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Abstract

Study objective: To identify factors associated with higher self-perceived confidence in performing robotic surgery among
early-career gynecologic surgeons, and to assess satisfaction with current surgical activity among young consultants. A
cross-sectional survey consisting of a 28-item online questionnaire was developed and disseminated through the social
media channels of the Young European Advocates of Robotic Surgery (YEARS) and the Society of European Robotic
Gynaecological Surgery (SERGS). Eligible participants included gynecologists with exposure to robotic surgery who were
either (1) still in specialty training or (2] within three years of completing their postgraduate training or fellowship. The
questionnaire collected sociodemographic information, details on surgical experience, access to robotic platforms, and
self-perceived confidence in different surgical approaches. Main results: A total of 81 respondents completed the survey.
Among the 63 surgeons with access to robotic surgery at their institutions, 29 reported high self-perceived confidence
and 36 reported lower confidence. Factors associated with higher confidence included age>35 years (51.8% vs. 33.3%;
p<0.001) and having received structured robotic training through a fellowship or industry-sponsored course (40.7% vs.
19.4%; p=0.017). Departments performing>55 robotic procedures per year showed a greater likelihood of hosting sur-
geons with high confidence. Finally, age>35 years and access to at least one dedicated robotic operating day per week
weres independently associated with higher confidence. Conclusion: Self-perceived confidence in robotic surgery among
early-career gynecologic surgeons appears to be associated with age, and regular access to robotic operating time. Summa-
tion: Being older than 35 years and performing robotic surgery at least once weekly are associated with greater confidence
in the robotic approach, emphasizing the importance of experience and exposure.
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Introduction

Gynecologic surgery has undergone a substantial techno-
logical evolution in recent decades, largely driven by the
increasing global adoption of robotic platforms. More than
two decades have passed since the first reported robotic-
assisted hysterectomy in 2002 [1]. Since then, the use of
robotic surgery has expanded steadily across both high-
income [2] and low- and middle-income countries [3]. This
trend contrasts with a documented decline in overall gyne-
cologic surgical volume. For example, the incidence of hys-
terectomy in Denmark decreased from 362.9 per 100,000
person-years in 2000 to 307.1 in 2015 [4] while hysterec-
tomy prevalence in the United States has remained stable or
slightly decreased over recent years [5].

This discrepancy of growing implementation of high-
technology surgical platforms and reduced operative
volume, has raised concerns regarding the adequacy of sur-
gical training for young gynecologists. Recent studies have
reported reduced exposure to core gynecologic procedures
during training. A national Irish survey of gynecology train-
ees showed a significant decline in confidence to perform
abdominal and vaginal hysterectomies when comparing
cohorts from 2014 to 2021 [6]. Likewise, data from the Aus-
tralian Institute of Health and Welfare showed a reduction in
major gynecologic procedures performed between 2013 and
2018, including laparotomies, vaginal hysterectomies, and
continence surgeries [7]. Trainees performed fewer than 12
major gynecologic procedures per year on average raising
concerns about potential implications for surgical safety and
outcomes [8].

Despite the rapid expansion of robotic technology, there
is limited published data describing the level of exposure
to robotic surgery and the availability of structured train-
ing opportunities for early-career gynecologic surgeons in
Europe. Understanding these patterns and their influence
in self-perceived confidence may indicate how prepared
surgeons feel and may help reveal gaps in training. Iden-
tifying which factors are associated with higher confidence
can therefore provide insight into potential inequalities in
access, surgical volume, and training pathways that influ-
ence a surgeon’s readiness to perform robotic procedures
independently. In this context, the Young European Advo-
cates of Robotic Surgery (YEARS) conducted a survey
among early-career gynecologic surgeons across Europe to
evaluate exposure to robotic surgery. The primary objective
of this study was to identify factors associated with higher
self-perceived confidence in performing robotic surgery. A
secondary aim was to assess satisfaction with current surgi-
cal activity among young consultants.
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Methods
Study design and participants

The YEARS Council developed a 28-item questionnaire
following three rounds of expert consensus (Document S1).
The target population consisted of early-career gynecologic
surgeons with exposure to robotic surgery. Three inclusion
criteria were defined for survey participation: [1] trainee/
resident enrolled in a national obstetrics and gynecology
training program; [2] gynecology clinical fellow; and [3]
recent consultant (within the past 3 years) of a fellowship or
sub-specialty training program.

