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Abstract

Introduction: Transobturator midurethral slings (MUSs) are commonly used to treat
female stress urinary incontinence (SUI). Despite their high success rates, postoperative
complications such as voiding dysfunction (VD) and de novo overactive bladder (OAB)
symptoms may affect quality of life (QoL). This study aims to evaluate patient-reported
outcomes regarding bladder dysfunction (VD and OAB) and SUI resolution. Methods:
Patients undergoing transvaginal tension-free vaginal tape-obturator (TVT-O) for SUI
without detrusor overactivity were enrolled from April 2018 to April 2023. Final 12-month
follow-up was completed in April 2024. Follow-up at 6 and 12 months included physical
examination, stress tests, and a 3-day voiding diary. The Urinary Symptom Profile (USP)
questionnaire was administered at 12 months. A VAS score evaluated the subjective bother
of voiding dysfunction. Objective cure was defined as a negative stress test at follow-up.
Changes in daily leakage episodes were assessed using the 3-day voiding diary. Results:
Ninety-two patients were enrolled, of whom eight-nine completed the 6- and 12-month
follow-up and were included in the final analysis. The objective cure rate was, respectively,
93% at 6 months and 89% at 12 months. The USP questionnaire administered at 12 months
showed that the SUI domain score was 0 in 80.9% of patients. De novo urgency was
reported in 44% of patients. Urge incontinence and nocturia occurred, respectively, in 33%
and 8% of patients. Patient-reported voiding symptoms, defined as LS > 1, were observed
in 58.4% of patients. Among patients with LS > 1, 38/52 (73.1%) reported tolerable
bother (VAS < 5), whereas 14/52 (26.9%) reported clinically important or intolerable bother
(VAS > 5). Conclusions: TVT-O was associated with a high objective cure rate; however,
patient-reported OAB and voiding symptoms were common at 12 months. These findings
support a more comprehensive informed consent process for patients undergoing TVT-O
surgery in order to increase patient awareness of the potential development of OAB and
VD following the surgical procedure.

Keywords: stress urinary incontinence; midurethral sling; transobturator tape; voiding
dysfunction; OAB
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1. Introduction

Stress urinary incontinence (SUI) is a prevalent and distressing condition characterized
by the involuntary leakage of urine during activities that increase intra-abdominal pressure,
such as physical exertion, sneezing, or coughing [1]. It represents a common form of urinary
incontinence in women and may affect physical, emotional, and social well-being with
negative consequences for daily activities, interpersonal relationships, and quality of life
(QoL) [2,3]. The reported prevalence of urinary incontinence varies according to age, parity,
and assessment methods, with most studies describing rates between 25% and 45% [4].
Among surgical treatments, midurethral slings (MUSs) are widely used for female SUI
and have become a standard surgical option because of their minimally invasive nature
and high success rates [5,6]. MUS procedures may be performed through retropubic or
transobturator approaches. The transobturator route includes the outside-in transobtura-
tor tape (TOT) technique and the inside-out tension-free vaginal tape-obturator (TVT-O)
technique described by de Leval [7,8]. These approaches have shown comparable efficacy,
with a favorable safety profile compared with the retropubic route [9,10]. Nevertheless,
despite the overall positive outcomes associated with TVIT-O and other transobturator
procedures, postoperative bladder symptoms may still occur. Among the most relevant
are voiding dysfunction (VD) and de novo overactive bladder (OAB) symptoms, which
may influence subjective success and patient-perceived quality of life [11]. De novo OAB is
characterized by urgency, frequency, and nocturia, which can occur postoperatively. VD
may be characterized by difficulty initiating urination, a sensation of incomplete bladder
emptying, or urinary retention, and in some cases may require prolonged catheterization,
tape mobilization, or even surgical revision [12]. Prospective studies specifically assessing
patient-reported bladder dysfunction after TVT-O remain limited, and previous studies
have often focused primarily on objective cure, urinary retention, catheterization, or sur-
gical revision. As a result, milder patient-reported voiding and OAB symptoms may be
underrecognized. The novelty of the present study lies in its prospective assessment of post-
operative bladder symptoms using symptom-based patient-reported tools, with specific
attention to their perceived impact.

The primary aim of this prospective study was to evaluate patient-reported outcomes
related to bladder dysfunction, including VD and OAB, following TVT-O surgery. The sec-
ondary objective was to assess objective cure of SUI and changes in daily leakage episodes
during follow-up.

2. Materials and Methods

This prospective observational study was conducted at the Department of Gynecology
of our institution. Participants were recruited between April 2018 and April 2023. Each
participant underwent baseline, 6-month, and 12-month assessments after surgery. The final
12-month follow-up assessment was completed in April 2024. The study protocol was
reviewed and approved by the Institutional Review Board (IRB), and all participants
provided written informed consent prior to enrollment, in accordance with the Declaration
of Helsinki.

