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Abstract

Over the past few decades, an increasing proportion of abdominal surgeries are performed through minimally
invasive platforms. In contrast, adaptation of minimally invasive techniques for liver surgery has garnered slower
attraction due to the complexity and associated morbidity and mortality with these operations. Compared to
laparoscopy, the robotic-assisted surgical system provides a three-dimensional operative view and instruments
with articulation that mimic and extend wrist movement. These elements improve operative dexterity making
dissection and suturing easier. Additionally, robotic surgery improves operative ergonomics and decreases physical
and mental fatigue. Studies show that the robotic platform is safe and versatile with many technical advantages for
complex operations, improved short-term outcomes compared to open surgery, and comparable oncologic
outcomes. As such, hepatobiliary surgeons are increasingly adapting robotic techniques in their practice. It is
crucial that as more hospitals adopt this technology, patient safety monitoring and quality initiatives are
maintained. Establishing a robotic liver surgery program revolves around three pillars: designing a curriculum to
overcome the learning curve, building a strong clinical and administrative team, and appropriate patient selection.
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INTRODUCTION

Over the past few decades, an increasing proportion of abdominal surgeries are performed through
minimally invasive platforms. In contrast, adaptation of minimally invasive techniques for liver surgery has
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been slower given the complexity and elevated morbidity and mortality associated with these operations.
The first laparoscopic partial hepatectomy was performed in 1992 and demonstrated its safety for small
tumors in the left lateral segment!!. Since then, the use of laparoscopy for hepatectomies has steadily
increased”. Compared to open surgery, laparoscopic hepatectomy is associated with decreased
complications, lower estimated blood loss (EBL), decreased time to return of bowel function, and decreased
length of stay”*. Equally as important, these studies showed that there are no differences in oncologic

outcomes between laparoscopic and open surgery"*.

However, there are some technical disadvantages with laparoscopy, especially for complex liver operations
that require hilar dissection or access to tumors in difficult anatomic areas (e.g., superior-posterior tumors).
Unlike laparoscopy, the robotic system provides a three-dimensional view and instruments with articulation
that mimic and extend wrist movement. These elements improve operative dexterity, making dissection and
suturing easier. Additionally, robotic surgery improves operative ergonomics and decreases physical and
mental fatigue®. Studies show that similar to laparoscopy, robotic hepatectomies have improved short-term
post-operative outcomes over open surgery"”*?. Furthermore, robotic liver surgery has a lower rate of
conversion to open procedures than laparoscopy"*"”. As such, hepatobiliary surgeons are beginning to
utilize robotic techniques in their practice.

A study using the National Surgical Quality Improvement Program (NSQIP) database from 2014-2020
showed that 12% of the minimally invasive hepatectomies were performed robotically™*. While the number
of robotic hepatectomies is still relatively low, the robotic approach and the number of hospitals performing
robotic hepatectomies are on the rise in the United States". It is our duty as clinicians to ensure that as
more hospitals adopt this technology, patient safety and quality initiatives are maintained. Establishing a
robotic liver surgery program revolves around three pillars: designing a curriculum to overcome the
learning curve, building a strong clinical and administrative team, and appropriate patient selection.

DESIGNING A CURRICULUM AND OVERCOMING THE LEARNING CURVE

It is well established that for any new technology, there is an associated learning curve. Therefore, the
success of a new robotic program is contingent on a curriculum that ensures proficiency, and maintains
patient safety standards. Studies vary on the ideal number of cases required to overcome this learning curve
for robotic liver surgery, with some suggesting it can be as few as 20-30 cases™*". However, Krenzien et al.
found that after adjusting for the complexity of the hepatectomy, the learning curve for robotic liver
resection was higher than previously reported””. The discrepancy in the number of cases required to
overcome the learning curve may be due to multiple factors, including surgeon experience, difficulty of the
case, and participation in a training program. A single institution in Denmark reviewed its first 100 patients
to undergo robotic liver surgery and showed that standardization of training led to increased proficiency
and lower complication rates”. Rather than establishing a required number of cases for proficiency, they
defined three phases of the learning curve: (1) the initial experience with simpler cases to establish a baseline
skillset; (2) the second stage that pushes the surgeon’s abilities with increasingly difficult cases; and (3) the
final stage where the surgeon demonstrates proficiency and more nuanced moves through additional
experience. With this in mind, studies have focused on curriculums designed to shorten the learning curve.

