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Abstract

Since its introduction in 2010, a dynamic growth of robotic-assisted surgery (RAS) has been observed in Poland. The
number of healthcare institutions implementing RAS has tripled in the last 36 months, with 80 surgical robots currently
utilized on a national scale. While urological procedures dominate RAS utilization (73%), adoption in gynecology (12.2%)
and gastrointestinal surgery (8.5%) is rising, driven by recent National Health Fund reimbursement policies. However,
significant fragmentation and alarmingly low numbers of individual RAS procedures were identified: 47.7% of surgeons
perform less than 40 cases annually. Parallel to expanding the robotic surgery reimbursement program, several standardized
actions are warranted to further facilitate and optimize modern surgical practices in Poland. Regional disparities in access
and underutilization of robotic systems, followed by a lack of a centralized and standardized registry to evaluate surgical and
oncological outcomes, represent the main challenges to integrating robotic surgery nationally. Addressing these, followed
by implementing structured training and uniform evaluation frameworks for clinical and oncological outcomes, are critical
to maximizing the potential of surgical robotic systems in Poland.
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Introduction

The history of robotic surgery in Poland began at the end
of 2010 in the city of Wroctaw, over a century after the
Polish School of Surgery was created by Prof. Jan Miku-
licz-Radecki [1]. Prof. Wojciech Witkiewicz, along with
internationally recognized experts in the field of surgery
(prof. Giuseppe Spinoglio), urology (prof. Alex Motrie)
and gynecology (prof. Jan Persson) played a pivotal role
in building a momentum, which over the years allowed for
expanding access and utilization of robotic-assisted sur-
gery (RAS) with over 60 robotic systems in Poland today.
In 2023, 10,110 robotic surgeries were performed, indicat-
ing an over two-fold increase when compared with 4,844
cases performed in 2022 [2]. It is imperative to underscore
that a broad and immediate increase in robotic surgery
requires continuous monitoring of the system adoption.
While the utilization of RAS is associated with a decrease
in traditional laparoscopic minimally invasive surgery
(MIS), enthusiasm for new technology must not outshine
the evidence needed to use it in the most effective clinical
setting. [3]

Integrating robotic surgery and artificial intelligence
(AI) into clinical practice represents a transformative
shift in healthcare, offering improved precision, efficiency,
and, most importantly—patient outcomes [4]. A recent
systematic review and meta-analysis (COMPARE study)
evaluated 30-day outcomes of RAS versus laparoscopic/

thoracoscopic (lap/VATS) or open surgery across seven
oncological procedures within four surgical specialties [5].
Assessment of 34 randomized controlled trials (RCTs),
74 prospective and 122 database studies showed clini-
cal advantages of RAS, including a lower risk of blood
transfusions, length of hospital stay, 30 day complications,
readmissions, and mortality when compared with lap/
VATS and open surgery. While the evidence supporting
the utilization of robotic surgery becomes habitual, uncer-
tainty and personal biases can lead to innovation without
rigorous evaluation, potentially decreasing patient safety
[6].

Therefore, the objective of the current review was to
define the current challenges of RAS in Poland with an
indication of possible systemic solutions to structurize the
utilization of robotic platforms nationwide.

Statistics

While robotic-assisted radical prostatectomy (RARP)
continuously accounts for the vast majority of overall per-
formed procedures in the Polish healthcare system (73%), an
increasing trend in adopting robotic surgery in gynecology
and gastrointestinal surgery is observed (12.2% and 8.5%,
respectively) (Fig. 1). In comparison, in France, with 30,000
RAS procedures per year, 60% of robotic indications are
urological, 16% are gastrointestinal and 14% are gynecologi-
cal [7]. Such specific distribution partially results from the
National Health Fund reimbursement program. While RARP

Urology 73.4%
Gynecology 12.2%

@ Gastroenterology 8.5%
Abdominal Surgery 3.4%
® Cardiac Surgery 1%

Thoracic Surgery 1%
@® Head and Neck Surgery 0.5%

Fig.1 Percentage of RAS performed in Poland according to surgical specialty
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has been economically compensated for nearly three years
(since April 2022), remaining robotic-assisted procedures
(uterus, colon, and rectum resections due to cancer) have
been centrally financed only since August 2023. Currently,
robotic-assisted lobectomy (RL) followed by several thoracic
surgery procedures is being centrally evaluated in terms of
possible subsidization.