2.1. Patient Selection

Female patients presenting with symptoms of stress urinary incontinence (SUI) and
deemed eligible for transobturator midurethral sling surgery (TVT-O) were screened for
inclusion. Eligibility criteria required a confirmed clinical diagnosis of SUI, suitability for
vaginal surgical intervention, and the ability to understand and sign the informed consent
form. Patients were excluded if they presented with pelvic organ prolapse greater than
stage I according to the Baden-Walker classification, overactive bladder (OAB) symptoms,
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detrusor overactivity on preoperative urodynamic testing, a history of anti-incontinence
procedures, prior pelvic radiotherapy, recurrent urinary tract infections (>3 episodes/year),
neurogenic bladder, any diagnosed neurological or psychiatric disorder, or significant
language barriers impeding comprehension of informed consent form. Patients with
stage 0-1 prolapse were included because absent or minimal prolapse is generally not
considered clinically significant, does not usually require concomitant surgical correction,
and is unlikely to independently cause relevant bladder outlet obstruction. Conversely,
patients with prolapse greater than stage I were excluded to avoid potential confounding
related to clinically significant pelvic organ prolapse.

2.2. Baseline Evaluation

At enrollment, a detailed demographic and clinical profile was obtained for each par-
ticipant. This included age, parity, body mass index (BMI), menopausal status, American
Society of Anesthesiologists (ASA) physical status classification, and relevant comorbidities
such as cardiovascular disease, diabetes mellitus, neurologic disorders, previous hysterec-
tomy, and prior pelvic organ prolapse surgeries. All patients underwent a comprehensive
preoperative work-up, including medical history, general physical examination, urinalysis,
and urogynecological evaluation. Vaginal defects were assessed using the standardized
Baden-Walker system, while urethral mobility was evaluated via the cotton swab test [13].
The cotton swab test was performed with the patient in lithotomy position. A lubricated
cotton swab was inserted into the urethra to assess urethral mobility, with hypermobility
defined as an angle change > 30 degrees from the horizontal axis. The diagnosis of SUI was
confirmed through a combination of clinical and urodynamic findings: a positive cough
stress test performed in both supine and standing positions with a bladder volume of
300 mL, and the exclusion of detrusor overactivity on urodynamic studies. As part of the
preoperative assessment, all patients underwent a structured evaluation for lower urinary
tract symptoms. Baseline urgency, urge urinary incontinence, nocturia, hesitancy, straining
to void, sensation of incomplete bladder emptying, and slow stream were specifically in-
vestigated through clinical interview and urodynamic assessment, including uroflowmetry.
Patients reporting preoperative OAB or voiding symptoms, or showing detrusor overac-
tivity during urodynamic testing, were excluded from the study. Therefore, postoperative
urgency, urge urinary incontinence, nocturia, and voiding symptoms were considered de
novo when reported during follow-up. A 3-day preoperative voiding diary was collected
from each patient, documenting the frequency and number of incontinence episodes.

2.3. Surgical Procedure

All procedures were performed using the inside-out tension-free vaginal tape-
obturator (TVT-O) technique, as originally described by de Leval. A Gynecare TVT-O
synthetic macroporous monofilament polypropylene midurethral sling was placed beneath
the mid-urethra through the transobturator route using an inside-out needle passage. All
surgeries were performed by two experienced urogynecologic surgeons (FP. and R.M.),
each with extensive prior experience in TVT-O procedures [8]. Standard perioperative care
included intravenous administration of 2 g of cefazolin 30 min prior to incision. Bladder
catheterization was maintained until the morning of postoperative day one, at which time
spontaneous voiding trials were performed.

2.4. Follow-Up and Outcome Assessment

Postoperative evaluations were conducted at 6 and 12 months and included a pelvic
examination, cough stress testing, and the repetition of the 3-day voiding diary. At the
12-month follow-up, participants also completed the Urinary Symptom Profile (USP) ques-
tionnaire. This tool, developed by the French Association of Urology, assesses symptom
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severity across three domains: stress urinary incontinence (SUI range 0-9), overactive
bladder symptoms (OAB range 0-21), and obstructive symptoms or “Low Stream” (LS)
(range 0-9), for a total USP score range of 0-39. Higher scores indicate more severe symp-
toms. For the purpose of this study, postoperative voiding dysfunction was operationally
defined as a USP Low Stream domain score > 1. This threshold was intentionally chosen
to capture any patient-reported voiding symptom, including mild low-stream or emptying
symptoms. Therefore, LS > 1 was interpreted as symptom presence rather than as evi-
dence of clinically significant bladder outlet obstruction. Perceived bother associated with
postoperative voiding symptoms was assessed using a visual analogue scale (VAS) ranging
from 0, indicating no bother, to 10, indicating the greatest possible bother. A VAS score <5
was classified as tolerable bother, whereas a score > 5 was classified as clinically important
or intolerable bother. Objective cure was defined as a negative stress test at follow-up.
At the 6- and 12-month follow-up visits, pelvic examination was also performed to assess
local vaginal complications potentially related to sling placement, including mesh expo-
sure, extrusion, erosion, or signs of local infection. Postoperative voiding assessment was
primarily based on clinical evaluation, patient-reported symptoms, and the 3-day voiding
diary. Post-void residual volume, postoperative uroflowmetry/Qmax, and postoperative
urodynamic testing were not systematically collected during follow-up. However, clini-
cally relevant postoperative obstructive events were recorded, including urinary retention
requiring prolonged catheterization, intermittent self-catheterization, tape mobilization,
tape division, revision, or removal. Referral to other centers for mesh-related complications
and delayed mesh revision or excision during follow-up were also recorded when present.
Recurrent urinary tract infections, groin or thigh pain, chronic pelvic pain, dyspareunia,
and partner pain were not systematically collected as predefined study outcomes.

