli 27 0 (0) 0 0 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

7 

Guadagni 28 3 (15) 2 (RH) 1 (1 MP) 

Beard 25 72 (62.6) N/A N/A 

Navarro 29 12 (100) 3 (2 RH, 1 LH) 9 (7 LRAR, 2 RAR) 

Guerra 30 4 (6.8) 4 (3 RH, 1 LH) 0 

Dwyer 31 6* (100) 1 (1 RH) 5 (3 LRAR, 2 RAR) 

Croner 32 0 (0) 0 0 

Patriti 26 6 (85.7) 5 (4 LH°, 1 RH°) 1 (1 TME°) 

*Two patients did not receive any liver resection (one ablation and one undetectable lesion at the ultra-sound) but they 

were included in baseline data. RH: Right Hemicolectomy; LH: Left Hemicolectomy; RAR: Rectal Anterior Resection; 

HP: Hartmann Procedure; MP: Miles Procedure; LRAR: Low Rectal Anterior Resection; TME: Total Mesorectal Excision; 

°: laparoscopic. 

Table 3. Operative characteristics 1. 

Study 

N of patients op-

erated for CRCLM, 

N (%) 

Pringle maneuver Blood loss, ml 
Operative times, 

minutes 

Length of hospital 

stay, days 

Ceccarelli 24 28 (100) Yes 
Mdn 350 (IQR 200-

500) 

Mdn 332 (IQR 280-

335) 
Mdn 8 (IQR 7-13) 

Rahimli 27 12 (48) No M 450 (SD 278) M 342 (SD 101.4) M 9.3 (SD 4.2) 

Guadagni 28 20 (100) N/A M 250 (Ra 200-300) M 198.5 (SD 98.0) M 4.7 (SD 1.8) 

Beard 25 115 (18.3) Yes N/A M 272 (SD 115) Mdn 5 (IQR 3-6) 

Navarro 29 12 (100) No M 274.3 (Ra 40-780) M 449 (Ra 135-682) M 12 (Ra 5-28) 

Guerra 30 59 (100) Yes 
Mdn 200 (Ra 0-

1500) 

Mdn 210 (Ra 50-

600) 
M 6.7 (SD 6.2) 

Dwyer 31 4 (67) N/A 
M 316 (Ra 150- 

1000) 
M 401 (Ra 349- 506) Mdn 4.5 (Ra 3-10) 

Croner 32 4 (44.4) Yes N/A M 321.2 (SD 67.9) M 6.7 (SD 2.2) 

Patriti 26 6 (85.7) Yes M 256.7 (SD 193.2) M 360 (SD 131.4) M 8.5 (SD 1.2) 

M: mean; Mdn: median; SD: standard deviation; Ra: minimum-maximum; IQR: interquartile range; CRCLM: colorectal 

cancer liver metastases 

 

 

 

Table 4. Operative characteristics 2. 

Study 

N of patients op-

erated for CRCLM, 

N (%) 

Major resections, 

N (%) 

Simultaneous re-

sections, 

N (%) 

Supero-posterior 

segments, 

N (%) 

Conversion, 

N (%) 

Ceccarelli 24 28 (100) 2 (7.1) 28 (100) 18 (34.6) 2 (7.1) 

Rahimli 27 12 (48) 5 (41.7) 0 (0) N/A N/A 

Guadagni 28 20 (100) 0 (0) 3 (15) N/A 0 (0) 

Beard 25 115 (18.3) 18 (15.6) 72 (62.6) 22 (19.1) 6 (5.2) 

Navarro 29 12 (100) 4 (33.3) 12 (100) 7 (58.3) 0 (0) 

Guerra 30 59 (100) 4/78 (5.1)* 4 (6.8) N/A 7 (11.8) 

Dwyer 31 4 (67) 0 (0) 6 (100) N/A 0 (0%) 

Croner 32 4 (44.4) 0 (0) 0 (0) N/A N/A 

Patriti 26 6 (85.7) 5 (83.3) 6 (85.7) 4 (57.1) N/A 
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M: mean; Mdn: median; SD: standard deviation; Ra: minimum-maximum; IQR: interquartile range; CRCLM: colorectal 

cancer liver metastases. *  Major/minor resections calculated on the total liver resections performed. 

 

 

The central values for blood loss varied from 200 ml to 450 ml, operative times from 198.5 to 449.0 minutes and length 

of hospital stay from 4.5 to 12 days. Among the studies that reported the use of the Pringle maneuver, only Rahimli 

and Navarro affirmed that they did not perform the Pringle maneuver at all 27,29. 

The overall postoperative mortality rate was 0.4%, as only one patient died for cardiac arrest in the Beard et al series 

25. The overall morbidity rate was 37.0% (n=97) and the major complication Clavien-Dindo grade III-IV rate was 8.4% 

(n=22). Resections with positive margins (R1/2) were found in 29 patients (11.1%). The Beard et al. series had the high-

est positive resection margin rate of 21.5%, followed by Guerra et al. and Ceccarelli et al. that reported rates of 8.5% 

and 3.6%, respectively 24,25,30.  

Four series reported the OS outcomes: the 1-year OS rate was 90.4-100%, the 3-year OS was 44.4-66.1% and the 5-year 

OS was 37.0-61.0% 24,25,27,30. 

Five series reported the DFS outcomes: the 1-year DFS was 44.4-89.5%, the 3-year DFS was 33.3-41.9% and the 5-year 

DFS was 38.0% 25,27,28,30,31. 

Post-operative data are summarized in table 5. 

Major colorectal and liver related complications are summarized in table 6 when available.                             

  

 

 

 

Table 5. Postoperative and follow-up outcomes. 