Of note, within just one year, the number of institutions
performing RAS has nearly doubled, reaching 58 hospitals
in 2023, indicating a 45% increase when compared with 40
institutions utilizing robotic systems in 2022 [2]. Further
increase in introduction of surgical robots among national
healthcare institutions reflected by 80 hospitals utilizing
RAS in 2024 indicates the current trends in the market.
Dynamic implementation of RAS throughout the country
resulted in a minor shift towards the alignment of robotic
platforms within particular regions. Currently, there is at
least one healthcare institution utilizing RAS within 16
independent administrative provinces (voivodeships), with
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Mazowieckie as the national leader in robotic-assisted
procedures performed and Warminsko-Mazurskie as the
province with the least RAS in 2023 (2866 and 44, respec-
tively) (Fig. 2). On a national scale, one robotic system is
available for 610,000 inhabitants, indicating substantially
lower access to RAS when compared with France (1 robot
for 438,000 inhabitants) or USA (1 robot for 98,000 inhab-
itants) [7].

The increased adoption of RAS in terms of involved
centers and performed surgeries is accompanied by the
growth of surgeons, nurses, and other medical staff dedi-
cated to robotic-assisted procedures. Within the last 12
months, 132 surgeons operated in 36 Polish institutions,
with at least 50 RAS reported [2]. Among them, a signifi-
cant fragmentation and alarmingly low numbers of indi-
vidual RAS procedures performed were identified: 47.7%
of surgeons performed less than 40 cases. Specifically,
33 surgeons performed less than 20 procedures, while 30
individuals operated between 21 and 39 cases.
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Fig.2 Heatmap distribution of robotic platforms utilization among Poland's administrative provinces in 2023
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Uterine cancer was the second most common onco-
logical indication for RAS in 2023 in Poland. A total of
25 hospitals performed 1231 procedures, accounting for
12.2% of all RAS in Poland. Among these, robotic hys-
terectomy was the most prevalent procedure (n = 921,
74.8%). Of note, the rate of overall gynecological RAS
has doubled and quadrupled within the last 12 and 24
months (n= 622 in 2022 and n = 358 in 2021, respec-
tively). Meanwhile, colorectal cancer (CRC) was the third
most common indication for RAS in 2023 in Poland. A
total of 27 hospitals performed 860 procedures, account-
ing for 8.5% of all RAS in Poland. Of note, the rate of
overall CRC RAS has nearly tripled and quadrupled
within the last 12 and 24 months. (n= 323 in 2022 and
n= 284 in 2021, respectively) (Fig. 3).

Assessment precedes improvement

Parallel to expanding the robotic surgery reimbursement
program, several standardized actions are warranted to
further facilitate and optimize modern surgical practices
in Poland. Regional disparities in access and underutiliza-
tion of robotic systems, followed by a lack of a central-
ized and standardized registry to evaluate surgical and
oncological outcomes, represent the main challenges to
integrating robotic surgery at a national level. Robotic
platforms are versatile tools designed for multiple appli-
cations rather than a sole therapy and, therefore, should
be evaluated accordingly.
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Health technology assessments medical device interest
group consensus

Evaluating the utility of a platform is complex and relies on
the perspective of the assessment, whether at the national
or local level [8]. Given the methodological challenges with
health technology assessment (HTA) for RAS, a panel of
14 international experts representing relevant stakeholders
discussed different approaches and produced guidance on
evaluating RAS. The seven key themes were evidence inclu-
sion and exclusion, patient- and clinician-reported outcomes,
the learning curve, allocation of costs, appropriate time hori-
zons, economic analysis methods, and robotic ecosystem
benefits [8]. Of note, the group highlighted the importance
of real-world evidence (RWE), as training, surgical, and
organizational data collection may be more effective than in
RCTs. A congenial example of a national MIS assessment
is shown in a recent and first status analysis of laparoscopic
liver surgery in Poland [9]. An increasing trend in the mini-
mally invasive liver resection rates has been observed, reach-
ing 11.7% in 2022. The authors highlight the importance of
proper case selection following difficulty grade, which may
already provide results within global benchmark values and
textbook outcomes during the learning curve. In contrast,
it has been suggested that rather than surrogate measures,
future robotic studies should rigorously evaluate clinically
relevant data [10], including patient-reported outcomes
(PRO). While RAS may effectively relieve postoperative
negative emotions and improve recovery of social func-
tion in patients undergoing major abdominal cancer surgery
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Fig.3 Trends in utilization of RAS within Polish healthcare institutions according to the three most common surgical specialties
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when compared with laparoscopic approach [11], utiliza-
tion of single port robotic systems results in less severe pain
and activity limitation when compared with multiportal
approach among patients undergoing non-small-cell lung
cancer (NSCLC) surgery. [12]

