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Abstract

Background: Robotic platforms expand minimally invasive options in colorectal surgery
but raise concerns about training and patient safety. Dual-console systems may enable real-
time coaching while preserving outcomes. Methods: We implemented a structured frame-
work for safe implementation of robotic colorectal surgery that balances trainee autonomy
with patient safety using a dual-console model. Early cases emphasized low-complexity
pathology with escalation by predefined benchmarks. We prospectively gathered data
and evaluated early program outcomes with primary endpoints including intraoperative
adverse events, conversion to open surgery, 30-day morbidity, anastomotic integrity, and
oncologic quality metrics. Secondary endpoints included operative time. Results: We
included the analysis of 17 patients operated by one surgeon under supervision and com-
pared the results to other senior colorectal surgeons. Out of the 17 patients, there were
no conversions or anastomotic leaks. Overall complications were comparable to baseline
robotic cases. Resection margins and lymph node yields met oncologic standards. Opera-
tive times were longer during early adoption but approached baseline with progression.
Operative times were significantly reduced after eight cases and approached the times of
senior surgeons after 13 cases. Conclusions: A dual-console strategy enables safe, scalable
training in robotic colorectal surgery without compromising short-term patient outcomes
or oncologic quality. Key elements include rigorous case selection, proficiency-based pro-
gression, real-time coaching, standardized protocols, and continuous data surveillance.
This framework can guide institutions seeking to expand robotic colorectal programs while
safeguarding patients and accelerating the learning curve.
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1. Introduction

The adoption of robotic-assisted surgery (RAS) in colorectal procedures has grown
substantially since the introduction of new systems over the last 15 years [1,2]. RAS of-
fers advantages over conventional laparoscopy, including enhanced three-dimensional
visualization, improved dexterity, tremor filtration, and superior ergonomics for the sur-
geon [3]. These features are particularly beneficial in complex pelvic dissections, such
as total mesorectal excision (TME) for rectal cancer, where precise dissection in confined
spaces is critical to preserve autonomic nerves, achieve clear margins, and minimize com-
plications [4].

J. Clin. Med. 2026, 15, 5669

https://doi.org/10.3390 /jcm15145669


https://crossmark.crossref.org/dialog?doi=10.3390/jcm15145669&domain=pdf&date_stamp=2026-07-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-7049-3590
https://orcid.org/0000-0002-1002-4853
https://orcid.org/0000-0002-0791-2083
https://orcid.org/0000-0002-8861-3412
https://orcid.org/0000-0001-9832-4596
https://doi.org/10.3390/jcm15145669

J. Clin. Med. 2026, 15, 5669

20f7

Despite these benefits, the integration of RAS into colorectal practice introduces
challenges. The learning curve for robotic colorectal surgery is well-documented, with
studies estimating 15-50 cases are required to achieve proficiency, depending on prior
laparoscopic experience and procedure complexity [5,6]. During this phase, risks include
prolonged operative times, higher conversion rates to open surgery, and potential increases
in complications if training is unstructured [7].

Patient safety remains paramount [8]. Historical concerns with new technologies—
such as early laparoscopic cholecystectomy series—highlight the need for deliberate,
evidence-based implementation. In robotic surgery, the dual-console configuration of
modern platforms represents a major advance [9]. It allows a supervising surgeon (proctor)
and trainee to share control in real time: the proctor can intervene instantly via “swap”
or “give-and-take” functions, provide guidance on camera control or accessory arms, and
reduce trainee stress while enabling progressive autonomy [10].

At the University Medical Centre Ljubljana (UMCL), robotic colorectal surgery was
introduced as part of a broader minimally invasive program. Building on institutional
experience with robotic pancreatic and other abdominal procedures, we implemented a
structured dual-console framework to train surgeons safely [6,10,11]. This report describes
our early experience with 17 supervised cases performed by a single trainee surgeon,
comparing outcomes to established senior robotic colorectal surgeons at our center. Our
aim was to demonstrate that intentional use of the dual console, combined with case
selection and benchmark progression, preserves short-term safety and oncologic quality
during the adoption phase [12].

2. Materials and Methods
2.1. Study Design and Setting

This is an analysis of prospectively collected data from the initial phase of our robotic
colorectal surgery program at UMCL, a tertiary academic center. The robotic colorectal
program launched in 2020, following certification of surgeons on the da Vinci Xi system,
which includes a dual-console capability [1]. All of the operations were performed from
early 2025 to the beginning of 2026, overlapping with the period the trainee performed
operations on the robotic system.