Study 

N of patients 

operated for 

CRCLM, 

N (%) 

Mortality, N 

(%) 

Minor com-

plications  

(CD I-II), N 

(%) 

Major com-

plications 

(CD III-IV), N 

(%) 

R1/2 Resec-

tions, N (%) 

Overall sur-

vival 

Disease-free 

survival, % 

(year) 

Ceccarelli 24 28 (100) 0 (0) 24 (85.7)  4 (14.3) 1 (3.6) 37-58% (5y)** N/A 

Rahimli 27 12 (48) 0 (0) 2 (16.7)  1 (8.3) 0 (0) 
100% (1y) 

44.4% (3y) 

44.4% (1y) 

33.3% (3y) 

Guadagni 28 20 (100) 0 (0) 5 (25)  0 (0) 0 (0) N/A 
89.5% (1y) 

35.8% (3y) 

Beard 25 115 (18.3) 1 (0.8) 24 (20.9)  12 (10.4) 23 (21.5)* 61.0% (5y) 38.0% (5y) 

Navarro 29 12 (100) 0 (0) 3 (25)  2 (16.6) 0 (0) N/A N/A 

Guerra 30 59 (100) 0 (0) 13 (22)  3 (5.1) 5 (8.5) 
90.4% (1y), 

66.1% (3y) 

83.5% (1y) 

41.9 % (3y) 

Dwyer 31 4 (67) 0 (0) 3 (50)  N/A N/A N/A M 9.5 months 

Croner 32 4 (44.4) 0 (0) 1 (25) 0 (0) 0 (0) N/A N/A 

Patriti 26 6 (85.7) 0 (0) 0 (0) 0 (0) N/A N/A N/A 
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CRCLM: colorectal cancer liver metastases; CD: Clavien-Dindo grade.* Up to 107 patients with identifiable tumour. 

**Among patients with R0 resections. 

Table 6. Major colorectal and liver related complications 

 

 * Two patients did not receive any liver resection (one ablation and one undetectable lesion at the ultrasound). 

 

 

 

 

 

 

 

 

 

STUDY 
Ceccarelli 

24  

Rahimli 
27 

Guadagni 
28 

Beard 
25 

Navarro 
29 

Guerra 
30 

Dwyer 
31 

Croner 
32  

Patriti 
26 

Tot. N of pts  28 12 20 115 12 59 6 4 6 

Simultaneous robotic 

resections, n(%) 
28 (100) 0 (0) 3 (15) 72 (62.6) 12 (100) 4 (6.8) 6* (100) 0 (0) 6 (100) 

Steged approach, n(%) 0 12 (100) 17 (85) 43 (37.4) 0 (0) 52 (88.13) 0 (0) 4 (100) 0 (0) 

Complications, n(%):          

anastomotic leakage 1 (3.57) 0 0 0 1 (8.3) 0 2 (33.3) 1(25) 0 

Ileus 0 0 0 4 (3.5) 0 0 0 0 0 

surgical infection 0 0 0 0 1 (8.3) 0 0 0 0 

perineal wound healing 0 0 0 0 0 0 1 (16.7) 0 0 

pelvic abscess 0 0 0 0 0 0 2 (33.3) 0 0 

enterocutaneous fistula 0 1 (8.33) 0 0 0 0 0 0 0 

Lymphocele 0 1 (8.33) 0 0 0 0 0 0 0 

biliary leak 0 1 (8.33) 0 0 0 1 (1.7) 0 0 0 

intra-abdominal abscess 0 0 0 7 (6.1) 2 (16.7) 0 0 0 0 

Ascites 0 0 0 0 1 (8.3) 0 0 0 0 
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DISCUSSION 

As stated by the international Southampton guidelines, the minimally invasive approach to liver metastases allows a 

parenchymal sparing liver surgery and improves the short-term outcomes compared with the open approach, without 

affecting the long-term outcomes 6. It has been demonstrated that intraoperative and postoperative short and long-

term outcomes such as blood loss, length of hospital stay, R0 resection rate, OS and DFS were comparable between the 

minimally invasive and open groups 2-4,14. 

It has been proven that when primary colorectal cancer and liver metastases are both eligible for surgery at the same 

time, simultaneous resections can be performed with good oncological results 34-37. 

However, when are required major liver resections or complex colorectal procedures, a delayed approach may pro-

vide better perioperative outcomes 7,38,39. 

Robotic surgery was introduced at the beginning of the century to overcome the limits of laparoscopy, especially in 

complex and simultaneous resections, offering articulated arms and a high-definition three-dimensional view 40-45. 

Despite the wide spread of robotic surgery, the experience on robotic resection of CRCLMs is still very poor in 

the literature, limited only to small case-series in retrospective studies. Therefore, our systematic review provides a 

clear overview of the currently available data on RLRs for CRCLM on a total of 262 patients among 9 studies.  

In order to better understand the impact of our review in the HPB context we compared our results to other laparo-

scopic and open series reported in literature 46-49. 

 

Base-line characteristics and BMI 

In our review we analyzed 262 patients with mean age of 63.2 yrs, the 63.6% (161/253) were male 9,24,25,27-32.  

Baseline characteristics of patients are superimposable to other experiences on liver surgery reported in literature. We 

compared our data to the cases series published by Kasai, Fretland and Robles-Campos were 264 patients underwent 

OLR were put in relationship with 249 underwent LLR with a mean age of 67.3 yrs and 66 yrs respectively. The 

male/female ratio was 3:2 in the open group and 7:10 in the Laparoscopic group50-52.  

Furthermore, concerning mean age , a recent review published in 2021 by McGuirk et al. analyzed 28 patients under-

went RLRs for simultaneous CRLMs and it shows a similar data (62.5 yrs)19.  

Regarding obese patients a high BMI is often associated with metabolic, hepatic and cardiopulmonary comorbidities, 

however, we report in the selected studies a mean BMI often major than 25. As already depicted in literature by 

Viganò, obesity should not dissuade surgeons from using a robotic approach to liver resections53. The robotic tech-

nique appears to be safe and feasible in also patients with high BMI53. 
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Concerning ASA score, only four of nine studies collected in the review reported the data 9,24,25,29, for this reason it is 

not possible to extensively discuss the topic, but we would underline that the multicentric study by Beard et al. on 115 

patients, reported 94 (81.74%) patients with ASA≥3 25. Despite ASA score does not seem to be a contraindication to ro-

botic surgery, more wide studies are needed to investigate the topic. 

 

 

 

Operative Time 

It is well known that one of the drawbacks of robotic surgery is longer operating time, as already highlighted in lit-

erature 54. The operating times found in our research are quite heterogeneous, with a range of central values of 250.5 

minutes. If we analyze different papers included in our review, we found that Rahimli comparing RLR to LRL found 

a significantly longer operating time in the robotic approach (mean 342 min vs. 200 min), on the other hand the larg-

er series by Beard et al. did not report statistically different operating times between the two groups (RLR mean 272 

min vs. LRL 253 min, p=0.12) 25,27.  

Although, the mean operative time reported in the recent review by McGuirk was 420.3 min, 68% longer than the 

average operating time found in our review, on the hand Navarro and Dwyer series reported superimposable oper-

ating time 19,29,31.    

