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Highlights

e  Mini-sling surgery provides effective short-term treatment for female urinary incontinence with
high patient satisfaction.

e  Objective continence outcomes improved substantially, with very low pad test positivity at 6
months.

e  Mesh erosion was frequently observed but resolved completely within three months without
long-term sequelae.

e  Reoperation rates were low, supporting an acceptable short-term safety profile.

What are the main findings?

e  Mini-sling surgery resulted in high short-term effectiveness, with marked improvement in
objective continence outcomes and high patient satisfaction at 6 months.

e Mesh erosion was common but transient, resolving completely within three months, and
reoperation rates were low.

What are the implications of the main findings?

e  Mini-sling surgery can be considered a reliable minimally invasive option for the short-term
management of female urinary incontinence in routine clinical practice.

e Transient mesh-related complications, when appropriately managed, do not appear to
compromise short-term safety or patient satisfaction.

Abstract

Background/Objectives: Urinary incontinence (UI) significantly affects women'’s quality of life, and
minimally invasive surgical options have gained increasing interest. Mini-sling procedures were
developed to reduce operative time, minimize tissue dissection, and lower perioperative morbidity
compared with traditional mid-urethral slings. Despite increasing use, real-world data on
postoperative satisfaction, objective cure, and mesh-related complications remain limited. This study
aimed to evaluate the clinical effectiveness and safety profile of the mini-sling procedure in women
with Ul Methods: We conducted a retrospective cohort study including 186 women who underwent
mini-sling surgery between January 2019 and January 2024. Outcomes included mesh erosion, time
to healing, and 6-month postoperative cough stress and pad test results. Although the study design
was retrospective, the 6-month evaluations—including objective tests and patient satisfaction
scores—were collected prospectively as part of the clinic’s standardized follow-up protocol. Results:
More than half of patients (58.1%) had symptoms for over five years, and 83.9% presented with stress
UL All patients had positive preoperative cough stress and pad tests and received postoperative
estriol therapy. At six months, 63.4% reported the highest satisfaction score (5). Pad test positivity
decreased from 100% preoperatively to 5.4% postoperatively. Reoperation was required in two
patients (1.1%). Mesh erosion occurred in 25.8% of cases but resolved completely within three months
in all patients. Conclusions: Mini-sling surgery demonstrated high short-term effectiveness and
patient satisfaction. Although mesh erosion was relatively common, complete healing within three
months supports an acceptable safety profile.
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1. Introduction

Urinary incontinence (UI) is a prevalent condition that significantly impairs women'’s quality of
life by disrupting daily activities, social participation, and emotional well-being. Stress urinary
incontinence (SUI), the most common subtype, typically results from pelvic floor weakness and
urethral hypermobility, leading to involuntary urine leakage during physical exertion, coughing, or
sneezing. When conservative approaches, such as pelvic floor muscle training or behavioral therapy,
fail, surgical intervention becomes the preferred treatment option.[1-3]

Over the past two decades, mid-urethral sling (MUS) procedures have become the gold standard
for managing SUI, owing to their proven long-term efficacy and relatively low morbidity.[4-6]
However, ongoing concerns remain regarding mesh-related complications such as erosion, chronic
pelvic pain, and voiding dysfunction, which may necessitate surgical revision.[7] These
complications have prompted both patients and surgeons to seek safer, less invasive alternatives.

The single-incision mini-sling (SIMS) procedure was developed to minimize tissue dissection
and reduce the risk of complications while maintaining continence outcomes comparable to
traditional MUS techniques. A multicenter randomized controlled trial reported that mini-slings
provided non-inferior subjective success rates and comparable safety outcomes to standard
midurethral slings.[8] Furthermore, a recent meta-analysis confirmed that mini-slings were
associated with shorter operative time, less postoperative pain, and similar efficacy, suggesting they
may be a viable minimally invasive alternative.[9]

Despite these advantages, mesh erosion and exposure remain significant postoperative
concerns, with incidence rates varying widely depending on surgical technique, mesh material, and
postoperative care.[10] As such, real-world data assessing mini-sling outcomes in diverse clinical
settings are valuable for better defining their overall risk-benefit profile.

