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Abstract

Objective: To evaluate the learning curve of vaginal natural orifice transluminal endoscopic
surgery (VNOTES) hysterectomy during early adoption and to assess changes in operative
performance and perioperative safety over consecutive cases. Study Design is retrospective
observational learning curve analysis. Setting is tertiary referral center for minimally invasive
gynecologic surgery. Forty consecutive patients who underwent vNOTES hysterectomy for
benign gynecologic indications. vYNOTES hysterectomy performed by a single surgeon during
the initial implementation period.

Methods: Operative performance was assessed using total operative time, and learning dy-
namics were evaluated with cumulative summation (CUSUM) analysis.

Results: Mean operative time decreased progressively across sequential quartiles, from
89.3+7.5 minutes in the first 10 cases to 46.2+3.1 minutes in the final 10 cases. CUSUM
analysis demonstrated a clear inflection point at approximately the 18th case, indicating tran-
sition from early technical adaptation to stabilized operative performance. Minor perioperative
complications and conversions occurred only during the early learning phase, with no major
complications observed throughout the series.

Conclusions: vNOTES hysterectomy suggests a consistent learning curve pattern during early
adoption. Operative efficiency improves progressively, with technical proficiency achieved af-
ter a limited number of cases and without compromise in perioperative safety. These findings
support structured implementation and objective learning curve assessment during the intro-
duction of vNOTES into minimally invasive gynecologic practice.

Keywords: vVNOTES hysterectomy; vaginal natural orifice transluminal endoscopic surgery;
learning curve; cumulative summation (CUSUM); minimally invasive gynecologic surgery; op-
erative efficiency.
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Introduction

Vaginal natural orifice transluminal endoscopic
surgery (vVNOTES) has emerged as an innovative ex-
tension of minimally invasive gynecologic surgery, com-
bining transvaginal access with endoscopic visualization
to perform complex pelvic procedures without abdom-
inal incisions."! By avoiding abdominal wall trauma,
VINOTES has been associated with favorable postopera-
tive recovery profiles in early clinical reports, including
reduced pain and rapid mobilization.?

Despite these potential advantages, the adoption of
vNOTES has remained gradual. Unlike conventional la-
paroscopy, VNOTES requires surgeons to operate within
a transvaginal endoscopic field characterized by reversed
visual orientation, limited instrument triangulation, and
distinct ergonomic constraints. These technical charac-
teristics necessitate a period of adaptation, making the
learning process a critical determinant of both operative
performance and patient safety during early implemen-
tation.P!

Learning curve analysis provides an objective framework
to evaluate the progression of surgical proficiency over
time and to distinguish temporary technical challenges
from intrinsic limitations of a procedure. Operative time
has been widely used as a surrogate marker of technical
maturation in minimally invasive gynecologic surgery,
reflecting cumulative improvements in efficiency, coor-
dination, and procedural confidence.! Among available
analytical methods, cumulative summation (CUSUM)
analysis allows sensitive detection of performance trends
and identification of inflection points indicating attain-
ment of technical proficiency."

Although several studies have demonstrated the feasibil-
ity of vNOTES hysterectomy, structured evaluations of its
learning curve remain limited. Existing reports often fo-
cus on short-term outcomes or small case series, provid-
ing insufficient insight into how operative performance
and safety evolve during early experience.! A clear un-
derstanding of the learning dynamics associated with
vNOTES is essential to inform training strategies, patient
selection, and safe dissemination of the technique.

The present study aimed to evaluate the learning curve
of vNOTES hysterectomy during its early adoption
phase in a single-surgeon cohort. By analyzing sequen-
tial cases using CUSUM methodology and examining
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trends in operative efficiency and perioperative safety,
we sought to define the trajectory of technical matura-
tion and identify the case number at which procedural
proficiency was achieved.

Materials and Methods

This retrospective observational study was designed to
evaluate the learning curve associated with vaginal nat-
ural orifice transluminal endoscopic surgery (vINOTES)
hysterectomy during the early adoption phase of the
technique. The primary objective was to assess the pro-
gression of operative performance and perioperative
safety over consecutive cases, rather than to compare
vNOTES with alternative surgical approaches.

The study was conducted at a tertiary referral center
with established experience in advanced minimally in-
vasive gynecologic surgery. Introduction of vNOTES at
our institution followed a structured implementation
process, including standardized instrumentation, prede-
fined surgical steps, and consistent perioperative man-
agement protocols. This controlled setting was intended
to minimize institutional variability and allow learning
related changes to be interpreted primarily as surgeon
dependent effects.”