Survey structure

The questionnaire collected sociodemographic data, infor-
mation on surgical experience, access to robotic platforms,
and exposure to different surgical approaches including
questions about gynecologic surgical training and the sur-
gical activity of both the respondent’s department and the
individual surgeon. It also assessed satisfaction with current
surgical activity and self-perceived confidence in perform-
ing robotic procedures. Most items used predefined response
categories, although free-text fields were included where
appropriate. This approach ensured respondent autonomy
and improved data completeness. Once the survey was com-
pleted and submitted, responses were automatically stored
in the repository. Respondents were not able to review or
change their answers after submission. To avoid duplicate
entries, responses were cross-checked for internal consis-
tency and stored in a confidential repository accessible only
to the study investigators.

Recruitment and data collection

The survey was hosted on SurveyMonkey and distributed
through the social media accounts of YEARS and the Soci-
ety of European Robotic Gynaecological Surgery (SERGS)
inviting members to complete the 5-minute survey. When
the survey was launched, the YEARS group had 65 regis-
tered members. Responses were accepted from December
2022 to September 2023, and all data were handled confi-
dentially. This study was exempt from Institutional Review
Board (IRB) approval as it involved an anonymous survey
without collection of identifiable personal or clinical data.
Preliminary results were shared in the annual SERGS con-
ference in June 2023. Additionally, there was completed
the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES), adhering to current methodological recom-
mendations for the reporting of survey-based research
(Document S2).
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Definition of confidence groups

Among respondents working in departments with robotic

Table 1 Characteristics of respondents

All (N=81)

Respondent demographics and professional
background

Age, years (%)
<30 8(9.9%)

30-34 27 (33.3%)
35-39 26 (33.1%)
>40 20 (24.6%)
Gender (%)

Female 44 (54.3%)
Male 37 (45.7%)

Level of experience (%)

Currently, doing training program in gyn/obs 16 (19.8%)
Currently, 1/2 half of fellowship 12 (14.8%)
Currently, 2/2 half of fellowship 5(6.2%)

Working as a consultant < 4 years 43 (53.1%)

Currently working in other competencies 4/43 (9.3%)

Others 5(6.2%)
Area of interest (%)

Gynecology Oncology 57 (70.4%)
Benign gynecology 18 (22.2%)
Urogynecology 6 (7.4%)

Subspecialty training program (%)
Structured fellowship
Non-structured fellowship

33 (40.7%)
25 (30.9%)
Not enrolled in any subspecialty training program 21 (25.9%)
NA 2 (2.5%)
Learning resources for robotic surgery
Robotic training (%)

Fellowship 19 (23.5%)
11 (13.6%)
23 (28.4%)

Local hospital course
Industry course

National or international society course 14 (17.3%)
None 14 (17.3%)
What learning tool do you usually access regarding

robotics, (multiple choice question, %)

Dedicated robotic on-site courses 34 (42%)
Webinars 40 (49.4%)
Society websites 27 (33.3%)
Social media 12 (14.8%)

Would you like to do a short observerships dedicated
to robotic surgery?

Extremely interested 37 (45.7%)

Very interested 28 (34.6%)
Low interested 15 (18.5%)
NA 1(1.2%)
How is access to robotic learning tools in your

opinion?

Easy access 20 (24.7%)
42 (51.9%)
Difficult access 18 (22.2%)

NA 1(1.2%)

Moderate access, limited information

activity, two confidence groups were defined:

e The High-Confidence Group: included surgeons who
identified robotic surgery as their approach associated
with greater confidence and reported operating indepen-
dently or with only minimal supervision.

o The Low-Confidence Group: included surgeons who se-
lected another surgical approach linked to higher confi-
dence or who required consultant assistance or supervi-
sion when performing robotic procedures.