2.2. Training Framework

We adopted a proficiency-based, stepwise training model emphasizing dual-console utilization.

Phase 1 (preparation): Simulator training (da Vinci Skills Simulator) targeting console
proficiency, followed by observation and assisting of >100 robotic colorectal cases. The
trainee also visited an expert learning center at another institution (Robotic Academy
Intuitive Naples, Naples, Italy) and also participated in a 3-month fellowship at an expert
robotic surgery center (Meander Medisch Centrum, Amersfoort, The Netherlands). He also
had experience with performing about 30 laparoscopic colorectal resections before starting
on the robotic platform.

Phase 2 (supervised introduction): Trainee operates under direct proctoring on the
dual console for low-complexity cases (e.g., right hemicolectomy for benign or early-stage
malignancy, sigmoid resection).

Phase 3 (progressive autonomy): Escalation to moderate/high-complexity procedures
(e.g., large tumors, low anterior resection, TME) based on predefined benchmarks: no
intraoperative adverse events in prior five cases, operative time within 20% of proctor
baseline, RO margins, >12 lymph nodes harvested.

Real-time coaching: Proctor is present behind the second console ready to intervene.
With increasing experience, the trainee performs cases without supervision [9].
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Case selection: Early cases excluded emergencies, T4 tumors, prior extensive abdomi-
nal surgery, or severe obesity (BMI > 35 kg/m?).

Standardized protocols: Enhanced recovery after surgery pathway, uniform port
placement, vessel ligation technique, intracorporeal anastomosis where applicable, and
leak testing.

2.3. Patients

We analyzed the first 17 consecutive robotic colorectal resections performed by
one trainee surgeon (J.A.K.) under supervision; operations were performed from early
2024 to the beginning of 2026. Inclusion: elective curative-intent resections for colorectal
pathology performed on the robotic system. Exclusion: hybrid laparoscopic-robotic cases
or non-colorectal procedures.

Outcomes were benchmarked against 34 concurrent robotic colorectal cases performed
by two senior surgeons (J.G., G.N.; experienced in > 100 robotic cases each) during the
same period as a case—control study. The comparison group met the same inclusion criteria
as for the case selection mentioned above. The cases were not consecutive and were
chosen for analysis from a larger pool of patients on whom the two experienced surgeons
operated. The cases for comparison were picked to match the trainee cases in the following
characteristics: age, sex, BMI and ASA score. Complications were graded as severe if they
were classified as Clavien—-Dindo IlIb or more.

2.4. Endpoints
Primary:
Intraoperative adverse events (unintended organ injury, major bleeding > 500 mL);
Conversion to open or hand-assisted laparoscopy;
Thirty-day morbidity (Clavien-Dindo classification);
Anastomotic leak (clinical /radiologic);
Oncologic metrics (RO resection, lymph node yield).

Secondary: operative time (skin-to-skin; time from incision to closure of wounds),
console time, length of stay (LOS).

Data were extracted from electronic health records and our robotic surgery registry.
Data were prospectively collected including operative times, adverse events, oncologic
metrics, patient characteristics, readmission rate and length of stay. We analyzed the
operative times of the trainee surgeon and compared them to operative times of the
two senior surgeons in chronological order. Statistical comparison used descriptive statis-
tics, t-tests for continuous variables, and chi-square/Fisher’s exact for categorical variables
(significance p < 0.05). A p-value of less than 0.05 was considered statistically significant and
the analysis was performed using SPSS version 20 for Windows. During the preparation of
this manuscript, the authors used ChatGPT-4 for the purposes of language refinement and
improving readability. After using this tool, the authors reviewed and edited the output
and take full responsibility for the content of this publication.

3. Results
3.1. Patient Characteristics

The trainee series (n = 17) included 10 right hemicolectomies, five sigmoid resections,
and two rectal resections (low anterior) (Table 1). Mean age was 68.4 years (SD 9.2),
59% were male, and mean BMI was 27.1 kg/m? (SD 4.3). Indications: 12 colon cancers

(stages I-I1I), two rectal cancers, two diverticulosis and one Crohn’s disease. ASA score
distribution: II (65%), III (35%).
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Table 1. Patient demographics.