In this context, the present retrospective study aimed to evaluate the outcomes of the mini-sling
procedure in patients with urinary incontinence, focusing on objective parameters (mesh erosion rate,
healing time, postoperative cough and pad tests) and subjective outcomes (patient satisfaction). By
analyzing real-world data from a large patient cohort, this study aims to provide additional evidence
regarding the safety and effectiveness of mini-sling surgery in contemporary clinical practice.

2. Materials and Methods

2.1. Study Design

This retrospective cohort study included 186 patients who underwent mini-sling surgery for
urinary incontinence (UI) between January 2019 and January 2024. The analysis focused on mesh
erosion, erosion healing time, preoperative and 6-month postoperative cough stress test and pad test
results, and patient satisfaction scores. Patient satisfaction was rated on a 1-5 Likert scale, with 5
indicating the highest level of satisfaction. This study design enabled a comprehensive evaluation of
both objective and patient-reported clinical outcomes associated with the mini-sling procedure.

The inclusion criteria comprised female patients aged over 18 years who underwent elective
mini-sling surgery for urinary incontinence and had complete medical records available. Patients
with incomplete or missing data in their electronic medical records were excluded from the study.

2.2. Data Collection

Demographic characteristics, duration and type of Ul, and obstetric history were recorded.
Clinical data included preoperative cough stress test and pad test results, 6-month postoperative
cough and pad test outcomes, and patient satisfaction scores (1-5 scale, with 5 representing the
highest satisfaction). Information on postoperative management, including the use of estriol cream,
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was also documented. Surgical complications—such as mesh erosion, reoperation rates, and erosion
healing time—were evaluated through postoperative follow-up visits. All data were retrieved from
electronic medical records and patient charts to ensure completeness and accuracy.

2.3. Follow-Up and Patient Report Outcomes

All postoperative evaluations at the 6-month follow-up were performed prospectively as part of
the clinic’s routine postoperative assessment protocol. This included both objective outcome
measures—such as the cough stress test and pad test—and patient-reported satisfaction. Objective
tests were repeated at the scheduled 6-month visit, and patient satisfaction was recorded using a
standardized 1-5 Likert scale (with 5 indicating the highest satisfaction). This structured and routine
prospective follow-up ensured consistent measurement of both objective clinical outcomes and
subjective patient-reported experiences, despite the overall retrospective design of the study.

2.4. Statistical Analyses and Tools

All statistical analyses were performed using Wistats v3.0 (WisdomEra Corp., Istanbul, Turkey),
which integrates Python-based statistical and machine learning libraries. Descriptive statistics were
used to summarize demographic and clinical data. Categorical variables were expressed as
frequencies and percentages, whereas continuous variables were reported as mean values.

3. Results

Detailed descriptive statistics for the mini-sling procedure are presented in Table 1. The mean
age of the patients was 42.5 years (range: 28-44), and the mean duration of the procedure was 18.1
minutes (range: 14-22). Most patients were postmenopausal (70.4%), and over half (58.1%) had
urinary incontinence for more than five years. Stress urinary incontinence was the predominant type,
observed in 83.9% of the cohort. Baseline demographic and clinical characteristics are summarized
visually in Figure 1.

A. Age & BMI B. Menopausal Status C. Incontinence Type
42 — 80
No
40t
70.4% 60
38}
36 40
34t
20
32r Yes
30k = o i A
Age BMI Mix Stress Urge
D. Parity E. Vaginal Delivery
70 100
60
80
50
40+ 60
30 40
20
20
10t
g =2 >2 0 No Yes

Figure 1. Baseline demographic and clinical characteristics of patients undergoing mini-sling surgery. Panels
show the distribution of age and body mass index (A), menopausal status (B), urinary incontinence type (C),

parity (D), and history of vaginal delivery (E).
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Table 1. Baseline Demographic and Clinical Characteristics of Mini-Sling Patients.

Cases

mean / % / min-max

N 186 (100%)
Age 42.5 (28-44)
Body mass index 30.3
Menopausal Status

no 131 (70.4%)
yes 55 (29.6%)
Duration of Urinary Incontinence (years)

<5 108 (58.1%)
>5 78 (41.9%)
Urinary Incontinence Type

mix 29 (15.6%)
stress 156 (83.9%)
urge 1 (0.5%)
Parity

<2 59 (31.7%)
>2 127 (68.3%)
Presence of vaginal delivery

no 6 (3.2%)
yes 180 (96.8%)
Use of estriol cream

no 0 (0%)
yes 186 (100.0%)

Preoperative test results and postoperative clinical outcomes are presented in Table 2. The cough
stress test and preoperative pad test were positive in all patients. At the 6-month follow-up,
postoperative urinary incontinence scores demonstrated a significant improvement. The rate of
positive pad tests decreased from 100% preoperatively to 5.4% postoperatively, and nearly identical
improvement was observed in cough stress test results. Detailed objective cure outcomes and
postoperative complications are illustrated in Figure 2.