The IDEAL framework

Technological advances in RAS and Al transform the sur-
gical landscape beyond the operating room, encompass-
ing new challenges within healthcare. The Idea, Develop-
ment, Exploration, Assessment and Long-term Monitoring
(IDEAL) Robotics Colloquium proposes recommendations
for evaluation during the development, comparative study,
and clinical monitoring of surgical robots—providing practi-
cal recommendations for developers, clinicians, patients and
healthcare systems [13]. The IDEAL framework comprises
six stages: Preclinical, Idea, Development, Exploration,
Assessment, and Long-term monitoring. While the initial
three stages focus on the safety and feasibility of new robotic
technologies, current robotic trends in the Polish medical
infrastructure encourage the exploration and assessment of
RAS on a larger scale, followed by long-term performance
monitoring within institutions where the robotic systems
have been widely adopted [6]. Clinical focus should include:
(i) validated and qualitative research for perioperative and
oncological outcomes, (ii) learning curve for robotic-assisted
procedures in simulated and real-world environments, (iii)
establishment of standardized guidelines for surgical train-
ing and performance evaluation. Concurrently, RAS accept-
ability must be maintained based on patient perspectives,
understanding, and consent. It is essential to provide the
patients with clear and objective explanations of benefits,
possible risks, and gaps in knowledge about RAS in particu-
lar procedure. Lastly, comparative studies should routinely
include regional and national analysis of the association
between RAS, cost-effectiveness and social determinants of
health (SDoH) over a substantial amount of time to ensure
long-term follow up and improved access to modern surgical
treatment options within low-income regions. [6, 14]

Fundamentals of robotic surgery (FRS)

In 2012, during which approximately 450,000 RAS were
performed in the U.S., multiple certifying boards, profes-
sional surgical societies, and associations representing vari-
ous surgical specialties established a course encompassing
the cognitive, psychomotor, and team training skills required
to perform safely any robotic-assisted procedure [15]. Ini-
tially, the Fundamentals of Robotic Surgery (FRS) working
group identified three timeframes of minimal skills needed
for a surgeon to safely perform RAS regardless of his/her
specialty: (i) preoperative (e.g. ergonomic positioning,

docking, situation awareness, closed-loop communication),
(i1) intraoperative (e.g. camera control, eye-hand instru-
ment coordination, wrist articulation, needle driving, suture
handling, safety of operative field) and (iii) postoperative
(transition to bedside assistant and undocking). Next, as a
result of two consensus conferences, a complete curricu-
lum was established, consisting of three components: i)
cognitive skills (e.g. lecture and video introduction to RAS,
pre-, intra- and post-operative activity), ii) psychomotor
skills (e.g. physical test device, 3D working space) and iii)
team training (e.g. WHO preoperative checklist evaluation,
robotic-specific communication, postoperative debriefing).
Eight years later, results of a single-blinded parallel-group
randomized trial from 12 international American College
of Surgeons (ACS) Accredited Education Institutes (AEI),
which aimed to identify an ideal training platform, were pub-
lished [16]. 156 surgeons (33 experts and 123 inexperienced
trainees) were randomly assigned into four simulation train-
ing groups. Since all participants demonstrated significant
performance improvement after skills training, authors advo-
cated for FRS curriculum implementation across training
programs before the clinical application of RAS.

The role of medical simulation

In a constantly evolving field, providing surgical trainees
with simulation-based training tailored to their clinical expe-
rience and individual attributes is critical for ensuring the
safe and efficient performance of RAS. Such an approach
reduces the risk of complications, thus enhancing patient
safety and overall surgical outcomes [17]. Implementation
of a structured robotic training program with realistic simu-
lation techniques increases trainee and faculty awareness of
robotic platforms, leading to extended RAS utilization [18].
However, virtual reality (VR) and inanimate tasks require
appropriate content and scoring metrics evaluation to effec-
tively attain basic manual skills [19]. A recent randomized
crossover trial for robotic hepaticojejunostomy comparing
surgical skills subjectively and objectively among surgical
trainees showed improved performance among novices who
had started their training with robotic simulation when com-
pared with individuals initiating their training with suture
pads [20]. While multiple benefits of robotic simulation
training over dry-lab training have been outlined, including
increased accessibility, cost-effectiveness, and rapid evolu-
tion of technology, suture pads can not be replaced, par-
ticularly during training programs for complex thoracic and
abdominal procedures. Of note, skill assessment through the
objective structured assessment of technical skills (OSATS)
score demonstrated that technical scoring of surgeon's
performance independently predicts patient outcomes in
abdominal surgery. [21, 22] Based on the evaluation of six
grading aspects (gentle tissue handling, efficient motion,
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fluid use of instruments, smooth transitions between proce-
dure steps, adequate retraction with proper tissue alignment,
and overall assessment of technical skills), one of the follow-
ing ratings is provided: (1) deficient/traumatic, (2) lacking
finesse, (3) average, (4) skilled and (5) master. While com-
pletion of simulation-based VR training results in feasible
and effective translation into a robotic environment among
surgical learners [23], OSATS scores strongly correlate
between simulation and OR settings. [24] Moreover, better
technical skills in simulation translate to a lower incidence
of organ-specific complications. While simulation tech-
niques in Polish medical education have been successfully
implemented for over a decade [25], and medical students
benefit from earlier exposure to RAS regardless of clinical
interest [26], there is a need for refinement and inclusion of
robotics within Polish schools of medicine curricula.

