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ABSTRACT
Background: Consensus is lacking regarding the relative safety and oncological outcomes of minimally invasive 
compared to abdominal hysterectomy. 

Objectives: To estimate complications and survival rates of minimally invasive hysterectomy (i.e., laparoscopic or robotic 
assisted) compared to total abdominal hysterectomy for endometrial and cervical cancer. 

Methods: A systematic quantitative review of randomised controlled trials (RCTs) comparing minimally invasive 
hysterectomy with total abdominal hysterectomy (TAH) for the treatment of endometrial or cervical cancer. Medline-
PubMed, Cochrane Library, Scopus, ongoing clinical trials and the grey literature were searched until December 1, 2024.

Main Outcome Measures: Complications, overall survival (OS), disease-free survival (DFS), and disease-specific survival 
(DSS) rates.

Results: Twenty-nine RCTs enrolling 6127 patients were included. The risk of bladder injury was higher in the minimally 
invasive hysterectomy group [risk ratio (RR): 1.84, 95% confidence interval: (CI): 1.03-3.29, I2: 0%), as was the risk of 
vaginal injury (RR: 12.39, 95% CI: 1.61-95.29, P=0.02, I2: 0%) but the risk of wound dehiscence was lower (RR: 0.32, 95% 
CI: 0.13-0.83, P=0.02, I2: 13%) compared to abdominal hysterectomy. Among cervical cancer patients, the risk for blood 
transfusion was significantly lower with the minimally invasive hysterectomy (RR: 0.42, 95% CI: 0.21-0.84, P=0.01, I2: 
0%). Among endometrial cancer patients, the OS, DFS, and DSS were comparable between routes of hysterectomy. In 
contrast, the overall the OS and DFS rates were lower for minimally invasive compared to abdominal hysterectomy (0.94, 
95% CI: 0.90-0.98, P=0.005, I2:0 %) and (0.89, 95% CI: 0.84-0.94, P<0.001, I2: 0%) respectively. 
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Introduction
Endometrial and cervical cancers are the most frequent 
gynaecological malignancies, together accounting for the 
majority of cancer cases affecting the female reproductive 
tract. Endometrial cancer constitutes the most frequently 
observed malignant gynaecologic disease and the fourth 
most frequent cancer type in high-income countries, with 
an incidence of 11.1 per 100,000 women,1-3 and cervical 
cancer constitutes the fourth cause of cancer-associated 
deaths among the female population globally.4,5 The 
incidence of uterine malignancies is expected to 
increase by 2040.2 Age, smoking, dietary habits, and 
medical conditions such as hypertension and diabetes 
are associated with increased endometrial cancer risk. 
Higher oestrogen levels observed in situations such as 
late-onset menopause and obesity constitute risk factors 
for endometrial cancer development.1,2 Cervical cancer is 
mainly linked to human papillomavirus (HPV) infection,4,5 
with oncogenic types 16 and 18 being associated 
with about 70% of the cases.5 Other factors related to 
cervical cancer development are smoking, higher parity, 
history of sexually transmitted diseases, and long-term 
contraceptive use. Since vaccination against HPV was 
implemented, however, the incidence of cervical cancer 
has declined in high-income countries, and most cases 
and deaths are observed in low- and middle-income 
countries.5

The typical surgical management of endometrial cancer 
includes total hysterectomy with bilateral salpingo-
oophorectomy (BSO) and lymphadenectomy, including 
sentinel node biopsy to assess lymph node involvement 
and define disease stage.1,2,6-8 The role of bilateral pelvic 
and para-aortic lymphadenectomy remains controversial, 
and some authors suggest that these procedures should 
only be performed in high-risk patients.2 Ovaries may 
be preserved for select younger patients with low-grade 
tumours wishing to maintain reproductive capability, 
but those women need to be meticulously monitored 

and concomitantly treated with hormonal therapy.1 The 
typical surgical management of early-stage cervical 
cancer (International Federation of Gynaecology and 
Obstetrics (FIGO) stages IB1, IB2, and IIA1) includes type 
C radical hysterectomy and pelvic lymphadenectomy 
with/without para-aortic lymphadenectomy.5,9,10 FIGO 
stage IA1 is usually managed with cervical conisation or 
simple extra-fascial hysterectomy. In the case of lymph 
vascular invasion, type B modified radical hysterectomy 
and pelvic lymphadenectomy must be considered. FIGO 
stage IA2 is typically managed with type B modified 
radical hysterectomy and pelvic lymphadenectomy.5,11-13 
Adjuvant or neoadjuvant treatment (chemotherapy, 
radiotherapy, and hormonal therapy) depends on 
disease stage and is crucial for managing the cancer, 
complementing the primary surgical treatment.1,2,5,7,8,11,12

Since the laparoscopic hysterectomy was introduced by 
Reich et al.14 and the first report of laparoscopic restaging 
in endometrial cancer was published by Childers et al.,15 
the surgical management of gynaecologic malignancies 
has evolved significantly; minimally invasive surgery (MIS) 
techniques, namely, total laparoscopic hysterectomy 
(TLH), laparoscopically assisted vaginal hysterectomy 
(LAVH), or robot-assisted laparoscopic hysterectomy 
(RALH)/total robotic hysterectomy (TRH), are being 
used more and more in gynaecologic cancers.1,2,5,6,9,16,17 
Surgical management differs substantially between 
endometrial and cervical cancer. In presumed uterus-
confined endometrial cancer, total hysterectomy with 
BSO and staging by a MIS approach is currently the 
preferred surgical strategy. By contrast, in early-stage 
cervical cancer requiring radical hysterectomy, open 
surgery remains the standard approach after the LACC 
trial demonstrated inferior disease-free survival (DFS) 
and overall survival (OS) with minimally invasive radical 
hysterectomy. Current guidance allows minimally invasive 
radical surgery, if at all, only in carefully selected low-risk 
tumours and in highly specialised high-volume centres 
after comprehensive counselling.18-22
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In any case, the surgical approach should be individualized 
according to the patient’s characteristics, comorbidities, 
and intraoperative findings.1,2,5,6,9,16,17,23 Total abdominal 
hysterectomy (TAH) constitutes a widely practiced 
approach that provides good visual access, haptic 
feedback, and tactile sensation. The latter is significant 
in malignant diseases, where removing the entire tumour 
is of existential importance. The intraoperative spread of 
cancer cells is less common in TAH. Thus, TAH provides 
more predictable surgical and oncologic results.1,2,6,17,24 
However, TAH is associated with higher morbidity, 
higher postoperative complications rates such as wound 
infections, haemorrhage, transfusion, bowel perforation, 
and venous thromboembolic events, prolonged recovery 
time and hospitalisation, and higher postoperative 
pain due to the incision size, impacting quality of life 
postoperatively.1,2,6,17,24 By using MIS manoeuvrability 
and precision are enhanced and these techniques are 
associated with lower morbidity, reduced blood loss and 
surgical trauma, reduced infection rates, shorter recovery 
time and hospitalisation, and less postoperative pain. 
Thus, MIS is a suitable approach for high-risk patients, 
namely, obese and older people. However, MIS may 
not be feasible in patients presenting with anatomical 
challenges (uterine size, adhesions), which require 
longer operation times and greater surgical expertise, 
and is linked to increased risk of intraoperative injuries 
(due to limited visualisation) and potential tumour 
dissemination.1,2,5,9,10,16,24,25 Recent evidence suggests, 
moreover, that MIS reliability in terms of oncologic 
outcomes is debatable, particularly in the case of early-
stage cervical cancer.5,9,10 Therefore, in the case of cervical 
cancer, TAH continues to be the standard approach as 
the long-term cancer results of MIS need to be more 
extensively evaluated.9,10 In the case of endometrial 
cancer, TAH seems to be neither superior nor inferior to 
MIS when considering OS and DFS rates.6,16 

