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Abstract
Purpose Few studies exist comparing the effect of different lower urinary tract dysfunctions (LUTDs) on anti-incontinence 
surgery. This study investigates the long-term therapeutic outcome of a suburethral sling procedure among women with 
stress urinary incontinence (SUI) and different LUTDs.
Methods This study retrospectively reviewed 401 women treated with a suburethral sling for SUI. Following baseline vid-
eourodynamic findings, the patients were divided into pure SUI or SUI with concomitant LUTD (mixed detrusor overactivity 
and SUI, low detrusor contractility and SUI, and presence of bladder outlet obstruction and SUI) groups. The primary end-
point was the SUI-free-specific survival rate. A successful outcome was defined as the absence of any SUI event. The sec-
ondary endpoints included postoperative complications, surgical revision rate, and changes in videourodynamic parameters.
Results At a mean follow-up of 5.1 (standard deviation: 5.4, range 0.1–24.1) years, the median cumulative duration of SUI-
free survival was 15.4 years and 15.9 years in the pure SUI and SUI and concomitant LUTD subgroup, respectively, without 
significant difference between the groups. No between-group difference in postoperative complications was also noted. 
The cumulative incidences of the overall reoperation rate were 15.3%, 11.6%, 30.9%, and 7.3% in the pure SUI, detrusor 
overactivity, low detrusor contractility, and bladder outlet obstruction subgroups, respectively, with a significant difference 
between the groups (p = 0.006).
Conclusions Women who underwent suburethral sling surgery for SUI treatment had comparable long-term success rates 
regardless of baseline LUTD. However, those with low detrusor contractility may experience less favorable results in terms 
of higher reoperation rates.

Keywords Lower urinary tract dysfunction · Female · Stress urinary incontinence · Suburethral sling · Therapeutic 
outcome · Videourodynamic assessment

Introduction

Stress urinary incontinence (SUI) is characterized by an 
inadvertent loss of urine that occurs when the intra-abdom-
inal pressure increases, overcoming the urethral sphincter 

pressure. SUI negatively impacts social and working life and 
is associated with poor mental health [1].

The initial SUI treatment should be conservative, which 
includes weight loss, urinary containment, pelvic floor 
muscle training, vaginal estrogen therapy, duloxetine, and 
pulsed electromagnetic field stimulation [2, 3]. In cases that 
have failed nonsurgical management, surgical interventions, 
including bulking procedures, suburethral sling, autologous 
fascial pubovaginal sling, and colposuspension, may be con-
sidered [4]. Among the surgical options, suburethral sling 
had been considered the first-line option for SUI treatment 
based on its efficacy until July 2018 when National Health 
Service England announced the halt of its use due to grow-
ing concerns regarding mesh-related problems [5].

 * Hann-Chorng Kuo 
 hck@tzuchi.com.tw

1 Division of Urology, Department of Surgery, Shin Kong Wu 
Ho-Su Memorial Hospital, Taipei, Taiwan

2 Department of Urology, Hualien Tzu Chi Hospital, Buddhist 
Tzu Chi Medical Foundation, and Tzu Chi University, 
Hualien, Taiwan

http://orcid.org/0000-0002-9420-2871
http://orcid.org/0000-0001-7165-4771
http://crossmark.crossref.org/dialog/?doi=10.1007/s11255-023-03725-8&domain=pdf


2790 International Urology and Nephrology (2023) 55:2789–2798

1 3

Patients with SUI can be classified as complicated based 
on the presentation of previous surgery for SUI, history of 
pelvic surgery or radiotherapy, presence of genitourinary 
prolapse, presence of voiding symptoms, and presence of 
neurogenic lower urinary tract dysfunction (LUTD). On the 
contrary, patients who do not fulfill the criteria for the com-
plicated designation are classified as having uncomplicated 
SUI [2, 6]. Compared with pure SUI, patients with detru-
sor dysfunction or bladder outlet obstruction tend to show 
poorer treatment results [7–9]. Accordingly, urodynamic 
testing is often performed before surgical treatment of SUI 
in women suggested to have complicated SUI or in whom 
the subtype is unclear [10].

However, few studies have compared the long-term thera-
peutic effect of different LUTDs on anti-incontinence sur-
gery. Therefore, this study aimed to investigate the treatment 
outcome of a suburethral sling procedure by dividing prog-
nostic factors based on the presence of associated LUTD in 
women with SUI after a long-term follow-up.