In the robotic pancreaticoduodenectomy (PD) literature, the University of Pittsburgh Medical Center found
the institutional learning curve for robotic versus open PD to be similar®’. While implementing their
robotic program for PD, they monitored outcomes in groups of 20 patients to ensure that safety and quality
were maintained. Furthermore, they established a five-step proficiency-based robotic training curriculum
that included a simulation component consisting of 24 virtual reality modules, practice sessions with
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biotissue, video library review of cases, intraoperative feedback with experienced mentors, and ongoing
quality assessments”*?¥. The biotissue sessions focused on complex anastomoses required for a PD and
were shown to complement the virtual experience by improving metrics and decreasing errors on skill
assessments. Implementation of a formal mentorship program and robotic curriculum among surgical
fellows was associated with decreased learning curves and improved patient morbidity™.

While this data is primarily in the setting of PD, the methodology of this curriculum holds true for complex
operations such as a hepatectomy. Surgeons need to complete both a formal robotics curriculum and one
designed specifically for liver surgery. There are clearly defined steps of a formal hepatectomy that must be
demonstrated to establish competency: dissection of the hepatic hilum, hepatocaval dissection, and
transection of the liver. Practice sessions with biotissue and live animal or cadaver labs should revolve
around maneuvers required to complete a hepatectomy, such as obtaining proximal and distal vascular
control, vessel ligation, performing a biliary-enteric anastomosis (e.g., for cases of hilar
cholangiocarcinoma), parenchymal division techniques (e.g., electrocautery, vessel sealer), performing a
pringle maneuver, and hilar dissection. Even for partial or parenchymal-sparing hepatectomies, this skillset
will be useful and help prepare surgeons to deal with emergencies. Additionally, surgeons need the
opportunity to work with different instruments in each of these scenarios so that when in the operating
room they can adapt to the patient’s anatomy. Animal and cadaver labs should also be used to practice
trocar placement, obtain intra-abdominal exposure, and respond to emergencies (e.g., bleeding).
Throughout the curriculum, surgeons must meet specific milestones prior to advancing in the program and
operating on a patient.

Upfront education is critical to reducing the learning curve. Part of this curriculum requires bringing
experienced robotic surgeons to the institution to lend their expertise through proctored live animal labs,
cadaver labs, and live case demonstrations. As mastery is achieved, these experienced surgeons can return
for additional visits to observe cases, critique technique, and offer suggestions for improved efficiency.

TEAM DYNAMICS

Equally important as the technical considerations of establishing a program is assembling a team that can
overcome early obstacles and foster growth. At least two surgeons with extensive experience in open liver
surgery should be committed to adopting this technology. As these surgeons become proficient, they can
alternate between the robotic console and the patient’s bedside to gain additional exposure. Additionally,
surgeons graduating from fellowship with extensive robotic training and/or who are already established at
other programs should be recruited to join the team and lend their expertise.

A dedicated team must also include the commitment and investment of the operating room staff. The same
learning curve will exist for the anesthesia team, circulating nurses, scrub nurses and technologists,
residents, and bedside first assistants. It is advantageous to hire and/or recruit clinical staff with robotic
experience who can be an extra source of support as the program is launched. It will take time and
experience to learn the instruments, robotic technology, and how to best assist the surgeon at the console. A
curriculum with in-service training for all team members can shorten this learning curve. Additionally, the
same team should regularly work together during early cases to provide consistency, build rapport, and
eventually disseminate their expertise as mentors to the rest of the clinical staff. Most importantly, an adept
clinical team acts as a safety measure to quickly resolve issues and convert to an open operation in an
emergency.
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Finally, given the initial investment necessary to acquire robotic consoles, instruments, and continued
system maintenance, there must be support from the hospital administration**?. Early on, surgeons will
take longer to perform operations, which may result in a decrease in their overall productivity. Studies have
attempted to define the cost-to-benefit ratio of robotic surgery, but there is significant heterogeneity in these
cost calculations. These studies demonstrate that while robotics resulted in higher peri-operative expenses
(e.g., longer operative times) and had a reduced reimbursement profile, the favorable clinical outcomes (e.g.,
shorter length of stay, decreased 90-day mortality, lower EBL, and quicker return to daily activities) may
ultimately result in a savings benefit”**. Furthermore, advertisement of the robotic program could
potentially increase overall surgical volume in the long term, thereby providing an additional revenue
stream for the hospital®. While not all of these patients will be candidates for robotic surgery, many will
continue their care at the hospital.

