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Abstract
Background Transumbilical laparoendoscopic single-site surgery (TU-LESS) has gained increasing attention due to 
the potential to maximize the benefits of laparoscopic surgery. This study aimed to compare outcomes of TU-LESS 
and multiport laparoscopic surgery (MLS) for the treatment of benign ovarian cysts.

Methods This retrospective cohort study included patients with benign ovarian cysts that were admitted to the 
Second Hospital of Hebei Medical University between September 2010 and September 2022. Inverse probability of 
treatment weighting (IPTW) approach weighting were used to compare outcomes of TU-LESS and MLS for benign 
ovarian cysts. The primary outcome was the rate of cystic content spillage.

Results A total of 528 patients with benign ovarian cysts were included and 236 (44.6%) patients underwent 
TU-LESS. The risk of cystic content spillage [relative risk (RR) = 4.37, 95% confidence interval (CI): 2.59–7.38), P < 0.001] 
and operation time (β = 4.94, 95% CI: 1.40–8.48, P = 0.017) during TU-LESS was significantly higher than that during 
MLS. While hospital stay (β=-0.10, 95% CI: -0.198 - -0.004, P = 0.043) during TU-LESS was significantly shorter. IPTW 
analyses yielded similar patterns of results. For ovarian cysts < 10 cm, the risk of cystic content spillage, operation time 
and EBL during TU-LESS was significantly higher than that during MLS (all P < 0.05). On the contrast, for ovarian cysts 
≥ 10 cm, the risk of cystic content spillage, operation time and EBL during TU-LESS was significantly lower than that 
during MLS (all P < 0.05).

Conclusions TU-LESS had a significantly higher risk of cystic content spillage, longer operation time than MLS. While 
for ovarian cysts ≥ 10 cm, TU-LESS had a lower risk of cystic content spillage, shorter operation time, and less EBL than 
MLS. More experienced surgeons are needed to perform TU-LESS in benign ovarian cysts.
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Background
Benign ovarian cysts constitute one of the most prevalent 
gynecological tumors affecting both premenopausal and 
postmenopausal patients, with a lifetime risk estimated at 
approximately 7% [1]. These abnormalities are predomi-
nantly comprised of functional ovarian cysts and benign 
neoplasms. While most functional cysts resolve on their 
own and can be monitored, they may occasionally cause 
symptoms such as pain, menstrual irregularities, and, 
albeit rarely, intra-abdominal bleeding [2]. However, a 
substantial proportion of benign ovarian cysts, includ-
ing ovarian cystadenomas, mature cystic teratomas, and 
endometriomas, persist over time [3]. Notably, large 
ovarian cysts (measuring 10  cm or more in diameter) 
pose an elevated risk of intraoperative rupture due to sur-
gical intervention and an increased likelihood of malig-
nancy, particularly in postmenopausal women [4].

Laparoscopy is widely regarded as the gold standard 
for treating benign ovarian cysts, owing to its advan-
tages over open surgery, such as reduced postoperative 
pain, accelerated recovery, shorter hospital stays, and 
enhanced cosmetic outcomes [5, 6].

Recently, there has been a growing trend toward lap-
aro-endoscopic single-site surgery (LESS), particularly 
the trans-umbilical approach (TU-LESS), which involves 
performing surgery through a single incision at the umbi-
licus [7]. TU-LESS offers several advantages over mul-
tiport laparoscopic surgery (MLS), such as enhanced 
direct visualization for puncture and specimen extrac-
tion, and the potential for extracorporeal manipulation 
of large ovarian cysts [8, 9]. Additionally, prior studies 
have suggested that TU-LESS may further reduce hospi-
tal stays for women with benign ovarian cysts [10]. How-
ever, controversy remains as some research has failed to 
demonstrate the superiority of LESS over MLS in ovar-
ian cyst treatment, citing longer operative times [11–13]. 
Moreover, there has been a notable increase in the esti-
mated blood loss risk during TU-LESS procedures [14]. 
Consequently, a consensus on the benefits of TU-LESS 
for benign ovarian cysts has yet to be established.