Materials and methods

Patient enrollment and selection

This study was approved by the Institutional Review Board 
(IRB) and Ethics Committee of the Buddhist Tzu Chi Gen-
eral Hospital, Hualien, Taiwan (IRB: 109-005-B). Informed 
consent was waived because of the retrospective nature of 
this study. Consecutive women who had undergone a subu-
rethral sling procedure for stress-predominant urinary incon-
tinence at the Buddhist Tzu Chi General Hospital, Hualien, 
from September 1997 to March 2019, were recruited. All 
baseline characteristics, preoperative videourodynamic 
study (VUDS) parameters, operative reports, and postopera-
tive clinical manifestations and complications were reviewed 
carefully through the electronic medical records.

To compare the long-term treatment outcomes and dura-
bility of suburethral sling procedures in different LUTDs, 
patients who did not receive preoperative VUDS and who 
had no return visit data from the analyses were excluded. 
To avoid confounding variables, patients who were proven 
to have pelvic organ prolapse and had received concomitant 
repair surgeries were also excluded. Otherwise, no other 
exclusion criteria were set to avoid selection bias and more 
closely mimic a real-world setting.

Suburethral sling procedure

All retropubic suburethral sling procedures in this study 
were performed by a single surgeon (Kuo HC) using a stand-
ardized procedure under spinal anesthesia. Briefly, a 2-cm-
wide self-fashioned polypropylene mesh was placed below 

the mid-urethra through a subcutaneous tunnel at about the 
middle portion of the urethra of the anterior vaginal wall. 
The bilateral ends of the mesh were further pulled through 
the retropubic space up to the bilateral lower abdominal inci-
sion wounds, and the exact sling position and tension were 
adjusted following preoperative VUDS findings [11]. This 
technique has been used by the authors for over two decades, 
and the results were proven to be satisfactory and compara-
ble with the commonly used commercial slings [12].

VUDS for LUTD

All of the selected patients had undergone VUDS and 
abdominal leak point pressure (ALPP) measurements before 
the surgery. Most of them were encouraged to receive repeat 
examinations to evaluate their voiding condition after the 
sling operation, at intervals of 3–6 months. All descriptions, 
terminology, and the practice of VUDS were performed fol-
lowing the standard procedure and the recommendations of 
the International Continence Society [13].

The urodynamic parameters recorded during the VUDS 
included ALPP, cystometric bladder capacity, maximum 
flow rate (Qmax), voided volume (Vol), postvoid residual 
volume, and detrusor pressure at Qmax (Pdet.Qmax). The 
female Bladder Outlet Obstruction Index (BOOIf; defined 
as Pdet.Qmax–2.2 × Qmax) [14], corrected Qmax (cQmax; defined 
as Qmax/Vol1/2), and voiding efficiency (defined as voided 
volume divided by cystometric bladder capacity) were cal-
culated from the measured parameters.

Detrusor overactivity (DO) is characterized as involun-
tary detrusor contractions during the filling phase, whereas 
detrusor underactivity (DU) is defined as a reduction in 
strength and/or duration of contraction that results in pro-
longed and/or incomplete bladder emptying within a normal 
period [13]. Detrusor hyperactivity with impaired contractile 
function is defined as involuntary detrusor contraction dur-
ing the filling phase, with low detrusor contractility in the 
voiding phase and a voiding efficiency of < 50% [15]. Blad-
der outlet obstruction is the presence of sustained detrusor 
contraction and radiographic evidence of obstruction at the 
bladder neck as bladder neck dysfunction and at the urethra 
as dysfunctional voiding [16, 17].

Patient grouping

The enrolled patients were categorized into subgroups based 
on their preoperative VUDS findings into the pure SUI (with 
a stable bladder), SUI and concomitant LUTD groups. 
Women who had concomitant LUTD were further divided 
into three subgroups: (1) mixed urodynamic DO and SUI; 
(2) low detrusor contractility, including detrusor hyperactiv-
ity with impaired contractile function, DU, and SUI; and (3) 
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presence of bladder outlet obstruction, such as bladder neck 
dysfunction, dysfunctional voiding, and SUI (Fig. 1).