PATIENT SELECTION

The third pillar of building a robotic program is patient selection. Prior to starting a robotic liver program,
the hospital should already be a high-volume hepatopancreatobiliary center with an experienced
multidisciplinary tumor board. This will aid in appropriately selecting patients for early cases based on
anatomy and tumor location. Additionally, the clinical staff will be accustomed to caring for these patients
in pre- and post-operative settings and familiar with what is needed to quickly convert to an open case in an
emergency. Scoring systems, such as the IWATE criteria, can be used as a tool to guide surgeons on
operative difficulty and patient selection early in the learning curve®. Difficult cases with aberrant
anatomy, suspected vascular involvement, or that require hilar dissection should be avoided in the
beginning. Furthermore, certain patient characteristics, such as a history of multiple abdominal surgeries,
severe co-morbidities, or very low or high body mass index (due to the difficulty in obtaining enough
working space or having adequate exposure) should be taken into account. Finally, a time limit should be
set for how long the surgical team can continue before deciding to convert to an open operation. This time
limit should be set for different components of the operation, ensuring forward progress is made without
subjecting the patient to additional risk from extended anesthesia time, and a well-experienced open liver
surgeon should be present to guide the timing of conversion to an open procedure. Quality assessment
measures, including complication rate, readmission rate, EBL, operative time, conversion rate, and early
mortality, should be performed at regular intervals. Case review of each component of patient care,
including the pre-operative, operative, and post-operative setting should be performed to identify areas of
improvement. As the surgeons and clinical team become comfortable and demonstrate competency without
compromising patient safety, then case difficulty can gradually increase.

CONCLUSION

The robotic platform is safe and versatile with many technical advantages for complex operations. As
more hospitals adopt robotic technology, it is critical that patient safety and quality measures are upheld.
This is especially true for liver operations that already carry an elevated morbidity and mortality risk. To
successfully establish and maintain a robotic liver program, it is imperative to have the support of the
hospital administration and multidisciplinary team. This is accomplished through a combination of
experienced hepatopancreatobiliary surgeons, recruited surgeons with robotic experience, and a clinical
team dedicated to completing a standardized curriculum that includes competency assessments. Patient
safety and quality measures should be evaluated at regular intervals. Finally, patients with ideal anatomy,
tumor characteristics, and clinical components (e.g., body mass index, no history of previous surgery)
should be selected for early cases. The difficulty level can gradually increase as surgeons overcome the
learning curve and demonstrate proficiency. When employed by a dedicated team with strong mentorship,
these strategies are proven to help overcome the obstacles of building a successful robotic liver program

[Table 1].



Ruff et al. Mini-invasive Surg 2024;8:12 | https://dx.doi.org/10.20517/2574-1225.2024.39 Page 5 of 7

Table 1. Summary of critical components to building a robotic liver surgery program

Overcoming the e Use an established curriculum that combines simulation, biotissue practice sessions, video review, intraoperative

learning curve

feedback with experienced mentors, and quality assessments
e Start with simple cases and slowly increase the difficulty over time

Team dynamics e Assemble a team with at least two surgeons with open liver experience, operating room staff (circulating nurses,

scrub nurses/technologists, residents, bedside first assistants), and anesthesia

® Provide in-service trainings for staff

® The same team should work together regularly for safety measures and to quickly resolve issues
e Support of hospital administration

Patient selection o Hospital should be a high-volume hepatopancreatobiliary center with multidisciplinary tumor board

o Difficult cases with aberrant anatomy, vascular involvement, or that require more complex components (e.g., hilar
dissection) should be avoided in the beginning

e Patient factors such as history of multiple abdominal surgeries or severe co-morbidities should be taken into account
early in the learning curve

o Set a time limit for difficult components of the operation to ensure forward progress

e Quality assessments should be performed at regular intervals

DECLARATIONS
Authors’ contributions

Design, writing and editing of this manuscript: SM Ruff, Tsung A

Availability of data and materials
Not applicable

Financial support and sponsorship
None.

Conflicts of interest

Both authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2024.