Several recent systematic reviews and meta-analyses 
(SRMAs) aimed to compare MIS and TAH.26-33 The SRMAs 
enrolling cervical cancer patients included observational 
studies. Of these, one SRMA included 21 observational 
and only one randomised controlled trial.31 Of the SRMAs 
enrolling endometrial cancer patients,26-29 three included 
only observational studies, and one SRMA included nine 
randomised controlled trials.26 However, since then, more 
studies have been published. No reliable conclusions have 
been drawn yet, however, particularly regarding oncologic 
outcomes, and thus there is a need to summarise the 
findings exclusively from randomised studies, given that 

the level of evidence of randomised controlled trials is 
higher. We therefore conducted a systematic review and 
meta-analysis restricted to randomised controlled trials to 
provide a higher-level synthesis of surgical, complication, 
recurrence, and survival outcomes in endometrial and 
cervical cancer, with disease-specific interpretation of the 
findings.

Methods
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement34 was considered 
during the conduction of this SRMA. This SRMA conforms 
to the PRISMA checklist.

A protocol for the present review was prepared a priori 
and discussed among the coauthors, including members 
of the ESGE Special Interest Group on Education and 
Training. However, it was not prospectively registered in 
PROSPERO or another public registry.

Inclusion and Exclusion Criteria

Prospective randomised controlled trials were included 
that had enrolled patients with endometrial or/and 
cervical cancer who were treated with total hysterectomy. 
The intervention arm included those who received MIS, 
namely, either TLH, or LAVH, or RALH/TRH, and the 
comparator arm included those women in whom TAH or a 
different type of MIS (different from the intervention arm) 
was performed. No limitations regarding BSO or pelvic 
or para-aortic lymphadenectomy were applied. The 
outcomes of interest were operative time, intraoperative 
blood loss, haemoglobulin reduction, hospitalisation 
duration, total number of patients with at least one 
complication, total number of complications (events), 
intraoperative and postoperative complications (events), 
blood transfusion rates, cancer recurrence rates at the 
end of follow-up, death rates (total and cancer-related) at 
the end of follow-up, and OS, DFS, and disease-specific 
survival (DSS). We excluded studies that exclusively 
assessed pain scores and pain management, pelvic floor 
function, and quality of life (for detailed criteria, see 
Supplementary Table 1).

Search Strategy and Sources

The search strategy was formulated based on the Peer 
Review of Electronic Search Strategies checklist using 
free text and medical subject heading terms.35 Search 
terms were “gynaecology”, “obstetrics”, “laparoscopy”, 
and “laparoscopic hysterectomy” with synonyms and 
alternatives (for the search queries, see Supplementary 
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Material). We intentionally used an open, highly sensitive 
search strategy without filters to capture all potentially 
eligible studies, while final specificity was ensured during 
title/abstract and full-text screening according to the 
predefined inclusion criteria. The following databases 
were searched: Medline-PubMed, Scopus, Cochrane 
Library, ClinicalTrials.gov, openGrey, and EU Clinical Trials 
Register. The PROSPERO database was searched for 
ongoing SRMAs. Abstracts of congresses and meetings 
of gynaecological-obstetric and endoscopic surgery 
societies were also investigated. Our last search was 
conducted on 1 December 2024.

Study Selection and Data Extraction

After carrying out pilot-calibration procedures, the 
reviewers separately completed the study selection 
and data extraction, with another reviewer resolving 
any disagreements that arose. If there were questions 
about the eligibility of a study, we tried to communicate 
with the authors of the paper via email. Zotero 7.0.11 
was used as the reference manager software. We used 
predefined collection forms recommended by the 
Cochrane Collaboration for Intervention Reviews for data 
extraction.36 Data were extracted based on a predefined 
list of variables and outcomes (Supplementary Table 2).

Definitions

Surgical procedures were defined based on the textbook 
Williams Gynaecology, 3rd edition (MIS,37 TLH,37,38 LAVH,39 
RALH/TRH,37 TAH,40 BSO,41,42 and pelvic/para-aortic 
lymphadenectomy).43,44 “Minimally invasive hysterectomy 
(MIH)” was used by this SRMA during the quantitative 
synthesis instead of MIS, embracing TLH, or LAVH, or 
RALH/TRH. Operative time was defined as the time after 
anaesthesia, including patient and surgery preparation 
and the procedure time from the first incision to closure. 
Intraoperative blood loss was defined as the total volume 
of suctioned blood minus the volume of fluids used for 
irrigation during surgery. Haemoglobulin reduction was 
defined as the difference between the preoperative value 
and the value recorded within 2 days postoperatively. 
Hospitalisation duration was the hospital stay after the 
surgery until discharge.

Complications were divided into intraoperative 
(occurring from the start of anaesthesia until the end) 
and postoperative (arising from the end of anaesthesia 
until 6 months after surgery). Blood transfusion was 
defined as the transfusion of at least one Red blood 
cells unit divided into intraoperative and postoperative 

transfusion. The outcome of “Intraoperative injuries” 
was a compound one, including bladder, vaginal, 
bowel, nerve, vascular, ureteral, urethral, and visceral 
injuries. Postoperative complications included: ileus 
(inhibition of gastrointestinal propulsion without 
signs of mechanical obstruction for more than 48 h),45 
wound complications, vaginal vault/cuff complications, 
urinary symptoms, haematoma (at any site and of any 
duration), fever (≥38°C), postoperative infection (of any 
type), fistulas, and deep vein thrombosis/pulmonary 
embolism (DVT/PE).46,47 “Wound complications” were 
a compound outcome, including wound dehiscence 
and wound infection. “Vaginal vault/cuff complications” 
were a compound outcome, including vault haematoma, 
bleeding, infection, dehiscence/laceration, and leakage. 
“Urinary symptoms” were a compound outcome, 
including urinary incontinence, ureterostenosis, urinary 
retention, and urinary tract infection (UTI). “Fistulas” 
were a compound outcome, including ureterovaginal, 
vesicovaginal, rectovaginal, and gastrointestinal fistulas.

Definitions of recurrence rates and death (total and 
cancer-related) were considered self-explanatory. OS, 
DFS, and DSS were defined based on the National 
Cancer Institute of the US government.48-50 OS was 
defined as the time from randomisation until the date 
of death from any cause. DFS was defined as the time 
from randomisation to disease recurrence or death from 
cancer. DSS was defined as the time from randomisation 
to death because of cancer.