We compared robotic data with other laparoscopic and open CRLMs resections. LLRs by Kasai 2017, Fretland 

2018 and Robles-Campos 2019 showed a mean operative time of 268’, 123’, 120’ respectively for LLR and a mean op-

erative time of 301’, 120’, 131.66’ for OLR 50-52. It appears quite clear that laparoscopic approach is more widely dif-

fused with a technique standardization which allows faster operating times, but to the date it is not possible to clear-

ly define the limits and the perspectives of RLRs related to operating time, because the lack of experience due to the 

small number of patients treated in a wide range of time. 

However the latest generation of the Da Vinci Xi® allows a faster docking and it needs less skills to be man-

aged, so future reports might change the present scenario 55. 

We shall investigate only CRLMs resections because if we compared data to other indications to liver surgery, 

like HCC, we found in literature that the robotic approach requires longer operative time probably as consequence 

of the underlining liver injury and the less incidence of parenchymal sparing indications 56-62. 

After the introducing of Da Vinci System at beginning of the last century, Ho et. al in 2012 reported a systematic 

review of 217 patients underwent RLRs for benign and malignant liver disease (HCC, Cholangiocarcinoma, metasta-

ses). The mean operative time reported at that time was longer than the average reported in the present review, but 

it should be considered that we analyzed data after 10 years of technological development in MIS and we selected 

only CRCLM. (313.83 min vs. 250.5 min) 21.   
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Blood loss 

Robotic approach seems to be safe and effective in terms of blood loss compared to open and laparoscopic surgery 

2,10,15,21,40,53. In our review we found a mean blood loss of 309.4 ml vs. 150 ml reported in the Laparoscopic serie by Ka-

sai, 300 ml reported in the Laparoscopic serie by Fretland, 150 ml reported in the Laparoscopic Robles-Campos and 

365 ml reported in the Laparoscopic Croner serie 50-52,63.  

Moreover, the estimated blood loss reported in our 9 case-series is superimposable to the available and recent paper in 

literature19.  

Also comparing the different approaches during HCC resection, current data available in literature shows a similar 

trend in terms of blood loss 24-32,50-52,56,59,63. 

However, it should be noted that the management of intraoperative bleeding can vary between different centers de-

spite the type of surgical approach. For example, the Pringle maneuver, which might be very useful to manage liver 

bleeding during transection was used only in Ceccarelli, Beard, Guerra, Croner and Patriti series, but we underline 

that the majority of authors claimed to prepare the hepatic pedicle before transection 24-26,30,32. Unfortunately, studies 

included in the review does not allow a proper analysis on transfusion policy, because transfusion rate are often not 

declared 24,31,32 . However, it is conceivable that robotic procedures allow an effective management of intraoperative 

bleeding also thanks to endo-wrist technology and 3D vision. 

In the previous decade, Ho et al. reported a mean blood loss of 485.16 ml (range of average: 50-660 ml) that was the 

57% more than our value (309.4 ml), the technological development and the improvement of the learning curve may 

explain these results 21.  

 

Complications 

As already extensively discussed by Haney et al. in a recent review on laparoscopic vs open liver resections, the 

minimally invasive approach seemed to be safer for minor liver resections when performed in minimally invasive 

surgery 46.  

Rahimli et al. is the only author who clearly reported differences in peri-operative outcomes comparing minor to 

major RLRs 27. Minor resections were statistically faster, requiring less hospital stay and showing less blood loss. The 

other peri-operative outcomes, including R0 resection rate, did not differ between the two groups. 

The overall major complication rate classified as Clavien Dindo ≥3 in our robotic review is 20/258 (7,75%) patients. 

Compared to other laparoscopic and open series we found that Kasai, Fretland and Robles-Campos reported 22 

(8.98%) Clavien Dindo ≥3 complications on 245 LLR and 36 (13.80%) Clavien Dindo ≥3 complications on 261 OLR (Ta-

ble 6) 9,24,25,27-32,50-52. 

Cipriani et al. in a huge series of 367 CRLMs resections reported 26/133 (19.55%) Clavien-Dindo ≥3 complications in 

the open series and 18/133 (13.50%) Clavien-Dindo ≥3 complicated patients in the laparoscopic one 49.  
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The conversion rate reported during robotic resections retrieved in the present review is 5.7%. This data is superim-

posable to laparoscopic convention rate showed by Quijano, Wu, Troisi and Cipriani either for CRLMs either for HCC 

resections 24-32,49,58,59,61,64,65. 

Beard et al. also declared that despite robotic procedures were more challenging, however the conversion rate was 

higher for the laparoscopic group. 

If we analyze the margin status, we found a very high R1 rate of 21% in the Beard experience, similar for both  

cohort of patients LLR and RLR 25. This finding is in antithesis to the results recently achieved by several authors, 

who reported an R0 resection rate higher than 90% for different type of RLR including HCC and CRLMs 40,43,63,66-70.   

Excluding Beard et al., 8 of the 9 authors cited in this review respect the R0 standard of care achieving a cancer 

free margin specimens in more than 90% of cases 9,24,27-32. About the experience of Beard et al. the authors explained 

in their discussion the reasons of the high R1 resection rate affirming that the 15 years period of collections of cases 

might be the cause of the positive margin status as consequence of the learning curve in minimally invasive liver 

surgery 25. 

 

 Hospital Stay 

Also concerning hospital stay, we compared our data with other reports on open and laparoscopic liver surgery 

published in literature. The laparoscopic resections for CRLMs showed a mean hospital stay of 4.5 days 50-52. 

Indeed, the open liver surgery for CRLM demonstrates a hospital stay of 6.87 days as mean, while the robotic ap-

proach showed a longer hospital stay of 7.98 days as mean 24-32,49-52,56. McGuirk review reports superimposable data 

(8.6 days vs. 7.98 days)19.  

It is difficult to explain the reason why the robotic approach needed a longer hospital stay, but probably the low ex-

perience in robotic resections in several centers not dedicated to HPB caused a delayed recovery. 

Regarding HCC also other authors reported superimposable recovery data (mean hospital stay 6.11 days, 7.4 days 

and 8 days for laparoscopic, open and robotic approach) 56,58-60. 

From this point of view in the last ten years it is not possible to find a real improvement, so we can underline how  

Ho et al. in 2012 reported as hospital stay in patients underwent RLRs for benign and malignant disease 7.93 days vs. 