2.5. Statistical Analysis

Descriptive statistics were reported as mean and standard deviation for continuous
variables with approximately normal distributions. Discrete count variables were analyzed
as continuous when distributional assumptions were considered acceptable. Categorical
variables were summarized as absolute frequencies and percentages. For continuous out-
comes measured across multiple time points, comparisons were performed using Wilcoxon
signed-rank tests. Binary outcomes assessed longitudinally were analyzed using Cochran’s
Q test to evaluate overall differences across time, followed by McNemar’s test for pair-
wise comparisons when appropriate. Statistical significance was defined as a two-sided
p < 0.05. The distributions of the SUI, OAB, LS, and total USP scores were assessed us-
ing the Shapiro-Wilk test and demonstrated significant deviation from normality. These
outcomes were therefore summarized using medians and interquartile ranges and ana-
lyzed using non-parametric methods. Paired longitudinal comparisons were performed
using the Wilcoxon signed-rank test, while subgroup comparisons were performed using
the Mann-Whitney U test or Fisher’s exact test, as appropriate. Rank-biserial correla-
tion was reported as the effect-size measure for Mann-Whitney U analyses, and Wilson
95% confidence intervals were calculated for proportions. Exact numerators and denomina-
tors are reported throughout. Subgroup analyses were exploratory, were not prespecified,
and were not adjusted for multiple comparisons; their findings should therefore be inter-
preted as hypothesis-generating rather than confirmatory. All analyses were performed
using Python (v3.10.1) and the SciPy statistical library (v1.15.2) [14].

3. Results

A total of 230 patients were initially screened for eligibility between April 2018 and
April 2023. Of these, 138 were excluded according to the inclusion and exclusion criteria,
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and 92 patients were enrolled. Three patients were lost to follow-up; therefore, 89 patients
completed both the 6- and 12-month follow-up visits and were included in the final analysis.
The study flow diagram is presented in Figure 1.

Baseline characteristics are summarized in Table 1. The mean age was 57.5 years,
and the mean body mass index (BMI) was 27.3 kg/m?2. Menopause was reported in 69%
of patients. Comorbidities included diabetes in 9% and cardiovascular disease in 25%.
According to the Baden—-Walker system, 60% of patients had stage 0 prolapse and 40% had
stage 1.

Table 1. Patients characteristics.

Characteristics Value
Mean age + SD (range) 57.5+10
Menopausal status, 1. (%) 62 (69)
Mean parity = SD 2+0.7
Mean BMI =+ SD, kg/m? 273 +4.1
Mean ASA score 22+03
No. of cardiopathy, n. (%) 23 (25)
No. of diabetes mellitus, n. (%) 8(9)
No. of previous pelvic surgery, n. (%) 24 (27)
No. of previous hysterectomy, 1. (%) 17 (19)
No. of previous prolapse repair, n. (%) 7 (8)
Baden—Walker stage:

Stage 0, n. (%) 54 (60)
Stage 1, n. (%) 35 (40)

Baseline demographic and clinical characteristics of the study population. Continuous variables are reported
as mean = standard deviation, discrete count variables as absolute values, and categorical variables as number

(percentage).

Results of preoperative evaluations including stress and cotton swab tests are detailed
in Table 2.

Follow-up cotton swab tests showed a significant decrease in urethral angle from
a mean of 69.6 + 30.2 degrees preoperatively to 31.3 = 12.4 degrees at 6 months and
33.6 £ 14.3 degrees at 12 months (both p < 0.001), with no significant change between the
two postoperative timepoints. The stress test was negative in 93% (83/89) of patients
at 6 months and 89% (79/89) at 12 months, compared to 0 preoperatively (p < 0.001).
The 3-day voiding diary revealed a significant reduction in mean daily leakage episodes,
from 4.2 £ 1.1 preoperatively to 1.1 £ 0.6 and 1.3 + 0.7 at 6 and 12 months, respectively
(p < 0.001).

At 12 months, USP subdomain scores showed marked right-skewed distributions
(Shapiro-Wilk p < 0.001 for all subdomains and the total score; Figure 2), and are therefore
reported as median (IQR) rather than mean + SD. The SUI domain score had a median of 0
(IQR 0-0), with 80.9% of patients scoring 0. The OAB domain score had a median of 2 IQR
0-8), with 54 /89 patients (60.7%) scoring 0-3 and a smaller subset showing moderate to
severe scores. De novo urgency was reported by 39/89 patients (44%), urge incontinence
by 29/89 patients (33%), and nocturia by 7/89 patients (8%). The LS (voiding dysfunction)
domain score had a median of 1 (IQR 0-2). Voiding symptoms, defined as LS > 1, were
observed in 52/89 patients (58.4%, 95% CI 48.0-68.1%). The total USP score had a median
of 4 (IQR 1-10). In an exploratory subgroup analysis, the prevalence of postoperative
voiding symptoms was similar among patients with and without previous pelvic surgery:
14/24 patients (58.4%) versus 38/65 patients (58.5%), respectively. No cases of voiding
dysfunction were observed in younger patients (<45 years). Patients with diabetes (1 = 8)
had significantly higher OAB scores than those without diabetes (median 9, IQR 1.75-12.25
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vs. median 1, IQR 0-7; Mann-Whitney U= 462.5, p = 0.041, rank-biserial r = 0.43). Given
the small size of the diabetes subgroup, this finding should be interpreted as exploratory
and hypothesis-generating.