Risk-of-Bias Assessment

We used the RoB 2 Cochrane Tool for randomised 
controlled trials to assess the risk of bias of the initially 
included studies.51 We excluded studies with an overall 
“High” risk from the review and the synthesis. Figures 
visualising the risk of bias were created with the Robvis 
tool.52 Two reviewers conducted bias assessment 
separately, while a third reviewer settled disagreements.

Quantitative Synthesis

The quantitative synthesis was conducted using RevMan 
Web 8.14.0 and R-Studio 2024.12.0 software, and the 
relevant forest plots were created. The treatment effect 
was measured using mean and standard deviation 
(SD) with a 95% confidence interval (CI) for numerical 
variables, and the standardised mean difference (SMD) 
was calculated. When only the median, interquartile 
range, and/or range were reported, data were converted 
to an estimated mean and SD based on statistical 
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methods described elsewhere.53 The treatment effect was 
measured using risk ratio (RR) with a 95% CI for categorical 
variables. The Mantel-Haenszel method was applied for 
categorical data and the inverse variance method for 
numerical data. When a study contained a zero cell in 
one arm, the standard continuity correction implemented 
in RevMan was applied by adding 0.5 to all four cells of 
the corresponding 2 x 2 table. Studies with zero events in 
both arms did not contribute to RR estimation because 
the relative effect was undefined. In the case of OS, DFS, 
and DSS, the effect was measured using the rate ratio and 
hazard ratio (HR) with a 95% CI after making the necessary 
logarithmic calculations using statistical software. For 
survival outcomes, HRs were directly extracted when 
these were reported in the original studies. HRs were 
not reconstructed from Kaplan-Meier curves or other 
published summary data. When studies reported survival 
rates rather than HRs, rate ratios were used as the effect 
measure. Because these effect measures reflect different 
statistical approaches, HR-based and rate ratio-based 
analyses were performed separately. For OS outcomes, 
HRs were interpreted as measures of the hazard of death 
over time. For DFS outcomes, HRs were interpreted as 
measures of the hazard of recurrence or death over time. 
Therefore, an HR greater than 1 indicates a higher hazard 
of the corresponding adverse event in the MIS group 
compared with TAH.

Statistical heterogeneity was assessed using the Higgins 
I2 test and chi-squared Cochran Q-test (α: 0.1). If I2≥75%, 
quantitative synthesis was not feasible. The fixed-effects 
model was used if I2<50%, while the random-effects 
model was used if I2≥50% (or chi-squared Cochran Q-test 
P<0.1). 

Sensitivity analysis was applied in the case of persistent 
statistical heterogeneity by removing those studies 
creating it. Subgroup analysis was conducted based 
on cancer type and surgery type. Further stratification 
simultaneously by cancer type and specific MIS subtype 
was not consistently feasible because these data were not 
uniformly reported in the included studies and because 
of the small numbers available for individual subgroups. 
When data were missing, we contacted the authors of the 
paper. No imputation was necessary. 

Publication bias was assessed only when ≥10 studies per 
outcome were available for analysis. Funnel plots were 
designed by RevMan Web 8.14.0, while Egger’s and rank 
correlation tests were conducted with R-Studio 2024.12.0.

Evidence Quality

Two reviewers independently assessed the quality of 
evidence for each outcome, and a third reviewer resolved 
any disagreements. The assessment aligned with the 
Grading of Recommendations Assessment Development 
and Evaluation (GRADE) system54 and was conducted by 
using the GRADEpro GDT web application.55

Results

Study Selection

Figure 1 summarises the study selection process. 
After removing duplicate records, 6228 were deemed 
potentially appropriate, and 5728 studies were removed 
by screening the titles and abstracts. Five studies were 
ongoing trials (Supplementary Table 3). The 500 remaining 
studies, plus 11 new studies found through a reference 
check, were full-text assessed. The full-text assessment 
yielded 45 studies to potentially be included. Of these, 
14 were excluded56-69 (for the reasons for excluding each 
study, see Figure 1 and Supplementary Table 4). Thus, 31 
studies were included before the risk-of-bias assessment. 
Two of these 31 studies were judged as “High Risk” (see 
below) and, therefore, excluded.70,71

Study Characteristics

Twenty-nine studies were included in this SRMA, 
enrolling 6127 patients.6,9,17,20,72-96 Supplementary Table 5 
summarises the study designs and settings, inclusion and 
exclusion criteria, numbers of participants, interventions, 
comparators, and primary outcomes.

We included 15 single-center studies,72-74,77,79-81,83,87,88,90-92,94,95 
two-center studies,86,89 and 12 multi-center 
studies.6,9,17,20,75,76,78,79,84,85,93,96 Eighteen studies included 
only women with endometrial cancer6,17,72-87 and ten 
studies included only those with cervical cancer,9,20,88-95 
while one study included patients with three types of 
malignancies (either endometrial, cervical, or ovarian).96 
Patient characteristics are given in the “Synthesis” 
section.

TLH was the intervention in 17 studies,6,17,72-79,87-91,96 LAVH 
in six studies,79-81,86,92,95 RALH in one study,83 while MIH 
(either TLH, or LAVH, or RALH/TRH) was performed in 
six studies.9,20,84,85,93,94 In all included studies, patients 
underwent BSO.6,9,17,20,72-96 Pelvic6,9,17,20,72-74,78,83-91,93-95 and 
para-aortic84,85,94 lymphadenectomy was carried out for 
all patients in 20 and three studies, respectively. In four 
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studies, pelvic lymphadenectomy,80-82,96 and in ten studies, 
para-aortic lymphadenectomy 6,17,74,78,81-83,91,96 depended 
on the cancer stage (not carried out for all patients). 
In all studies, the comparator was TAH, except for four 
studies: two studies compared TLH with RALH (one 
regarding endometrial cancer87 and another regarding 
cervical cancer),96 one study regarding endometrial 
cancer compared LAVH with TLH86 and, finally, one study 

regarding cervical cancer compared LAVH with TRH.95 
Regarding our outcomes of interest, total operative time 
was assessed by 19 studies,6,17,72,74,75,77,78,80,83,84,86-89,91-94,96 
intraoperative blood loss/haemoglobulin 
reduction by 16 studies,6,17,72,74,75,77,78,80,82,83,86,87,89,91-94,96 
intraoperative and postoperative complications by 
21 studies,17,72,74-78,80,81,83,84,86-89,91-96 total hospitalisation 
duration by 18 studies,17,72,74,75,77,78,80,82-84,86,87,89,91-95 

Figure 1. Study selection process.
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OS by 11 studies,6,9,20,73,74,79,82,85,90,94,96 DFS by 10 
studies,6,9,20,73,74,79,82,90,94,96 DSS by three studies,9,79,82 death 
rate by 14 studies,6,9,20,73-75,77,79,82,85,90,94-96 recurrence rate by 
15 studies,6,9,20,73,74,77,79,82,85,86,90,91,94-96 and recurrence sites/
metastases by 11 studies.6,9,73,74,79,82,85,86,90,94,95

The following articles concerned the same clinical trials 
but they reported different outcomes of interest: i) Zullo 
et al.72 and Zullo et al.73 (with precisely the same number 
of participants), ii) Janda et al.,17 Obermair et al.,78 
and Janda et al.6 (with different participant numbers 
reported), iii) Mourits et al.,75 Bijen et al.,76 and Reijntjes 
et al.79 (Mourits et al.75 and Bijen et al.76 have precisely 
the same number of participants, while Reijntjes et al.79 
included fewer participants), iv) Walker et al.84 and Walker 
et al.85 (with different participant numbers reported), v) 
Campos et al.88 and Campos et al.90 (with precisely the 
same number of participants), and vi) Ramirez et al.,9 
Ramirez et al.,20 and Obermair et al.93 (Ramirez et al.9 and 
Ramirez et al.20 have the same number of participants, 
while Obermair et al.93 included fewer participants).