REFERENCES

1. Gagner M, Rogula T, Selzer D. Laparoscopic liver resection: benefits and controversies. Surg Clin North Am 2004;84:451-62. DOI
PubMed

2. He J, Amini N, Spolverato G, et al. National trends with a laparoscopic liver resection: results from a population-based analysis. HPB
2015;17:919-26. DOI PubMed PMC

3. Ciria R, Cherqui D, Geller DA, Briceno J, Wakabayashi G. Comparative short-term benefits of laparoscopic liver resection: 9000 cases
and climbing. Ann Surg 2016;263:761-77. DOI PubMed

4. Jin B, Chen MT, Fei YT, Du SD, Mao YL. Safety and efficacy for laparoscopic versus open hepatectomy: a meta-analysis. Surg Oncol
2018;27:A26-34. DOI PubMed

S. Aghayan DL, Kazaryan AM, Dagenborg VJ, et al; OSLO-COMET Survival Study Collaborators. Long-term oncologic outcomes after
laparoscopic versus open resection for colorectal liver metastases : a randomized trial. Ann Intern Med 2021;174:175-82. DOI
PubMed

6. He Y, Fang D, Liang T, et al. Laparoscopic versus open hepatectomy for hepatocellular carcinoma with cirrhosis: a single-center
propensity score matching analysis. Ann Transl Med 2021;9:1733. DOI PubMed PMC

7. Takahara T, Wakabayashi G, Beppu T, et al. Long-term and perioperative outcomes of laparoscopic versus open liver resection for


https://dx.doi.org/10.1016/j.suc.2003.11.002
http://www.ncbi.nlm.nih.gov/pubmed/15062655
https://dx.doi.org/10.1111/hpb.12469
http://www.ncbi.nlm.nih.gov/pubmed/26234323
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571760
https://dx.doi.org/10.1097/sla.0000000000001413
http://www.ncbi.nlm.nih.gov/pubmed/26700223
https://dx.doi.org/10.1016/j.suronc.2017.06.007
http://www.ncbi.nlm.nih.gov/pubmed/28687154
https://dx.doi.org/10.7326/m20-4011
http://www.ncbi.nlm.nih.gov/pubmed/33197213
https://dx.doi.org/10.21037/atm-21-5833
http://www.ncbi.nlm.nih.gov/pubmed/35071427
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743702

Page 6 of 7 Ruff et al. Mini-invasive Surg 2024;8:12 | https://dx.doi.org/10.20517/2574-1225.2024.39

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

hepatocellular carcinoma with propensity score matching: a multi-institutional Japanese study. J Hepatobiliary Pancreat Sci
2015;22:721-7. DOI PubMed

Kabir T, Tan ZZ, Syn NL, et al. Laparoscopic versus open resection of hepatocellular carcinoma in patients with cirrhosis: meta-
analysis. BrJ Surg 2021;109:21-9. DOI PubMed

Fay K, Patel AD. Should robot-assisted surgery tolerate or even accommodate less surgical dexterity? AMA J Ethics 2023;25:E609-
614. DOI PubMed

Liang B, Peng Y, Yang W, et al. Robotic versus laparoscopic liver resection for posterosuperior segments: a systematic review and
meta-analysis. HPB 2024;In press. DOI PubMed

Sijberden JP, Hoogteijling TJ, Aghayan D, et al; International consortium on Minimally Invasive Liver Surgery (I-MILS). Robotic
versus laparoscopic liver resection in various settings: an international multicenter propensity score matched study of 10.075 patients.
Ann Surg 2024;280:108-17. DOI PubMed PMC

Winckelmans T, Wicherts DA, Parmentier I, De Meyere C, Verslype C, D’Hondt M. Robotic versus laparoscopic hepatectomy: a
single surgeon experience of 629 consecutive minimally invasive liver resections. World J Surg 2023;47:2241-9. DOI PubMed
Fruscione M, Pickens R, Baker EH, et al. Robotic-assisted versus laparoscopic major liver resection: analysis of outcomes from a
single center. HPB 2019;21:906-11. DOI PubMed

Tsung A, Geller DA, Sukato DC, et al. Robotic versus laparoscopic hepatectomy: a matched comparison. Ann Surg 2014;259:549-55.
DOI PubMed

Chiow AKH, Fuks D, Choi GH, et al; International Robotic and Laparoscopic Liver Resection Study Group collaborators.
International multicentre propensity score-matched analysis comparing robotic versus laparoscopic right posterior sectionectomy. Br J
Surg 2021;108:1513-20. DOI PubMed PMC

Fagenson AM, Gleeson EM, Pitt HA, Lau KN. Minimally invasive hepatectomy in North America: laparoscopic versus robotic. J
Gastrointest Surg 2021;25:85-93. DOI PubMed

Chong Y, Prieto M, Gastaca M, et al; International robotic and laparoscopic liver resection study group investigators. An international
multicentre propensity score matched analysis comparing between robotic versus laparoscopic left lateral sectionectomy. Surg Endosc
2023;37:3439-48. DOI PubMed PMC