Variable Trainee (n = 17) Senior Surgeons (1 = 34)
Mean age 68.4 67.8
Male 59% 56%
Mean BMI 271 26.8
ASA I 65% 68%
ASA 11T 35% 32%

The comparison group (n = 34) had similar demographics (mean age 67.8, BMI 26.8,
56% male) and case mix (proportionally more rectal cases). There were similar numbers of
ASA 1II and III patients in each group.

3.2. Perioperative Outcomes

No intraoperative adverse events occurred in the trainee series (Table 2). There were
zero conversions to open surgery. In comparison, senior surgeons had one anastomotic leak
and zero conversions (consistent with low conversion rates in structured programs) [13].

Table 2. Operative outcomes.

Metric/Outcome Trainee (n = 17) Senior Surgeons (1 = 34) p-Value
Intraoperative adverse events 0 (0%) 0 (0%) -
Conversions to open surgery 0 (0%) 0 (0%) -
Median hospitalization (days) 6 6 -

Any complication (Clavien I-V) 4 (23.5%)—all I-1I 9 (26.5%)—includes one IIIb -
Mortality (30-day) 0 (0%) 0 (0%) -
Readmission (30-day) 1 (6%) 3 (9%) p=043

RO resection rate 100% (all) 100% (all) -
Median lymph nodes (range) 16 (12-24) 17 (13-32) p=0.62
Operative time (skin-to-skin) 295 £+ 52 min 234 £+ 36 min p <0.001

Mean console time 265 min 210 min p <0.001
Mean operative time early cases (1-8) 345 min - -
Mean operative time later cases (9-17) 251 min - -

There was one anastomotic leak in the control group. Thirty-day complications (any
Clavien-Dindo): trainee 23.5% (4/17; all four grades I-II); senior surgeons 26.5% (9/34;
including one Clavien-Dindo IIIb for anastomotic leak). No grade > IlIb complications or
mortality in trainee cases (aligning with safety in dual-console series) [14,15].

Regarding oncologic quality, all resections were R0. Median lymph nodes: 16 (range
12-24) in trainee vs. 17 (13-32) in senior surgeons (p = 0.62). For rectal cases (1 = 2 trainee),
CRM > 1 mm in all (meeting standards reported in recent learning curve analyses) [5,16].

Mean operative time for the trainee was 295 min (SD 52) vs. senior surgeons 234 min
(SD 36) (p = 0.008). Console time: trainee 265 min vs. senior surgeons 210 min. Early cases
(first eight) averaged 345 min; later cases (9-17) 251 min, approaching senior-surgeon base-
line (reflecting typical progression in structured dual-console training) (Figure 1) [6,15,17].
The senior surgeons were operating at stable operating times throughout the study period.
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Figure 1. Operative times (skin-skin) of the trainee and senior surgeons.

4. Discussion

Our early experience confirms that a structured dual-console approach enables safe
introduction of robotic colorectal surgery during the learning phase [9,10]. Key findings—
no conversions, no leaks, comparable morbidity, and preserved oncologic metrics—align
with recent reports emphasizing immersive, supervised training [12,18].

The dual console addresses core training-safety tensions. Traditional proctoring (bed-
side guidance) limits real-time intervention; simulation alone lacks operative context. The
dual console allows graduated responsibility: initial shared control builds confidence in
wristed instruments and the three-handed technique, while proctor oversight mitigates
errors [9]. The literature supports this: studies from structured programs show equivalent
outcomes between trainees and consultants on the dual-console system, with no compro-
mise in oncologic parameters or efficiency over time [10,19,20]. Similarly, modular TME
training programs report no differences in RO rates or lymph node yields [13].

Learning curves in robotic colorectal surgery vary. They can be studied by measuring
operative times, complications, or oncological outcomes with the latter two being more
important. However, many learning curves are based on operative times because of ease of
analysis and the lower number of cases needed to show progression in skill. Right-sided
procedures often plateau earlier (~15-25 cases) than rectal (~25-36+ cases) [5,6,21-23]. Our
trainee, who had a strong laparoscopic background, showed time reduction after ~8 cases,
consistent with studies factoring complications into curve analysis (e.g., significant drop of
the curve after 13 cases) [7,15]. The trainee did not reach the plateau of the senior surgeons
yet; however, he was approaching it after the first 13 cases.