7.98 21.  

 

Simultaneous resections and correlated complications 

The systematic review by Garritano et al. reported the results of 20 series of simultaneous operations achieved 

in MIS, both laparoscopic and robotic, concluding that the one-stage approach allows a faster discharge and faster 

access to chemotherapy than the delayed approach 17 

        From our review we found 131 patients treated for synchronous metastasis with simultaneous resections.  

In the multicentric study by Beard et al.  we found 72 patients underwent simultaneous resection, but the paper 

does not clearly report peri-operative data, so we could not perform further analysis on them. On the other hand, 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

14 

authors declared that the majority of patients underwent robotic resection were more complex cases and often pa-

tients underwent simultaneous procedures 25. So we analyzed data from the remaining 57 simultaneous liver resec-

tions (two patients reported by Dwyer were treated with non-surgical techniques) to better investigate the impact of 

synchronous surgery on peri-operative outcomes: a total of 11 (19.30%) adverse events are reported, more in detail 

we found 4 (7%) anastomotic leakage, 2 (3.5%) abscess, 2 (3.5%) intra-abdominal abscess, 1 (1.75%) perineal wound 

healing, 1 (1.75%) surgical infection, 1 (1.75%) ascites 24,26,29,31. 

 

 

 

OS and DFS 

OS and DFS are the main goal of CRLM resections. Despite this consideration only few papers clearly reported long 

term outcomes. It was possible to determine the 3 yrs OS only for 71 of 262 patients included in the review, showing 

a 3 yrs. OS of 55.25% and a 37% DFS available for 91of 262 patients 27,28,30. 

Regarding laparoscopic experiences, a literature review including 382 patients underwent CRLM surgery showed a 

76% 3 years OS and 35% DFS 49-52.  

On the other hand, 397 patients underwent open surgery for CRLMs, showed a 65% OS-3years and DFS is 37% 49-52. 

There are not enough data to explain why robotic approach showed a less OS and similar DFS if compared to other 

approaches, in our opinion there too many biases like selection of patients, biology of the tumor, cause of death, to 

allow further hypothesis. 

 

Volume and centres 

Despite current trends reported in literature clearly suggest to perform liver surgery in high volume referral 

centers, in our review we observed that the majority of robotic CRLMs resections were performed in general surgery 

units 71. Moreover, it was not possible to demonstrate a clear correlation between case volume and complication 

rates. 

Comparing our data with data reported by referral centers for HPB surgery with a huge experience in laparoscopic 

liver surgery, so we can underline that through the robot assisted approach, general surgeons even if they are not 

dedicated to HPB may achieve peri-operative outcomes superimposable to the standard of care 24,26,27,29.  

 

Costs 

None of the included studies reported cost data. One of the most popular drawbacks of robotic surgery is its 

cost-effectiveness, which is apparently more disadvantageous than conventional techniques.  

As already published by Ceccarelli et. al. the robotic platform may allow general surgeons to perform minimal-

ly invasive liver surgery with the advisable objective of health mobility reduction to HPB referral centers. Health 

mobility should be investigated in further studies which have the goal to analyze the cost/benefits of robotic tech-
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nology 72. Croner et al. calculated the perioperative costs of surgical procedures, as result he declared that to the date 

the robotic procedures cost 228% more than open ones and 155% more than laparoscopic surgery 63.  

 

Limitations 

The limitations of this systematic review are due to the included studies, which consist of small series of retro-

spective cases. Unfortunately, some data are not available or not clearly declared in the papers, so we can only dis-

cuss what authors reported about their experiences. Despite our effort to the date, data are still too heterogeneous 

and almost all papers are retrospective, therefore it is very difficult to obtain strong conclusions from the study. 

 

CONCLUSIONS 

Despite robotic liver surgery has gained great diffusion in the last twenty years, the robotic-assisted approach to 

CRCLM has never been investigated in large series. 

At the beginning Robotic liver resection were considered safe and feasible if performed in experienced hands, but 

long-term oncologic outcomes were very unclear and short-term outcomes indicated RLRs similar to laparoscopy 21. 

Nowadays, this systematic review shows that robotic-assisted surgery might be considered as a technical upgrade 

option for MI approach to CRCLM resections even for simultaneous operations and challenging cases. 

To date, there are no prospective randomized studies comparing robotic re-sections of CRCLMs with laparoscopic 

and open techniques, so assessments can only be made on small series of retrospective cases. Further studies will 

better clarify the advantages and disadvantages of robotic surgery for the resection of CRCLMs. 

 

 

 

 

 

 

References  
 

1. Cancer. WHOIAfRo. GLOBOCAN 2012: Estimated cancer incidence, mortality and prevalence 
worldwide in 2012. 2012; http://globocan.iarc.fr/Pages/fact_sheets_population.aspx [Accessed 
17.11.14]. 

2. Lykoudis PM, O'Reilly D, Nastos K, Fusai G. Systematic review of surgical management of 
synchronous colorectal liver metastases. Br J Surg. 2014;101(6):605-612. 

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

16 

3. Nordlinger B, Van Cutsem E, Rougier P, et al. Does chemotherapy prior to liver resection increase 
the potential for cure in patients with metastatic colorectal cancer? A report from the European 
Colorectal Metastases Treatment Group. Eur J Cancer. 2007;43(14):2037-2045. 

4. Nordlinger B, Van Cutsem E, Gruenberger T, et al. Combination of surgery and chemotherapy and 
the role of targeted agents in the treatment of patients with colorectal liver metastases: 
recommendations from an expert panel. Ann Oncol. 2009;20(6):985-992. 

5. Adam R, de Gramont A, Figueras J, et al. Managing synchronous liver metastases from colorectal 
cancer: a multidisciplinary international consensus. Cancer Treat Rev. 2015;41(9):729-741. 

6. Abu Hilal M, Aldrighetti L, Dagher I, et al. The Southampton Consensus Guidelines for Laparoscopic 
Liver Surgery: From Indication to Implementation. Ann Surg. 2018;268(1):11-18. 

7. Wakabayashi G, Cherqui D, Geller DA, et al. Recommendations for laparoscopic liver resection: a 
report from the second international consensus conference held in Morioka. Ann Surg. 
2015;261(4):619-629. 

8. Buell JF, Cherqui D, Geller DA, et al. The international position on laparoscopic liver surgery: The 
Louisville Statement, 2008. Ann Surg. 2009;250(5):825-830. 