Vining CC, Al Abbas Al, Kuchta K, et al. Risk factors and outcomes in patients undergoing minimally invasive hepatectomy with
unplanned conversion: a contemporary NSQIP analysis. HPB 2023;25:577-88. DOI PubMed

Kamel MK, Tuma F, Keane CA, Blebea J. National trends and perioperative outcomes of robotic-assisted hepatectomy in the USA: a
propensity-score matched analysis from the national cancer database. World J Surg 2022;46:189-96. DOI PubMed

Zhu P, Liao W, Ding ZY, et al. Learning curve in robot-assisted laparoscopic liver resection. J Gastrointest Surg 2019;23:1778-87.
DOI PubMed

Fukumori D, Tschuor C, Penninga L, Hillingse J, Svendsen LB, Larsen PN. Learning curves in robot-assisted minimally invasive liver
surgery at a high-volume center in Denmark: report of the first 100 patients and review of literature. Scand J Surg 2023;112:164-72.
DOI PubMed

Krenzien F, Benzing C, Feldbriigge L, et al. Complexity-adjusted learning curves for robotic and laparoscopic liver resection: a word
of caution. Ann Surg Open 2022;3:¢131. DOI PubMed PMC

Boone BA, Zenati M, Hogg ME, et al. Assessment of quality outcomes for robotic pancreaticoduodenectomy: identification of the
learning curve. JAMA Surg 2015;150:416-22. DOI PubMed

Mark Knab L, Zenati MS, Khodakov A, et al. Evolution of a novel robotic training curriculum in a complex general surgical oncology
fellowship. Ann Surg Oncol 2018;25:3445-52. DOI PubMed

Abbas Al Jung JP, Rice MK, Zureikat AH, Zeh HJ 3rd, Hogg ME. Methodology for developing an educational and research video
library in minimally invasive surgery. J Surg Educ 2019;76:745-55. DOI PubMed

Rice MK, Zenati MS, Novak SM, et al. Crowdsourced assessment of inanimate biotissue drills: a valid and cost-effective way to
evaluate surgical trainees. J Surg Educ 2019;76:814-23. DOI PubMed

Tam V, Zenati M, Novak S, et al. Robotic pancreatoduodenectomy biotissue curriculum has validity and improves technical
performance for surgical oncology fellows. J Surg Educ 2017;74:1057-65. DOI PubMed

Hogg ME, Tam V, Zenati M, et al. Mastery-based virtual reality robotic simulation curriculum: the first step toward operative robotic
proficiency. J Surg Educ 2017;74:477-85. DOI PubMed

Rice MK, Hodges JC, Bellon J, et al. Association of mentorship and a formal robotic proficiency skills curriculum with subsequent
generations’ learning curve and safety for robotic pancreaticoduodenectomy. JAMA Surg 2020;155:607-15. DOI PubMed PMC

Nota CL, Rinkes IHB, Hagendoorn J. Setting up a robotic hepatectomy program: a Western-European experience and perspective.
Hepatobiliary Surg Nutr 2017;6:239-45. DOl PubMed PMC

Lai ECH, Tang CN. Training robotic hepatectomy: the Hong Kong experience and perspective. Hepatobiliary Surg Nutr 2017;6:222-9.
DOI PubMed PMC

King JC, Zeh HJ 3rd, Zureikat AH, et al. Safety in numbers: progressive implementation of a robotics program in an academic surgical
oncology practice. Surg Innov 2016;23:407-14. DOI PubMed

Wu CY, Chen PD, Chou WH, Liang JT, Huang CS, Wu YM. Is robotic hepatectomy cost-effective? In view of patient-reported
outcomes. Asian J Surg 2019;42:543-50. DOI PubMed

Cortolillo N, Patel C, Parreco J, Kaza S, Castillo A. Nationwide outcomes and costs of laparoscopic and robotic vs. open hepatectomy.