Case selection was critical. Starting with low-complexity pathology minimized risk
during skill acquisition. Benchmarks ensured readiness before escalation, preventing
premature exposure to high-stakes dissections [11]. In our study we included low-risk
patients and therefore the rate of complications was also low. This, along with the low
sample size, contributed to the comparable rate of complications of both groups. The
comparison group had more rectal cases, which have more complications than operations
on the colon. The Clavien-Dindo IIIb complication could be attributed to this imbalance
that is in favor of the trainee. Also, the imbalance may in the same manner influence the
operative times of the experienced surgeons.

The longer time of operation for the trainee can be attributed mostly to longer console
time, as the docking at our facility is usually done by the trainee at the bedside. Longer
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console time is due to more unnecessary movements and steps with additional time
dedicated to teaching.

Limitations include the small sample size and single-trainee focus. Selection bias (eas-
ier cases early) may favor outcomes, though concurrent comparison with senior surgeons
mitigates this. Long-term oncologic follow-up (e.g., 3-5-year recurrence) is pending.

5. Conclusions

Robotic colorectal surgery can be implemented safely via a dual-console framework
that integrates rigorous selection, proficiency progression, real-time mentoring, standardiza-
tion, and surveillance. In our initial 17 supervised cases, patient safety and oncologic quality
matched experienced surgeons, despite longer early operative times that improved rapidly.

This model offers a blueprint for institutions establishing or expanding robotic pro-
grams, particularly in academic settings prioritizing training. As robotic platforms evolve,
structured dual-console adoption will remain essential to balance innovation, education,
and safety.

Author Contributions: Conceptualization, J.A.K. and J.G.; methodology, ].G. and M.P; validation,
G.N. and B.T,; formal analysis, ].A.K.; investigation, ].A.K,; data curation, ].A K.; writing—original
draft preparation, ].A.K.; writing—review and editing, M.P., G.N. and B.T.; supervision, J.G.; project
administration, J.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the National Ethics Committee (protocol code 0120-238/2021 from
1 December 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon request.

Acknowledgments: We express our gratitude to the entire robotic surgery team for their hard work
and dedication that made this possible. During the preparation of this manuscript, the authors used
ChatGPT-4 for the purposes of language refinement and improving readability.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

RAS Robotic-assisted surgery

TME Total mesorectal excision
UMCL  University Medical Center Ljubljana
CRM Circumferential resection margin

BMI Body mass index
LOS Length of stay

1. Trastulli, S.; Farinella, E.; Cirocchi, R.; Cavaliere, D.; Avenia, N.; Sciannameo, F.; Gulla, N.; Noya, G.; Boselli, C. Robotic resection

compared with laparoscopic rectal resection for cancer: Systematic review and meta-analysis of short-term outcome. Colorectal
Dis. 2012, 14, e134—e156. [CrossRef] [PubMed]

2. Keller, D.S,; Senagore, A.].; Lawrence, ] K.; Champagne, B.]J.; Delaney, C.P. Comparative effectiveness of laparoscopic versus
robot-assisted colorectal resection. Surg. Endosc. 2014, 28, 212-221. [CrossRef] [PubMed]

3. Lanfranco, A.R.; Castellanos, A.E.; Desali, ].P.; Meyers, W.C. Robotic surgery: A current perspective. Ann. Surg. 2004, 239, 14-21.

[CrossRef] [PubMed]

https://doi.org/10.3390 /jcm15145669


https://doi.org/10.1111/j.1463-1318.2011.02907.x
https://www.ncbi.nlm.nih.gov/pubmed/22151033
https://doi.org/10.1007/s00464-013-3163-5
https://www.ncbi.nlm.nih.gov/pubmed/23996335
https://doi.org/10.1097/01.sla.0000103020.19595.7d
https://www.ncbi.nlm.nih.gov/pubmed/14685095
https://doi.org/10.3390/jcm15145669

J. Clin. Med. 2026, 15, 5669 70f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jayne, D.; Pigazzi, A.; Marshall, H.; Croft, J.; Corrigan, N.; Copeland, J.; Quirke, P.; West, N.; Edlin, R.; Hulme, C.; et al. Robotic-
Assisted Surgery Compared with Laparoscopic Resection for Rectal Cancer: The ROLARR RCT; NIHR Journals Library: Southampton,
UK, 2019.