Table 2. Preoperative and Postoperative Clinical Outcomes Following Mini-Sling Procedure.

Cases

mean / % / min-max

Duration of mini-sling (minutes) 18.1 (14-22)

Preoperative pad test

negative 0 (0%)
positive 186 (100.0%)
Postoperative 6-month pad test

negative 176 (94.6%)
positive 10 (5.4%)
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Preoperative Cough Stress Test

negative 0 (0%)
positive 186 (100.0%)
Postoperative 6-month cough test
negative 175 (94.1%)
positive 11 (5.9%)
Reoperation due to erosion
no 184 (98.9%)
yes 2 (1.1%)
Mesh Erosion
no 138 (74.2%)
yes 48 (25.8%)
Erosion healing time (months)
1 8 (16.7%)
2 18 (37.5%)
3 22 (45.8%)
Postoperative satisfaction score
1 1(0.5%)
2 1(0.5%)
3 9 (4.8%)
4 57 (30.6%)
5 118 (63.4%)
A. Pad Test B. Cough Stress Test
100 Pre 100+ Pre
Post Post
80 80r
60 60
40 401
201 201
0 Nég Pcl)s 0 Nég P(.)S
C. Mesh Erosion D. Reoperation
100
N 80r
74.2%
60
401
Yes 20
¢ No Yes

Figure 2. Objective cure outcomes and postoperative complications following mini-sling procedure. Panels

demonstrate changes in preoperative and postoperative pad test results (A), cough stress test outcomes (B),

distribution of mesh erosion (C), and reoperation rates due to erosion (D).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2646.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2025 d0i:10.20944/preprints202512.2646.v1

6 of 9

Nearly all patients (96.8%) had a history of vaginal delivery. Mesh erosion occurred in 25.8% of
patients; however, all cases healed completely within three months, with reoperation required in only
two patients (1.1%). At the 6-month evaluation, 63.4% of patients reported the highest satisfaction
score. Healing trajectories and patient-reported satisfaction outcomes are shown in Figure 3.

A. Healing Duration B. Satisfaction Scores

100
60

80 50

40
60

30
a0t
20

20
10

Healing 1 2 3 4 5

Figure 3. Follow-up healing characteristics and patient-reported satisfaction at 6 months. Panels present the

distribution of erosion-healing times (A) and satisfaction score levels reported by patients (B).

4. Discussion

This study provides valuable real-world evidence on the clinical outcomes of the mini-sling
procedure in patients with urinary incontinence. The analysis of 186 patients demonstrated that the
mini-sling approach yields high efficacy and patient satisfaction with an acceptable safety profile.
Although the overall design was retrospective, routine prospective 6-month follow-up strengthened
the reliability of objective and patient-reported outcomes. At the 6-month follow-up, 63.4% of patients
reported the highest satisfaction score, while the positive pad test rate decreased dramatically from
100% preoperatively to 5.4% postoperatively. Although mesh erosion occurred in 25.8% of cases, all
instances resolved completely within three months. These findings highlight that the mini-sling
represents an effective and well-tolerated treatment option for urinary incontinence, contributing
meaningful evidence to the ongoing discussion on less invasive sling techniques.

The favorable results of our study are consistent with previous reports evaluating mini-sling
outcomes. Abdel-Fattah et al. demonstrated that mini-sling surgery was non-inferior to the standard
mid-urethral sling (SMUS) in patient-reported success after 15 months of follow-up.[11] Similarly,
the U.S. Food and Drug Administration’s summary of 36-month outcomes confirmed that mini-sling
systems exhibit comparable efficacy and adverse event profiles to conventional mid-urethral
slings.[12] Zhou et al. reported in a recent meta-analysis that single-incision mini-sling (SIMS)
procedures achieve objective cure rates similar to SMUS, while offering shorter operative times and
fewer intraoperative complications.[9] Our findings of high patient satisfaction and marked
reduction in incontinence symptoms are further supported by long-term studies. In a 10-year follow-
up of the Altis® single-incision sling, 75.4% of patients achieved complete continence and 84.6%
reported significant improvement in quality of life.[13] Similarly, in a 4-7-year evaluation of a
surgeon-tailored mini-sling, objective cure rates exceeded 90% at the final follow-up, demonstrating
sustained long-term efficacy.[14] These data suggest that the improvements seen in our 6-month
results are likely to remain stable over time with appropriate patient selection and follow-up.