Outcome measurements

The primary endpoint of this study was SUI-free survival. 
A successful outcome was defined as the absence of any 
stress-specific urinary incontinence event assessed by both 
subjective and objective reports during the patients’ return 
visits. In contrast, an unsuccessful outcome was defined as 
the documentation of any SUI event. Secondary endpoints 
included patient-reported outcomes (e.g., postoperative 
complications), surgeon-reported outcomes (e.g., surgi-
cal revision type, reason, and rate), and changes in VUDS 
parameters. The prediction factors for successful treatment 
outcomes were also evaluated.

Statistical analysis

Continuous variables were expressed as means with stand-
ard deviations (SDs) and medians with interquartile range; 
categorical variables were presented as frequency (per-
centage). The analysis of variance was used to compare 
the between-group differences in continuous variables and 
the Chi-square test for categorical between-group differ-
ences. A post hoc analysis of variables was also performed 
among the different subgroups. Survival analysis was 
estimated using the Kaplan–Meier curve, and between-
group differences in survival were discriminated using 

the log-rank test. Univariable and multivariable logistic 
regression models were used to predict factors associated 
with successful outcomes. For all analyses, two-sided 
p-values of < 0.05 were considered to be statistically sig-
nificant. Data analyses were performed using SPSS version 
25.0 (IBM Corp., Armonk, NY, USA).

Results

Baseline demographics

This analysis retrieved 401 women who received a subu-
rethral sling procedure from September 1997 to March 
2019. The mean patient age was 60.1 (SD: 11.7; range 
20–89) years old, and the mean duration of follow-up 
was 5.1 (SD: 5.4; range 0.1–24.1) years. According to the 
preoperative VUDS findings, pure SUI was diagnosed in 
236 (58.9%) patients and SUI and concomitant LUTD was 
diagnosed in 165 (41.1%) patients. Among patients with 
SUI and concomitant LUTD, 69 (17.2%), 55 (13.7%), and 
41 (10.2%) had DO, low detrusor contractility, and bladder 
outlet obstruction, respectively (Fig. 1). Supplementary 
Table S1 summarizes the baseline demographics and clini-
cal characteristics of the study groups, including age, body 
mass index, parity, vaginal delivery, operation history for 
hysterectomy, and menopausal status.

Fig. 1  Flowchart of the study 
population selection. LUTD, 
lower urinary tract dysfunction; 
SUI, stress urinary inconti-
nence; VUDS, videourody-
namic study
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SUI‑free survival

The median cumulative duration of SUI-free survival was 
15.4 [interquartile range (IQR), 11.4–19.4] years in the 
pure SUI subgroup and 15.9 (IQR, 4.4–could not be esti-
mated) years in the SUI and concomitant LUTD subgroups, 
respectively. No significant difference in the survival rate 
was found between the pure SUI and the SUI and concomi-
tant SUI subgroups (p = 0.372; Fig. 2a). The consecutive 
survival rates at 3, 6, 9, 12, 15, 18, 21, and 24 years are listed 
in Fig. 2a, and no significant differences in any of the time 
points were also noted. On subgroup analysis, the survival 
rates among the subgroups of stable bladder, DO, low detru-
sor contractility, or bladder outlet obstruction were also not 
significant (p = 0.553; Fig. 2b).

Patient‑reported outcomes: postoperative 
complications

Table 1 lists the postoperative complications of the studied 
patients, and the distribution between de novo lower urinary 
tract symptoms (LUTS) and non-LUTS was not statistically 
significant (p = 0.604). Most complications comprise de 
novo urgency in LUTS and surgical wound pain in non-
LUTS. Most (77.4%) cases were treated with oral medica-
tion at outpatient clinics. After adjusting these complications 
using the Clavien–Dindo system, the between-group differ-
ence was not statistically significant (p = 0.920).

Surgeon‑reported outcomes: reoperation type, 
reason, and rate

The cumulative overall incidence rates of reoperation were 
15.3%, 11.6%, 30.9%, and 7.3% in the stable bladder, DO, 
low detrusor contractility, and bladder outlet obstruc-
tion subgroups, respectively, with a significant difference 
between the groups (p = 0.006; Table 1). Post hoc analy-
sis showed a significantly higher rate of any reoperation in 
the low detrusor contractility subgroup compared with the 
other groups, including stable bladder, DO, and bladder out-
let obstruction subgroups (p-values were 0.007, 0.008, and 
0.005, respectively). Among the entire study population, the 
reoperation rate for repeat suburethral sling for recurrent 
SUI was 7.7% at a mean of 8.8 years after the initial surgery. 
Likewise, a significantly greater proportion of patients in the 
low detrusor contractility subgroup received repeat subure-
thral sling procedures as compared with the stable bladder 
and DO subgroups (p-values were 0.013 and 0.030, respec-
tively), but the difference was not statistically significant 
when compared with the bladder outlet obstruction subgroup 
(p = 0.051).