The size of ovarian cysts serves as a crucial factor influ-
encing their management, diagnosis, and the choice of 
surgical approach. In postmenopausal women, unilocu-
lar, anechoic cysts measuring less than 5  cm in diam-
eter, accompanied by normal carbohydrate antigen 125 
(CA125) levels, can typically be monitored [15]. Con-
versely, surgical intervention is generally recommended 
for cysts exceeding 5  cm in diameter and/or exhibiting 
elevated CA-125 levels [16]. Additionally, larger ovar-
ian cysts are associated with an increased risk of cystic 
content spillage during surgery [17]. Based on this, we 
hypothesize that the conflicting results observed in stud-
ies comparing TU-LESS and MLS might stem from dif-
ferences in the size of the cysts being treated. The primary 

hypothesis guiding our study was that TU-LESS would be 
advantageous for benign ovarian cysts larger than 10 cm, 
while MLS would be preferable for cysts smaller than 
10  cm. This hypothesis was based on the clinical prac-
tice that the multi-port approach offers greater maneu-
verability and ease of intra-abdominal manipulation for 
smaller cysts, while the single-site approach, more con-
venient for external manipulation through the bigger 
umbilical incision, is better suited for larger cysts.

The primary objective of this study was to conduct a 
comparative analysis of the outcomes achieved through 
the utilization of TU-LESS surgery and MLS in the treat-
ment of benign ovarian cysts.

Methods
Study design and patients
This retrospective cohort study included patients with 
benign ovarian cysts that were admitted to the Depart-
ment of Gynecology at the Second Hospital of Hebei 
Medical University between September 2010 and Sep-
tember 2021. The inclusion criteria were: (1) patients 
aged ≥ 14 years; (2) whose imaging, including ultrasound, 
computed tomography (CT), or magnetic resonance 
imaging (MRI) indicated ovarian cystic masses and cystic 
masses were either hypoechoic or anechoic with a thin 
wall and no solid area or papillary projections extending 
into the cavity of the cysts; however, if the imaging indi-
cated a mature teratoma, the cyst could be cystic-solid 
with bone fragments and hair masses; (3) with normal 
CA125 (< 35 U/L) and human epididymis protein 4 (HE4) 
(< 140 pmol/L) levels; (4) who underwent TU-LESS or 
MLS; and (5) who underwent (unilateral or bilateral) 
cystectomy, salpingo-oophorectomy, or oophorectomy. 
The exclusion criteria were: (1) patients who were preg-
nant; (2) whose ultrasound, CT, MRI or tumor marker 
results showed malignancy; (3) with any mixed (solid/
cystic) component within a cystic ovarian tumor; (4) with 
elevated tumor markers; (5) with a history of cancer; (6) 
with a family history of ovarian cancer; (7) with severe 
pelvic adhesions during intraoperative exploration; (8) 
who were diagnosed with malignancies or borderline 
tumors on intraoperative frozen biopsy results; (If the 
cyst is judged to be benign before surgery, and is acciden-
tally found to be malignant or borderline after surgery); 
(9) with large retroperitoneal mass; and (10) with incom-
plete clinical data. This study was approved by the Insti-
tutional Research Review Board of the Second Hospital 
of Hebei Medical University (2019-R087) and adhered 
to the Declaration of Helsinki. Informed consent was 
obtained from all participants.

The patients were initially segregated into two distinct 
groups, namely the TU-LESS group and the MLS group, 
based on the surgical approach they underwent. Subse-
quently, during the analysis phase, a decision was made 
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to further stratify these patients according to the size of 
their ovarian cysts. This stratification entailed dividing 
the patients into two subgroups: one comprising those 
with smaller ovarian cysts, defined as having a maximum 
diameter of less than 10  cm, and the other consisting 
of patients with larger ovarian cysts, characterized by a 
maximum diameter of 10 cm or more. This post hoc cat-
egorization was undertaken to delve into potential differ-
ences in surgical outcomes that might be correlated with 
the size of the cysts. The choice of 10  cm as the cutoff 
point was retrospectively determined, as cysts exceed-
ing this size threshold could potentially be manipulated 
through the umbilicus for extracorporeal interventions, 
thereby simplifying the surgical procedure and poten-
tially impacting the outcomes.