Park, E.J.; Cho, M.S; Baek, S.J.; Hur, H.; Min, B.S.; Baik, S.H.; Lee, K.Y.; Kim, N.K. Long-term oncologic outcomes of robotic low
anterior resection for rectal cancer: A comparative study with laparoscopic surgery. Ann. Surg. 2015, 261, 129-137. [CrossRef]
[PubMed]

Wong, N.W.; Teo, N.Z.; Ngu, ].C. Learning curve for Robotic Colorectal Surgery. Cancers 2024, 16, 3420. [CrossRef] [PubMed]
Miskovic, D.; Ni, M.; Wyles, S.M.; Tekkis, P.; Hanna, G.B. Learning curve and case selection in laparoscopic colorectal surgery:
Systematic review and international multicenter analysis of 4852 cases. Dis. Colon. Rectum. 2012, 55, 1300-1310. [CrossRef]
[PubMed]

Deziel, D.J.; Millikan, K.W.; Economou, S.G.; Doolas, A.; Ko, S.T.; Airan, M.C. Complications of laparoscopic cholecystectomy: A
national survey of 4292 hospitals and an analysis of 77,604 cases. Am. J. Surg. 1993, 165, 9-14. [CrossRef] [PubMed]

Gumbs, A.A.; Hogle, N.J.; Fowler, D.L. Evaluation of resident laparoscopic performance using global operative assessment of
laparoscopic skills. J. Am. Coll. Surg. 2007, 204, 308-313. [CrossRef] [PubMed]

Smith, A.L.; Scott, EM.; Krivak, T.C.; Olawaiye, A.B.; Chu, T.; Richard, S.D. Dual-console robotic surgery: A new teaching
paradigm. . Surg. Educ. 2012, 7, 113-118. [CrossRef] [PubMed]

Boggi, U.; Signori, S.; De Lio, N.; Perrone, V.G.; Vistoli, F.; Belluomini, M.; Cappelli, C.; Amorese, G.; Mosca, F. Feasibility of
robotic pancreaticoduodenectomy. Br. J. Surg. 2013, 100, 917-925. [CrossRef] [PubMed]

Lee, S.H.; Lim, S.; Kim, ].H.; Lee, K.Y. Robotic versus conventional laparoscopic surgery for rectal cancer: Systematic review and
meta-analysis. Ann. Surg. Treat. Res. 2015, 89, 190-201. [CrossRef] [PubMed]

Delaney, C.P; Lynch, A.C.; Senagore, A.].; Fazio, V.W. Comparison of robotically performed and traditional laparoscopic colorectal
surgery. Dis. Colon. Rectum. 2003, 46, 1633-1639. [CrossRef] [PubMed]

Schreuder, H-W.; Verheijen, R H.; Mansur, A.; Stam, P.C.; Schijven, M.P. Training and learning robotic surgery, time for a more
structured approach: A systematic review. BJOG 2012, 119, 137-149. [CrossRef] [PubMed]

Burghgraef, T.A,; Sikkenk, D.J.; Verheijen, PM.; Moumni, M.E.; Hompes, R.; Consten, E.C.J. The learning curve of laparoscopic,
robot-assisted and transanal total mesorectal excisions: A systematic review. Surg. Endosc. 2022, 36, 6337-6360. [CrossRef]
[PubMed]

Gustafsson, U.O.; Scott, M.].; Schwenk, W.; Demartines, N.; Roulin, D.; Francis, N.; McNaught, C.E.; MacFie, J.; Liberman, A.S,;
Soop, M.; et al. Guidelines for perioperative care in elective colonic surgery: Enhanced Recovery After Surgery (ERAS®) Society
recommendations. World J. Surg. 2013, 37, 259-284. [CrossRef] [PubMed]

Trastulli, S.; Cirocchi, R.; Desiderio, J.; Coratti, A.; Guarino, S.; Renzi, C.; Corsi, A.; Boselli, C.; Santoro, A.; Minelli, L.; et al.
Robotic versus laparoscopic approach in colonic resections for cancer and benign diseases: Systematic review and meta-analysis.
PLoS ONE 2015, 10, e0134062. [CrossRef] [PubMed]

Lujan, H.J.; Molano, A.; Burgos, A.; Rivera, B.; Plasencia, G. Robotic right colectomy with intracorporeal anastomosis: Experience
with 52 consecutive cases. J. Laparoendosc. Adv. Surg. Tech. A 2015, 25, 117-122. [CrossRef] [PubMed]