The mesh erosion rate in our study (25.8%) appears higher than in other reports, where erosion
or exposure rates typically range between 3% and 12%. For example, the Altis® series reported only
3.2% mesh erosion over an average of 85 months[13], while the Ophira sling study reported erosion
in 11.3% of patients at a mean follow-up of 30 months.[15] In contrast, our short-term erosion cases
all resolved within three months, underscoring the importance of early detection and conservative
management. Differences in device design, mesh material, surgical technique, patient estrogen status,
and vaginal delivery history may account for the differing erosion rates reported across studies.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Long-term registry data also provide a broader safety perspective. Funk et al. reported a 3.7% sling
revision/removal rate over nine years, with 60% of revisions due to mesh erosion [16], while Dejene
et al. found a 15-year revision rate of 7.9%.[17] These long-term data emphasize that although erosion
is a known complication, its impact can be minimized through careful surgical technique and close
follow-up. In a comprehensive meta-analysis comparing SIMS and MUS, single-incision mini-slings
were found to be non-inferior regarding objective cure rates, with shorter operative times and similar
rates of complications such as urgency or pain.[18] The NEJM randomized controlled trial further
confirmed this non-inferiority in both short- and medium-term follow-up.[11] Collectively, these
findings reinforce that the mini-sling procedure achieves comparable functional outcomes to
traditional mid-urethral slings, while potentially reducing operative invasiveness and recovery time.

From a clinical standpoint, the substantial improvement in objective continence measures and
high patient satisfaction observed in this cohort supports the mini-sling as a practical minimally
invasive option for women seeking surgical treatment for stress urinary incontinence. The minimal
dissection required may be advantageous for patients aiming for faster postoperative recovery or
those with comorbidities that increase surgical risk. Furthermore, the complete resolution of all mesh
erosions within three months highlights the importance of structured early follow-up and suggests
that many short-term complications can be effectively managed without reoperation. For clinicians,
these findings reinforce that appropriate patient selection—considering factors such as estrogen
status, parity, and tissue quality —combined with standardized postoperative care may optimize
outcomes and minimize complications. Overall, the mini-sling technique fits well within
contemporary trends favoring reduced invasiveness while maintaining high therapeutic efficacy.

This study has several limitations that should be acknowledged. First, its retrospective design
may introduce selection and information bias, particularly in the reporting of complications and
follow-up data. Second, the 6-month follow-up period limits the assessment of long-term efficacy,
recurrence, or delayed complications. Third, the absence of a control group—such as patients
undergoing SMUS procedures—prevents direct comparative interpretation. Fourth, details on the
management of mesh erosions (e.g., surgical vs. conservative approaches) were not systematically
analyzed. Lastly, patient heterogeneity in demographic and clinical variables (e.g., Body Mass Index,
menopausal status, parity) could have influenced outcomes but was not examined through subgroup
analysis.

5. Conclusions

In conclusion, the mini-sling procedure appears to be a promising and well-tolerated minimally
invasive approach for the treatment of urinary incontinence. The marked improvement in pad test
results, high patient satisfaction, and minimal need for reoperation support its clinical utility.
Although mesh erosion was relatively frequent, complete healing within three months suggests that
the complication is manageable with proper postoperative care. These findings are in line with large
randomized and meta-analytic studies demonstrating comparable outcomes to traditional sling
procedures, supporting the mini-sling as a reliable alternative for appropriately selected patients.
Nevertheless, future multicenter prospective studies with longer follow-up and comparative designs
are warranted to validate these findings and identify predictors of long-term success and
complications.
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Abbreviations

Ul Urinary Incontinence

SUI Stress urinary incontinence

MUS Mid-urethral sling

SMUS Standard mid-urethral sling

SIMS Single-incision mini-sling

FDA U.S. Food and Drug Administration
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