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Abstract

Background: Minimally invasive gynecological surgery (MIGS) is the 
standard of care for many gynecological conditions. The integration of 
artificial intelligence (AI) promises to enhance surgical precision and 
improve patient outcomes, yet a comprehensive quantitative synthesis 
of its clinical impact is lacking. While numerous studies have validat-
ed the technical feasibility of AI in surgery, its translation to tangible 
patient benefits remains to be consolidated. The aim of the study was 
to systematically review the literature and conduct a meta-analysis to 
quantitatively evaluate the impact of AI on key clinical outcomes in 
MIGS compared to conventional minimally invasive techniques.

Methods: A systematic search was conducted across PubMed/MED-
LINE, Embase, Scopus, Web of Science, and the Cochrane Library 
in accordance with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) 2020 guidelines. Randomized 
controlled trials (RCTs) and comparative observational studies com-
paring AI-assisted MIGS with conventional MIGS in adult female 
patients were included. Primary outcomes were operative time, intra-
operative blood loss, postoperative complication rates, and length of 
hospital stay. A random-effects model was used for the meta-analysis.

Results: The search yielded 55 eligible studies (12 RCTs and 43 ob-
servational studies) involving 48,951 patients (23,150 AI-assisted; 
25,801 conventional). AI-assisted MIGS was associated with signifi-
cant improvements across all primary outcomes. The pooled mean 
difference for operative time was −21.2 min (95% confidence interval 
(CI), −28.5 to −13.9; P < 0.00001), and for intraoperative blood loss, 
it was −31.5 mL (95% CI, −40.2 to −22.8; P < 0.00001). The pooled 
odds ratio for postoperative complications was 0.65 (95% CI, 0.58 to 

0.73; P < 0.00001), indicating a 35% reduction in the odds of compli-
cations. Length of hospital stay was significantly reduced by a mean 
of −0.55 days (95% CI, −0.71 to −0.39; P < 0.00001).

Conclusions: AI integration in MIGS is associated with significant 
and clinically meaningful improvements in patient-centered out-
comes, including shorter operative times, reduced blood loss, lower 
complication rates, and shorter hospital stays. Future research should 
prioritize large-scale RCTs with standardized AI interventions and 
long-term follow-up.
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Introduction

Minimally invasive gynecological surgery (MIGS) has funda-
mentally reshaped the landscape of gynecological care, estab-
lishing itself as the standard of care for a wide array of condi-
tions including uterine fibroids, endometriosis, ovarian cysts, 
and gynecologic malignancies [1]. The well-documented ben-
efits of MIGS including reduced intraoperative blood loss, 
shorter hospital stays, and accelerated postoperative recovery 
have driven its widespread adoption over traditional open sur-
gery. Laparoscopic and robotic-assisted platforms now consti-
tute the dominant modalities for both benign and oncologic 
gynecological procedures globally.

In recent years, the convergence of surgery and artificial 
intelligence (AI) has introduced a new frontier of innovation 
with the potential to further refine surgical techniques, enhance 
intraoperative decision-making, and ultimately optimize pa-
tient outcomes [2, 3]. The application of AI in surgery, particu-
larly through computer vision and deep learning, has expanded 
to encompass a range of functions: from preoperative planning 
and automated surgical phase recognition to intraoperative 
guidance and objective surgical skills assessment [4, 5].

Convolutional Neural Networks (CNNs), Long Short-
Term Memory (LSTM) networks, and transformer architec-
tures have all been deployed within the gynecological surgical 
domain, each offering distinct capabilities for spatial and tem-
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poral data analysis [6, 7].
While the technical capabilities of these AI-driven sys-

tems are the subject of active and ongoing research, a com-
prehensive and quantitative synthesis of their direct impact on 
clinical outcomes remains a critical knowledge gap. The exist-
ing literature provides a growing body of evidence supporting 
the technical feasibility and accuracy of AI in surgical settings. 
For instance, systematic reviews have demonstrated the high 
accuracy of AI models in identifying surgical phases and ana-
tomical structures from intraoperative video feeds [8].

However, many of these studies prioritize technical valida-
tion over the assessment of patient-centered clinical outcomes. 
This distinction is crucial, as the true value of any new surgical 
technology lies in its ability to translate technical prowess into 
tangible improvements in patient safety and well-being.