9. Patriti A, Cipriani F, Ratti F, et al. Robot-assisted versus open liver resection in the right posterior 
section. Jsls. 2014;18(3). 

10. Aldrighetti L, Belli G, Boni L, et al. Italian experience in minimally invasive liver surgery: a national 
survey. Updates Surg. 2015;67(2):129-140. 

11. Ratti F, Fuks D, Cipriani F, Gayet B, Aldrighetti L. Timing of Perioperative Chemotherapy Does Not 
Influence Long-Term Outcome of Patients Undergoing Combined Laparoscopic Colorectal and Liver 
Resection in Selected Upfront Resectable Synchronous Liver Metastases. World J Surg. 
2019;43(12):3110-3119. 

12. Margonis GA, Buettner S, Andreatos N, et al. Prognostic Factors Change Over Time After 
Hepatectomy for Colorectal Liver Metastases: A Multi-institutional, International Analysis of 1099 
Patients. Ann Surg. 2019;269(6):1129-1137. 

13. Tang M, Wang H, Cao Y, Zeng Z, Shan X, Wang L. Nomogram for predicting occurrence and 
prognosis of liver metastasis in colorectal cancer: a population-based study. Int J Colorectal Dis. 
2021;36(2):271-282. 

14. Simmonds PC, Primrose JN, Colquitt JL, Garden OJ, Poston GJ, Rees M. Surgical resection of 
hepatic metastases from colorectal cancer: a systematic review of published studies. Br J Cancer. 
2006;94(7):982-999. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

17 

15. Gavriilidis P, Roberts KJ, Aldrighetti L, Sutcliffe RP. A comparison between robotic, laparoscopic 
and open hepatectomy: A systematic review and network meta-analysis. Eur J Surg Oncol. 
2020;46(7):1214-1224. 

16. Machairas N, Kostakis ID, Schizas D, Kykalos S, Nikiteas N, Sotiropoulos GC. Meta-analysis of 
laparoscopic versus open liver resection for intrahepatic cholangiocarcinoma. Updates Surg. 
2021;73(1):59-68. 

17. Garritano S, Selvaggi F, Spampinato MG. Simultaneous Minimally Invasive Treatment of Colorectal 
Neoplasm with Synchronous Liver Metastasis. Biomed Res Int. 2016;2016:9328250. 

18. Bonapasta SA, Bartolini I, Checcacci P, Guerra F, Coratti A. Indications for liver surgery: 
laparoscopic or robotic approach. Updates Surg. 2015;67(2):117-122. 

19. McGuirk M, Gachabayov M, Rojas A, et al. Simultaneous Robot Assisted Colon and Liver Resection 
for Metastatic Colon Cancer. Jsls. 2021;25(2). 

20. Machairas N, Dorovinis P, Kykalos S, et al. Simultaneous robotic-assisted resection of colorectal 
cancer and synchronous liver metastases: a systematic review. J Robot Surg. 2021. 

21. Ho CM, Wakabayashi G, Nitta H, Ito N, Hasegawa Y, Takahara T. Systematic review of robotic liver 
resection. Surg Endosc. 2013;27(3):732-739. 

22. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. Bmj. 2021;372:n71. 

23. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with 
evaluation in a cohort of 6336 patients and results of a survey. Ann Surg. 2004;240(2):205-213. 

24. Ceccarelli G, Rocca A, De Rosa M, et al. Minimally invasive robotic-assisted combined colorectal 
and liver excision surgery: feasibility, safety and surgical technique in a pilot series. Updates Surg. 
2021. 

25. Beard RE, Khan S, Troisi RI, et al. Long-Term and Oncologic Outcomes of Robotic Versus 
Laparoscopic Liver Resection for Metastatic Colorectal Cancer: A Multicenter, Propensity Score 
Matching Analysis. World Journal of Surgery. 2020;44(3):887-895. 

26. Patriti A, Ceccarelli G, Bartoli A, Spaziani A, Lapalorcia LM, Casciola L. Laparoscopic and robot-
assisted one-stage resection of colorectal cancer with synchronous liver metastases: a pilot study. J 
Hepatobiliary Pancreat Surg. 2009;16(4):450-457. 

27. Rahimli M, Perrakis A, Schellerer V, et al. Robotic and laparoscopic liver surgery for colorectal liver 
metastases: an experience from a German Academic Center. World J Surg Oncol. 2020;18(1):333. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

18 

28. Guadagni S, Furbetta N, Di Franco G, et al. Robotic-assisted surgery for colorectal liver metastasis: 
A single-centre experience. J Minim Access Surg. 2019;16(2):160-165. 

29. Navarro J, Rho SY, Kang I, Choi GH, Min BS. Robotic simultaneous resection for colorectal liver 
metastasis: feasibility for all types of liver resection. Langenbecks Arch Surg. 2019;404(7):895-908. 

30. Guerra F, Guadagni S, Pesi B, et al. Outcomes of robotic liver resections for colorectal liver 
metastases. A multi-institutional analysis of minimally invasive ultrasound-guided robotic surgery. 
Surg Oncol. 2019;28:14-18. 

31. Dwyer RH, Scheidt MJ, Marshall JS, Tsoraides SS. Safety and efficacy of synchronous robotic 
surgery for colorectal cancer with liver metastases. J Robot Surg. 2018;12(4):603-606. 

32. Croner RS, Perrakis A, Brunner M, Matzel KE, Hohenberger W. Pioneering Robotic Liver Surgery in 
Germany: First Experiences with Liver Malignancies. Front Surg. 2015;2:18. 

33. Reddy SK, Barbas AS, Turley RS, et al. A standard definition of major hepatectomy: resection of 
four or more liver segments. HPB (Oxford). 2011;13(7):494-502. 

34. Borner MM. Neoadjuvant chemotherapy for unresectable liver metastases of colorectal cancer--too 
good to be true? In: Ann Oncol. Vol 10. England1999:623-626. 

35. Manfredi S, Lepage C, Hatem C, Coatmeur O, Faivre J, Bouvier AM. Epidemiology and 
management of liver metastases from colorectal cancer. Ann Surg. 2006;244(2):254-259. 

36. Cummings LC, Payes JD, Cooper GS. Survival after hepatic resection in metastatic colorectal 
cancer: a population-based study. Cancer. 2007;109(4):718-726. 