Risk-of-Bias Assessment

We used the RoB 2 Cochrane Tool for randomised trials 
to assess the risk of bias of the initially included studies.51 

As stated previously, studies with an overall “High” risk of 
bias were ultimately excluded. The results per outcome 
are presented in Supplementary Table 6. Figure 2 depicts 
the relevant traffic light plots, and Supplementary Figure 
1 shows the relevant summary plots. Two studies were 
excluded because they were judged to be at overall high-
risk of bias, in both cases primarily due to concerns in 
Domain 1 (bias arising from the randomisation process), 
as the reports stated that randomisation had been 
performed but did not provide sufficient methodological 
details regarding sequence generation and/or allocation 
concealment.

Synthesis

Population Characteristics

The included studies enrolled a total of 6127 patients; 
3972 were treated by MIS, and among them, 3006 had 

Figure 2. Traffic light plots for the risk-of-bias assessment (regarding all outcomes) using the RoB 2 Cochrane tool. Studies are divided 
into three categories: (A) those enrolling patients with endometrial cancer, (B) those enrolling patients with cervical cancer, and (C) 
those enrolling patients with endometrial or cervical or ovarian cancer.
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endometrial, 597 cervical, and 369 either endometrial or 
cervical or ovarian cancer (practically speaking, the latter 
subgroup only concerns one study).96 The rest of the 
2155 women received TAH, and among them, 1628 had 
endometrial and 527 had cervical cancer. 

There were no significant differences between the 
two groups (MIS vs. TAH) regarding age, body mass 
index, parity, tumour FIGO stage, tumour grade, and 
histopathologic type. However, among the cervical 
cancer subgroup, women in whom TAH was performed 
had significantly higher parity than those who underwent 
MIS. The mean follow-up time in the whole population 
was 47.5±9.6 months.

Most tumours in both groups were of FIGO stage I (79.8% 
in the MIS group and 81.5% in the TAH group) and of 
grade I (39.3% and 33.9%, respectively) and II (34.9% and 
38.2%, respectively). Among patients with endometrial 
cancer, the most common histopathologic type was 
endometrioid carcinoma in both groups. Among patients 
with cervical cancer, the most common histopathologic 
type was squamous carcinoma in both groups.

In most patients MIH was performed (59.9%), referring 
to the minimally invasive technique. However, MIH (MIS) 
is a broader term, often used by several studies as a 
compound intervention, which includes TLH, LAVH, and 
RALH/TRH together, making it impossible to clarify how 
many patients received what type of MIH. If we exclude 
MIH, TLH was the most common technique used in the 
studies included (28.2%).

Table 1 summarises the aforementioned and further 
details about the population characteristics per group 
and cancer-type subgroups. 

Operation Time, Intraoperative Blood Loss, 
Haemoglobulin Reduction, and Hospitalisation 
Duration

Regarding studies comparing MIS and TAH, after 
sensitivity analysis, the mean operative time was 
significantly lower in the TAH group for all cancer-type 
and surgery subgroups and in the whole population 
(SMD: 0.69, 95% CI: 0.50 to 0.88, P<0.001, I2: 68%, 
Supplementary Figure 2). 

Before and after sensitivity analysis, the mean 
intraoperative blood loss was significantly lower in the MIS 
group among all cancer-type subgroups and TLH, MIH, 
and RALH/TRH subgroups. For the whole population 
SMD was -0.98 (95% CI: -1.29 to -0.66, P<0.001, I2: 71%, 

favouring MIS, Supplementary Figure 3). Haemoglobulin 
reduction (all studies concerned endometrial cancer and 
TLH) was significantly lower in the MIS group, but the 
result presented high statistical heterogeneity. 

Before and after sensitivity analysis, the mean hospital stay 
was significantly shorter in the MIS group for TLH, LAVH, 
RALH/TRH, and all cancer-type subgroups. The latter was 
significant for the whole population but presented high 
statistical heterogeneity (Supplementary Figure 4).

Complications

The risk of a patient presenting at least one complication 
did not differ between MIS and TAH for surgery subgroups, 
cancer-type subgroups, and the whole population. The 
total complication rates were lower in the MIS group 
among LAVH (23/63 in MIS vs. 58/59 in TAH, RR 0.37, 
95% CI 0.27 to 0.52, P<0.001) and endometrial cancer 
subgroup (580/2359 in MIS vs. 418/1438 in TAH, RR 0.84, 
95% CI 0.73 to 0.96, P=0.01, I2: 17%). The overall effect 
for the rest of the surgery, cancer-type subgroups, and 
the whole population was not significant (Supplementary 
Figure 5).

Intraoperative Complications and Injuries

No differences were found regarding the risk of 
intraoperative complications (number of events) among 
the surgery, cancer-type subgroups, and the whole 
population. The risk of intraoperative injuries was 
significantly higher in the MIS group among the entire 
population (241/3142 in MIS vs. 102/2141 in TAH, RR 
1.53, 95% CI 1.23 to 1.91, P<0.001, I2: 0%) and among 
all cancer-type and TLH and MIH subgroups. Still, it 
was not significant in the LAVH subgroup (Figure 3 and 
Supplementary Figure 6). 

The risk for bladder injury was significantly higher in the 
MIS group for the whole population  (40/2795 in MIS vs. 
14/1846 in TAH, RR 1.84, 95% CI 1.03 to 3.29, I2: 0%), but 
not significant for any of the cancer-type and surgery 
subgroups (Figure 3 and Supplementary Figure 7). 

The risk for vaginal injury was significantly higher in the 
MIS group for the whole population  (RR: 12.39, 95% 
CI 1.61 to 95.29, P=0.02, I2: 0%) and in patients who 
underwent TLH (RR: 21.6, 95% CI 1.28 to 363.58, P=0.03, I2: 
0%, Supplementary Figure 8). However, this estimate was 
based on a rare outcome, with 13/467 events in the MIS 
group vs. 0/408 in the TAH group across two randomised 
controlled trials (RCTs).
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Figure 3. Forest plots regarding (1) intraoperative injuries per surgery subgroups, (2) intraoperative injuries per cancer subgroups, (3) 
bladder injuries per surgery subgroups, and (4) bladder injuries per cancer subgroups. TLH: Total laparoscopic hysterectomy, LAVH: 
Laparoscopically assisted vaginal hysterectomy, RALH/TRH: Robot-assisted laparoscopic hysterectomy/total robotic hysterectomy, 
TAH: total abdominal hysterectomy.
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The risks for bowel, nerve, vascular, ureteral, urethral, and 
visceral injuries and uterus rupture did not differ between 
the groups in the whole population or subgroup analyses.