Data collection
All surgeries were performed under endotracheal gen-
eral anesthesia and executed by three associate chief 
physicians, each with extensive experience ranging from 
15 to 20 years of service, assisted by two assistants per 
group. Prior to surgery, patients were positioned in dor-
sal lithotomy, and urethral catheterization was adminis-
tered. In the TU-LESS group, the surgical procedure was 
facilitated through a single access port (HK-FDDC-4Fx, 
Hangtian Kadi, China), necessitating a small, approxi-
mately 10-mm skin incision in the umbilical fold. For 
cysts smaller than 10  cm in diameter, standard surgical 
interventions such as cystectomy, salpingo-oophorec-
tomy, or oophorectomy were conducted intra-abdom-
inally, similar to the MLS approach. For cysts 10  cm or 
larger, the detachable port cap was removed, and gauze 
was delicately introduced into the peritoneal cavity to 
envelop the cyst margins, thus preventing intra-abdom-
inal spillage of cyst contents. In the MLS group, surger-
ies were conducted utilizing four multi-ports (Kangji, 
China). For cysts measuring less than 10  cm, standard 
procedures like cystectomy were carried out as usual. 
For larger cysts (10 cm or more), the trocar needle was 
repositioned in the iliac fossae trocar (either left or right) 
to puncture the cystic wall, enabling deflation. Following 
deflation, the trocar needle was withdrawn, leaving the 
cannula in place to facilitate aspiration.

The demographic, clinical characteristics, and medical 
history information were gathered, which encompassed 
age, prior surgical history, body mass index, the count 
of preoperative symptoms (including irregular vagi-
nal bleeding, bloating, abdominal pain, nausea, reduced 
appetite, palpable abdominal mass, and urinary system 
symptoms), preoperative serum tumor marker levels for 
CA125 and HE4, as well as the maximum cyst diameter 
as confirmed by preoperative imaging.

The pre- and post-operative indicators are as follows:

1. The duration of the operation time was measured as 
the time elapsed from the initial skin incision to the 
completion of wound closure.

2. Estimated Blood Loss (EBL) was calculated by taking 
the difference between the total intake and output of 
flushing fluid, plus the difference in the total weight 
of the gauze before and after surgery.

3. Pain was assessed using the visual analog scale, with 
postoperative pain intensity categorized as none 
(0–2), mild (3–4), moderate (5–6), severe (7–8), and 
extreme (9–10).

4. Histological types were confirmed through 
postoperative pathological examination and included 
serous cystadenoma, mucinous cystadenoma, mature 
cystic teratoma, endometrioma, and paroophoritic 
cyst.

5. Cystic spillage was defined as the intraoperative 
extravasation of cystic contents, as evidenced by 
electronic medical records and video recordings.

6. The length of postoperative hospital stay was 
determined by the number of days from admission to 
discharge.

Outcomes
The primary endpoint of the study focused on assessing 
the rates of cystic content spillage, while the secondary 
outcomes encompassed an evaluation of the operation 
duration, EBL, post-operative pain, and the length of hos-
pital stay.

Statistical analysis
Data were analyzed using R software (version 4.1.3; R 
Foundation for Statistical Computing). Participants were 
divided into two groups (TU-LESS or MLS), and their 
demographic and clinical characteristics of them were 
described using the mean ± standard deviation (SD) or 
percentages (%).