To ensure internal consistency, all procedures were per-
formed by a single surgeon with extensive prior expe-
rience in conventional laparoscopic hysterectomy. This
design choice was made deliberately to reduce interop-
erator variability and to allow sequential changes in op-
erative metrics to reflect true technical adaptation rather
than differences in baseline surgical skill.”}

Ethical approval was obtained from the Clinical Re-
search Ethics Committee of Health Sciences University,
Gazi Yasargil Hospital, Diyarbakir, Tiirkiye (Approval
No: 643; Date: 19/09/2025). All procedures were con-
ducted in accordance with the Declaration of Helsinki.
Given the retrospective nature of the study and the use
of anonymized patient data, the requirement for written
informed consent was waived by the ethics committee.

All consecutive patients who underwent vNOTES hys-
terectomy for benign gynecologic indications during the
study period were screened for eligibility. Cases were
included in strict chronological order based on the date
of surgery to preserve the temporal structure required
for learning curve analysis.'” Eligible patients were re-
quired to be 18 years of age or older, to have undergone
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hysterectomy exclusively via the vVNOTES approach for
benign gynecologic disease, and to have complete demo-
graphic, intraoperative, and postoperative data available
for analysis. Patients were excluded if there was sus-
pected or histologically confirmed gynecologic malig-
nancy, if concomitant major pelvic reconstructive or anti-
incontinence procedures were performed, if surgery was
undertaken on an emergency basis, or if perioperative
records were incomplete. Importantly, cases requiring
conversion to an alternative surgical approach were not
excluded and were retained in their original chronologi-
cal sequence. This approach was adopted to preserve the
integrity of the learning curve analysis, as exclusion of
technically challenging cases may artificially attenuate
early performance trends and lead to underestimation of
the true learning process.!'12

The study design intentionally focused on a single surgi-
cal technique performed by a single surgeon. While this
approach limits generalizability, it is widely accepted as
an appropriate and methodologically sound strategy for
learning curve analysis, particularly during early adop-
tion of novel minimally invasive techniques.[*]

By eliminating variability related to surgeon experience,
instrument preference, and operative style, this design
allows more precise characterization of technical matu-
ration over time. Importantly, the purpose of this study
was not to define universal proficiency thresholds, but
rather to describe the trajectory of performance improve-
ment under controlled conditions, providing a reference
framework for future training and multi-surgeon studies.

Eligible cases were arranged in strict chronological or-
der and analyzed sequentially. No case stratification or
preselection based on uterine size, body mass index, or
prior surgical history was performed. This approach was
chosen to reflect real-world clinical practice during early
technique adoption and to avoid selection bias toward
technically favorable cases."! CUSUM was calculated
using the mean operative time of the entire cohort as the
reference value. For each consecutive case, the difference
between the individual operative time and the overall
mean operative time was cumulatively summed to con-
struct the CUSUM curve. This method allowed objective
identification of performance trends and detection of the
inflection point corresponding to technical stabilization.

For descriptive analysis, cases were additionally grouped
into sequential phases representing early, intermediate,
and late experience. These groupings were used solely
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for interpretive purposes and did not replace the primary
continuous learning curve analysis based on cumulative
summation methodology. Group comparisons across se-
quential learning phases were performed using one-way
analysis of variance (ANOVA) for normally distributed
variables and the Kruskal-Wallis test for non-normally
distributed variables. A two-sided p value <0.05 was
considered statistically significant.

Several measures were implemented to reduce potential
sources of bias inherent to retrospective learning curve
studies. Selection bias was minimized by including all
consecutive eligible cases without exclusion based on
perceived technical difficulty. Performance bias was lim-
ited through use of a standardized surgical technique
and consistent perioperative management throughout
the study period. Detection bias was reduced by pre-
defined outcome measures and uniform data extraction
from electronic medical records. Despite these precau-
tions, residual confounding related to unmeasured pa-
tient or anatomical factors cannot be fully excluded and
is acknowledged as an inherent limitation of retrospec-
tive observational designs.!"”!

Surgical technique

All vNOTES hysterectomy procedures were performed
using a standardized transvaginal endoscopic approach.
Patients were placed in the dorsal lithotomy position un-
der general anesthesia, and a uterine manipulator was
inserted to facilitate uterine mobilization and delineation
of anatomical landmarks. After preparation and draping,
a circumferential colpotomy was performed to access the
peritoneal cavity through the vaginal route. A dedicated
vNOTES access platform was then inserted transvagi-
nally, and pneumoperitoneum was established under di-
rect visualization. A high-definition endoscopic camera
and conventional laparoscopic instruments were used
throughout the procedure.'®!