Statistical analysis

Descriptive and comparative statistics were applied to sum-
marize the survey results. Student’s #-test and Chi-square
(x?) test were used to assess differences between continu-
ous and categorical variables, respectively. The number of
cases and percentages were presented for categorical vari-
ables while continuous variables are reported as median
with range or mean with standard deviation (SD), depend-
ing on data distribution. Univariate and multivariate logistic
regression models were performed to identify factors asso-
ciated with higher surgical confidence. Odds ratios (OR)
with 95% confidence intervals were reported. Statistical
significance was set at p<0.05. Additionally, a Receiver
Operating Characteristic (ROC) curve was used to deter-
mine the optimal threshold for annual departmental robotic
case volume associated with higher surgeon confidence. All
analyses were conducted using SPSS version 25.0 (IBM
Corp., Armonk, NY, 2018).

Results
Participant characteristics

A total of 81 respondents completed the survey. Most partic-
ipants (65.4%, n=>53/81) were between 30 and 39 years of
age, and the majority (70.4%, n=57/81) reported a primary
interest in gynecologic oncology (Table 1). Of all respon-
dents, 53.1% (n=43/81) were already practicing as consul-
tants, while the remainder were still enrolled in a structured
or unstructured training program. Among consultants, 9.3%
(4/43) reported working in a different sub-specialty than the
one they were trained in. Regarding robotic surgery training,
17.3% (n=14/81) had not received any formal education in
robotic surgery, and 22.2% (n=18/81) perceived access to
robotic training as difficult. Notably, robotic courses and
webinars were the two preferred modalities for learning in
42% (n=34/81) and 49.4% (n=40/81) respectively. Finally,
80.3% (n=065/81) of respondents expressed strong interest
in undertaking a robotic surgery observership.

@ Springer
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Respondents’ experience with robotic surgery

Among the 81 respondents, 63 reported having robotic sur-
gery available at their department and were included in the
confidence analysis. Of these, 36.5% (23/63) had access
to at least one dedicated robotic operating day per week.
In contrast, 83.9% (52/62) indicated that their department
performed robotic surgery at least weekly (Table 2). Only
17.7% (n=11/62) of surgeons reported being satisfied with
their current frequency of exposure to robotic surgery. Over-
all, 46% (n=29/63) of respondents selected robotic surgery
as their preferred surgical approach.

Surgeons who selected robotic surgery as their preferred
approach and require “no” or “minimal supervision” when

Table 2 Surgical activity among young consultants or fellows with
access to robotic platform

All (63)

Frequency of robotic surgery per department (%)
<1 day per week 10 (15.9%)
21 (33.3%)
> 1 day per week 31 (49.3%)
NA 1 (1.5%)

Robotic research per department (%)

1 day per week

Yes, prospective 33 (54%)
Yes, retrospective 6 (9.5%)
No 23 (36.5%)
Robotic platform (%)

Da Vinci Si 9 (14.3%)
Da Vinci X 11 (17.4%)
Da Vinci Xi 49 (77.8%)
Hugo 4 (6.3%)

Frequency of robotic surgery per young surgeon (%)
<1 day per week 39 (61.9%)

1 day per week 15 (23.8%)

> 1 day per week 8 (12.8%)
NA 1 (1.5%)
Level of confidence as a main surgeon by any

approach (%)

High confidence: no need of supervision 26 (41.3%)

Medium confidence: Assisted by fellows with some 12 (19%)
supervision

Low confidence: Assisted by a consultant 20 (31.7%)
Low confidence: not ready as a main surgeon 5(7.9%)
Surgical approach of preference (multiple choice

question, %)

Open 21(33.3%)
Laparoscopy 23 (36.5%)
Robotics 29 (46%)
Not specified 10 (15.9%)
Satisfaction regarding frequency as a main surgeon

by robotics

No, I am happy with my frequency
I would like to operate more often as a main surgeon

11 (17.5%)
35 (55.6%)
I would like to initiate surgeries as a main surgeon 16 (25.4%)
NA 1 (1.5%)
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operating were classified into the High-Confidence Group
(n=29), while those who preferred another approach or
required consultant assistance were classified into the Low-
Confidence Group (n=36) (Fig. 1).