The inverse probability weighting calculation step is 
as follows: Setp1: Calculating propensity score (PS) 
The propensity score (PS) is a technique that attempts 
to estimate the effect of a treatment (surgical method) 
by accounting for the covariates (baseline factors and 
surgical related factors) that predict receiving the surgi-
cal method. The propensity score is estimated using a 
logistic regression model in which surgical method (Sin-
gle Port Laparoscopic Surgery (TU-LESS) and Porous 
laparoscopic surgery (MLS)) is regressed on the covari-
ates. The estimated PS is the predicted probability of the 
fitted regression model (1). After estimating the PS, we 
use inverse probability of treatment weighting (IPW) 
to control covariates. Step 2: Calculating weights The 
weights [1] were calculated as 1/PS for TU-LESS and 1/
(1–PS) for MLS. Step 3: Balance check After weighting, 
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the equilibrium test needs to be carried out, and it is 
considered to be balance when SMD is less than 0.1. 
Step 4: Causal effect inference Based on the weights 
obtained from step 2, We built a weighted logistic model 
in which the rupture status is regressed on the surgical 
method, the size of cyst, the interaction between sur-
gical method and surgical method and covariates. (2) 
Where group 0 size 0 means group = Single Port Lapa-
roscopic Surgery (TU-LESS) and size ≤ 10  cm, which is 
used as the reference group during analysis, group 0 size 
1 means group = TU-LESS and size > 10 cm, group 1Size 
0 means group = Porous laparoscopic surgery (MLS)
and size ≤ 10 cm, group 1 size 1 means group = MLS and 
size > 10 cm.

The table standardized difference compares the dif-
ference in means between groups in units of standard 
deviation (SMD) and can be calculated for both continu-
ous and categorical variables Empirically, SMD < 0.1 was 
considered balanced in both groups. Risk factors affect-
ing outcomes were analyzed using univariate logistic 
regression or univariate linear regression analysis. All 
tests were two-tailed, and P values < 0.05 were considered 
statistically significant.

Results
A total of 645 patients were included, and 84 cases of 
emergency surgery were excluded, including 34 cases 
of cyst rupture, 48 cases of cyst torsion, and 2 cases of 
intra-cystic cysts. In addition, frozen or postopera-
tive pathologically confirmed malignant and borderline 
33 cases were also excluded. Finally, 528 patients with 
benign ovarian cysts were included. Of these, 292 (55.3%) 
patients underwent MLS, and 236 (44.6%) patients 
underwent TU-LESS. There were 110 large cysts ≥ 10 cm; 
52 and 58 were removed by TU-LESS and MLS, respec-
tively. Meanwhile, there were 418 small cysts < 10 cm; 184 
and 234 were removed by TU-LESS and MLS, respec-
tively (Fig.  1). After baseline data were weighted, the 
SMD of the baseline characteristics of the two TU-LESS 

and MLS groups was < 0.1, indicating good balance 
(Table 1 and Fig. 2). Before IPTW, the risk of cystic con-
tent spillage (RR = 4.37, 95% CI: 2.59–7.38, P < 0.001) and 
operation time (β = 4.94, 95% CI: 1.40–8.48, P = 0.017) 
during TU-LESS was significantly higher than that dur-
ing MLS. After IPTW, the risk of cystic content spillage 
(RR = 3.46, 95% CI: 2.07–5.80, P < 0.001) and operation 
time (B = 5.58, 95% CI: 2.03–9.13, P = 0.002) during TU-
LESS was significantly higher than that during MLS 
(Table  2). Baseline demographic and clinical charac-
teristics of the participants with cyst sizes ≥ 10  cm and 
< 10 cm were presented in Table 3.