Surgeon‑reported outcomes: changes 
in urodynamic parameters

Table  2 shows the urodynamic parameters at baseline 
and after suburethral sling surgery as well as the changes 
between the two time points in the current cohort disag-
gregated by these four SUI subgroups. Women with a stable 
bladder exhibited significant changes in all parameters post-
operatively, although the similar results were not observed 
in the other subgroups. ALPP increased after the subure-
thral sling procedure in all SUI subgroups but showed no 
significant between-group difference. A significantly mild 
decrease in voiding efficiency was noted in the pure SUI and 
DO subgroups, but the other subgroups showed no change. 
Compared with patients with DO and bladder outlet obstruc-
tion, those with a stable bladder and low detrusor contrac-
tility had a significantly increased postoperative Pdet.Qmax 
(p-values were 0.003 and 0.007, respectively). The postop-
erative BOOIf was significantly higher in patients with a 
stable bladder and low detrusor contractility (p < 0.001 and 
p = 0.042, respectively) when compared with baseline. In 
addition, the changes of BOOIf in women with a stable blad-
der were significantly greater in women with bladder outlet 
obstruction (p = 0.018) on post hoc analysis.

Prediction of long‑term SUI‑free survival

Univariable and multivariable logistic regression models 
were performed to evaluate the association between the 
potential confounding variables and SUI-free survival after 
suburethral sling procedures (Supplementary Table S2). 
Although a correlation between postvoid residual volume 
and treatment outcome was suggested in the univariable 
logistic regression analysis (p = 0.037), the multivariable 
models demonstrated that Pdet.Qmax was the only significant 
independent factor for the SUI-specified result (p = 0.038). A 
greater baseline ALPP and the presence of different LUTDs 
failed to predict the treatment outcome. Otherwise, no sta-
tistically significant interactions were found between each 
of the covariates and SUI-free survival.

Discussion

It is believed that this is the first comparative study to com-
prehensively demonstrate the difference in long-term thera-
peutic outcomes of the suburethral sling between women 
with pure SUI, detrusor dysfunction and SUI, and bladder 
outlet obstruction and SUI. The results of the present study 
revealed no significant difference in continent-specific sur-
vival between women with SUI with or without concomi-
tant LUTD after a long-term follow-up period. In addi-
tion, no significant difference was found in postoperative 
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Fig. 2  Kaplan–Meier plot of stress urinary incontinence-free survival 
after suburethral sling procedures. A In the pure SUI and SUI and 
concomitant LUTD subgroups; B subgroup analysis by lower urinary 

tract function. LUTD, lower urinary tract dysfunction; NE, could not 
be estimated; NR, not reached; SUI, stress urinary incontinence
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complications. However, women with SUI and low detrusor 
contractility showed poorer suburethral sling outcomes in 
terms of higher overall reoperation rate and reoperation for 
recurrent SUI when compared with the other subgroups.

Early in 2007, women with DU were found to have a sig-
nificantly higher SUI recurrence rate than women with DO 
and normal detrusor function after suburethral sling surgery 
[8]. However, later in 2018, no significant difference in the 
rate of continence among these subgroups was reported dur-
ing long-term follow-up [18]. This may be because of the 
improvements made in the surgical technique to handle the 
difficulty in balancing the tension between adequate urethral 
suspension and the ability to void after surgery, especially in 
patients with inadequate detrusor contractility. In addition, 
Franca et al. [17] found no significant difference in both 
the subjective or objective continence rates in women with 
undercontractility bladder and normal contractility bladder 
after suburethral sling surgery. However, both de novo void-
ing dysfunction and the reoperation rate for treating blad-
der outlet obstruction were higher in the undercontractility 
subgroup than in the normal contractility subgroup [19]. The 
results herein were consistent with a previous study in 2019 
[16] and also agree with the report by Franca et al. [17] in 
that no significant difference in the long-term continence 
rate was found between women with low bladder contrac-
tility and the other subgroups. Moreover, women with low 

detrusor contractility had the least favorable surgical out-
comes in terms of the long-term reoperation rate.