This systematic review and meta-analysis aims to address 
this gap by quantitatively evaluating the impact of AI on clini-
cal outcomes in MIGS. By synthesizing the available evidence 
from 55 eligible studies encompassing 48,951 patients, this re-
search provides a high-level, evidence-based assessment of the 
current state of AI in gynecological surgery, moving beyond 
technical feasibility to focus on the patient-centered outcomes 
that matter most.

Materials and Methods

Protocol and registration

This systematic review and meta-analysis was conducted and 
reported in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
statement [9]. The protocol was registered with the Interna-
tional Prospective Register of Systematic Reviews (PROSPE-
RO) prior to data extraction.

The study was approved by the university supervisor as 
an MSc thesis. Institutional Review Board approval and ethi-
cal compliance with human study requirements were not ap-
plicable.

Search strategy

A comprehensive and systematic search was conducted across 
five major electronic databases: PubMed/MEDLINE, Embase, 
Scopus, Web of Science, and the Cochrane Library (CEN-
TRAL). The search strategy utilized a combination of medical 
subject headings (MeSH) and free-text keywords, including: 
“Artificial Intelligence,” “Machine Learning,” “Deep Learn-
ing,” “Neural Network,” “Computer Vision,” “Minimally In-
vasive Surgery,” “Laparoscopy,” “Robotic Surgery,” “Gynecol-
ogy,” “Hysterectomy,” “Myomectomy,” and “Endometriosis.” 
The search was not restricted by publication date or language. 
The final search was conducted in May 2026, yielding a total of 
3,715 records across the five databases (PubMed = 1,761; Em-
base = 385; Scopus = 246; Web of Science = 878; Cochrane = 
445). An additional 481 records were identified through citation 
searching and grey literature, resulting in 4,196 initial records.

Inclusion and exclusion criteria

Studies were included if they: (1) evaluated the application 
of AI (including machine learning (ML), deep learning (DL), 
computer vision, or natural language processing) in MIGS; (2) 
compared AI-assisted MIGS with conventional MIGS in adult 
female patients (≥ 18 years); (3) reported quantitative data on 
at least one primary clinical outcome (operative time, intraop-
erative blood loss, postoperative complication rates, or length 
of hospital stay); and (4) were published as full-text peer-re-
viewed articles in any language.

Exclusion criteria comprised: (1) non-gynecological sur-
gical studies; (2) studies lacking a comparator group (single-
arm feasibility studies without clinical outcome data); (3) ani-
mal, cadaveric, or in vitro studies; (4) case reports with fewer 
than five patients; and (5) conference abstracts, editorials, and 
letters without original data.

Study selection and data extraction

Title and abstract screening, followed by full-text review, was 
performed independently by two reviewers using Covidence 
systematic review software (Review ID: 746307). Discrepan-
cies were resolved through consensus or consultation with a 
third reviewer. Data extraction was performed using a stand-
ardized form capturing: study characteristics (author, year, 
country, study design), patient demographics (age, body mass 
index (BMI), parity), surgical procedure type, AI modality and 
architecture, and primary and secondary outcomes. Where 
studies reported outcomes as medians with interquartile rang-
es, these were converted to means and standard deviations us-
ing established methods [10].

Quality assessment

The methodological quality of included randomized controlled 
trials (RCTs) was assessed using the Cochrane Risk of Bias 
tool (RoB 2). Non-randomized comparative studies were as-
sessed using the Risk Of Bias In Non-randomized Studies of 
Interventions (ROBINS-I) tool. Quality assessment was per-
formed independently by two reviewers, with disagreements 
resolved by consensus.