For ovarian cysts ≥ 10  cm, the risk of cystic content 
spillage (RR = 0.03, 95% CI: 0.00-0.02, P < 0.001), opera-
tion time (β = -12.48, 95% CI: -20.00 - -4.35, P = 0.003) 
and EBL (β = -15.29, 95% CI: -25.80 - -4.78, P = 0.005) 
during TU-LESS was significantly lower than that dur-
ing MLS (Table 4), hospital stay (β=-0.02, 95% CI: -0.22- 
-0.19, P = 0.861) during TU-LESS was shorter than 
that during MLS, although there was no statistical sig-
nificance. For ovarian cysts < 10 cm, the risk for rates of 
cystic content spillage (RR = 12.34, 95% CI: 2.31–65.94, 
P = 0.003), operation time (β = 9.55, 95% CI: 5.65–13.4, 
P < 0.001) and EBL (β = 5.05, 95% CI: 1.70–8.40, P = 0.003) 
during TU-LESS was significantly higher than that dur-
ing MLS (Table 5).

Discussion
This study found that compared to MLS, TU-LESS had 
a significantly higher risk of cystic content spillage and 
a longer operation time. However, for benign ovarian 
cysts ≥ 10 cm, TU-LESS was superior to MLS, exhibiting 
a lower risk of cystic content spillage, a shorter operation 
time, and less EBL than MLS. These findings may serve as 
a valuable reference for surgical selection in patients with 
benign ovarian cysts.

In our study, we utilized the IPTW approach to bal-
ance covariates between groups and approximate causal 
effects within an observational setting. We opted for this 

Fig. 1 Study flowchart
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method over multivariable models to more accurately 
reflect the average treatment effect in the treated popula-
tion, which is pivotal to achieving our study objectives. 
We acknowledge the limitations inherent in IPTW, par-
ticularly its reliance on accurate propensity score model 
specification. If key confounders are omitted or inaccu-
rately modeled, the results may be susceptible to bias. To 

enhance transparency and understanding, future itera-
tions will elaborate on the variables incorporated into 
the propensity score model and clarify the application of 
IPTW weights in our regression analyses. While IPTW is 
adept at mitigating selection bias, it falls short in adjust-
ing for unmeasured confounders, posing a potential 
threat to the validity of our findings. Consequently, we 

Table 1 Baseline demographic and clinical characteristics of the study participants (n = 528)
Variables Full dataset IPTW

TU-LESS (n = 236) MLS (n = 292) P SMD TU-LESS (n = 236) MLS (n = 292) P SMD
Cyst size (%)
 < 10 cm
 ≥ 10 cm

184 (78.0) 234 (80.1) 0.615 0.053 407.6 (77.0) 410.7 (77.9) 0.808 0.023
52 (22.0) 58 (19.9) 121.8 (23.0) 116.2 (22.1)

Preoperative symptom (mean ± SD) 1.91 ± 1.70 1.84 ± 1.57 0.615 0.044 1.93 ± 1.69 1.91 ± 1.64 0.859 0.016
CA125 (mean ± SD) 15.67 ± 5.37 15.55 ± 5.15 0.795 0.023 15.76 ± 5.61 15.67 ± 5.36 0.864 0.016
HE4 (mean ± SD) 49.10 ± 26.75 48.34 ± 23.64 0.730 0.030 49.37 ± 26.68 49.54 ± 24.54 0.944 0.007
Age (mean ± SD) 39.60 ± 16.33 38.75 ± 16.02 0.549 0.052 39.10 ± 16.27 38.94 ± 16.28 0.913 0.010
Unilateral ovary (%) 201 (85.2) 244 (83.6) 0.701 0.044 439.4 ± 83.0 441.7 ± 83.8 0.808 0.023