The role of urodynamics in the evaluation of SUI before 
anti-incontinence surgery has been long debated because 
office evaluation is noninferior to urodynamic testing before 
surgery in women with uncomplicated stress-predominant 
urinary incontinence [20]. Although some evidence in 
relevant literature reports has shown no better outcomes, 
urodynamic tests were found to change clinical decision-
making [21]. The urodynamic results were found to be valu-
able for modifying therapeutic strategies and assisting in 
the selection of the optimum sling tension and position in 
patients with complicated SUI [11]. To achieve better anti-
incontinence results and ensure we do not overlook potential 
complicated SUI patient, we encourage most of our patients 
to undergo VUDS before the surgery. This may be one of 
the possible reasons for the comparable SUI-free outcomes 
between women with pure SUI and those with SUI and con-
comitant LUTDs.

De novo overactive bladder (OAB), including both dry 
and wet, remain the two most common postoperative com-
plications in each group, ranging from 17.1 to 24.6% in the 
bladder outlet obstruction and stable bladder group, respec-
tively, regardless of the lower urinary tract (LUT) func-
tion in the current study. In a review of the literature, the 
incidence of de novo OAB ranged from 5 to 22% and was 

Table 1  Postoperative complications in all patients during follow-up [unit: n (%)]

LUTD, lower urinary tract dysfunction; SUI, stress urinary incontinence

Postoperative complications Pure SUI (n = 236) SUI and concomitant LUTD (n = 165) p-value

Detrusor over-
activity (n = 69)

Low detrusor con-
tractility (n = 55)

Bladder out-
let obstruction 
(n = 41)

Lower urinary tract symptoms
 De novo dysuria 16 (6.8) 4 (5.8) 5 (9.1) 2 (4.9) 0.901
 De novo urgency, dry 28 (11.9) 5 (7.2) 4 (7.3) 4 (9.8) 0.596
 De novo urgency, wet 30 (12.7) 10 (14.5) 6 (10.9) 3 (7.3) 0.707

Non-lower urinary tract symptoms
 Surgical wound pain 10 (4.2) 1 (1.4) 3 (5.5) 1 (2.4) 0.687
 Sling erosion 6 (2.5) 1 (1.4) 0 1 (2.4) 0.794
 Sling migration 2 (0.8) 0 0 1 (2.4) 0.475
 Dyspareunia 2 (0.8) 0 0 0 1.000

Clavien–Dindo system
 Low grade (I–II) 66 (28.0) 18 (26.1) 14 (25.5) 8 (19.5) 0.920
 High grade (III–V) 12 (5.1) 5 (7.2) 3 (5.5) 11 (26.8)

Reoperation
 Overall 36 (15.3) 8 (11.6) 17 (30.9) 3 (7.3) 0.006
 Perioperative sling tightening for persistent SUI 3 (1.3) 2 (2.9) 1 (1.8) 0 0.555
 Repeat suburethral sling surgery for recurrent SUI 15 (6.4) 4 (5.8) 10 (18.2) 2 (4.9) 0.040
 Urethrolysis for iatrogenic outlet obstruction 14 (5.9) 1 (1.4) 6 (10.9) 1 (2.4) 0.121
 Sling revision for erosion 3 (1.3) 1 (1.4) 0 1 (2.4) 0.717



2795International Urology and Nephrology (2023) 55:2789–2798 

1 3

believed to be one of the most troublesome complications 
after anti-incontinence surgery for SUI [22]. Possible rea-
sons for the wide range of the reported incidence are the dif-
ference in measuring tools, definitions used, surgical types 

and techniques, and follow-up duration [23]. Svenningsen 
et al. [24] reported a significant increase in de novo urge 
incontinence from 4.1% at 6–12 months after retropubic sub-
urethral sling to 14.9% at 10-year follow-up. The formation 

Table 2  Changes in urodynamic 
parameters in the complicated 
and noncomplicated SUI groups