Blood Transfusion Rates

The risk for blood transfusion (intra- and postoperatively) 
was significantly lower in the MIS (4/92) vs. the TAH 
(14/91) for the LAVH subgroup (RR: 0.28, 95% CI 0.10 to 
0.82, P=0.02, I2: 0%). It was also significantly lower in the 
MIS (11/296) vs. the TAH (25/274) for the cervical cancer  
subgroup (RR: 0.42, 95% CI 0.21 to 0.84, P=0.01, I2: 0%) 
(Supplementary Figure 9). However, this estimate was 
based on a rare outcome. The risk of transfusion did 
not differ between the groups for the whole population 
and the rest of the subgroups. Intraoperative and 
postoperative blood transfusion rates were assessed in 
one study, and no significant difference was noted.93

Postoperative Complications

The risk of postoperative complications was lower in 
the MIS for the TLH subgroup (19/73 in MIS vs. 32/69 
in TAH, RR: 0.57, 95% CI 0.36 to 0.90, P=0.02, I2: 0%), 
LAVH subgroup (20/63 in MIS vs. 49/59 in TAH, RR: 0.38, 
95% CI 0.26 to 0.56, P<0.001), and endometrial cancer 
subgroup (31/103 in MIS vs. 67/97 in TAH, RR: 0.44, 95% 
CI 0.30 to 0.65, P<0.001, I2: 24%). However, the result was 
not significant among the entire population, MIH, and 
cervical cancer subgroups (Supplementary Figure 10).

The risk for ileus development was significantly lower in 
the MIS group for the whole population (69/2249 in MIS 
vs. 73/1357 in TAH, RR: 0.52, 95% CI 0.38 to 0.72, P<0.001, 
I2: 0%) and for MIH and endometrial cancer subgroups 
(Supplementary Figure 11). 

The risk for wound complications was significantly 
lower in the MIS group regarding the whole population 
(74/2948 in MIS vs. 98/2000 in TAH, RR: 0.42, 95% CI 0.23 
to 0.76, P=0.004, I2: 42%), the TLH, and the endometrial 
and cervical cancer subgroups (Supplementary Figure 
12). Wound dehiscence risk was significantly lower in 
the MIS group for the whole population  (4/559 in MIS vs. 
12/411 in TAH, RR: 0.32, 95% CI 0.13 to 0.83, P=0.02, I2: 
13%) and the TLH subgroup. These studies enrolled only 
women with endometrial cancer (Supplementary Figure 
13). The results for wound infection risk were analogous: 
risk was significantly lower in the MIS group for the 
whole population (64/2559 in MIS vs. 60/1621 in TAH, RR: 
0.65, 95% CI 0.46 to 0.92, P=0.02, I2: 19%) and TLH and 
endometrial cancer subgroups (Supplementary Figure 
14). 

Risk of vaginal vault/cuff complications was higher in 
the MIS group regarding the MIH subgroup (11/279 
in MIS vs. 2/257 in TAH, RR: 5.07, 95% CI 1.13 to 22.64, 
P=0.03). Still, conclusions cannot be drawn since only 
one study assessed this outcome among patients in the 
MIH subgroup.93 The latter risk did not significantly differ 
between the two groups regarding the whole population 
and the rest of the subgroups (Supplementary Figure 15).

The risk for developing urinary symptoms (compound 
outcome including urinary incontinence, urinary 
retention, UTI, and uterostenosis) did not significantly 
differ between the two arms regarding the whole 
population and all subgroups. Particularly, the risk for UTI 
and urinary retention did not differ between MIS and TAH 
among the entire population, surgery type, and cancer-
type subgroups. The risk for haematoma development 
(compound outcome), fever development, postoperative 
infection, fistulas, and DVT/PE did not differ between the 
two groups overall and for any subgroup.

Recurrence and Death Rates-Survival

After sensitivity analysis, the risks for total and 4.5/5-year 
recurrence were significantly higher in the MIS group 
regarding the cervical cancer subgroup (40/352 in MIS vs. 
12/343 in TAH, RR: 3.23, 95% CI 1.73 to 6.04, P<0.001, 
I2: 0%). Regarding the MIH subgroup, the latter results 
presented high statistical heterogeneity even after the 
sensitivity analysis. No significant differences were 
noted among the whole population and the rest of the 
subgroups (Supplementary Figures 16 and 17).

The risk for local recurrence was significantly higher 
in the MIS group among the cervical cancer and MIH 
subgroups (18/319 in MIS vs. 4/312 in TAH, RR: 4.40, 95% 
CI 1.51 to 12.86, P=0.007, Supplementary Figure 18). 
The risk for recurrence at multiple sites was significantly 
higher in the MIS group only among the cervical cancer 
subgroup (10/319 in MIS vs. 2/312 in TAH, RR: 4.89, 95% 
CI 1.08 to 22.14, P=0.04, Supplementary Figure 19). 
The risk for vaginal vault/cuff, pelvic, wound/port-site 
recurrence, and distant metastasis did not significantly 
differ between the two groups in the whole population 
and for any subgroup.

The risk for death by the disease (cancer) was significantly 
higher in the MIS group for the cervical cancer subgroup 
after sensitivity analysis (18/352 in MIS vs. 3/343 in 
TAH, RR: 5.69, 95% CI 1.72 to 18.84, P=0.004, I2: 0%, 
Supplementary Figure 20). The risk of death (general) did 
not significantly differ for the whole population and the 



﻿

subgroups. The MIH subgroup results presented high 
statistical heterogeneity even after sensitivity analysis. 

Cervical cancer patients in whom TAH was performed 
presented significantly higher OS and DFS rate ratios and 
decreased OS and DFS HR than those of the MIS group. 
The cervical cancer OS rate ratio was  0.94 (95% CI 0.90 to 
0.98, P=0.005, I2: 0%), and the relevant OS-HR was 2.55  