35 (14.8) 48 (16.4) 90.0 (17.0) 85.2 (16.2)
Surgery (%)
 Unilateral salpingo-oophorectomy 29 (12.3) 22 (7.5) 0.333 0.160 51.1 (9.7) 49.9 (9.5) 0.995 0.024
 Unilateral ovarian cystectomy 138 (58.5) 180 (61.6) 313.9 (59.3) 318.5 (60.4)
 Bilateral salpingo-oophorectomy 43 (18.2) 55 (18.8) 99.4 (18.8) 96.0 (18.2)
 Bilateral ovarian cystectomy 26 (11.0) 35 (12.0) 64.9 (12.3) 62.5 (11.9)
Previous surgery history (%)
 Yes 154 (65.3) 196 (67.1) 0.720 0.040 340.0 (64.2) 344.4 (65.4) 0.794 0.024
 No 82 (34.7) 96 (32.9) 189.4 (35.8) 182.5 (34.6)
Pathology (%)
 Serous cystadenoma 99 (41.9) 114 (39.0) 0.331 0.190 220.8 (41.7) 216.1 (41.0) 0.999 0.027
 Mucinous cystadenoma 52 (22.0) 63 (21.6) 112.9 (21.3) 112.2 (21.3)
 Mature cystic teratoma 47 (19.9) 56 (19.2) 99.2 (18.7) 100.7 (19.1)
 Endometrioma 21 (8.9) 43 (14.7) 60.4 (11.4) 63.7 (12.1)
 paroophoritic cyst 17 (7.2) 16 (5.5) 36.1 (6.8) 34.2 (6.5)
BMI, kg/m2 22.83 ± 4.09 23.86 ± 3.17 0.001 0.281 23.58 ± 4.38 23.50 ± 3.10 0.845 0.020
Note: Data are expressed as median (range), number (%) or mean ± standard deviation (SD)

BMI, Body Mass Index; CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; SMD, standard mean difference

Fig. 2 SMD of the baseline characteristics in unweighted and weighted samples
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will broaden our discussion to encompass these aspects, 
ensuring a thorough assessment of the method’s implica-
tions on our research outcomes.

Although both TU-LESS and MLS are advanced lapa-
roscopic techniques, our findings corroborate previous 
studies that fail to establish the superiority of LESS over 

MLS in aspects such as postoperative pain, intraoperative 
bleeding, conversion rates to laparotomy, hospital stay 
duration, cosmetic outcomes, with LESS notably requir-
ing longer operation times [8, 11, 18]. These trends were 
echoed in our study, particularly for ovarian cysts smaller 
than 10 cm. The technical challenges posed by TU-LESS, 

Table 2 Comparison of surgical outcomes before and after IPTW (TU-LESS group vs. MLS group)
Variables Before IPTW After IPTW

RR 95% CI P RR 95% CI P
Spillage rate 4.37 2.59–7.38 < 0.001 3.46 2.07–5.80 < 0.001
Operation time 4.94 1.40–8.48 0.017 5.58 2.03–9.13 0.002
EBL 1.41 -2.26–5.08 0.452 -0.09 -3.88–3.71 0.963
Pain 1.65 0.77–3.57 0.201 1.40 0.62–3.19 0.419
Hospital stays -0.10 -0.198 - -0.004 0.043 -0.09 -0.18–0.01 0.087
Note: RR, relative risk; CI, confidence interval; P value < 0.05; EBL, estimated blood loss

Table 3 Baseline demographic and clinical characteristics of the study participants with cyst sizes ≥ 10 cm and < 10 cm
Variables Size ≥ 10 cm Size < 10 cm