Significant factors associated with high surgical confi-
dence are shown in Table 3 and included being older than
35 years: 51.8% in the High-Confidence group vs. 33.3% in
the Low-Confidence group (p<0.001), and having received
robotic training during a fellowship or industry-sponsored
course in 40.7% vs. 19.4% respectively, (p=0.017).

Departments hosting high-confidence surgeons also dem-
onstrated higher median annual robotic surgical volumes,
100 vs. 50 cases, (p=0.05). A ROC curve analysis identi-
fied 55 robotic procedures per year as the optimal threshold
associated with higher levels of self-perceived confidence
(AUC 0.655[0.521-0.790], p=0.036; Fig. 2). Notably, only
29.6% of surgeons in the high-confidence group operated
robotically less than once per week, compared with 88.6%
in the low-confidence group (p<0.001).

The AUC for number of robotic surgeries per year is
0.655 (0.521-0.79) p 0.036.

55 robotic surgeries per year has 77% of sensitivity 77%
and 47% of specificity.

In the multivariate logistic regression model (Table 4),
age>35 years and having access to at least one dedicated
robotic operating day per week were independently associ-
ated with high surgical confidence.

Discussion

To our knowledge, no previous studies have specifically
evaluated the factors associated with self-perceived confi-
dence in robotic surgery among early-career gynecologic
surgeons. In this survey, higher confidence was associated
with being older than 35 years and with regular exposure to
robotic procedures, particularly access to at least one dedi-
cated robotic operating day per week. These findings sug-
gest that both cumulative surgical experience and consistent
operative practice may contribute to increased confidence
during the early stages of a surgeon’s career. Importantly,
these associations should be interpreted as correlations
rather than evidence of causality.

Our results are consistent with previous studies evalu-
ating preparedness in minimally invasive gynecologic sur-
gery (MIGS). Trainees exposed to fellowship-trained MIGS
surgeons report greater readiness for independent practice
compared with those without such exposure [9]. Other stud-
ies have shown that fellowship-trained MIGS surgeons
achieve improved surgical outcomes compared with gyne-
cologic oncologists or general gynecologists performing
minimally invasive hysterectomies [10, 11]. Conversely,
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Fig. 1 Flowchart

Robotics l
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Excluded (n=18)
No access to a robot

A
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approach

Laparoscopy and/or

N=29

laparotomy
VL N=34

Consultant assistance required

No=27
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v

High confidence by
robotics
N=27

a retrospective analysis of the impact of urogynecology
fellowships on obstetrics and gynecology (OB/GYN) res-
idency programs found that graduates from fellowship-affil-
iated institutions logged fewer cases overall compared with
programs without such fellowships [12]. Taken together,
these findings highlight the complex relationship between
training structure, surgical volume, and procedural auton-
omy [7].

In our cohort, departments performing at least 55 robotic
procedures per year were more likely to host surgeons
reporting higher confidence. Although this threshold should
be interpreted cautiously, it may reflect the minimum case
volume required to provide trainees with a regular opportu-
nity to participate in robotic surgery. Multiple observational
studies have shown that proficiency is typically achieved
after approximately 20-50 cases [13—15], depending on
surgeon experience, case complexity, and robotic platform.
In addition, Platform-specific analyses further highlight
the importance of cumulative exposure. Vizza et al. [16]
demonstrated that surgeons transitioning from multiport to

v

Low confidence by
robotics
N=36

single-port robotics achieved mastery after only 13 cases,
whereas approximately 50 cases were required to reach
mastery with the multiport platform. These thresholds align
closely with our ROC-derived cut-off of 55 cases per year,
suggesting that departments performing at least this number
of robotic procedures may provide the minimum operative
exposure necessary for young surgeons to progress through
the early stages of the learning curve and achieve mean-
ingful gains in performance and self-perceived confidence.
In this context, the association between higher institutional
volume and higher surgeon confidence observed in our
survey likely reflects not only increased hands-on partici-
pation but also a more structured and continuous learning
environment.