(95% CI 1.35 to 4.85, P=0.004, I2: 0%). The cervical cancer 
DFS rate ratio was  0.89 (95% CI 0.84 to 0.94, P<0.001, I2: 
0%), and the relevant DFS HR was  3.61 (95% CI 1.95 to 
6.69, P<0.001, I2: 0%). The OS and DFS rate ratios and 
OS and DFS HRs for the whole population and among 
endometrial cancer patients did not reach statistical 
significance (Figures 4 and 5).
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Figure 4. Forest plots regarding overall survival rate ratios (1) and hazard ratios (2) for the entire population (1A and 2A), endometrial 
cancer patients (1B and 2B), and cervical cancer patients (1C and 2C). All effect estimates compare minimally invasive surgery (MIS)–
TLH, LAVH, RALH/TRH–with total abdominal hysterectomy (TAH). For survival rate ratios, values below 1 indicate lower overall survival 
rates in the MIS group and therefore favour TAH, whereas values above 1 favour MIS. For hazard ratios, values above 1 indicate 
a higher hazard of death (i.e., lower overall survival) in the MIS group and therefore favour TAH. Values below 1 indicate a lower 
hazard in the MIS group and therefore favour MIS. TLH: Total laparoscopic hysterectomy, LAVH: Laparoscopically assisted vaginal 
hysterectomy, RALH/TRH: Robot-assisted laparoscopic hysterectomy/total robotic hysterectomy, TAH: Total abdominal hysterectomy, 
MIS: Minimally invasive surgery, OS: Overall survival, SE: Standard error, CI: Confidence interval; IV: Inverse variance.
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Figure 5. Forest plots regarding disease-free survival rate ratios (1) and hazard ratios (2) for the entire population (1A and 2A), 
endometrial cancer patients (1B and 2B), and cervical cancer patients (1C and 2C). All effect estimates compare minimally 
invasive surgery (MIS)–TLH, LAVH, RALH/TRH–with total abdominal hysterectomy (TAH). For disease-free survival rate ratios, 
values below 1 indicate lower disease-free survival rates in the MIS group and therefore favour TAH, whereas values above 
1 favour MIS. For hazard ratios, values above 1 indicate a higher hazard of recurrence or death (i.e., lower disease-free survival) 
in the MIS group and therefore favour TAH. Values below 1 indicate a lower hazard in the MIS group and therefore favour MIS. 
TLH: Total laparoscopic hysterectomy, LAVH: Laparoscopically assisted vaginal hysterectomy, RALH/TRH: Robot-assisted laparoscopic 
hysterectomy/total robotic hysterectomy, TAH: Total abdominal hysterectomy, MIS: Minimally invasive surgery, DFS: Disease-free survival, SE: standard 
error, CI: Confidence interval, IV: Inverse variance.
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DSS rate ratio was assessed by two studies enrolling 
patients with endometrial cancer,79,82 and no significant 
overall effect was noted (rate ratio 1.03, 95% CI 0.96 to 
1.11, P=0.42, I2: 43%). DSS-HR was assessed by two studies 
(one enrolling patients with endometrial and the other 
patients with cervical cancer), and no significant overall 
effect was noted (HR: 1.32, 95% CI 0.32 to 5.45, P=0.70, I2: 
80%). However, the latter result is characterised by high 
statistical heterogeneity, and no reliable conclusions can 
be drawn (Supplementary Figure 21).

Studies Comparing Outcomes Between Different 
Minimally Invasive Techniques

Regarding studies comparing TLH and RALH, the SMD 
was not significant concerning operative time and 
intraoperative blood loss, but reliable conclusions cannot 
be drawn due to the high heterogeneity. Haemoglobulin 
reduction and hospitalisation duration did not differ. 

The risk of a patient presenting at least one complication 
did not differ between the groups. Similarly, the risk for 
total, intraoperative, and postoperative complications 
(number of events) and intraoperative injuries did not 
differ across the groups. The risk for blood transfusion, 
infection, fistulas, wound complications, and DVT/PE 
did not differ between the groups. Similarly, the risk for 
intraoperative and postoperative blood transfusion, fever, 
and vaginal vault/cuff complications did not differ, but 
these outcomes were only assessed by one stud y.96 The 
risk for UTI and urine retention did not differ between the 
two groups, but it was only evaluated by one study.87 The 
risk for developing urinary symptoms was significantly 
lower in the RALH group than TLH (RR: 2.99, 95% CI 1.12 
to 8.04, P=0.03, I2: 0%). 

Death rates, OS, and DFS were assessed by one study, 
and no significant differences were noted.96

The study comparing TLH and LAVH revealed a 
significantly longer operative time in the LAVH subgroup. 
Still, no other significant differences were noted regarding 
intraoperative blood loss, hospitalisation duration, 
total number of patients with at least one complication, 
total complications (number of events), intraoperative 
complications and injuries, postoperative complications, 
blood transfusion, recurrence rates, and recurrence 
sites.86

The study comparing LAVH and TRH revealed a 
significantly shorter hospitalisation duration and fewer 
total postoperative complications (compound outcome–
number of events) in the TRH group. No other differences 
were noted regarding the rest of the outcomes of interest 
of this SRMA. Similarly, no differences were recorded 
regarding recurrence, cancer-related death, and overall 
death rates.95

Publication Bias

Ten or more studies were available for analysis for the 
following outcomes: operative time, intraoperative 
blood loss, hospitalisation duration, intraoperative 
injuries, bladder injuries, blood transfusion, wound 
complications, recurrence, and death by cancer. Based 
on the funnel plots, Egger’s test (mixed-effects meta-
regression and weighted regression), and rank correlation 
test, publication bias was detected for the following: 
operative time, intraoperative blood loss, hospitalisation 
duration, wound complications, recurrence, and death by 
cancer (Supplementary Figure 22). Publication bias was 
not detected for intraoperative injuries, bladder injuries, 
and blood transfusion (Supplementary Figure 23).

Strength of Evidence GRADE Reporting System

For each outcome of interest, we took under consideration 
the number of studies, the design, the inconsistency in 
results across the studies, the directness/indirectness 
and the precision/imprecision of the reported results, the 
publication bias probability, the effect size, the plausible 
confounding influence, and the dose-response gradient. 
Table 2 shows the results of the above evaluation. 

The certainty of the evidence was judged as “high” for 
the following outcomes: operative time, intraoperative 
blood loss, hospitalisation duration, bladder injuries, 
vaginal injuries, blood transfusion, wound complications, 
wound dehiscence, 4.5/5-year recurrence, OS (rate ratio 
and HR), DFS (rate ratio and HR), and DSS (rate ratios).

Possible publication bias was detected for several key 
outcomes, including recurrence and death, based on 
funnel plot asymmetry and/or formal testing. This reduces 
confidence in the corresponding pooled estimates, which 
should therefore be interpreted with caution.
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Discussion

Main Findings

Based on the findings, the publication bias, and the 
strength-of-evidence assessment, the primary and most 
reliable findings of our SRMA concerned bladder and 
vaginal injuries rates, blood transfusion rates, wound 
dehiscence complications, and the OS, DFS, and DSS. 
The risk for bladder injury was 84% higher in the MIS group 
for the whole population (RR: 1.84, 95% CI 1.03 to 3.29, I2: 
0%). The risk for vaginal injury was increased 12.4-fold in 
the MIS group for the whole population (RR: 12.39, 95% 
CI 1.61 to 95.29, P=0.02, I2: 0%). Wound dehiscence risk 
was 68% lower in the MIS group for the whole population 
(RR: 0.32, 95% CI 0.13 to 0.83, P=0.02, I2: 13%). Among 
endometrial cancer patients, the OS, DFS, and DSS did 
not differ between MIS and TAH. Among cervical cancer 
patients, the risk for blood transfusion was 58% lower for 
the MIS group (RR: 0.42, 95% CI 0.21 to 0.84, P=0.01, I2: 
0%). Among cervical cancer patients, the OS rate was 6% 
lower (0.94, 95% CI 0.90 to 0.98, P=0.005, I2: 0%) with a 
1.55-fold increased HR (2.55, 95% CI 1.35 to 4.85, P=0.004, 
I2: 0%). The DFS rate was 11% lower (0.89, 95% CI 0.84 to 
0.94, P<0.001, I2: 0%) with a 2.61-fold increased HR (3.61, 
95% CI 1.95 to 6.69, P<0.001, I2: 0%). 