TU-LESS (n = 52) MLS (n = 58) P TU-LESS(n = 184) MLS (n = 234) P
Symptom 4.00 ± 1.80 4.00 ± 2.00 0.70 0.00 ± 0.00 0.00 ± 0.00 0.36
CA125 19.86 ± 7.22 18.01 ± 7.90 0.68 14.80 ± 4.35 14.80 ± 4.25 0.44
HE4 63.94 ± 37.07 59.52 ± 30.51 0.10 44.55 ± 33.15 42.30 ± 37.10 0.64
Age 25.50 ± 37.00 33.00 ± 40.00 0.43 40.00 ± 19.00 37.00 ± 20.00 0.14
Unilateral 37 (71.29%) 48 (82.8%) 0.15 164(89.1%) 196(83.8%) 0.12
Bilateral 15 (82.8%) 10 (17.2%) 20(10.9%) 38 (16.2%)
Procedure
 Unilateral salpingo oophorectomy 2 (3.8%) 1 (1.7%) 0.44 27 (14.7%) 21 (9.0%) 0.27
 Unilateral ovarian cystectomy 27(51.9%) 35 (60.3%) 111 (60.3%) 145 (62.0%)
 Bilateral salpingo oophorectomy 16 (30.8%) 19 (32.8%) 27 (14.7%) 36 (15.4%)
 Bilateral ovarian cystectomy 7 (13.5%) 3 (5.2%) 19 (10.3%) 32 (13.7%)
History
 Yes 8 (15.4%) 11 (19.0%) 0.62 146 (79.3%) 185 (79.1%) 0.94
 No 44 (84.6%) 47 (81.0%) 38 (20.7%) 49 (20.9%)
Pathology
 Serouscystadeno-ma 21(40.4%) 27 (46.6%) 0.91 78 (42.4%) 87 (37.2%) 0.21
 Mucinouscystaden-oma 16 (30.8%) 18 (31.0%) 36 (19.6%) 45 (19.2%)
 Mature cystic teratoma 9 (17.3%) 9 (15.5%) 38 (20.7%) 47 (20.1%)
 Endometrioma 4 (7.7%) 3 (5.2%) 17 (9.2%) 40 (17.1%)
 Paroophoritic cyst 2 (3.8%) 1 (1.7%) 15 (8.2%) 15 (6.4%)
BMI, kg/m2 23.34 ± 3.38 23.48 ± 4.22 0.00 23.00 ± 4.38 24.00 ± 3.53 0.94
Note: Data are expressed as median (range), number (%) or mean ± standard deviation (SD)

BMI, Body Mass Index; CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; SMD, standard mean difference

Table 4 Comparison of surgical outcomes before and after IPTW 
(TU-LESS group vs. MLS group) for (size ≥ 10 cm)
Variable Before IPTW

RR 95%CI P
Spillage rate 0.03 (0.00, 0.20) < 0.001
Operation time -12.48 (-20.00, -4.35) 0.003
EBL -15.29 (-25.80, -4.78) 0.005
Pain 0.07 (-0.28, 0.42) 0.677
Hospital stays -0.003 (-0.24, 0.24) 0.983
Note: RR, relative risk; CI, confidence interval; P value < 0.05; EBL, estimated 
blood loss

Table 5 Comparison of surgical outcomes before and after IPTW 
(TU-LESS group vs. MLS group) for (size < 10 cm)
Variables Before IPTW

RR 95% CI P
Spillage rate 12.34 2.31–65.94 0.003
Operation time 9.55 5.65–13.45 < 0.001
EBL 5.05 1.70–8.40 0.003
Pain 0.61 0.28–1.31 0.201
Hospital stays -0.15 -0.31–0.01 0.070
Note: RR, relative risk; CI, confidence interval; P value < 0.05; EBL, estimated 
blood loss
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like restricted triangulation and frequent instrument 
clashes, render MLS a more practical choice due to its 
greater flexibility and range of motion [19]. Notably, TU-
LESS exhibits drawbacks when managing patients with 
severe endometriosis or extensive pelvic adhesions [20], 
emphasizing the importance of clearly communicating 
its risks and benefits to patients, particularly those with 
smaller ovarian cysts. Furthermore, the specialized train-
ing necessary for LESS techniques and the steep learning 
curve may elevate the risk of surgical complications. The 
limited accessibility of LESS in healthcare facilities could 
potentially delay timely interventions, while the elevated 
costs of the necessary equipment may strain healthcare 
budgets and hinder widespread adoption [21]. Despite 
these challenges, TU-LESS has been proven to be a safer 
and more viable option for managing large benign ovar-
ian cysts [22], particularly in mitigating the risk of tumor 
rupture. Innovations, including purse-string suturing 
under direct visualization, have significantly reduced the 
likelihood of spillage during surgery. For instance, Chong 
GO et al. reported a notably lower spillage rate with TU-
LESS compared to MLS (8.0% versus 69.7%) [21]. Simi-
larly, our study achieved a lower intraoperative spillage 
rate of 1.9%, as opposed to 43.1% in the MLS group, by 
utilizing a sharper, thinner needle that facilitated the 
drainage of viscous fluid and prevented leaks during 
instrument exchanges.