This concept aligns with longstanding evidence link-
ing surgical the quality of training and surgical volume. In
fact, centralization of cases has been selected as a required
criteria to offer a fellowship in gynecology oncology with
the aim to guarantee an adequate surgical volume [17]
which has been associated with improved outcomes [18].

@ Springer



241 Page 6 of 9 Journal of Robotic Surgery (2026) 20:241
Table 3 Comparison between high-confidence group vs low-confi- Ea
dence group operating by robotics. Univariate analysis
High Low p value
confidence confidence 0,8
(27) (36)
Age (years, %) <0.001
<35 years 4(14.8%) 23 o
(63.9%) 2 '
35-39 years 14 12 =
(51.8%)  (33.3%) R
>40 9(33.4%) 1(2.8) E’ 04
Place of work 0.748 (}3
Tertiary University Hospital 21(77.8) 26(72.2)
Tertiary No-University Center 3(11.1) 6 (16.7) 0.2
Private Hospital 3(11.1) 4(11.1)
Area of interest (%) 0.955
Gyn-Oncology 20(74.1)  27(75) 0.0
Benign gynecology (endometrio- 5 (18.5) 7(19.4) 0.0 0.2 04 0.5 0.8 10
sis, fibroids...)
Uro-Gynecology 2(7.4) 2(5.6) 1 - Specificity
Subspecialty training program 0.680
Structured fellowship 12 (44.4) 13 (38.2) Fig. 2 ROC curve for number of robotic surgeries per department per
Non-structured fellowship 9(33.3)  10(29.4) year
Not enrolled in any training 6(22.2) 11 (32.4) )
program Table 4 Independent factors for high confidence to operate by robot-
Robotic training 0.017 ics. Multivariate analysis
) 0
During my fellowship 11 (40.7)  7(19.4) OR ?:tg\i?nﬁdence p value
Industry course 11 (40.7) 7(194) Age (years, %)
cI:)Ilz:;;isc;nal/International society 2(7.4) 5(13.9) <35 years’ Ref
Local hospital course 2(7.4) 8(22.2) = 35 years ) 0.116  0.025-0.533 0.006
Robotic research per 0.462 Frequency as a maim
department? surgeon by robotics
Yes, prospective 17 (63) 17 (47.2) < 1 day per week Ref.
Yes, retrospective 2 (7.4) 4(111) > 1 day per week 0.06 0.013-0.265 <0.001
No 8 (29.6) 15 (41.7) Robotic training
. Fellowship Ref.
Frequency of robotic surgery per 0.214
department (%) Industry course 0.142  0.009-2.208.009.208 0.163
> 1 day per week 16 (59.3) 15(41.7) National/International 0.306  0.043-2.167.043.167 0.236
1 day per week 9(333)  12(34.3) soclety course
<1 day per week 2(7.4) 8 (22.9) Local hospital course 0.166  0.005-5.644.005.644 0.319
Robotic surgeries per year per 100 50 0.05 . . .
department (median) (10-450)  (10-300) and clinical outcomes across gynecologic, urologic, and
Frequency as main surgeon by <0.001 general surgical procedures, although no consistent annual
robotics thresholds were identified in the literature [20]. In a recent
> 1 day per week 6(222) 2(5.6) Swedish population-based registry study, it was observed
1 day per week 13(48.1) 2(5.6) that in low-volume hospitals (< 50 procedures/year) and
<1 day per week 8(29.6) 31 (88.6)

In addition, in an interesting survey by European Network
of Young Gynaecologic Oncologists (ENYGO), fellows
trained in an ESGO accredited centre had a higher chance to
perform sentinel lymph node biopsy in cervical cancer [19].
A broader perspective on the volume—outcome relationship
is provided by a recent systematic review examining intra-
abdominal robotic-assisted surgery. The review reported a
positive association between institutional surgical volume