Strength and Limitations

Our SRMA has some limitations. First, we included 
heterogeneous studies in terms of the population 
included. We divided the studies into cervical and 
endometrial cancer and performed a subgroup analysis. 
Still, even among these subgroups, the population 
differed in terms of cancer stage, tumour grade, and 
histopathology. Most studies included early-stage 
cancers. However, the surgical staging may have 
ultimately differed (after the procedure) from the one 
assumed before the operation. The type of surgery 
was not homogeneous. We used the terms TLH, LAVH, 
RALH/TRH, and TAH, but little differences existed among 
the studies. There is no need to mention the differences 
regarding lymphadenectomies, which depended on the 
cancer stage but could influence the pooled effects since 
lower-stage cancers generally lead to better oncologic 
and survival outcomes. The latter may also have 
influenced the pooled effects regarding complications; 
advanced cancer stages are associated with lower 
general health and, thus, higher complication rates. 
Another issue was the type of studies and outcomes. All 
studies were by nature not blinded, and the outcome 

assessment was, in most cases, conducted by the surgical 
team, thus potentially introducing bias. The definition of 
outcomes was not always the same among the included 
studies, and although we attempted to incorporate 
each study’s outcomes into our broader compound 
outcomes, that limitation may have introduced bias. 
Although the PROSPERO database was searched for 
ongoing SRMAs, the protocol for the present review was 
not prospectively registered. This should be considered 
a limitation in terms of transparency and reproducibility. 
Possible publication bias was detected for operative 
time, intraoperative blood loss, hospitalisation duration, 
wound complications, recurrence, and death by cancer 
based on funnel plot asymmetry and/or formal testing. 
This reduces confidence in the corresponding pooled 
estimates, which should therefore be interpreted with 
caution.

Nonetheless, our effort has some strengths. First, our 
search was broad and comprehensive, limiting the 
possibility of excluding significant reports and studies. 
Our methodology was indeed systematic. To the best of 
our knowledge, this SRMA is the first to simultaneously 
assess cervical and endometrial cancer management, 
providing a universal view. This approach is enhanced by 
the decision to include all types of MIS, not to focus on 
only one approach, and to search various complications 
based on the literature. Although differences did exist 
among the studies, the subgroups created diminished 
this issue. At the same time, we were attentive to reporting 
the conclusions since they were based on the level of 
evidence and publication bias. More importantly, our 
SRMA included only randomised trials, which represent 
de facto the best evidence available.

Strengths and Limitations Compared to Other Studies

Endometrial Cancer

Regarding the MIS approach, we noted among 
studies enrolling endometrial cancer patients: longer 
operative time, lower intraoperative blood loss, shorter 
hospitalisation duration, lower total complication 
and postoperative complication rates, higher 
intraoperative injuries (total), and lower risk for ileus 
and wound complications (including wound dehiscence 
and infection). No difference was noted regarding 
intraoperative complications, risk for specific injuries 
(bladder, vaginal, bowel, nerve, vascular, ureteral, urethral, 
and visceral), recurrence rates, sites of recurrence, death, 
and OS, DFS, and DSS.
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Several observational studies assessed the issues 
addressed in our SRMA among women with endometrial 
cancer. As expected, the total operative time was longer 
for MIS than TAH, while blood loss measured in mL 
was lower and hospitalisation duration was shorter.97-100 
However, one study comparing TLH and TAH noted a 
significant difference in hospitalisation duration and not in 
operative time and blood loss.101 Regarding complication 
rates, studies comparing LAVH and TLH with TAH 
showed fewer postoperative complications in general 
among the MIS groups.97,98,100 Three studies comparing 
TLH with TAH likewise noted significantly fewer wound 
infections.97,97,101 Analogous results regarding wound 
infections were pointed out in a third study, where, at the 
same time, fewer rates of DVT/PE were likewise recorded 
in the MIS group.100 Another study showed significantly 
lower rates of wound infections when comparing RALH/
TRH with TAH and lower transfusion rates in the RALH/
TRH group than in the TLH group. However, the total 
complication rates were similar across all groups.99 
Another study comparing LAVH with TAH noted more 
vascular and bowel injuries and higher rates of PE, 
wound complications, and transfusions among patients 
in the TAH group.102 Other complications such as UTIs,101 
wound dehiscence, and ileus100 did not differ significantly. 
A recent retrospective study did not report any significant 
differences regarding intraoperative and postoperative 
complications in general between TLH, RALH/TRH, and 
vaginal hysterectomy.16 The OS and DSS were similar in 
a study comparing LAVH and TAH, noting no disease 
recurrence in the LAVH group.98 Similarly, recurrence rates 
were not elevated in either the LAVH or TAH group in 
another study.100 No difference regarding recurrence and 
survival rates was observed in two studies comparing TLH 
and TAH97,101 and in one study comparing TLH, RALH/
TRH, and vaginal hysterectomy.16 In the latter study, it 
is reported that the risk of death (HR) was associated 
with non-endometrioid histological type, FIGO grade 3 
tumour, and serosal/adnexal invasion.16

A SRMA of 21 retrospective studies enrolling patients 
with endometrial cancer compared the robotic and 
laparoscopic approach with TAH. The robotic approach 
presented OS, recurrence-free survival, and DSS similar 
to those for the laparoscopic approach, and higher OS, 
recurrence-free survival, and DSS rates than for TAH.27 
Another SRMA that included 37 cohort studies (including 
one non-randomised, controlled study) compared 
RALH/TRH with TLH and TAH for the management of 
endometrial cancer did not observe any significant 

differences in survival and recurrence rates. Although 
RALH/TRH was associated with longer operative time 
and higher rates of vaginal cuff dehiscence, reduced 
blood loss, shorter hospitalisation duration, and lower 
intraoperative complication rates were found in the RALH/
TRH group than in the TAH and TLH groups. The overall 
complications and postoperative complications were 
significantly higher in the RALH/TRH group than in the 
TAH group.28 Another SRMA that included retrospective 
cohort studies assessed the perioperative outcomes of the 
robotic approach vs. laparotomy for the management of 
endometrial cancer in elderly patients. The hospitalisation 
duration and the overall complication rate were found to 
be reduced by using the robotic approach. The robotic 
approach was more beneficial regarding complications 
as age increased. However, no significant differences 
were noted regarding intraoperative complications.29 A 
2018 Cochrane meta-analysis, including nine randomised 
trials, reported no significant difference in OS, DFS, 
and recurrence-free survival between laparoscopy and 
laparotomy. No significant findings were noted regarding 
perioperative mortality, overall complication rates, and 
intraoperative injuries (bladder, ureteric, vascular, and 
bowel). Reduced blood loss, shorter hospitalisation 
duration, and fewer postoperative complications were 
noted for the laparoscopy approach.26 Note that this is 
the only meta-analysis that included randomised trials. 
Our effort included 19 randomised trials assessing 
endometrial cancer.