Assessed for eligibility (n=230)

Excluded (n=138):

- 91 Prolapse (>1 stage)

.| - 10 Previous anti incontinence surgery
Enrolliment 71 -30DO

- 2 Pelvic irradiation

- 2 Neurogenic bladder

- 3 Not able to provide consent

92 Patients enrolled in the study

| Lost. at follow-up (n=3):
Follow-up ”| - 2 Died
- 1 Developed neurological incontinence

Y

89 Patients follow-up at
6 and 12 months

Figure 1. STROBE-style study flow diagram of patient screening, enrollment, follow-up, and final
analysis.

Among the 52 patients who reported postoperative voiding symptoms, defined as
an LS score > 1 at 12 months, perceived bother was assessed using the VAS. Overall,
38/52 patients (73.1%) rated their symptoms as tolerable, with a VAS score < 5, whereas
14/52 patients (26.9%) reported clinically important or intolerable bother, with a VAS
score > 5. These findings suggest that the LS > 1 threshold identified both mild and
more troublesome symptoms and should not be interpreted as evidence of urodynamically
confirmed bladder outlet obstruction.

The distributions of USP subdomains are summarized in Figure 2. No patient experi-
enced urinary retention requiring prolonged catheterization beyond the planned postopera-
tive catheterization, intermittent self-catheterization, tape mobilization, tape division, tape
revision, or tape removal during the follow-up period. No cases of vaginal mesh exposure,
extrusion, erosion, local infection, referral to another center for mesh-related complications,
delayed mesh revision, or mesh excision were recorded during follow-up.
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Table 2. Comparison between preoperative (baseline) and postoperative (6 and 12 months) data
(n=89).

Characteristics

Baseline 6 Months 12 Months p-Value

Cotton swab test
(mean =+ SD)

69.6 +£30.2 31.3+£124 33.6+14.3 p < 0.001 Baseline vs. 6 months

p < 0.001 Baseline vs. 12 months
Not significant 6 vs. 12 months

Stress test

negative, n. (%) 0(0) 83 (93) 79 (89) p < 0.001 Baseline vs. 6 months
positive, n. (%) 89 (100) 6 (7) 10 (11) p < 0.001 Baseline vs. 12 months
Not significant 6 vs. 12 months
Mean daily leakage 42+11 1.1+0.6 1.3+0.7 p < 0.001 Baseline vs. 6 months
episodes p < 0.001 Baseline vs. 12 months

Not significant 6 vs. 12 months

Continuous variables are reported as mean + standard deviation, discrete count variables are reported as absolute
values, and categorical variables as number (percentage). Longitudinal comparisons of continuous outcomes
were performed using Wilcoxon signed-rank tests. Longitudinal binary outcomes were analyzed using Cochran’s
Q test, followed by McNemar's test for pairwise comparisons.

SuUl OAB
100 50
80 - 40
3 I
< 60 € 30
) 2
= =
L 0
240 £ 20 A
a a
20 10
0- 0-
0 1 2 3 4 5 =6 0 1-2 3-4 5-6 7-8  9-10 =11
Score category Score category
LS Total USP score
60 60

50

Patients (%)
Patients (%)

0 1-5 6-10 11-15 =16
Score category Score category

Figure 2. Distribution of Urinary Symptom Profile (USP) scores at the 12-month follow-up. The panels
show the proportion of patients within each score category for the stress urinary incontinence domain
(SUI), overactive bladder domain (OAB), low-stream domain (LS), and total USP score. The vertical
axes represent the percentage of patients within each score category. VAS findings are reported
separately in the Results and are not included in this figure.

4. Discussion

Midurethral slings represent the gold standard for the surgical management of SUI [15].
Surgical interventions, particularly midurethral slings, have revolutionized the manage-
ment of SUI, providing a minimally invasive and highly effective solution. Among the
various techniques, the transobturator approach has gained widespread adoption due
to its favorable safety profile, including reduced risks of complications such as bladder
perforations compared to the retropubic technique [6]. Despite the overall success of MUS
slings, some postoperative issues such as voiding dysfunction (VD) and the development
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of de novo overactive bladder (OAB) symptoms remain significant challenges for patients
and clinicians.