Following entry into the peritoneal cavity, systematic in-
spection of the pelvic anatomy was performed to con-
firm orientation and identify critical structures. Particu-
lar attention was paid to early recognition of the ureters
and pelvic sidewall anatomy, as the reversed visual axis
inherent to the transvaginal approach requires deliber-
ate spatial reorientation during initial cases. Dissection
proceeded in a stepwise fashion, beginning with identifi-
cation and sealing of the uterine vascular pedicles under
endoscopic guidance. Energy devices were used accord-
ing to surgeon preference to ensure secure hemostasis
while minimizing lateral thermal spread.!"”!
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Mobilization of the uterus was achieved through se-
quential dissection of the vesicovaginal and rectovaginal
planes. The anterior dissection was performed carefully
to avoid bladder injury, especially during early cases
when depth perception and instrument angulation were
still being refined. Posterior dissection followed the nat-
ural anatomical planes toward the pouch of Douglas,
allowing gradual release of uterine attachments and
progressive descent of the specimen. Throughout the
procedure, instrument movements were deliberately
controlled to reduce external clashing and to maintain
ergonomic efficiency within the confined transvaginal
working space.l's!

Once complete mobilization was achieved, the uterus
was extracted transvaginally. In cases where uterine
size limited direct removal, in bag morcellation was per-
formed under endoscopic visualization to ensure tissue
containment and maintain oncologic safety principles,
despite the benign indication of surgery. Specimen ex-
traction technique was adapted progressively with in-
creasing experience, contributing to improved proce-
dural flow during later cases.!"!

Vaginal cuff closure was performed transvaginally fol-
lowing specimen removal. Closure technique consisted
of either interrupted or continuous suturing, depending
on intraoperative conditions and surgeon preference.
Care was taken to ensure full thickness approximation
of the vaginal cuff with adequate tissue incorporation
to promote secure healing. As experience accumulated,
cuff closure became increasingly efficient, reflecting im-
proved familiarity with transvaginal suturing under en-
doscopic conditions.?!

Throughout the learning period, the overall surgical
strategy remained unchanged, and no protocol driven
modifications were introduced. Minor intraoperative ad-
justments, such as optimization of pneumoperitoneum
pressure and refinement of instrument positioning, were
made organically as part of the learning process. These
adaptations were considered inherent to technical matu-
ration rather than deviations from the standardized tech-
nique and were not protocolized.?!!

Results

A total of 40 consecutive patients who underwent
vNOTES hysterectomy for benign gynecologic indica-
tions were included in the analysis. All cases were per-
formed in chronological order during the early adoption
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period of the technique. Baseline demographic and clin-
ical characteristics were homogeneous across the cohort.
No statistically significant differences were observed
across sequential cases with respect to baseline demo-
graphic or clinical variables (p>0.05). Mean age, body
mass index, parity, uterine weight, history of prior pelvic
surgery, and surgical indications did not demonstrate
clinically meaningful variation over time, indicating a
stable case mix throughout the learning period (Table
1). No preselection or case filtering based on anticipated
technical difficulty was applied.

Progressive improvement in operative performance was
observed across sequential cases. Mean total operative
time decreased steadily as experience accumulated, de-
clining from 86.4 minutes in the earliest cases to 46.5 min-
utes in the final phase of the series. This reduction was
gradual rather than abrupt, reflecting continuous techni-
cal adaptation rather than a single stepwise change.

Cumulative summation (CUSUM) analysis of total oper-
ative time demonstrated a clear inflection point after ap-
proximately the 18th case (Fig. 1). Prior to this point, the
CUSUM curve showed an upward trajectory, indicating
operative times above the cohort mean. Following the
inflection point, the curve plateaued and subsequently
declined, consistent with attainment of technical profi-
ciency and stabilization of operative efficiency. The in-
flection point identified by CUSUM analysis and the cor-
responding learning phases are summarized in Table 2.

Figure 1. Cumulative summation (CUSUM) analysis of total operative
time during the learning process of vNOTES hysterectomy. The vertical
dashed line indicates the inflection point at approximately the 18th
case, corresponding to the transition from early technical adaptation to
stabilized operative performance.
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Table 1. Baseline demographic and clinical characteristics of
patients undergoing VNOTES hysterectomy

Variable Overall cohort (n=40)
Age, years 49.116.8

Body mass index, kg/m? 274141

Parity 3 (0-6)

Prior pelvic surgery, n (%) 14 (35.0%)
Uterine weight, g 182.6+74.3

Surgical indication, n (%)

Uterine fibroids 22 (55.0%)

Adenomyosis 9 (22.5%)
Abnormal uterine bleeding 6 (15.0%)
Other benign indications 3 (7.5%)

Values are presented as mean =+ standard deviation, median (range), or n
(%), unless otherwise specified. Baseline characteristics were assessed
descriptively to evaluate cohort homogeneity. No preselection based on
anticipated technical difficulty was applied.