One who sweats more in training bleeds
less at the OR

Paraphrase of the Ancient Spartan's philosophy highlights
the core values of training ethics around discipline and
endurance [27]. Vast majority of current robotic programs
are organ-specific. Meanwhile, establishing a structured cur-
riculum facilitates integrating resident education into the uti-
lization of RAS [28]. Although most U.S. surgical residents
have encountered robotic platforms at their institution and
have participated in RAS, very few residents received formal
training before participating in a robotic case with only 18%
reporting access to an operating console. [29] Development
of a structured robotic program for surgical residents, based
on full transparency and process flexibility, needs to address
local resources and limitations due to changing financial,
technical, and faculty environments. [30]

RoCS and RoSTraC — German experience

In 2020, Department of General, Visceral, Vascular and
Transplant Surgery, at the University Hospital of Otto-Von-
Guericke University in Magdeburg, Germany, introduced
the Robotic Curriculum for Young Surgeons (RoCS). RoCS
is a multimodal activity based on console training and bed-
side assistance during RAS. Key elements are the robotic
team time-out (r'TTO), perioperative process standardiza-
tion, feasible personnel scheduling and applicable proce-
dure clustering into organ systems, procedural steps, and
procedural step complexity. Authors highlight the main
strengths of the concept in flexibility and adaptability to
internal organization processes of surgical departments [30].
Recently, the association between RoCS'and patient out-
comes was evaluated. The introduction of RoCS'decreased
surgery duration, intraoperative blood loss, conversion
rate, and length of hospital stay for selected colorectal and

@ Springer

hepatopancreatobiliary patients compared with individu-
als operated before RoCS'[31]. Of note, introducing RoCS
follows the needs and aspirations of young trainees, tak-
ing into account individual learning curves and maintain-
ing patient safety. Another example of a recently developed
robotic program for surgical residents in visceral surgery is
the Robotic Surgery Training Curriculum (RoSTraC). Inin-
itiated at the Department of Surgery, University Medical
Center Schleswig—Holstein in Liibeck, Germany, RoSTraC
consists of a three-step training curriculum including mul-
timodal learning contents: (i) basics and simulation training
of RAS, (ii) laboratory training on the institutional robotic
system and (iii) structured on-patient training in the oper-
ating room [32]. Of note, RoSTraC training led to signifi-
cantly improved performance of advanced four-hand robotic
procedures, with participating surgical residents acquiring
fundamental and advanced RAS skills.

NTP - British experience

The National Training Programme in Laparoscopic Colorec-
tal Surgery (NTP, LAPCO) in England represents a pivotal
initiative to standardize and improve proficiency in MIS
[33]. Developed to address the steep learning curve and
potential risks associated with laparoscopic colorectal sur-
gery, the program ensures that consultant surgeons achieve
competency under expert supervision before performing
independently. Guided by an evidence-based framework, the
LAPCO program emphasizes a blended model of hands-
on inreach and outreach training, supported by continuous
formative and summative evaluation [34]. The competency
assessment tool (CAT) facilitates the identification of con-
sultant surgeons within the NTP who are qualified to safely
perform laparoscopic colorectal surgery before transitioning
to independent practice. The content validity of the CAT was
achieved through a structured process incorporating expert
opinions to ensure the inclusion of all skills (exposure, pedi-
cle control, mobilisation, resection/anastomosis) relevant
for specialist-level competency assessment (instrument
use, tissue handling, errors, end product). The inclusion of
structured feedback and rigorous video review ensured high
sensitivity (94.4%), specificity (84.6%) and positive predic-
tive value (93.8%) in trainee evaluations [34]. Furthermore,
the"Training the Trainers (Lapco TT)"curriculum was
designed to improve, standardize, and benchmark the quality
of training delivered within NTP [35]. Introduction of four
teaching skills (learner-focused framework, skills decon-
struction, trainer intervention framework, and performance
enhancing feedback) was well received, improved training
performance in the short- and long-term, and impacted
positively on the learning curve of training. NTP structured
approach has led to significant improvements in patient
outcomes, with supervised trainees achieving comparable
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results to seasoned experts [36]. By reducing conversion
rates and complications, the program sets a benchmark for
surgical education, blending tailored mentorship, robust
assessments, and procedural standardization to ensure a safe
and efficient transition to advanced laparoscopic practices
[37]. This model of structured training offers international
scalability, making it a gold standard for competency-based
surgical education [38]. Development and implementation of
a structured, multimodal robotic training curricula in Poland,
tailored to local resources and limitations, will allow surgi-
cal trainees access to comprehensive robotic-assisted surgery
(RAS) skills while ensuring patient safety and addressing
modern educational needs.