4.1. Voiding Dysfunction

According to the International Continence Society (ICS), VD is defined as abnormally
slow and/or incomplete micturition, with heterogeneous symptomatology which can sig-
nificantly impact a patient’s quality of life [1]. The heterogeneity of VD symptoms and
variability in their reporting across studies are key factors contributing to the broad range
of reported incidence rates. This variability can be attributed to several factors, such as
differences in patient populations, surgical techniques, and the criteria used to define VD.
In our study, we focused on patient-reported outcomes regarding VD, as these are directly
relevant to the patient’s perception of how the symptoms affect their daily lives, providing
a more comprehensive understanding of the postoperative experience. While the incidence
of VD varies across studies, research suggests that the transobturator sling procedure is
associated with a lower risk of urinary retention compared to the retropubic approach.
For example, Morey et al. compared the rates of obstructive voiding complications between
transobturator and transabdominal approaches for midurethral slings, finding fewer ob-
structive complications in the transobturator group [16]. Similarly, Ford et al. found that,
compared to retropubic procedures, transobturator slings were associated with significantly
lower rates of postoperative voiding dysfunction and urinary retention [5]. The incidence
of voiding dysfunction after MUS surgery is influenced by various factors, including the
preoperative bladder function of the patient, the type of surgical technique used, and the
individual’s response to sling placement. Studies reported in the literature describe a
wide spectrum of voiding dysfunction after MUS, making it challenging to define the real
incidence of these symptoms. Charalambous et al., in a retrospective comparative study
of TVT vs. TVT-O, found 0% urinary retention and 0% dysuria at 12 months follow-up in
TVT-O group [17]. In 2009, Aniuliene et al. found 3% of patients with urinary retention
at 12 months follow-up after TVT-O [18]. Angioli et al. reported 0% urinary retention at
60 months follow-up after TVT-O [11]. These studies mainly focused on urinary retention,
while only a few also reported other possible VD symptoms. Ahn et al. in 2015 found
that 2.2% of patients experienced retention requiring additional catheterization and tape
cutting for prolonged postoperative voiding difficulty, while 10.5% experienced subjective
postoperative voiding difficulty until 3 months [19]. Huang et al. achieved similar results,
with 11.2% of patients with voiding dysfunction at 12 months and 10.3% in long term
follow-up (5 years) [20]. A recent meta-analysis by Lin et al. reported the incidence of
storage and voiding symptoms after transobturator MUS ranging from 0.5% to 15.7% [21].
This highlights the fact that while urinary retention may be relatively rare, other forms of
voiding dysfunction, such as difficulty initiating urination or incomplete bladder emptying,
are more common and may not always be adequately captured by traditional outcome
measures such as urinary retention rates. In the present study, more than half of the pa-
tients reported at least one symptom suggestive of VD, as assessed by the USP Low Stream
domain. This rate is substantially higher than that reported in most previous studies and
meta-analyses; however, this discrepancy should be interpreted in light of the different out-
come definition adopted. Most published studies have primarily reported clinically evident
or more severe forms of VD, such as urinary retention, need for catheterization, elevated
post-void residual volume, or surgical revision. Conversely, our study was specifically
designed to capture even mild patient-reported voiding symptoms, which are frequently
mentioned during routine postoperative follow-up but may not require medical or surgical
intervention and are therefore often underreported in conventional outcome assessments.
Accordingly, the 58.4% rate observed in our cohort should not be interpreted as the in-
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cidence of severe obstructive complications after TVT-O, but rather as the prevalence of
any postoperative patient-reported low-stream/voiding symptom, including mild and
tolerable symptoms. This interpretation is supported by the VAS analysis, which showed
that although VD symptoms were common, the majority of patients considered them
tolerable and to not substantially interfere with daily life. These findings highlight the
importance of distinguishing between the mere presence of patient-reported symptoms and
clinically burdensome VD, and support the use of patient-centered tools to more accurately
characterize the postoperative experience after TVT-O.

No cases of VD were observed among patients younger than 45 years in our cohort;
however, given the limited size of this subgroup, no definitive conclusions can be drawn
regarding the relationship between age and postoperative voiding symptoms. In our
exploratory subgroup analysis, previous pelvic surgery was not associated with a higher
prevalence of postoperative voiding symptoms. However, given the observational design
and the limited subgroup size, this finding should be interpreted with caution.

4.2. De Novo Ouveractive Bladder (OAB)

The development of de novo overactive bladder (OAB) symptoms after midurethral
sling surgery is another critical consideration. OAB, characterized by urinary urgency,
frequency, and nocturia, is a common complaint in the postoperative population. The in-
cidence of de novo OAB after MUS surgery varies widely in the literature. Zullo et al.
observed that OAB symptoms drop over time, going from 8% at one month to 5% at
six months to 0% at twelve months after TVT-O surgery [9]. Teo et al. reported de novo
OAB symptoms in 11.3% of patients at 1 year follow-up after TVT-O [22]. Long et al., in a ret-
rospective study, observed that 4.4% of patients developed de novo OAB after TVT-O [23].
In summary, there is no consistent data on the percentage of patients developing de novo
OAB at one year after surgery. In our study, the incidence of OAB was considerably higher
than what has been reported in the literature. Several factors may contribute to the de-
velopment of OAB after MUS surgery. These include pre-existing bladder dysfunction,
irritation caused by the sling material, and the presence of other comorbid conditions such
as diabetes and menopausal status [24]. For example, a study by Wang et al. highlighted
that diabetes is an independent risk factor for OAB, likely due to diabetic neuropathy, which
affects bladder sensitivity and detrusor muscle function [20]. In our cohort, all patients with
diabetes reported postoperative OAB symptoms. Although this finding may be explained
by diabetes-related bladder vulnerability, including autonomic neuropathy, altered bladder
sensation, and changes in detrusor activity, it should be interpreted with caution because
of the small number of diabetic patients included. In predisposed patients, TVI-O may un-
mask or exacerbate a pre-existing subclinical bladder dysfunction rather than directly cause
OAB. Therefore, this observation should be considered hypothesis-generating, and larger
studies are needed to clarify whether diabetes represents an independent risk factor for de
novo OAB after TVT-O. Some authors have suggested that irritation caused by the sling
material itself may contribute to detrusor overactivity, while others have proposed that
bladder outlet obstruction due to an overly tight sling may lead to compensatory bladder
contractions, resulting in OAB symptoms [25].