When cases were stratified into sequential quartiles of 10
cases each for descriptive purposes, a significant down-
ward trend in operative time was observed across learn-
ing phases (Table 3). Improvements were evident not
only in total operative time but also in procedural flow,
with smoother transitions between operative steps and
reduced variability in later cases.

Perioperative safety outcomes evolved in parallel with
improvements in operative efficiency. Minor intraoper-
ative or postoperative complications were observed ex-
clusively during the earliest phase of experience. These

events were self-limited and did not result in prolonged
hospitalization or additional surgical intervention. No
major complications occurred throughout the series.

Conversion to an alternative surgical approach was rare
and occurred only during early cases. No conversions
were required after the second quartile, coinciding with
the plateau phase identified by CUSUM analysis. Esti-
mated blood loss showed a decreasing trend over time,
consistent with improved hemostatic control and refined
dissection technique in later cases.

Technical challenges related to spatial orientation and
instrument handling were more frequently encountered
during the initial learning phase. These difficulties di-
minished progressively with experience and were min-
imal in the final quartile. Notably, no procedure-related
complications or conversions were observed after techni-
cal proficiency had been achieved (Table 4).

Summary of learning-related trends

Overall, vNOTES hysterectomy demonstrated a consis-
tent and observable learning trajectory,characterized by
progressive reduction in operative time, stabilization of
performance after approximately 18 cases, and concur-
rent improvement in perioperative safety. Once technical
proficiency was achieved, operative outcomes remained
consistent with minimal variability across subsequent
cases.

Table 2. Learning curve analysis of YNOTES hysterectomy using cumulative summation (CUSUM)

Learning phase Case range Mean operative time, min Technical events Conversions
Early phase 1-18 78.3+13.4 Frequent minor technical difficulties 1
Proficiency phase =19 52.1£8.9 Occasional, self-limited 0

Values are presented as mean + standard deviation, CUSUM analysis of total operative time identified an inflection point at approximately the 18th case, indicating

transition from early technical adaptation to stabilized operative performance.

Table 3. Operative performance metrics across sequential learning phases of vYNOTES hysterectomy

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend
(Cases 1-10) (Cases 11-20) (Cases 21-30) (Cases 31-40)

Total operative time, min 86.4+12.1 71.2+10.4 58.9+8.6 46.5+7.3 <0.001

Estimated blood loss, mL 68.5+24.2 51.3+18.7 39.6x15.4 31.2+12.6 <0.001

Conversion to alternative approach, n (%) 1 (10.0%) 0 0 0 -

Values are presented as mean + standard deviation or n (%), unless otherwise specified.Trends across sequential learning phases were evaluated using trend analysis
in conjunction with cumulative summation methodology. A two-sided p<0.05 was considered statistically significant.
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Table 4. Perioperative complications and technical challenges observed during the learning process

Early phase (Cases 1-18) Late phase (Cases =19)

Minor postoperative complications, n (%)

Major complications

Technical challenges related to visualization or ergonomics
Procedure-related reintervention

3 (16.7%) 0
0 0

Common Rare
0 0

Minor complications were self-limited and did not require invasive intervention. Complication data were analyzed descriptively due to low event rates.

Discussion

The present study provides a structured evaluation of
the learning curve associated with vINOTES hysterec-
tomy during its early adoption phase. By analyzing con-
secutive cases performed by a single surgeon and apply-
ing CUSUM methodology, we were able to characterize
the trajectory of technical maturation in terms of oper-
ative efficiency and perioperative safety. The findings
demonstrate that vNOTES hysterectomy is associated
with a measurable and relatively rapid learning process,
with stabilization of operative performance after approx-
imately 18 cases.

One of the most relevant observations of this study is
the gradual and continuous reduction in operative time
rather than an abrupt improvement. This pattern sug-
gests that learning in vNOTES is cumulative and reflects
progressive adaptation to the transvaginal endoscopic
environment, rather than acquisition of a single isolated
technical skill. Similar learning dynamics have been de-
scribed for other advanced minimally invasive gyneco-
logic procedures, including single port laparoscopy and
complex laparoscopic hysterectomy, where proficiency
emerges through incremental refinement of spatial ori-
entation, instrument handling, and procedural flow.*!