https://dx.doi.org/10.1002/jhbp.276
http://www.ncbi.nlm.nih.gov/pubmed/26096910
https://dx.doi.org/10.1093/bjs/znab376
http://www.ncbi.nlm.nih.gov/pubmed/34757385
https://dx.doi.org/10.1001/amajethics.2023.609
http://www.ncbi.nlm.nih.gov/pubmed/37535505
https://dx.doi.org/10.1016/j.hpb.2024.06.003
http://www.ncbi.nlm.nih.gov/pubmed/38955633
https://dx.doi.org/10.1097/sla.0000000000006267
http://www.ncbi.nlm.nih.gov/pubmed/38482665
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11161239
https://dx.doi.org/10.1007/s00268-023-07060-y
http://www.ncbi.nlm.nih.gov/pubmed/37208537
https://dx.doi.org/10.1016/j.hpb.2018.11.011
http://www.ncbi.nlm.nih.gov/pubmed/30617001
https://dx.doi.org/10.1097/sla.0000000000000250
http://www.ncbi.nlm.nih.gov/pubmed/24045442
https://dx.doi.org/10.1007/s11605-020-04703-6
http://www.ncbi.nlm.nih.gov/pubmed/32583323
https://dx.doi.org/10.1007/s00464-022-09790-x
http://www.ncbi.nlm.nih.gov/pubmed/36542135
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10164043
https://dx.doi.org/10.1016/j.hpb.2023.01.018
http://www.ncbi.nlm.nih.gov/pubmed/36868951
https://dx.doi.org/10.1007/s00268-021-06315-w
http://www.ncbi.nlm.nih.gov/pubmed/34528104
https://dx.doi.org/10.1007/s11605-018-3689-x
http://www.ncbi.nlm.nih.gov/pubmed/30406576
https://dx.doi.org/10.1177/14574969221146003
http://www.ncbi.nlm.nih.gov/pubmed/36718674
https://dx.doi.org/10.1097/as9.0000000000000131
http://www.ncbi.nlm.nih.gov/pubmed/37600114
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10431481
https://dx.doi.org/10.1001/jamasurg.2015.17
http://www.ncbi.nlm.nih.gov/pubmed/25761143
https://dx.doi.org/10.1245/s10434-018-6686-0
http://www.ncbi.nlm.nih.gov/pubmed/30073601
https://dx.doi.org/10.1016/j.jsurg.2018.10.011
http://www.ncbi.nlm.nih.gov/pubmed/30792160
https://dx.doi.org/10.1016/j.jsurg.2018.10.007
http://www.ncbi.nlm.nih.gov/pubmed/30472061
https://dx.doi.org/10.1016/j.jsurg.2017.05.016
http://www.ncbi.nlm.nih.gov/pubmed/28578981
https://dx.doi.org/10.1016/j.jsurg.2016.10.015
http://www.ncbi.nlm.nih.gov/pubmed/27884677
https://dx.doi.org/10.1001/jamasurg.2020.1040
http://www.ncbi.nlm.nih.gov/pubmed/32432666
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7240650
https://dx.doi.org/10.21037/hbsn.2016.12.05
http://www.ncbi.nlm.nih.gov/pubmed/28848746
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5554759
https://dx.doi.org/10.21037/hbsn.2017.01.21
http://www.ncbi.nlm.nih.gov/pubmed/28848744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5554762
https://dx.doi.org/10.1177/1553350616646479
http://www.ncbi.nlm.nih.gov/pubmed/27130645
https://dx.doi.org/10.1016/j.asjsur.2018.12.010
http://www.ncbi.nlm.nih.gov/pubmed/30704965
https://pubmed.ncbi.nlm.nih.gov/34750608/
https://doi.org/10.1093/bjs/znab321
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743054/

Ruff et al. Mini-invasive Surg 2024;8:12 | https://dx.doi.org/10.20517/2574-1225.2024.39 Page 7 of 7

J Robot Surg 2019;13:557-65. DOI PubMed

35. Shapera E, Sucandy I, Syblis C, et al. Cost analysis of robotic versus open hepatectomy: is the robotic platform more expensive? J
Robot Surg 2022;16:1409-17. DOI PubMed

36. Grimsley EA, Barry TM, Janjua H, Eguia E, DuCoin C, Kuo PC. Exploring the paradigm of robotic surgery and its contribution to the
growth of surgical volume. Surg Open Sci 2022;10:36-42. DOI PubMed PMC

37. Luberice K, Sucandy I, Modasi A, et al. Applying IWATE criteria to robotic hepatectomy: is there a “robotic effect”? HPB
2021;23:899-906. DOI PubMed


https://dx.doi.org/10.1007/s11701-018-0896-0
http://www.ncbi.nlm.nih.gov/pubmed/30484059
https://dx.doi.org/10.1007/s11701-022-01375-z
http://www.ncbi.nlm.nih.gov/pubmed/35152343
https://dx.doi.org/10.1016/j.sopen.2022.06.002
http://www.ncbi.nlm.nih.gov/pubmed/35880190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9307663
https://dx.doi.org/10.1016/j.hpb.2020.10.008
http://www.ncbi.nlm.nih.gov/pubmed/33144052