4.3. SUI Resolution and Patient-Reported Symptom Burden

In our study, we found a substantial improvement of SUI in the majority of pa-
tients, with an objective cure rate of 89% at 12 months. This finding is consistent with
results from other studies that report similar objective cure rates for TVT-O. For example,
Huang et al. reported a cure rate of 92.6% at 12 months [26]. A similar percentage was
observed by Karateke et al. in a randomized study, which found an objective cure rate of
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86.7% at 12 months follow-up after TVT-O [24,27,28]. The low median SUI-domain score
at 12 months further supports improvement in continence-related outcomes. However,
the USP was designed to evaluate urinary symptom burden and was not a direct measure of
overall patient satisfaction or health-related quality of life. Therefore, the present findings
should be interpreted as evidence of improvement in continence-related outcomes rather
than proof of overall satisfaction with surgery. The presence of postoperative OAB and
voiding symptoms in a proportion of participants further demonstrates that successful treat-
ment of SUI may coexist with new urinary symptoms that could influence an individual
patient’s perception of surgical outcome.

Focusing on patient-reported urinary symptoms can be considered a strength of the
present study, as these symptoms are directly relevant to the postoperative experience.
However, several limitations should be acknowledged. First, the USP questionnaire was
administered only at the 12-month follow-up and was not available as a baseline ques-
tionnaire. Although preoperative OAB and voiding symptoms were excluded through
structured clinical and urodynamic evaluation, the lack of baseline USP scoring represents
a methodological limitation. Second, objective postoperative voiding measures, such as
post-void residual volume, uroflowmetry/Qmax, and urodynamic assessment, were not
systematically collected during follow-up. Therefore, patient-reported voiding symptoms
should not be interpreted as urodynamically confirmed bladder outlet obstruction. Third,
the present study was primarily designed to evaluate postoperative bladder symptom:s,
including OAB and voiding dysfunction, rather than the full spectrum of mesh-related
complications. Although scheduled postoperative pelvic examination included assessment
for vaginal mesh exposure, extrusion, erosion, local infection, and the need for tape revision
or removal, other outcomes were not systematically collected. In particular, recurrent
urinary tract infections, groin or thigh pain, chronic pelvic pain, dyspareunia, and partner
pain were not systematically assessed as predefined study outcomes. No referrals to other
centers for mesh-related complications and no delayed mesh revision or excision were
recorded during follow-up; however, the absence of systematically collected data on the
full spectrum of mesh-related outcomes should be considered a limitation.

5. Conclusions

TVT-O was associated with a high objective cure rate for stress urinary incontinence
in this prospective cohort. Nevertheless, patient-reported OAB and low-stream or voiding
symptoms were common at 12 months when assessed using sensitive symptom-based
instruments. Because an LS score of at least 1 may include mild symptoms, these findings
should not be interpreted as demonstrating clinically significant obstruction in all affected
patients, particularly in the absence of systematic postoperative uroflowmetry, residual-
volume measurement, or urodynamic assessment. Preoperative counselling should address
the possibility of de novo urgency, urge urinary incontinence, nocturia, voiding symp-
toms, and the broader recognised complications of synthetic sling surgery. Further studies
incorporating baseline and postoperative validated questionnaires, objective voiding mea-
surements, pain and sexual-function outcomes, and longer follow-up are required to clarify
the clinical significance and persistence of these symptoms.
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Abbreviations

The following abbreviations are used in this manuscript:

MUS Midurethral Slings

SUI Stress Urinary Incontinence

VD Voiding Dysfunction

OAB Overactive Bladder

TVT-O Tension-free Vaginal Tape-obturator
UuspP Urinary Symptom Profile

VAS Visual Analogue Scale

ASA American Society of Anesthesiologists
LS Low Stream

References

1.

10.

11.

12.

Haylen, B.T; De Ridder, D.; Freeman, R.M.; Swift, S.E.; Berghmans, B.; Lee, ].; Monga, A; Petri, E.; Rizk, D.E.; Sand, PK.; et al. An
International Urogynecological Association (IUGA)/International Continence Society (ICS) joint report on the terminology for
female pelvic floor dysfunction. Neurourol. Urodyn. Off. ]. Int. Cont. Soc. 2010, 29, 4-20.

Botlero, R.; Urquhart, D.M.; Davis, S.R.; Bell, R.J. Prevalence and incidence of urinary incontinence in women: Review of the
literature and investigation of methodological issues. Int. J. Urol. 2008, 15, 230-234. [CrossRef] [PubMed]

Norton, P; Brubaker, L. Urinary incontinence in women. Lancet 2006, 367, 57—67. [CrossRef] [PubMed]

Milsom, I.; Gyhagen, M. The prevalence of urinary incontinence. Climacteric 2019, 22, 217-222. [CrossRef] [PubMed]

Ford, A.A.; Rogerson, L.; Cody, ].D.; Ogah, J. Mid-urethral sling operations for stress urinary incontinence in women. Cochrane
Database Syst. Rev. 2015, 7, CD006375. [CrossRef]

Bullock, T.L.; Ghoniem, G.; Klutke, C.G.; Staskin, D.R. Advances in female stress urinary incontinence: Mid-urethral slings. BJU
Int. 2006, 98, 32. [CrossRef] [PubMed]