37. Wang X, Hershman DL, Abrams JA, et al. Predictors of survival after hepatic resection among 
patients with colorectal liver metastasis. Br J Cancer. 2007;97(12):1606-1612. 

38. Conrad C, You N, Vauthey JN. In patients with colorectal liver metastases, can we still rely on 
number to define treatment and outcome? Oncology (Williston Park). 2013;27(11):1078, 1083-1074, 
1086. 

39. Rocca A, Cipriani F, Belli G, et al. The Italian Consensus on minimally invasive simultaneous 
resections for synchronous liver metastasis and primary colorectal cancer: A Delphi methodology. 
Updates Surg. 2021. 

40. Tsung A, Geller DA, Sukato DC, et al. Robotic versus laparoscopic hepatectomy: a matched 
comparison. Ann Surg. 2014;259(3):549-555. 

41. Giulianotti PC, Coratti A, Sbrana F, et al. Robotic liver surgery: results for 70 resections. Surgery. 
2011;149(1):29-39. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

19 

42. Idrees K, Bartlett DL. Robotic liver surgery. Surg Clin North Am. 2010;90(4):761-774. 

43. Casciola L, Patriti A, Ceccarelli G, Bartoli A, Ceribelli C, Spaziani A. Robot-assisted parenchymal-
sparing liver surgery including lesions located in the posterosuperior segments. Surg Endosc. 
2011;25(12):3815-3824. 

44. Morris B. Robotic surgery: applications, limitations, and impact on surgical education. MedGenMed. 
2005;7(3):72. 

45. F C, U P, V A, M L, P D. Synchronous robotic right hemicolectomy and subtotal gastrectomy. 
Updates in surgery. 2020;72(4). 

46. Haney CM, Studier-Fischer A, Probst P, et al. A systematic review and meta-analysis of randomized 
controlled trials comparing laparoscopic and open liver resection. HPB (Oxford). 2021. 

47. Ciria R, Ocaña S, Gomez-Luque I, et al. A systematic review and meta-analysis comparing the 
short- and long-term outcomes for laparoscopic and open liver resections for liver metastases from 
colorectal cancer. Surg Endosc. 2020;34(1):349-360. 

48. Ratti F, Catena M, Di Palo S, Staudacher C, Aldrighetti L. Laparoscopic Approach for Primary 
Colorectal Cancer Improves Outcome of Patients Undergoing Combined Open Hepatic Resection 
for Liver Metastases. World J Surg. 2015;39(10):2573-2582. 

49. Cipriani F, Rawashdeh M, Stanton L, et al. Propensity score-based analysis of outcomes of 
laparoscopic versus open liver resection for colorectal metastases. Br J Surg. 2016;103(11):1504-
1512. 

50. Kasai M, Van Damme N, Berardi G, Geboes K, Laurent S, Troisi RI. The inflammatory response to 
stress and angiogenesis in liver resection for colorectal liver metastases: a randomized controlled 
trial comparing open versus laparoscopic approach. Acta Chir Belg. 2018;118(3):172-180. 

51. Fretland Å A, Dagenborg VJ, Bjørnelv GMW, et al. Laparoscopic Versus Open Resection for 
Colorectal Liver Metastases: The OSLO-COMET Randomized Controlled Trial. Ann Surg. 
2018;267(2):199-207. 

52. Robles-Campos R, Lopez-Lopez V, Brusadin R, et al. Open versus minimally invasive liver surgery 
for colorectal liver metastases (LapOpHuva): a prospective randomized controlled trial. Surg 
Endosc. 2019;33(12):3926-3936. 

53. Viganò L, Kluger MD, Laurent A, et al. Liver resection in obese patients: results of a case-control 
study. HPB (Oxford). 2011;13(2):103-111. 

54. Zhang L, Yuan Q, Xu Y, Wang W. Comparative clinical outcomes of robot-assisted liver resection 
versus laparoscopic liver resection: A meta-analysis. PLoS One. 2020;15(10):e0240593. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

20 

55. Lanfranco AR, Castellanos AE, Desai JP, Meyers WC. Robotic surgery: a current perspective. Ann 
Surg. 2004;239(1):14-21. 

56. Croner R, Perrakis A, Grützmann R, Hohenberger W, Brunner M. [Robotic-Assisted Liver Surgery]. 
Zentralbl Chir. 2016;141(2):154-159. 

57. Li W, Zhou X, Huang Z, et al. Laparoscopic surgery minimizes the release of circulating tumor cells 
compared to open surgery for hepatocellular carcinoma. Surg Endosc. 2015;29(11):3146-3153. 

58. El-Gendi A, El-Shafei M, El-Gendi S, Shawky A. Laparoscopic Versus Open Hepatic Resection for 
Solitary Hepatocellular Carcinoma Less Than 5 cm in Cirrhotic Patients: A Randomized Controlled 
Study. J Laparoendosc Adv Surg Tech A. 2018;28(3):302-310. 

59. Wu YM, Hu RH, Lai HS, Lee PH. Robotic-assisted minimally invasive liver resection. Asian J Surg. 
2014;37(2):53-57. 

60. Wu Qiang LG RP, Wang Wei, Chen Ping. Comparison of clinical efficacy and long-term survival in 
patients with hepatocellular carcinoma receivingLLLRandOLLR. In. J Pract Hepatol2017:20:451   –   
454  . . 

61. El-Gendi AE ME, S. Elgendi,   A. Shawky. Laparoscopic versus open hepatec- tomy for large 
hepatocellular carcinoma: a randomized controlled study. In. Vol Volume 23, S100. HPB2019. 

62. Iaquinto G, Panico L, Luongo G, et al. Adult autoimmune enteropathy in autoimmune hepatitis 
patient. Case report and literature review. Clin Res Hepatol Gastroenterol. 2021;45(3):101673. 

63. Croner RS, Perrakis A, Hohenberger W, Brunner M. Robotic liver surgery for minor hepatic 
resections: a comparison with laparoscopic and open standard procedures. Langenbecks Arch 
Surg. 2016;401(5):707-714. 

64. Quijano Y, Vicente E, Ielpo B, et al. Robotic Liver Surgery: Early Experience From a Single Surgical 
Center. Surg Laparosc Endosc Percutan Tech. 2016;26(1):66-71. 

65. Troisi RI, Patriti A, Montalti R, Casciola L. Robot assistance in liver surgery: a real advantage over a 
fully laparoscopic approach? Results of a comparative bi-institutional analysis. Int J Med Robot. 
2013;9(2):160-166. 