Cervical Cancer

Regarding the MIS approach, we noted among studies 
enrolling cervical cancer patients: longer operative time, 
lower intraoperative blood loss, shorter hospitalisation 
duration, higher intraoperative injuries, lower blood 
transfusion rates, wound complications (compound 
outcome), higher risk for recurrence in total and at 4.5/5 
years, higher risk for local and multiple-site recurrence, 
higher death by disease rates, and lower OS and 
DFS rates. No differences were noted regarding total 
complication rates, the risk for specific injuries (bladder, 
vaginal, bowel, nerve, vascular, ureteral, urethral, and 
visceral), and postoperative complications.

Regarding observational studies enrolling women 
with cervical cancer, as again expected, blood loss 
was reduced103-105 and hospitalisation duration was 
shorter103,104,106 for the MIS group. Interestingly, two 
studies noted longer operative times among patients in 
the TAH group,103,105 another found no difference,104 and a 
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third study found no difference regarding hospitalisation 
duration.105 In most observational studies, no difference 
was found between MIS and TAH regarding the total 
number of complications.103,107 One study comparing 
TLH and TAH noted lower rates of intraoperative and 
postoperative complications in the TLH group even 
after propensity score balancing.106 In contrast, another 
study reported increased odds of intraoperative 
and postoperative complications in the TLH group, 
particularly reporting significantly higher odds for 
ureteral and bowel injuries and vesicovaginal fistulas.108 In 
another study, reported complications included ureteral 
and bladder injuries and vaginal vault bleeding and 
dehiscence, which were more frequent in the TAH group 
but did not reach statistical significance.103 In another 
study, postoperative gastrointestinal issues such as ileus 
or incomplete defecation were reported as significantly 
higher in the TAH than in the TLH group.105 Likewise, a 
study comparing abdominal and laparoscopic radical 
trachelectomy for early cervical cancer management 
showed no difference in the reported total complication 
rates.104 One study found no differences between OS and 
DFS between MIS and TAH. Recurrence rates between 
the two groups were also similar.103 One study comparing 
TLH and TAH reported significantly higher rates of 
pelvic recurrences, peritoneal carcinomatosis, and a 
significantly shorter progression-free survival in the TLH 
group without noting a significant difference in OS.109 
Similarly, another study observed lower DFS rates and an 
increased rate of recurrence or death after adjusting for 
adjuvant therapy in the TLH group. However, the same 
study noted that the DFS and OS in high-volume centers 
did not significantly differ, showing that there might be 
selection bias in the result.107 In contrast, another study 
noted a significantly higher OS in the TLH than in the 
TAH group, even after adjusting for covariates.106 The 
study comparing abdominal and laparoscopic radical 
trachelectomy noted no difference in recurrence rates, 
OS, DFS, and DSS.104 Poorer survival outcomes were 
associated with age, FIGO stages III-IV, tumour FIGO 
grade 2-3, lymph vascular invasion,103 and the presence 
of residual postconisation.107 

A SRMA that included 21 retrospective cohort studies 
and one randomised trial enrolling early-stage 
cervical cancer patients found a 1.9-fold higher risk for 
peritoneal carcinomatosis in the MIS group; peritoneal 
carcinomatosis represented 22.2% of recurrences 
following MIS compared with 8.8% following TAH.31 
Another SRMA of 10 observational studies enrolling 

patients with early-stage cervical cancer and tumour 
size ≤2 cm found that MIS was associated with worse 
progression-free survival compared to TAH, observing 
at the same time a non-significant trend towards a lower 
OS rate in the MIS group. The rate of distant recurrence 
was similar between the two groups.32 A third SRMA, 
which included 22 cohort studies, compared RALH/TRH 
with TLH and TAH for managing cervical cancer and 
noted that overall complication rates, particularly wound 
infection, fever, and UTI rates, were lower for the robotic 
approach than TAH. Likewise, blood loss was found to be 
reduced and hospitalisation duration was shorter. Overall 
complications (intraoperative and postoperative) did 
not differ between RALH/TRH and TLH. No significant 
differences were observed regarding OS and DFS 
between RALH/TRH and TLH, and RALH/TRH and TAH.33 
The results of another SRMA that included 12 cohort 
studies enrolling women with cervical cancer were 
analogous: TLH was associated with longer operative 
time, reduced blood loss, faster recovery, lower total 
postoperative complication rates, and, particularly, lower 
wound infection, fever, and wound dehiscence rates. OS 
and DFS rates were similar between TLH and TAH.30

Clinical and Policy Implications

Hysterectomy using a MIS approach may be associated 
with disadvantages regarding bladder and vaginal 
injuries for the whole population. Findings concerning 
rare events should be interpreted cautiously, because 
statistically significant relative estimates may be imprecise 
when based on very small absolute numbers and wide 
CIs. Vaginal injury is an illustrative example of this issue, 
as the high relative risk was derived from few events.

The oncologic and survival outcomes of MIS for managing 
endometrial cancer seem to be similar to those for TAH. 
Among cervical cancer patients, caution is advised 
regarding oncologic and survival outcomes, particularly 
since MIS is associated with lower OS and DFS rates. 

Therefore, in early-stage endometrial cancer, MIS appears 
to provide oncologic outcomes comparable to those of 
open surgery, while preserving perioperative advantages, 
in compliance with current guideline recommendations 
that support MIS as the preferred approach. 

In cervical cancer, however, MIS is associated with 
less favourable survival outcomes, consistent with 
the findings of the LACC trial and with current ESGO 
recommendations supporting open radical surgery as the 
standard approach for radical procedures. Accordingly, 
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the findings of the present review should be interpreted 
in a disease-specific context, and MIS in cervical cancer 
should be considered, if at all, only in carefully selected 
low-risk cases and in high-volume expert centers.9,18-20 
The cervical cancer survival findings in the present SRMA 
should be interpreted with caution; they are largely driven 
by the LACC trial and its follow-up analyses. Post-LACC 
literature has raised several potential explanations for 
the unfavourable MIS results, including surgeon learning-
curve effects, center variability, limited representation of 
robotic surgery, and the absence of uniformly applied 
tumour-containment or no-touch techniques. These 
issues are important when considering the contemporary 
applicability of older MIS data, particularly in the robotic 
era.

Likewise, it is essential to underline that many of the 
randomised trials in this SRMA were conducted in a 
laparoscopy-dominant era and preceded the widespread 
adoption of robotic platforms. In addition, several technical 
refinements now commonly used in contemporary MIS 
practice are potentially important effect modifiers. 
These were not uniformly reported across the included 
studies, including tumour size distribution, use of uterine 
manipulators, and perioperative or intraoperative 
practices (closure of the vaginal cuff under direct vision, 
tumour-containment strategies, use of protective bags, 
and no-touch surgical principles), intending to reduce 
tumour spillage and optimise oncologic outcomes. 
Therefore, these factors could not be evaluated 
consistently in the present analysis. Accordingly, although 
the synthesised evidence is methodologically rigorous, it 
may not fully reflect present-day MIS practice, particularly 
robotic surgery performed in high-volume oncologic 
centers. Ongoing randomised trials such as RACC110 and 
ROCC/GOG-3043111 are expected to clarify further the 
role of modern robotic surgery in cervical cancer.

Unanswered Questions and Future Research

Our review suggests that MIS is associated with lower OS 
and DFS rates. More randomised studies are needed to 
better understand the long-term oncologic outcomes of 
surgical management with MIS in cervical cancer.
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