Delorme, E. Transobturator urethral suspension: Mini-invasive procedure in the treatment of stress urinary incontinence in
women. Prog. Urol. 2001, 11, 1306-1313. [PubMed]

de Leval, ].; Waltregny, D. New surgical technique for treatment of stress urinary incontinence TVT-Obturator: New developments
and results. Surg. Technol. Int. 2005, 14, 212-221. [PubMed]

Zullo, M.A; Plotti, F,; Calcagno, M.; Marullo, E.; Palaia, I.; Bellati, F,; Basile, S.; Muzii, L.; Angioli, R.; Panici, P.B. One-year
follow-up of tension-free vaginal tape (TVT) and trans-obturator suburethral tape from inside to outside (TVT-O) for surgical
treatment of female stress urinary incontinence: A prospective randomised trial. Eur. Urol. 2007, 51, 1376-1384. [CrossRef]
[PubMed]

Liapis, A.; Bakas, P.; Giner, M.; Creatsas, G. Tension-free vaginal tape versus tension-free vaginal tape obturator in women with
stress urinary incontinence. Gynecol. Obstet. Investig. 2006, 62, 160-164. [CrossRef]

Angioli, R.; Plotti, F.; Muzii, L.; Montera, R.; Panici, P.B.; Zullo, M.A. Tension-free vaginal tape versus transobturator suburethral
tape: five-year follow-up results of a prospective, randomised trial. Eur. Urol. 2010, 58, 671-677. [CrossRef] [PubMed]

Cocci, A.; Cacciamani, G.E.; Russo, G.I.; Cerruto, M.A.; Milanesi, M.; Medina, L.G.; Cimino, S.; Artibani, W.; Morgia, G.; Carini,
M.; et al. Impact of preoperative patient characteristics and flow rate on failure, early complications, and voiding dysfunction
after a transobturator tape procedure: A multicentre study. Int. Neurourol. J. 2017, 21, 282. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15145527


http://doi.org/10.1111/j.1442-2042.2007.01976.x
http://www.ncbi.nlm.nih.gov/pubmed/18304218
http://dx.doi.org/10.1016/s0140-6736(06)67925-7
http://www.ncbi.nlm.nih.gov/pubmed/16399154
http://dx.doi.org/10.1016/j.jsams.2019.08.159
http://www.ncbi.nlm.nih.gov/pubmed/30572737
http://dx.doi.org/10.1002/14651858.cd006375.pub3
http://dx.doi.org/10.1111/j.1464-410x.2006.06361.x
http://www.ncbi.nlm.nih.gov/pubmed/16911600
http://www.ncbi.nlm.nih.gov/pubmed/11859672
http://www.ncbi.nlm.nih.gov/pubmed/16525975
http://dx.doi.org/10.1016/j.eururo.2006.10.066
http://www.ncbi.nlm.nih.gov/pubmed/17110021
http://dx.doi.org/10.1159/000093320
http://dx.doi.org/10.1016/j.eururo.2010.08.004
http://www.ncbi.nlm.nih.gov/pubmed/20709444
http://dx.doi.org/10.5213/inj.1734910.455
http://www.ncbi.nlm.nih.gov/pubmed/29298467
https://doi.org/10.3390/jcm15145527

J. Clin. Med. 2026, 15, 5527 12 of 12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Auwad, W,; Freeman, R.; Swift, S. Is the pelvic organ prolapse quantification system (POPQ) being used? A survey of members of
the International Continence Society (ICS) and the American Urogynecologic Society (AUGS). Int. Urogynecol. . 2004, 15, 324-327.
Virtanen, P.; Gommers, R.; Oliphant, T.E.; Haberland, M.; Reddy, T.; Cournapeau, D.; Burovski, E.; Peterson, P.; Weckesser, W.;
Bright, J.; et al. SciPy 1.0: Fundamental Algorithms for Scientific Computing in Python. Nat. Methods 2020, 17, 261-272. [CrossRef]
[PubMed]

Wu, ] M.; Kawasaki, A.; Hundley, A.F; Dieter, A.A.; Myers, E.R.; Sung, V.W. Predicting the number of women who will undergo
incontinence and prolapse surgery, 2010 to 2050. Am. J. Obstet. Gynecol. 2011, 205, 230.el. [CrossRef] [PubMed]

Morey, A.F; Medendorp, A.R.; Noller, M.W.; Mora, R.V,; Shandera, K.C.; Foley, ]J.P.; Rivera, L.R.; Reyna, J.A.; Terry, PJ.
Transobturator versus transabdominal mid urethral slings: A multi-institutional comparison of obstructive voiding complications.
J. Urol. 2006, 175, 1014-1017. [CrossRef] [PubMed]

Charalambous, S.; Touloupidis, S.; Fatles, G.; Papatsoris, A.; Kalaitzis, C.; Giannakopoulos, S.; Rombis, V. Transvaginal vs.
transobturator approach for synthetic sling placement in patients with stress urinary incontinence. Int. Urogynecol. ]. 2008,
19, 357-360.