66. Lee KF, Cheung YS, Chong CC, Wong J, Fong AK, Lai PB. Laparoscopic and robotic hepatectomy: 
experience from a single centre. ANZ J Surg. 2016;86(3):122-126. 

67. Lai EC, Yang GP, Tang CN. Robot-assisted laparoscopic liver resection for hepatocellular 
carcinoma: short-term outcome. Am J Surg. 2013;205(6):697-702. 

68. Chan OC, Tang CN, Lai EC, Yang GP, Li MK. Robotic hepatobiliary and pancreatic surgery: a 
cohort study. J Hepatobiliary Pancreat Sci. 2011;18(4):471-480. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

21 

69. Giulianotti PC, Coratti A, Angelini M, et al. Robotics in general surgery: personal experience in a 
large community hospital. Arch Surg. 2003;138(7):777-784. 

70. Berber E, Akyildiz HY, Aucejo F, Gunasekaran G, Chalikonda S, Fung J. Robotic versus 
laparoscopic resection of liver tumours. HPB (Oxford). 2010;12(8):583-586. 

71. Torzilli G, Viganò L, Giuliante F, Pinna AD. Liver surgery in Italy. Criteria to identify the hospital units 
and the tertiary referral centers entitled to perform it. Updates Surg. 2016;68(2):135-142. 

72. Ceccarelli G, Andolfi E, Fontani A, Calise F, Rocca A, Giuliani A. Robot-assisted liver surgery in a 
general surgery unit with a "Referral Centre Hub&Spoke Learning Program". Early outcomes after 
our first 70 consecutive patients. Minerva Chir. 2018;73(5):460-468. 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 

Table 1. Baseline characteristics. 

Study Year Study type 
Type of Da 

Vinci Robot 

Tot. N of 

cases 

N of pa-

tients oper-

ated for 

CRCLM, 

N (%) 

Age, years 
Gender,  

M/F 
BMI  

ASA score,  

I-II/III-IV 

Ceccarelli 24 2021 
Retrospec-

tive cohort 

Si,   

Xi (since 

2017) 

28 28 (100) 
Mdn 65.0 

(IQR 5-73) 
18/10 

Mdn 27.5 

(IQR 24-29) 
18/10 

Rahimli 27 2020 
Retrospec-

tive cohort 

Si,   

Xi (since 

2019) 

25 12 (48) 
M 63.5 (SD 

±11.3) 
6/6 

M 26.2 (SD 

±2.7) 
N/A 

Guadagni 28 2020 
Retrospec-

tive cohort 

Si,   

Xi (since 

2015) 

20 20 (100) 
M 66.1 (SD 

±11.8) 
13/7 

M 24.4 (SD 

±2.7) 
N/A 

Beard 25 2019 
Retrospec-

tive cohort 
Si 629 115 (18.3) 

 M 61.0 (SD 

±11) 
76/39 

M 28.0 (SD 

±6) 
21/94 

Navarro 29 2019 
Retrospec-

tive cohort 

Si,   

Xi 
12 12 (100) 

M 59.0 (Ra 

37-77) 
7/5 

M 24.9 (SD 

±2.4)  
9/3 

Guerra 30 2019 
Retrospec-

tive cohort 
Si 59 59 (100) 

Mdn 64.0 

(Ra 43-84) 
37/22 

Mdn 26.0 

(Ra 17-38) 
N/A 

Dwyer 31 2018 
Retrospec-

tive cohort 
Si 6* 4 (67) M 59.3 2/4 M 23.4 N/A 

Croner 32 2015 
Retrospec-

tive cohort 
Si 9 4 (44.4) 

M 61.5 (SD 

±13.3) 
N/A N/A N/A 

Patriti 26 2008 
Retrospec-

tive cohort 
Si 7 6 (85.7) 

M 72.0 (SD 

±12) 
2/4 

M 26.2 (SD 

±4.6) 
1/5 

M: mean; Mdn: median; SD: standard deviation; Ra: minimum-maximum; IQR: interquartile range; CRCLM: colorectal 

cancer liver metastases. *Two patients did not receive any liver resection (one ablation and one undetectable 

lesion at the ultrasound) but they were included in baseline data. 
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Table 2. Colorectal procedures associated to RLRs.. 

Study 
Simultaneous resections, 

N (%) 

Simultaneous colon re-

sections (N, type of resec-

tions) 

Simultaneous rectal re-

sections (N, type of resec-

tions) 

Ceccarelli [18] 28 (100) 16 (9 RH, 7LH) 12 (10 RAR, 1 HP, 1 MP) 

Rahimli [19] 0 (0) 0 0 

Guadagni [20] 3 (15) 2 (RH) 1 (1 MP) 

Beard [21] 72 (62.6) N/A N/A 

Navarro [22] 12 (100) 3 (2 RH, 1 LH) 9 (7 LRAR, 2 RAR) 

Guerra [23] 4 (6.8) 4 (3 RH, 1 LH) 0 

Dwyer [24] 6* (100) 1 (1 RH) 5 (3 LRAR, 2 RAR) 

Croner [25] 0 (0) 0 0 

Patriti [26] 6 (85.7) 5 (4 LH°, 1 RH°) 1 (1 TME°) 

*Two patients did not receive any liver resection (one ablation and one undetectable lesion at the ultra-sound) but they 

were included in baseline data. RH: Right Hemicolectomy; LH: Left Hemicolectomy; RAR: Rectal Anterior Resection; 

HP: Hartmann Procedure; MP: Miles Procedure; LRAR: Low Rectal Anterior Resection; TME: Total Mesorectal Excision; 

°: laparoscopic. 
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Table 3. Operative characteristics 1. 