Back to the future

Although the number of objective technical skills assess-
ment tools in RAS is substantial (global rating scale tools,
procedure- and task-specific tools, error tools, simulator and
non-simulator automated performance metrics, artificial
intelligence), a recent systematic review suggests a focus
on validating and implementing existing instruments rather
than seeking any further robotic surgery evaluation meth-
ods [39]. Therefore, integrating standardized assessment
mechanisms into clinical practice to improve training and
patient safety in Polish healthcare institutions involved in
RAS will be achieved through collaboration within national
surgical societies (Polish Society of Surgical Oncology—
PSSO, Society of Polish Surgeons—SPS) and supported by
high-quality, large-scale research. For example, our group
has recently performed a comprehensive and updated assess-
ment of National Comprehensive Cancer Network (NCCN)
guideline compliance and likelihood to achieve textbook
oncological outcomes (TOO) after open, laparoscopic, and
robot-assisted resection of locally advanced gastric cancer
(LAGC) on a national level [40]. While the overall compli-
ance to treatment of patients with LAGC falls under 50%,
RAS was associated with higher guideline adherence rates
when compared with open surgery, resulting in improved
short- and long-term outcomes.

While the multimodal treatment of individuals with gas-
trointestinal and hepatopancreatobiliary (HPB) cancers is
rapidly evolving, it is important to identify potential barriers
to clinical outcomes improvement, including social determi-
nants of health (SDoH). Besides low socioeconomic status at
the individual or family level, intergenerational poverty can
lead to the chronic under-resourcing of particular communi-
ties, resulting in structural inequities in access to education,
employment, and high-level healthcare [41]. Therefore, the
continuous evolution of MIS surgery in Poland should addi-
tionally reflect on the gradually increasing role of SDoH in
cancer therapy. Identifying associations between regional
disparities and access to RAS on a national scale will allow

the creation and implementation of a patient-centered
approach, resulting in the improvement of inequities.

Finally, as novel surgical technologies are being devel-
oped, surgical residents'educational and curriculum needs
are increasing and changing [42]. While many large aca-
demic general surgery residency programs in the U.S. have
developed formalized robotic educational curricula with lim-
ited guidance from the Accreditation Council for Graduate
Medical Education (ACGME), a formal consensus between
the national consultants in general surgery, surgical oncol-
ogy, PSSO, and SPS is warranted to introduce RAS in terms
of standard components, identifying differences, and serving
as a resource to surgical training programs with development
curricula.

Conclusion

The gradual expansion of the robotic surgery market in
Poland highlights the relentless need for a structured, cen-
tralized program to ensure sustainable integration of RAS
into the healthcare system. Addressing regional disparities,
standardizing training, and implementing uniform evalua-
tion frameworks for clinical and oncological outcomes are
critical to maximizing the potential of robotic systems. By
aligning with international best practices, fostering robust
real-world evidence collection, and emphasizing patient-
centered approaches, Poland can establish a comprehensive
national robotic surgery strategy that promotes equitable
access, cost-effectiveness, and improved healthcare delivery.

Acknowledgements The current study precedes the formation of the
Polish Group of Robotic Surgery, Artificial Intelligence, and Telemedi-
cine — an institutional consortium between the Military Institute of
Medicine—National Research Institute, Medical University of Lublin,
University of Warsaw, Holy Cross Cancer Centre in Kielce, Wroctaw
Medical University and Ludwik Rydygier Memorial Hospital in Cra-
cow. The authors value the role of the Synektik Group in supporting
RAS development and progress in Poland.

Author contributions Author contributions: All authors contributed to
the study conception and design. Material preparation, data collection
and analysis were performed by MK, JD, SVG, AG, ANM, KS, ZP, SG,
WZ, AB, PR, KT, TMP, MZ, AB and KRP. Figures were prepared by
ANM and ZP. The first draft of the manuscript was written by MK, JD,
KS, ZP, SG, WZ, AB, PR, and KT and all authors commented on previ-
ous versions of the manuscript. All authors read and approved the final
manuscript, which was edited by SVG, AG, TMP, MZ, AB and KRP.

Funding None.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Conflict of interest The authors declare no competing interests.

@ Springer



258 Page8of9

Journal of Robotic Surgery (2025) 19:258

Ethical approval N/A.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material.
You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by-nc-nd/4.0/.

References

1. Popiela T, Legutko J (2003) History of Polish gastrointestinal
surgery. J Physiol Pharmacol 54(Suppl 3):193-203

2. Institute MH. Chirurgia Robotowa. 2024.

3. Sheetz KH, Claflin J, Dimick JB (2020) Trends in the adoption
of robotic surgery for common surgical procedures. JAMA Netw
Open. 3(1):e1918911. https://doi.org/10.1001/jamanetworkopen.
2019.18911

4. Hashimoto DA, Rosman G, Rus D, Meireles OR (2018) Artificial
Intelligence in surgery: promises and perils. Ann Surg 268(1):70—
76. https://doi.org/10.1097/SLA.0000000000002693