Aniuliené, R. Tension-free vaginal tape versus tension-free vaginal tape obturator (inside-outside) in the surgical treatment of
female stress urinary incontinence. Medicina 2009, 45, 639. [CrossRef] [PubMed]

Ahn, C,; Bae, J.; Lee, K.S.; Lee, H.W. Analysis of voiding dysfunction after transobturator tape procedure for stress urinary
incontinence. Korean J. Urol. 2015, 56, 823-830. [CrossRef] [PubMed]

Wang, C.C,; Jiang, Y.H.; Kuo, H.C. The pharmacological mechanism of diabetes mellitus-associated overactive bladder and its
treatment with botulinum toxin A. Toxins 2020, 12, 186. [CrossRef] [PubMed]

Lin, YH,; Lee, C.K; Chang, S.D.; Chien, P.C.; Hsu, Y.Y,; Tseng, L.H. Focusing on long-term complications of mid-urethral slings
among women with stress urinary incontinence as a patient safety improvement measure: A protocol for systematic review and
meta-analysis. Medicine 2021, 100, e26257. [CrossRef] [PubMed]

Teo, R.; Moran, P.; Mayne, C.; Tincello, D. Randomized trial of tension-free vaginal tape and tension-free vaginal tape-obturator
for urodynamic stress incontinence in women. J. Urol. 2011, 185, 1350-1355. [CrossRef] [PubMed]

Long, C.Y,; Hsu, C.S,; Lo, T.S.; Liu, C.M.; Chen, Y.H.; Tsai, EM. Ultrasonographic assessment of tape location following
tension-free vaginal tape and transobturator tape procedure. Acta Obstet. Gynecol. Scand. 2008, 87, 116-121. [CrossRef] [PubMed]
Plotti, F.; Rampello, S.; Terranova, C.; De Cicco Nardone, C.; Luvero, D.; Montera, R.; Di Donato, V.; Cavaliere, A.F.; Campagna,
G.; Ficarola, F; et al. The True Impact of Voiding Dysfunctions after Transobturator Sub-Urethral Tape Procedures: A Systematic
Review of Literature. J. Clin. Med. 2024, 13, 4762. [CrossRef] [PubMed]

Zullo, M.A.; Plotti, F; Calcagno, M.; Palaia, I.; Muzii, L.; Manci, N.; Angioli, R.; Panici, P.B. Vaginal estrogen therapy and
overactive bladder symptoms in postmenopausal patients after a tension-free vaginal tape procedure: A randomized clinical trial.
Menopause 2005, 12, 421-427. [CrossRef] [PubMed]

Huang, W.C,; Yang, ].M.; Chen, H.F. Five-year clinical and imaging outcomes of primary transobturator midurethral sling
procedures for uncomplicated urodynamic stress incontinence. Maturitas 2020, 138, 42-50. [CrossRef] [PubMed]

Sweeney, D.D.; Leng, W.W. Treatment of postoperative voiding dysfunction following incontinence surgery. Curr. Bladder
Dysfunct. Rep. 2007, 2, 21-26. [CrossRef]

Karateke, A.; Haliloglu, B.; Cam, C.; Sakalli, M. Comparison of TVT and TVT-O in patients with stress urinary incontinence:
Short-term cure rates and factors influencing the outcome. A prospective randomised study. Aust. N. Z. J. Obstet. Gynaecol. 2009,
49, 99-105. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15145527


http://dx.doi.org/10.1038/s41592-019-0686-2
http://www.ncbi.nlm.nih.gov/pubmed/32015543
http://dx.doi.org/10.1016/j.ajog.2011.03.046
http://www.ncbi.nlm.nih.gov/pubmed/21600549
http://dx.doi.org/10.1016/s0022-5347(05)00412-x
http://www.ncbi.nlm.nih.gov/pubmed/16469607
http://dx.doi.org/10.3390/medicina45080083
http://www.ncbi.nlm.nih.gov/pubmed/19773623
http://dx.doi.org/10.4111/kju.2015.56.12.823
http://www.ncbi.nlm.nih.gov/pubmed/26682023
http://dx.doi.org/10.3390/toxins12030186
http://www.ncbi.nlm.nih.gov/pubmed/33152993
http://dx.doi.org/10.1097/md.0000000000026257
http://www.ncbi.nlm.nih.gov/pubmed/34128853
http://dx.doi.org/10.1016/j.juro.2010.11.064
http://www.ncbi.nlm.nih.gov/pubmed/21334654
http://dx.doi.org/10.1080/00016340701797765
http://www.ncbi.nlm.nih.gov/pubmed/18158637
http://dx.doi.org/10.3390/jcm13164762
http://www.ncbi.nlm.nih.gov/pubmed/39200904
http://dx.doi.org/10.1097/01.gme.0000148645.93603.62
http://www.ncbi.nlm.nih.gov/pubmed/16037757
http://dx.doi.org/10.1016/j.maturitas.2020.05.005
http://www.ncbi.nlm.nih.gov/pubmed/32631587
http://dx.doi.org/10.1007/s11884-007-0030-z
http://dx.doi.org/10.1111/j.1479-828x.2009.00957.x
http://www.ncbi.nlm.nih.gov/pubmed/19281588
https://doi.org/10.3390/jcm15145527

	Introduction
	Materials and Methods
	Patient Selection
	Baseline Evaluation
	Surgical Procedure
	Follow-Up and Outcome Assessment
	Statistical Analysis

	Results
	Discussion
	Voiding Dysfunction
	De Novo Overactive Bladder (OAB)
	 SUI Resolution and Patient-Reported Symptom Burden

	Conclusions
	References