Statistical analysis

Meta-analysis was performed using a random-effects model 
(DerSimonian–Laird method) to account for anticipated clini-
cal and methodological heterogeneity. For continuous out-
comes (operative time, blood loss, hospital stay), the pooled 
mean difference (MD) with 95% confidence intervals (CIs) 
was calculated. For dichotomous outcomes (complication 
rates), the pooled odds ratio (OR) with 95% CIs was calcu-
lated. Statistical heterogeneity was assessed using the I2 statis-
tic and Cochran’s Q test, with I2 > 50% indicating substantial 
heterogeneity.
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Subgroup analyses were pre-specified for procedure type 
(hysterectomy, myomectomy, endometriosis surgery, oncolog-
ic procedures), AI modality (computer vision, predictive mod-
eling, robotic AI), and study design (RCT vs. observational). 
Publication bias was assessed using funnel plot asymmetry 
and Egger’s test where ≥ 10 studies were available per out-
come. All analyses were performed using R software (version 
4.3.0) with the meta and metafor packages.

Results

Study selection

The PRISMA flow diagram (Fig. 1) illustrates the study selec-
tion process. The initial database search yielded 3,715 records, 
with an additional 481 records identified through supplemen-
tary searching, for a total of 4,196 initial records. After remov-
al of 639 duplicates, 3,557 records were screened by title and 
abstract, of which 3,381 were excluded. Full-text review was 
conducted for 176 articles, resulting in the final inclusion of 
55 studies in the systematic review. The most common reasons 
for full-text exclusion were: absence of a comparator group 
(n = 62), non-gynecological focus (n = 31), and insufficient 
outcome data (n = 28).

Study characteristics

The 55 included studies were published between 2020 and 
2026, with the majority (n = 38, 69.1%) published in 2024 or 
2025, reflecting the rapid growth of this field. Studies origi-
nated from 18 countries, with the highest representation from 
China (n = 14), the United States (n = 12), and European na-
tions (n = 16). The study designs comprised 12 RCTs (21.8%) 
and 43 observational studies (78.2%), including 35 retrospec-
tive cohort studies and eight prospective cohort studies. The 
total patient population was 48,951, of whom 23,150 (47.3%) 
underwent AI-assisted MIGS and 25,801 (52.7%) underwent 
conventional MIGS. The most frequently studied procedures 
were hysterectomy (n = 18 studies), endometriosis surgery 
(n = 14 studies), myomectomy (n = 9 studies), and gyneco-
logic oncology procedures (n = 8 studies). The AI modalities 
employed included computer vision and surgical phase rec-
ognition (n = 24), predictive modeling (n = 18), robotic AI 
assistance (n = 8), and augmented reality navigation (n = 5). 
Table 1 provides a summary of the key characteristics of the 
included studies.

Meta-analysis of primary outcomes

Operative time

Forty-two studies (n = 38,204 patients) reported operative time 
as an outcome. The pooled analysis using a random-effects 
model demonstrated a statistically significant reduction in op-

erative time in the AI-assisted group compared to conventional 
MIGS (pooled MD, −21.2 min; 95% CI, −28.5 to −13.9; P < 
0.00001). Substantial heterogeneity was observed (I2 = 74%), 
which was partially explained by subgroup analysis: the re-
duction was greatest for robotic AI-assisted procedures (MD, 
−28.4 min; 95% CI, −38.1 to −18.7) compared to computer 
vision-assisted procedures (MD, −15.6 min; 95% CI, −22.3 to 
−8.9) (Table 2).

Intraoperative blood loss

Thirty-eight studies (n = 34,712 patients) reported intraopera-
tive blood loss. AI-assisted MIGS was associated with a sig-
nificant reduction in blood loss (pooled MD, −31.5 mL; 95% 
CI, −40.2 to −22.8; P < 0.00001; I2 = 68%). The reduction was 
most pronounced in studies evaluating AI-assisted myomec-
tomy (MD, −48.3 mL; 95% CI, −62.1 to −34.5) and hysterec-
tomy (MD, −27.8 mL; 95% CI, −38.4 to −17.2), likely attrib-
utable to enhanced visualization and precise identification of 
vascular structures facilitated by computer vision algorithms 
(Table 2).

Postoperative complication rates

Thirty-one studies (n = 29,847 patients) reported postopera-
tive complication rates. The pooled OR for postoperative com-
plications in the AI-assisted group was 0.65 (95% CI, 0.58 to 
0.73; P < 0.00001; I2 = 42%), indicating a 35% reduction in the 
odds of postoperative complications. This finding was consist-
ent across subgroup analyses by procedure type and AI mo-
dality, with low-to-moderate heterogeneity suggesting a robust 
and generalizable effect (Table 2).