The advantages of TU-LESS for managing large ovar-
ian cysts are apparent. It facilitates cyst aspiration and 
deflation under direct visualization, thereby preventing 
spillage prior to removal [23, 24]. Additionally, TU-LESS 
offers the flexibility to perform cystectomy either extra-
corporeally or intracorporeally, which is particularly 
advantageous in cases of polycystic cysts [19]. When 
dealing with dense cystic contents, such as in large 
mature cystic teratomas containing bone fragments, 
cartilage, and hair, TU-LESS can efficiently extract the 
specimen. These benefits have translated into improved 
outcomes with TU-LESS, including reduced opera-
tion times, minimal blood loss, and lower spillage rates 
[25–27].

Despite these surgical benefits, our study found no 
notable disparities in postoperative pain or hospital stay 
duration between TU-LESS and MLS. This suggests that 
individual patient attributes and postoperative recov-
ery dynamics may significantly impact these outcomes. 
Ascertaining a definitive difference in postoperative pain 
between TU-LESS and MLS is challenging, given that 
both procedures resulted in minimal pain post-adnexal 
surgery [28]. The comparable incision sizes employed in 
both techniques could also explain the similar levels of 
postoperative pain reported by patients [29]. Specifically, 
the total incision length in TU-LESS (2.5–3.0 cm in the 
umbilicus) mirrored that of MLS (1.0 cm in the umbilicus 

plus 0.5  cm each in three locations in the lower abdo-
men), suggesting comparable surgical invasiveness and 
trauma in both procedures.

This study boasts several strengths. Firstly, as a cohort 
study, it incorporated 528 patients and investigated the 
impact of surgical methods on benign ovarian cyst out-
comes using IPTW and PS-matched analyses, effectively 
mitigating confounding factors. Secondly, it simultane-
ously evaluated numerous confounders and cyst size, 
potentially shedding light on the significance of cyst 
size in deciding between TU-LESS and MLS. However, 
this study also has limitations that warrant careful con-
sideration. Firstly, we did not perform a formal sample 
size calculation, and it was conducted in a single-center 
setting which may limit the generalizability of the find-
ings. Future multi-center, prospective studies are rec-
ommended to address this. Secondly, the conclusions 
are based on retrospective data, where EBL measure-
ments, though standardized, may be subject to minor 
inaccuracies. Similarly, cystic spillage documentation 
relied on surgical records and video footage, potentially 
missing subtle spillage. Thirdly, while all surgeries were 
performed by three consistent surgeons, individual sur-
gical expertise and background could have influenced 
the results [30]. Fourthly, due to variations in statistical 
methodologies and a notable dropout rate, this study 
did not encompass complications and recurrence rates. 
Additionally, the data spanned over a decade, during 
which our hospital’s admission and discharge criteria 
underwent multiple revisions. Notably, the past two years 
have seen a shift towards day surgeries for ovarian cysts, 
contrasting with previous practices where patients typi-
cally stayed for 3 to 4 days, contributing to the absence 
of a statistical difference in hospital stay durations. 
Lastly, a limitation of inverse probability weighting lies 
in unmeasured confounders. Sensitivity analyses, such as 
calculating an E-value, can evaluate the impact of these 
unmeasured confounders on the estimated effect size 
[31].

Conclusion
In conclusion, TU-LESS posed a significantly higher risk 
of cystic content spillage and longer operation times 
compared to MLS. However, for ovarian cysts measur-
ing 10 cm or larger, TU-LESS demonstrated a lower risk 
of cystic content spillage, shorter operation times, and 
reduced estimated blood loss (EBL) compared to MLS. 
Therefore, the performance of TU-LESS necessitates the 
involvement of more experienced surgeons.
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