Proietti, F.; Flammia, R.S.; Licari, L.C.; Bologna, E.; Anceschi, U.; Ferriero, M.C.; Tuderti, G.; Mastroianni, R.; Brassetti, A.;
Simone, G.; et al. Simulation and Training in Robot-Assisted Urological Surgery: From Model to Patient. J. Clin. Med. 2024, 13,
1590. [CrossRef] [PubMed]

Jeong, W.; Kumar, R.; Menon, M. Past, present and future of urological robotic surgery. Investig. Clin. Urol. 2016, 57, 75-83.
[CrossRef] [PubMed]

Madarasz, Z.; Nowakowski, K.; Leitz, M.; Sturzu, B.C.; Baltamar, A.; Baginski, K.; Hoyer, A.; Vladimirov, M.; Hoeppner, J.;
Nimczewski, F. Learning curves and outcomes of robotic colorectal surgery: A single-surgeon experience within a structured
dual-console training program. J. Robot. Surg. 2026, 20, 170. [CrossRef] [PubMed]

Guend, H.; Widmar, M.; Patel, S.; Nash, G.M.; Paty, P.B.; Guillem, ].G.; Temple, L.K.; Garcia-Aguilar, J.; Weiser, M.R. Developing a
robotic colorectal cancer surgery program: Understanding institutional and individual learning curves. Surg. Endosc. 2017, 31,
2820-2828. [CrossRef] [PubMed]

Tang, B.; Li, T.; Gao, G.; Shi, ].; Li, T. Learning Curve of Robotic-Assisted Total Mesorectal Excision for Rectal Cancer. Front. Oncol.
2022, 12,931426. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /jcm15145669


https://doi.org/10.1097/SLA.0000000000000613
https://www.ncbi.nlm.nih.gov/pubmed/24662411
https://doi.org/10.3390/cancers16193420
https://www.ncbi.nlm.nih.gov/pubmed/39410039
https://doi.org/10.1097/DCR.0b013e31826ab4dd
https://www.ncbi.nlm.nih.gov/pubmed/23135590
https://doi.org/10.1016/s0002-9610(05)80397-6
https://www.ncbi.nlm.nih.gov/pubmed/8418705
https://doi.org/10.1016/j.jamcollsurg.2006.11.010
https://www.ncbi.nlm.nih.gov/pubmed/17254935
https://doi.org/10.1007/s11701-012-0348-1
https://www.ncbi.nlm.nih.gov/pubmed/23704858
https://doi.org/10.1002/bjs.9135
https://www.ncbi.nlm.nih.gov/pubmed/23640668
https://doi.org/10.4174/astr.2015.89.4.190
https://www.ncbi.nlm.nih.gov/pubmed/26448918
https://doi.org/10.1007/BF02660768
https://www.ncbi.nlm.nih.gov/pubmed/14668588
https://doi.org/10.1111/j.1471-0528.2011.03139.x
https://www.ncbi.nlm.nih.gov/pubmed/21981104
https://doi.org/10.1007/s00464-022-09087-z
https://www.ncbi.nlm.nih.gov/pubmed/35697853
https://doi.org/10.1007/s00268-012-1772-0
https://www.ncbi.nlm.nih.gov/pubmed/23052794
https://doi.org/10.1371/journal.pone.0134062
https://www.ncbi.nlm.nih.gov/pubmed/26214845
https://doi.org/10.1089/lap.2014.0199
https://www.ncbi.nlm.nih.gov/pubmed/25622223
https://doi.org/10.3390/jcm13061590
https://www.ncbi.nlm.nih.gov/pubmed/38541816
https://doi.org/10.4111/icu.2016.57.2.75
https://www.ncbi.nlm.nih.gov/pubmed/26981588
https://doi.org/10.1007/s11701-025-03139-x
https://www.ncbi.nlm.nih.gov/pubmed/41521378
https://doi.org/10.1007/s00464-016-5292-0
https://www.ncbi.nlm.nih.gov/pubmed/27815742
https://doi.org/10.3389/fonc.2022.931426
https://www.ncbi.nlm.nih.gov/pubmed/35898893
https://doi.org/10.3390/jcm15145669

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Training Framework 
	Patients 
	Endpoints 

	Results 
	Patient Characteristics 
	Perioperative Outcomes 

	Discussion 
	Conclusions 
	References