5. Ricciardi R, Seshadri-Kreaden U, Yankovsky A et al (2024) The
COMPARE Study: comparing perioperative outcomes of onco-
logic minimally invasive laparoscopic, Da Vinci robotic, and
open procedures: a systematic review and meta-analysis of the
evidence. Ann Surg. https://doi.org/10.1097/SLA.0000000000
006572

6. Marcus HJ, Ramirez PT, Khan DZ et al (2024) The IDEAL frame-
work for surgical robotics: development, comparative evaluation
and long-term monitoring. Nat Med 30(1):61-75. https://doi.org/
10.1038/541591-023-02732-7

7. Lavoue V, Collinet P, Fernandez H (2020) Robotic surgery in
gynecology: has France lost its leadership in minimally invasive
surgery? J Gynecol Obstet Hum Reprod. 49(4):101708. https://
doi.org/10.1016/j.jogoh.2020.101708

8. Erskine J, Abrishami P, Charter R et al (2023) Best practice con-
siderations on the assessment of robotic assisted surgical systems:
results from an international consensus expert panel. Int J Tech-
nol Assess Health Care. 39(1):e39. https://doi.org/10.1017/S0266
462323000314

9. Holowko W, Serednicki W, Bartkowiak M et al (2024) Early adop-
tion of laparoscopic liver surgery in Poland: a national retrospec-
tive cohort study. Int J Surg 110(1):361-371. https://doi.org/10.
1097/J59.0000000000000840

10. Muaddi H, Hafid ME, Choi WI et al (2021) Clinical outcomes
of robotic surgery compared to conventional surgical approaches
(laparoscopic or open): a systematic overview of reviews. Ann
Surg 273(3):467-473. https://doi.org/10.1097/SLA.0000000000
003915

11. Wang QR, Cao SG, Meng C et al (2023) Patient-reported out-
comes of locally advanced gastric cancer undergoing robotic
versus laparoscopic gastrectomy: a randomized controlled study.
Zhonghua Wai Ke Za Zhi 62(1):58-65. https://doi.org/10.3760/
cma.j.cn112139-20230414-00164

@ Springer

12.

13.

14.

15.

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Zhang K, Liu W, Zhao Y et al (2024) Comparison of early post-
operative patient-reported outcomes after multiportal robotic-
assisted thoracoscopic surgery and uniportal video-assisted thora-
coscopic surgery for non-small cell lung cancer. Eur J Surg Oncol
50(9):108481. https://doi.org/10.1016/j.ejs0.2024.108481
Marcus HJ, Bennett A, Chari A et al (2022) IDEAL-D framework
for device innovation: a consensus statement on the preclinical
stage. Ann Surg 275(1):73-79. https://doi.org/10.1097/SLA.
0000000000004907

Rawicz-Pruszynski K, Woldesenbet S, Endo Y et al (2023) Per-
sistent poverty impacts access to minimally invasive surgery
among patients with hepatopancreatobiliary cancer. J Surg Oncol
128(5):823-830. https://doi.org/10.1002/js0.27379

Smith R, Patel V, Satava R (2014) Fundamentals of robotic sur-
gery: a course of basic robotic surgery skills based upon a 14-soci-
ety consensus template of outcomes measures and curriculum
development. Int ] Med Robot 10(3):379-384. https://doi.org/10.
1002/rcs.1559

Satava RM, Stefanidis D, Levy JS et al (2020) Proving the effec-
tiveness of the fundamentals of robotic surgery (FRS) skills cur-
riculum: a single-blinded, multispecialty. Multi-inst Randomized
Control Trial Ann Surg 272(2):384-392. https://doi.org/10.1097/
SLA.0000000000003220

Chen S, Huang J, Zhang L, Xu Y, Zhang Z (2024) Simulation-
based training in robotic surgery education: bibliometric analysis
and visualization. J Robot Surg 18(1):324. https://doi.org/10.1007/
s11701-024-02076-5

Del Calvo H, Kim MP, Chihara R, Chan EY (2023) A systematic
review of general surgery robotic training curriculums. Heliyon
9(9):€19260. https://doi.org/10.1016/j.heliyon.2023.19260
Tellez JC, Radi I, Alterio RE et al (2024) Proficiency levels and
validity evidence for scoring metrics for a virtual reality and
inanimate robotic surgery simulation curriculum. J Surg Educ
81(4):589-596. https://doi.org/10.1016/j.jsurg.2024.01.004
Menso JE, Rahimi AM, Zwart MJW et al (2024) Robotic hepa-
ticojejunostomy training in novices using robotic simulation and
dry-lab suturing (ROSIM): randomized controlled crossover
trial. Surg Endosc 38(9):4906—4915. https://doi.org/10.1007/
$00464-024-10914-8

Martin JA, Regehr G, Reznick R et al (1997) Objective structured
assessment of technical skill (OSATS) for surgical residents. Br
J Surg 84(2):273-278. https://doi.org/10.1046/j.1365-2168.1997.
02502.x