Values of uroflowmetry parameters are expressed as mean ± standard deviation
SUI, stress urinary incontinence; LUTD, lower urinary tract dysfunction; CBC, cystometric bladder capac-
ity; Preop, preoperation; Postop, postoperation; Qmax, maximum flow rate; cQmax corrected Qmax; PVR, 
postvoid residual; Pdet.Qmax, detrusor pressure at Qmax; ALPP, abdominal leak point pressure; VE, voiding 
efficiency; BOOIf, female bladder outlet obstruction index; Vol, voided volume; Δ, the change between 
postoperative and preoperative parameter
*p < 0.05 (compared with preoperative)

Urodynamic 
parameters

Pure SUI (n = 236) SUI and concomitant LUTD (n = 165) p-value

Detrusor over-
activity (n = 69)

Low detrusor con-
tractility (n = 55)

Bladder out-
let obstruction 
(n = 41)

CBC, mL
 Preop 399.7 ± 152.0 300.4 ± 117.2 325.2 ± 143.3 277.9 ± 157.4
 Postop 308.5 ± 147.4* 296.4 ± 152.7 306.7 ± 131.1 325.8 ± 179.1
 Δ  − 91.2 ± 182.4  − 3.98 ± 148.3  − 18.4 ± 155.0 47.9 ± 247.8  < 0.001
Qmax, mL/s
 Preop 21.3 ± 9.37 18.6 ± 8.90 9.15 ± 8.77 13.5 ± 11.4
 Postop 17.3 ± 8.74* 17.9 ± 11.3 11.2 ± 6.90 17.8 ± 14.6
 Δ  − 4.04 ± 9.89  − 0.70 ± 11.5 2.00 ± 11.2 4.33 ± 15.9  < 0.001

cQmax (Qmax/Vol1/2)
 Preop 1.11 ± 0.48 1.11 ± 0.47 0.59 ± 0.72 0.83 ± 0.60
 Postop 1.02 ± 0.47* 1.09 ± 0.64 0.69 ± 0.46 0.97 ± 0.65
 Δ  − 0.09 ± 0.57  − 0.02 ± 0.65 0.10 ± 0.88 0.14 ± 0.79 0.139

Vol, mL
 Preop 381.7 ± 148.3 279.2 ± 131.3 167.5 ± 142.4 236.0 ± 141.4
 Postop 262.6 ± 140.9* 217.7 ± 121.5* 177.3 ± 106.7 255.9 ± 173.9
 Δ  − 119.2 ± 170.1  − 61.5 ± 147.0 9.78 ± 163.3 19.8 ± 229.0  < 0.001

PVR, mL
 Preop 16.6 ± 56.3 24.1 ± 54.3 154.4 ± 138.7 39.5 ± 70.7
 Postop 45.1 ± 80.5* 76.3 ± 112.1* 125.5 ± 122.3 65.0 ± 94.4
 Δ 28.5 ± 78.2 52.3 ± 124.5  − 28.9 ± 158.0 25.5 ± 116.4 0.001
Pdet.Qmax,  cmH2O
 Preop 14.6 ± 9.88 18.3 ± 8.91 12.5 ± 9.78 27.8 ± 26.2
 Postop 18.4 ± 9.29* 18.0 ± 9.07 22.6 ± 20.1* 31.9 ± 19.4
 Δ 3.80 ± 11.5  − 0.34 ± 11.1 10.1 ± 18.4 4.17 ± 16.3 0.034

ALPP,  cmH2O
 Preop 102.8 ± 44.5 95.2 ± 59.9 46.0 ± 38.2 136.3 ± 53.4
 Postop 163.2 ± 51.9* 164.2 ± 80.1 120.5 ± 112.4 184.8 ± 83.0
 Δ 60.4 ± 66.5 69.0 ± 93.9 74.5 ± 74.2 48.5 ± 120.3 0.976

VE, %
 Preop 0.95 ± 0.13 0.92 ± 0.19 0.55 ± 0.34 0.82 ± 0.27
 Postop 0.86 ± 0.20* 0.77 ± 0.26* 0.64 ± 0.30 0.80 ± 0.23
 Δ  − 0.09 ± 0.19  − 0.14 ± 0.26 0.08 ± 0.43  − 0.02 ± 0.37  < 0.001

BOOIf
 Preop  − 30.7 ± 23.0  − 22.5 ± 22.8  − 10.5 ± 24.9 7.58 ± 28.0
 Postop  − 15.4 ± 20.7*  − 14.4 ± 21.4 3.75 ± 25.9*  − 5.67 ± 39.6
 Δ 15.3 ± 26.1 8.08 ± 24.0 14.2 ± 35.3  − 13.3 ± 38.4 0.014
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of fibrotic tissue around the mesh or mesh erosion may be a 
possible explanation for the late onset of OAB symptoms. 
In addition, the effect of physiological change of aging after 
long-term follow-up may also play an important role [23].