CUSUM analysis proved particularly valuable in identi-
fying the transition point between early technical adap-
tation and performance stabilization. Unlike arbitrary
case grouping, CUSUM allows objective detection of
inflection points in performance trends and has been in-
creasingly adopted in surgical learning curve research.
3 In the present study, the inflection point identified
around the 18th case corresponds with a marked reduc-
tion in operative time variability and the absence of fur-
ther conversions or complications. This convergence of
efficiency and safety supports the validity of operative
time as a surrogate marker of technical proficiency in
vNOTES hysterectomy.

Perioperative safety outcomes evolved in parallel with
improvements in operative efficiency. Minor complica-
tions and conversions were confined to the earliest cases
and diminished as experience accumulated. Importantly,
no major complications were observed throughout the se-
ries. This finding suggests that early technical challenges
encountered during vINOTES adoption are primarily re-
lated to adaptation to the surgical approach rather than
intrinsic procedural risk. Similar observations have been
reported in early experiences with other novel minimally
invasive techniques, where complication rates decline as
familiarity with ergonomics and anatomical orientation
improves.4

An innovative aspect of this study lies in its emphasis on
qualitative technical maturation in addition to quantita-
tive performance metrics. Early cases were characterized
by challenges related to spatial orientation, instrument
collision, and maintenance of stable visualization. These
issues are inherent to the transvaginal endoscopic ap-
proach and reflect the need for cognitive re-mapping of
pelvic anatomy rather than deficiencies in fundamental
surgical skill. The progressive resolution of these chal-
lenges underscores the importance of experiential learn-
ing and reinforces the notion that vNOTES proficiency is
largely driven by adaptation rather than technical com-
plexity alone.l!

Patient selection also plays a critical role during the
learning phase. In this series, VNOTES hysterectomy was
applied to benign indications without preselection based
on anticipated technical difficulty. While this approach
enhances the real-world relevance of the findings, it
also highlights the importance of cautious case selection
when vNOTES is introduced into clinical practice. Grad-
ual expansion of indications as experience increases may
facilitate safer dissemination of the technique, a strategy
that has been recommended for other minimally inva-
sive surgical innovations.!
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The single-surgeon design represents both a strength
and a limitation of this study. Restricting the analysis
to one surgeon minimizes variability and allows clearer
attribution of performance changes to learning effects.
However, this design limits generalizability, as learning
curves may differ according to baseline laparoscopic
experience, institutional support, and case complexity.
Future multicenter and multi-surgeon studies are war-
ranted to determine whether the proficiency threshold
observed in this study is reproducible across different
practice settings.?’!

Additional limitations include the retrospective design
and the relatively modest sample size, which preclude
definitive conclusions regarding rare complications and
long term outcomes. Patient-reported measures, such as
postoperative quality of life and sexual function, were
not assessed and represent important areas for future
research. Despite these limitations, the present study
provides a detailed and methodologically robust char-
acterization of early vINOTES learning dynamics. Addi-
tionally, factors such as uterine weight and body mass
index may independently influence operative time and
surgical complexity, potentially affecting interpretation
of learning-related performance trends.

In summary, this study demonstrates that vNOTES hys-
terectomy is associated with a clear and reproducible
learning curve, with technical proficiency achieved after
a limited number of cases. Improvements in operative ef-
ficiency are accompanied by enhanced procedural safety,
suggesting that early technical challenges are transient
and manageable. These findings support the structured
and cautious adoption of vNOTES hysterectomy in mini-
mally invasive gynecologic practice and provide a frame-
work for future training and implementation strategies.

The principal strength of this study lies in its structured
evaluation of the learning curve for vNOTES hysterec-
tomy using consecutive cases and objective CUSUM
analysis. Restriction to a single surgeon and a standard-
ized surgical technique minimized variability and al-
lowed performance changes to be attributed primarily to
technical maturation. Inclusion of all consecutive cases,
without exclusion based on anticipated difficulty, further
enhanced the internal validity of the learning curve as-
sessment.

Several limitations should be acknowledged. The ret-
rospective design limits control over unmeasured con-
founding factors, and the single surgeon, single center
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setting may restrict generalizability of the findings. The
sample size reflects early experience and may be insuf-
ficient to capture rare complications. In addition, long-
term outcomes and patient reported measures were not
evaluated. These limitations highlight the need for future
multicenter studies to validate the observed proficiency
threshold and to assess broader clinical outcomes.

Conclusion

This study suggests a consistent learning curve for
vNOTES hysterectomy during early adoption. Operative
efficiency improved progressively, with performance sta-
bilization observed after approximately 18 cases. Early
technical challenges diminished with experience without
compromising perioperative safety. These findings sup-
port structured implementation and careful case selec-
tion during initial adoption.
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