Hogg ME, Zenati M, Novak S et al (2016) Grading of surgeon
technical performance predicts postoperative pancreatic fistula
for pancreaticoduodenectomy independent of patient-related vari-
ables. Ann Surg 264(3):482—-491. https://doi.org/10.1097/SLA.
0000000000001862

Radi I, Tellez JC, Alterio RE et al (2022) Feasibility, effectiveness
and transferability of a novel mastery-based virtual reality robotic
training platform for general surgery residents. Surg Endosc
36(10):7279-7287. https://doi.org/10.1007/s00464-022-09106-z
Abreu AA, Farah E, Kannan A et al (2024) From the simulation
lab to the operating room: simulation performance predicts intra-
operative performance in robotic gastrojejunostomy. Surg Endosc
38(10):5967-5973. https://doi.org/10.1007/s00464-024-11035-y
Janczukowicz J (2013) Medical education in Poland. Med Teach
35(7):537-543. https://doi.org/10.3109/0142159X.2013.789133
Adkins SE, Vance DT, Sanner Dixon K et al (2025) Making surgi-
cal education intuitive: a surgical robotics primer for pre-clinical
medical students. Am J Surg 239:116057. https://doi.org/10.
1016/j.amjsurg.2024.116057

S. H. Transforming Sparta Ancient History. Ancient history:
Resources for Teachers. 2015

Grannan HR, Hetzel E, Goldblatt MI, Gould JC, Higgins RM
(2021) Robotic general surgery resident training curriculum: a


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1001/jamanetworkopen.2019.18911
https://doi.org/10.1001/jamanetworkopen.2019.18911
https://doi.org/10.1097/SLA.0000000000002693
https://doi.org/10.1097/SLA.0000000000006572
https://doi.org/10.1097/SLA.0000000000006572
https://doi.org/10.1038/s41591-023-02732-7
https://doi.org/10.1038/s41591-023-02732-7
https://doi.org/10.1016/j.jogoh.2020.101708
https://doi.org/10.1016/j.jogoh.2020.101708
https://doi.org/10.1017/S0266462323000314
https://doi.org/10.1017/S0266462323000314
https://doi.org/10.1097/JS9.0000000000000840
https://doi.org/10.1097/JS9.0000000000000840
https://doi.org/10.1097/SLA.0000000000003915
https://doi.org/10.1097/SLA.0000000000003915
https://doi.org/10.3760/cma.j.cn112139-20230414-00164
https://doi.org/10.3760/cma.j.cn112139-20230414-00164
https://doi.org/10.1016/j.ejso.2024.108481
https://doi.org/10.1097/SLA.0000000000004907
https://doi.org/10.1097/SLA.0000000000004907
https://doi.org/10.1002/jso.27379
https://doi.org/10.1002/rcs.1559
https://doi.org/10.1002/rcs.1559
https://doi.org/10.1097/SLA.0000000000003220
https://doi.org/10.1097/SLA.0000000000003220
https://doi.org/10.1007/s11701-024-02076-5
https://doi.org/10.1007/s11701-024-02076-5
https://doi.org/10.1016/j.heliyon.2023.e19260
https://doi.org/10.1016/j.jsurg.2024.01.004
https://doi.org/10.1007/s00464-024-10914-8
https://doi.org/10.1007/s00464-024-10914-8
https://doi.org/10.1046/j.1365-2168.1997.02502.x
https://doi.org/10.1046/j.1365-2168.1997.02502.x
https://doi.org/10.1097/SLA.0000000000001862
https://doi.org/10.1097/SLA.0000000000001862
https://doi.org/10.1007/s00464-022-09106-z
https://doi.org/10.1007/s00464-024-11035-y
https://doi.org/10.3109/0142159X.2013.789133
https://doi.org/10.1016/j.amjsurg.2024.116057
https://doi.org/10.1016/j.amjsurg.2024.116057

Journal of Robotic Surgery (2025) 19:258

Page9of9 258

29.

30.

31

32

33

34.

35.

pilot experience. Surg Laparosc Endosc Percutan Tech 31(5):588—
593. https://doi.org/10.1097/SLE.0000000000000942

Farivar BS, Flannagan M, Leitman IM (2015) General surgery
residents’ perception of robot-assisted procedures during surgical
training. J Surg Educ 72(2):235-242. https://doi.org/10.1016/j.
jsurg.2014.09.008

Stockheim J, Perrakis A, Sabel BA, Waschipky R, Croner RS
(2023) RoCS: robotic curriculum for young surgeons. J Robot
Surg 17(2):495-507. https://doi.org/10.1007/s11701-022-01444-3
Stockheim J, Andriof S, Andric M et al (2024) The training path-
way for residents: “Robotic Curriculum for young Surgeons”
(RoCS) does not impair patient outcome during implementation
into clinical routine. J Robot Surg 18(1):307. https://doi.org/10.
1007/511701-024-02056-9