This study found that patients with SUI and low detru-
sor contractility had the highest reoperation rates, including 
the rate of repeat suburethral sling (18.2%) and a relatively 
high rate of urethrolysis (10.9%). A less suburethral sling 
tension was intentionally adjusted to avoid postoperative dif-
ficulty in urination or urinary retention. However, because 
urethral resistance will decrease with aging, these patients 
will develop recurrent SUI several years later and require a 
second suburethral sling to resume urinary continence. In 
contrast, some women with low detrusor contractility can-
not overcome the increase of urethral resistance (although 
it is mild) by the sling; therefore, they require urethrolysis 
to resume effective voiding.

Increased urethral resistance after a suburethral sling may 
help achieve long-term dryness. In a study of 655 women 
with SUI who were randomized to either Burch colposus-
pension or autologous fascia pubovaginal sling, a significant 
increase in postoperative Pdet.Qmax and slightly larger BOOIf 
values were found in patients who achieved successful out-
comes than in those who were considered failures [25]. On 
the contrary, different points of view were taken from the 
data of the current study. In the present study, the multivari-
able logistic regression model indicated that patients with a 
higher baseline Pdet.Qmax, which is not only an indicator for 
higher detrusor pressure but also indirect evidence of higher 
urethral resistance, may offer a better long-term SUI-free 
survival rate after suburethral sling procedure. However, the 
odds ratio (1.060; confidence interval, 1.003–1.119) was too 
small to make predictions in clinical practice. ALPP reflects 
the passive urethral resistance to the increase in abdominal 
pressure and was also found to increase after suburethral 
sling in all SUI subgroups in this study, indicating an effec-
tive increase in urethral resistance after surgery. However, 
the urethral sphincter muscle tone will decrease with aging; 
therefore, a higher ALPP cannot predict the long-term suc-
cess of suburethral sling surgery.

Except for patients in the bladder outlet obstruction sub-
group, most of the women in the current study met the cri-
teria suggesting increased urethral resistance based on the 
changes in urodynamic parameters. However, despite the 
contrary change in the postoperative increased Qmax and 
decreased BOOIf in women with SUI and concomitant blad-
der outlet obstruction, the presence of underlying bladder 
outlet obstruction did not have an apparent negative impact 
on the continence rate. This may be because those women 
had already been treated for outlet dysfunction before under-
going anti-incontinence surgery. Therefore, treatment for 
bladder outlet obstruction was not considered to be corre-
lated with an adverse result after suburethral sling surgery.

In comparison with other studies regarding how LUTD 
may affect the efficacy of the suburethral sling, the current 
study had a longer follow-up period, and detailed baseline 
LUT function data following the preoperative VUDS were 
available for each of the studied patients in the current study. 
Four different types of LUT function from diverse aspects, 
including the cumulative continence-free survival, postop-
erative complications, reoperation rates, and changes in uro-
dynamic parameters, were also simultaneously compared. In 
addition, a single surgeon performed the suburethral sling 
surgery in the studied patients using a standardized proce-
dure, which may have also lowered the heterogenicity of the 
procedure itself.

Although this study revealed the long-term success 
rates did not differ between pure SUI and complicated SUI 
patients after anti-incontinence surgery, this study does not 
conclude that urodynamic study is useless in the manage-
ment’s decision making for SUI. With the aid of preopera-
tive urodynamic study, the treatment outcome of SUI had 
been influenced by the urodynamic findings before surgery 
and adjusting the sling tension during surgery.

Conclusion

The results in this study show that women with SUI who 
received suburethral sling had a comparable long-term con-
tinence-specific success rate, regardless of their baseline 
LUT functions. However, women with SUI and concomi-
tant low detrusor contractility may yield a relatively less 
favorable treatment outcome in terms of higher reoperation 
rates. A higher baseline Pdet.Qmax in VUDS might suggest 
a better long-term SUI-free survival after the suburethral 
sling procedure.
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