@ Springer

medium-volume hospitals (50-100 procedures/year), lapa-
roscopic hysterectomy was associated with a higher rate of
intraoperative complications compared to robotic hyster-
ectomy. Moreover, the study reported conversion rates of
2.2% in low-volume hospitals, 0.9% in medium-volume
hospitals, and 0% in high-volume hospitals [21]. These
findings are consistent with the notion that surgical volume
may impact the quality of outcomes and that this effect is
likely more pronounced in the laparoscopic approach given
the longer learning curve compared to robotic surgery [22].
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Such advantages together with improved ergonomics and
enhanced visualization may help explain why robotic sur-
gery was the preferred approach for 46% of respondents in
our study.

Structured robotic training, whether fellowship-based or
industry-sponsored, was associated with higher confidence
in the univariate analysis. It is reasonable to assume that
the combination of both training modalities address both
clinical and technical aspects, as previously demonstrated
in the literature [23]. In this context, surgical simulation has
become an essential tool to complement operating room
experience, leading to increased confidence and improved
performance after structured practice [24] and it has been
endorsed by several institutions not only by its proven edu-
cational benefits but also by the observed reduction in surgi-
cal volumes in training programs [25, 26]. In this regard,
significant efforts are underway by SERGS with the aim
to develop a European consensus on core components of
a curriculum for training and assessment in robot assisted
gynecological surgery [27, 28] highlighting the importance
of a structured training [23]. Furthermore, there have been
collaborative initiatives between the United States and
Europe to develop Proficiency-based Progression Train-the-
Trainer Courses for Robotic Surgery Training [29] which
have proven to be an effective educational framework for
gynecologic surgical trainees and robotic teams [30, 31].

Despite 83.9% of departments performing robotic sur-
gery at least once per week, only 37.1% of junior surgeons
reported participating in robotic procedures with the same
frequency. Limited access likely contributes to the low satis-
faction rates observed in this study, with only 17.7% of par-
ticipants expressing satisfaction with their current exposure.
These findings mirror a recent national survey of ACGME-
accredited OB/GYN residents in the United States, where
60% of trainees reported minimal hands-on robotic experi-
ence by the end of residency [32]. An additional observation
in our study was that 9.3% of consultants were practicing in
a subspecialty different from their original training. While
this might reflect a voluntary shift in professional interests,
it may also indicate a disconnect between specialized train-
ing pathways and actual job availability, particularly in
niche or low-volume fields such as urogynecology or gyne-
cologic oncology. This potential mismatch may contribute
to frustration among early-career specialists and merits fur-
ther investigation.

The relatively small sample size represents a key limi-
tation, contributing to wide confidence intervals, par-
ticularly in multivariate analyses. This likely reflects the
current limited exposure to robotic surgery among junior
European gynecologic surgeons, with senior consultants
still performing the majority of procedures. However, this
dynamic is expected to shift in the near future, supported

by the commitment to training among senior surgeons and
the increasing availability of robotic platforms worldwide.
We also observed a predominance of respondents with a
specific interest in gynecologic oncology, which may reflect
greater exposure to robotic surgery within this subspecialty.
These findings are consistent with the longstanding tradition
of robotic surgery in this field, as further demonstrated in
a recent bibliometric study [33]. Among 838 publications
examined, 41.1% focused on gynecologic oncology, mak-
ing it the most prevalent topic. These results call for caution
when extrapolating our findings to other areas of interest.
Despite these limitations, this study provides preliminary
insights into current patterns of exposure and confidence
in robotic surgery among young gynecologic surgeons in
Europe.

Conclusions

Gynecologic robotic surgery is increasingly incorporated
into surgical practice across Europe, yet access and exposure
remain variable among early-career surgeons. In this survey,
higher self-perceived confidence in performing robotic sur-
gery was associated with being older than 35 years and with
having regular access to robotic operating time. Although
these findings must be interpreted with caution, they under-
score the potential importance of cumulative experience
and consistent operative exposure in developing confidence
with robotic procedures. These preliminary results may help
inform future training strategies.
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