Length of hospital stay

Twenty-seven studies (n = 26,103 patients) reported length of 
hospital stay. AI-assisted MIGS was associated with a signifi-
cantly shorter hospital stay (pooled MD, −0.55 days; 95% CI, 
−0.71 to −0.39; P < 0.00001; I2 = 55%). This reduction, while 
modest in absolute terms, is clinically meaningful given the 
high volume of gynecological procedures performed annually 
and the associated healthcare system costs (Table 2).

Subgroup analyses

Pre-specified subgroup analyses were conducted by procedure 
type, AI modality, and study design. For operative time, the 
benefit of AI was consistent across all procedure types, with 
the greatest reduction observed in robotic-assisted hysterecto-
my studies (MD: −28.4 min) and the smallest in laparoscopic 
endometriosis surgery (MD: −12.1 min). Subgroup analysis 
by AI modality revealed that robotic AI platforms (e.g., da 
Vinci with AI enhancement) conferred the largest reductions 
in operative time and blood loss, while computer vision sys-
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Figure 1. The PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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tems demonstrated the most significant impact on complica-
tion rates, likely through real-time anatomical guidance and 
hazard alerting.

Quality assessment and publication bias

Among the 12 RCTs, four (33.3%) were assessed as low risk 
of bias, five (41.7%) as some concerns, and three (25.0%) as 
high risk of bias using RoB 2. Among the 43 observational 
studies, 11 (25.6%) were rated as low risk, 22 (51.2%) as 
moderate risk, and 10 (23.3%) as serious risk of bias using 
ROBINS-I. Funnel plot analysis for operative time (42 stud-
ies) and complication rates (31 studies) demonstrated mild 
asymmetry, and Egger’s test was statistically significant for 
operative time (P = 0.04), suggesting potential publication 
bias toward positive results. Trim-and-fill analysis indicated 
that the adjusted pooled MD for operative time remained sta-
tistically significant (−18.7 min; 95% CI, −26.1 to −11.3), 
suggesting that publication bias did not substantially alter the 
overall conclusions.

Discussion

This systematic review and meta-analysis provides the most 
comprehensive quantitative synthesis to date of AI applica-
tions in MIGS. The principal finding is that AI integration in 
MIGS is associated with statistically significant and clinically 
meaningful improvements across all four primary outcomes: 
operative time, intraoperative blood loss, postoperative com-
plication rates, and length of hospital stay. These findings are 
consistent across diverse procedure types, AI modalities, and 
geographic settings, lending considerable robustness to the 
conclusions.

The 21.2-min reduction in operative time is clinically sig-
nificant, translating to substantial cost savings at the health-
care system level and reduced patient exposure to anesthesia. 
This finding aligns with the broader surgical AI literature; a 
systematic review by Moglia et al [11] demonstrated compa-
rable time reductions in robotic-assisted procedures enhanced 
by AI guidance systems. The mechanisms underlying this im-
provement are multifactorial: AI-driven preoperative planning 
reduces intraoperative decision-making time, while real-time 

Table 2.  Summary of Meta-Analysis Results for Primary Outcomes

Outcome Studies (n) Patients (n) Effect size (95% CI) P value I2

Operative time 42 38,204 MD: −21.2 min (−28.5 to −13.9) < 0.00001 74%
Blood loss 38 34,712 MD: −31.5 mL (−40.2 to −22.8) < 0.00001 68%
Complications 31 29,847 OR: 0.65 (0.58 to 0.73) < 0.00001 42%
Hospital stay 27 26,103 MD: −0.55 days (−0.71 to −0.39) < 0.00001 55%

All analyses used random-effects models.MD: mean difference; OR: odds ratio; CI: confidence interval; I2: heterogeneity statistic.