Study 

N of patients op-

erated for CRCLM, 

N (%) 

Pringle maneuver Blood loss, ml 
Operative times, 

minutes 

Length of hospital 

stay, days 

Ceccarelli [18] 28 (100) Yes 
Mdn 350 (IQR 200-

500) 

Mdn 332 (IQR 280-

335) 
Mdn 8 (IQR 7-13) 

Rahimli [19] 12 (48) No M 450 (SD 278) M 342 (SD 101.4) M 9.3 (SD 4.2) 

Guadagni [20] 20 (100) N/A M 250 (Ra 200-300) M 198.5 (SD 98.0) M 4.7 (SD 1.8) 

Beard [21] 115 (18.3) Yes N/A M 272 (SD 115) Mdn 5 (IQR 3-6) 

Navarro [22] 12 (100) No M 274.3 (Ra 40-780) M 449 (Ra 135-682) M 12 (Ra 5-28) 

Guerra [23] 59 (100) Yes 
Mdn 200 (Ra 0-

1500) 

Mdn 210 (Ra 50-

600) 
M 6.7 (SD 6.2) 

Dwyer [24] 4 (67) N/A 
M 316 (Ra 150- 

1000) 
M 401 (Ra 349- 506) Mdn 4.5 (Ra 3-10) 

Croner [25] 4 (44.4) Yes N/A M 321.2 (SD 67.9) M 6.7 (SD 2.2) 

Patriti [26] 6 (85.7) Yes M 256.7 (SD 193.2) M 360 (SD 131.4) M 8.5 (SD 1.2) 

M: mean; Mdn: median; SD: standard deviation; Ra: minimum-maximum; IQR: interquartile range; CRCLM: colorectal 

cancer liver metastases 
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Table 4. Operative characteristics 2. 

Study 

N of patients op-

erated for CRCLM, 

N (%) 

Major resections, 

N (%) 

Simultaneous re-

sections, 

N (%) 

Supero-posterior 

segments, 

N (%) 

Conversion, 

N (%) 

Ceccarelli [18] 28 (100) 2 (7.1) 28 (100) 18 (34.6) 2 (7.1) 

Rahimli [19] 12 (48) 5 (41.7) 0 (0) N/A N/A 

Guadagni [20] 20 (100) 0 (0) 3 (15) N/A 0 (0) 

Beard [21] 115 (18.3) 18 (15.6) 72 (62.6) 22 (19.1) 6 (5.2) 

Navarro [22] 12 (100) 4 (33.3) 12 (100) 7 (58.3) 0 (0) 

Guerra [23] 59 (100) 4/78 (5.1)* 4 (6.8) N/A 7 (11.8) 

Dwyer [24] 4 (67) 0 (0) 6 (100) N/A 0 (0%) 

Croner [25] 4 (44.4) 0 (0) 0 (0) N/A N/A 

Patriti [26] 6 (85.7) 5 (83.3) 6 (85.7) 4 (57.1) N/A 

M: mean; Mdn: median; SD: standard deviation; Ra: minimum-maximum; IQR: interquartile range; CRCLM: colorectal 

cancer liver metastases. *  Major/minor resections calculated on the total liver resections performed. 
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Table 5. Postoperative and follow-up outcomes. 

Study 

N of patients 

operated for 

CRCLM, 

N (%) 

Mortality, N 

(%) 

Minor com-

plications  

(CD I-II), N 

(%) 

Major com-

plications 

(CD III-IV), N 

(%) 

R1/2 Resec-

tions, N (%) 

Overall sur-

vival 

Disease-free 

survival, % 

(year) 

Ceccarelli [18] 28 (100) 0 (0) 24 (85.7)  4 (14.3) 1 (3.6) 37-58% (5y)** N/A 

Rahimli [19] 12 (48) 0 (0) 2 (16.7)  1 (8.3) 0 (0) 
100% (1y) 

44.4% (3y) 

44.4% (1y) 

33.3% (3y) 

Guadagni [20] 20 (100) 0 (0) 5 (25)  0 (0) 0 (0) N/A 
89.5% (1y) 

35.8% (3y) 

Beard [21] 115 (18.3) 1 (0.8) 24 (20.9)  12 (10.4) 23 (21.5)* 61.0% (5y) 38.0% (5y) 

Navarro [22] 12 (100) 0 (0) 3 (25)  2 (16.6) 0 (0) N/A N/A 

Guerra [23] 59 (100) 0 (0) 13 (22)  3 (5.1) 5 (8.5) 
90.4% (1y), 

66.1% (3y) 

83.5% (1y) 

41.9 % (3y) 

Dwyer [24] 4 (67) 0 (0) 3 (50)  N/A N/A N/A M 9.5 months 

Croner [25] 4 (44.4) 0 (0) 1 (25) 0 (0) 0 (0) N/A N/A 

Patriti [26] 6 (85.7) 0 (0) 0 (0) 0 (0) N/A N/A N/A 

CRCLM: colorectal cancer liver metastases; CD: Clavien-Dindo grade.* Up to 107 patients with identifiable tumour. 

**Among patients with R0 resections. 
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Table 6. Major colorectal and liver related complications 

 

 * Two patients did not receive any liver resection (one ablation and one undetectable lesion at the ultrasound). 

 

 

 

 

 

 

 

 

 

 

 

STUDY 
Ceccarelli 

24  

Rahimli 
27 

Guadagni 
28 

Beard 
25 

Navarro 
29 

Guerra 
30 

Dwyer 
31 

Croner 
32  

Patriti 
26 

Tot. N of pts  28 12 20 115 12 59 6 4 6 

Simultaneous robotic 

resections, n(%) 
28 (100) 0 (0) 3 (15) 72 (62.6) 12 (100) 4 (6.8) 6* (100) 0 (0) 6 (100) 

Steged approach, n(%) 0 12 (100) 17 (85) 43 (37.4) 0 (0) 52 (88.13) 0 (0) 4 (100) 0 (0) 

Complications, n(%):          

anastomotic leakage 1 (3.57) 0 0 0 1 (8.3) 0 2 (33.3) 1(25) 0 

Ileus 0 0 0 4 (3.5) 0 0 0 0 0 

surgical infection 0 0 0 0 1 (8.3) 0 0 0 0 

perineal wound healing 0 0 0 0 0 0 1 (16.7) 0 0 

pelvic abscess 0 0 0 0 0 0 2 (33.3) 0 0 

enterocutaneous fistula 0 1 (8.33) 0 0 0 0 0 0 0 

Lymphocele 0 1 (8.33) 0 0 0 0 0 0 0 

biliary leak 0 1 (8.33) 0 0 0 1 (1.7) 0 0 0 

intra-abdominal abscess 0 0 0 7 (6.1) 2 (16.7) 0 0 0 0 

Ascites 0 0 0 0 1 (8.3) 0 0 0 0 
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Figure 1. Study flow diagram. The number of records screened is accidentally the same as number of RLRs. 

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the 
total number across all databases/registers). 

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by 
automation tools. 

 

 

 

 

 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
 

For more information, visit: http://www.prisma-statement.org/ 
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