Thomaschewski M, Kist M, Zimmermann M et al (2024) Con-
ception and prospective multicentric validation of a Robotic
Surgery Training Curriculum (RoSTraC) for surgical residents:
from simulation via laboratory training to integration into the
operation room. J Robot Surg 18(1):53. https://doi.org/10.1007/
s11701-023-01813-6

Coleman MG, Hanna GB, Kennedy R, National Training Pro-
gramme L (2011) The national training programme for laparo-
scopic colorectal surgery in england: a new training paradigm.
Colorectal Dis 13(6):614-616. https://doi.org/10.1111/j.1463-
1318.2011.02643.x

Miskovic D, Ni M, Wyles SM et al (2013) Is competency assess-
ment at the specialist level achievable? A study for the national
training programme in laparoscopic colorectal surgery in England.
Ann Surg 257(3):476-482. https://doi.org/10.1097/SLA.0b013
e318275b72a

Mackenzie H, Cuming T, Miskovic D et al (2015) Design,
delivery, and validation of a trainer curriculum for the national
laparoscopic colorectal training program in England. Ann Surg
261(1):149-156. https://doi.org/10.1097/SLA.0000000000000437

36.

37.

38.

39

40.

41.

42.

Mackenzie H, Miskovic D, Ni M et al (2013) Clinical and edu-
cational proficiency gain of supervised laparoscopic colorectal
surgical trainees. Surg Endosc 27(8):2704-2711. https://doi.org/
10.1007/s00464-013-2806-x

Mackenzie H, Ni M, Miskovic D et al (2015) Clinical validity
of consultant technical skills assessment in the english national
training programme for laparoscopic colorectal surgery. Br J Surg
102(8):991-997. https://doi.org/10.1002/bjs.9828

Collins JW, Levy J, Stefanidis D et al (2019) Utilising the delphi
process to develop a proficiency-based progression train-the-
trainer course for robotic surgery training. Eur Urol 75(5):775-
785. https://doi.org/10.1016/j.eururo.2018.12.044

Boal MWE, Anastasiou D, Tesfai F et al (2024) Evaluation of
objective tools and artificial intelligence in robotic surgery techni-
cal skills assessment: a systematic review. Br J Surg. https://doi.
org/10.1093/bjs/znad331

Rawicz-Pruszynski K, Tsilimigras DI, Endo Y et al (2024)
Improved guideline compliance and textbook oncologic outcomes
among patients undergoing multimodal treatment and minimally
invasive surgery for locally advanced gastric cancer. J Gastrointest
Surg 28(1):10-17. https://doi.org/10.1016/j.gassur.2023.11.017
Price JH, Khubchandani J, Webb FJ (2018) Poverty and health dis-
parities: what can public health professionals do? Health Promot
Pract 19(2):170-174. https://doi.org/10.1177/1524839918755143
Stewart CL, Green C, Meara MP et al (2023) Common compo-
nents of general surgery robotic educational programs. J Surg
Educ 80(11):1717-1722. https://doi.org/10.1016/j.jsurg.2023.
07.013

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1097/SLE.0000000000000942
https://doi.org/10.1016/j.jsurg.2014.09.008
https://doi.org/10.1016/j.jsurg.2014.09.008
https://doi.org/10.1007/s11701-022-01444-3
https://doi.org/10.1007/s11701-024-02056-9
https://doi.org/10.1007/s11701-024-02056-9
https://doi.org/10.1007/s11701-023-01813-6
https://doi.org/10.1007/s11701-023-01813-6
https://doi.org/10.1111/j.1463-1318.2011.02643.x
https://doi.org/10.1111/j.1463-1318.2011.02643.x
https://doi.org/10.1097/SLA.0b013e318275b72a
https://doi.org/10.1097/SLA.0b013e318275b72a
https://doi.org/10.1097/SLA.0000000000000437
https://doi.org/10.1007/s00464-013-2806-x
https://doi.org/10.1007/s00464-013-2806-x
https://doi.org/10.1002/bjs.9828
https://doi.org/10.1016/j.eururo.2018.12.044
https://doi.org/10.1093/bjs/znad331
https://doi.org/10.1093/bjs/znad331
https://doi.org/10.1016/j.gassur.2023.11.017
https://doi.org/10.1177/1524839918755143
https://doi.org/10.1016/j.jsurg.2023.07.013
https://doi.org/10.1016/j.jsurg.2023.07.013

	Quality over quantity—current challenges of robotic surgery in Poland
	Abstract
	Introduction
	Statistics
	Assessment precedes improvement
	Health technology assessments medical device interest group consensus
	The IDEAL framework
	Fundamentals of robotic surgery (FRS)

	The role of medical simulation
	One who sweats more in training bleeds less at the OR
	RoCS and RoSTraC — German experience
	NTP – British experience

	Back to the future

	Conclusion
	Acknowledgements 
	References