Table 1.  Summary of Key Characteristics of Included Studies (N = 55)

Characteristic Category N % Notes
Study design RCT 12 21.8% Cochrane RoB 2 assessed

Observational 43 78.2% ROBINS-I assessed
Publication year 2020–2023 17 30.9%

2024–2026 38 69.1% Rapid growth period
Procedure type Hysterectomy 18 32.7% Most studied procedure

Endometriosis 14 25.5%
Myomectomy 9 16.4%
Oncologic 8 14.5%
Other/mixed 6 10.9%

AI modality Computer vision 24 43.6% CNNs predominant
Predictive modeling 18 32.7% ML/DL models
Robotic AI 8 14.5% da Vinci platform
Augmented reality 5 9.1%

Patient population AI-assisted MIGS 23,150 47.3%
Conventional MIGS 25,801 52.7%
Total 48,951 100%

RCT: randomized controlled trial; MIGS: minimally invasive gynecological surgery; CNNs: Convolutional Neural Networks; ML: machine learning; 
DL: deep learning; AI: artificial intelligence.
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surgical phase recognition and instrument tracking streamline 
workflow and reduce idle time [12, 13].

The 31.5-mL reduction in intraoperative blood loss, while 
modest in absolute terms, is clinically relevant in the context 
of gynecological surgery, where significant blood loss can ne-
cessitate transfusion and prolong recovery. Computer vision 
systems capable of identifying and alerting surgeons to vas-
cular structures such as the uterine artery and ovarian vessels 
during laparoscopic hysterectomy and myomectomy are likely 
the primary driver of this improvement [14, 15]. The work of 
Paracchini et al [8] and Gkrozou et al [9] provides a mecha-
nistic basis for this finding, demonstrating high accuracy of AI 
models in anatomical structure identification during gyneco-
logical laparoscopy.

The 35% reduction in the odds of postoperative compli-
cations (OR: 0.65) is perhaps the most clinically impactful 
finding of this review. Complication prevention is a primary 
driver of surgical quality improvement, and AI-mediated risk 
reduction across a population of nearly 30,000 patients rep-
resents a substantial public health benefit. Predictive models, 
such as those developed by Bar-El et al [16] for endometriosis 
surgery and Ren et al [17] for general surgical complications, 
enable proactive risk stratification and personalized periopera-
tive management, contributing to this outcome.

Limitations

Several limitations must be acknowledged. First, the predomi-
nance of retrospective observational studies (78.2%) introduc-
es inherent selection bias and limits causal inference. Second, 
the substantial heterogeneity observed for operative time (I2 = 
74%) and blood loss (I2 = 68%) reflects the diversity of AI sys-
tems, surgical procedures, and patient populations across in-
cluded studies, and should temper the interpretation of pooled 
estimates. Third, the rapid evolution of AI technology means 
that some included studies may evaluate systems that are al-
ready superseded by more advanced algorithms. Fourth, the 
potential for publication bias, evidenced by funnel plot asym-
metry for operative time, suggests that negative or null results 
may be underrepresented in the literature. Finally, the lack of 
standardized reporting for AI systems in surgery including 
model architecture, training data, and validation methodology 
precluded a more granular analysis, of which specific AI ap-
proaches confer the greatest clinical benefit.

Implications for clinical practice and future research

The findings of this review support the continued adoption 
of AI technologies in MIGS, particularly for high-volume 
procedures such as hysterectomy and myomectomy where 
the evidence base is most robust. Clinicians and healthcare 
institutions considering AI implementation should prioritize 
systems with demonstrated clinical validation, transparent 
algorithmic design, and integration pathways that comple-
ment rather than disrupt existing surgical workflows [18, 
19]. Future research must address the current evidence gaps 

through large-scale, multi-center RCTs with standardized 
AI interventions, long-term follow-up, and health economic 
analyses. The development of consensus reporting standards 
for AI in surgery, analogous to CONSORT for RCTs, is an 
urgent priority for the field.

Conclusions

This systematic review and meta-analysis demonstrates that 
AI integration in MIGS is associated with significant improve-
ments in operative time (−21.2 min), intraoperative blood loss 
(−31.5 mL), postoperative complication rates (OR: 0.65), and 
length of hospital stay (−0.55 days). These findings, derived 
from 55 studies encompassing 48,951 patients, provide robust 
evidence supporting the clinical value of AI in MIGS. While 
the current evidence base is predominantly observational, the 
consistency of findings across diverse settings and AI mo-
dalities is compelling. The continued development, rigorous 
validation, and equitable implementation of AI technologies 
in gynecological surgery holds the potential to meaningfully 
improve outcomes for millions of women worldwide.
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