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Objective: Single-incision slings (SISs) are not considered the first surgical choice for stress urinary incontinence due to few data 
about long-term results. Our aim was to evaluate the outcomes of SISs 12 years after implantation and to search for consequences such 
as deterioration after a certain amount of time.
Methods: We included women with stress urinary incontinence both clinically and urodynamically proven who underwent SISs 
procedure. Objective and subjective cure rates were compared to short-term outcomes to detect possible deterioration over time.
Results: A total of 85 patients were analysed with a median follow-up of 12.0 (IQR 10.4–12.8) years. Objective and subjective cure 
rates were 81.0% and 82.1%, respectively. Median (IQR) PGI-I scores and ICIQ-SF, respectively, were 1 (1–2) and 0 (0–6.8). No 
significant deterioration of outcomes over time was shown after comparison between short-term and long-term follow-ups (objective 
cure rate 84.5% vs 81.0%, p=0.684; subjective cure rates 92.9% vs 82.1%, p=0.060). Also, voiding symptoms and overactive bladder 
did not differ over time (20.2% vs 21.4%, p=1.000; 20.2% vs 33.3%, p=0.080, respectively).
Conclusion: SISs were shown to be a procedure with a great efficacy and safety profile at very long-term follow-up.
Keywords: complications, functional outcomes, long-term follow-up, quality of life, single-incision sling, stress urinary incontinence

Introduction
Stress urinary incontinence (SUI) is a frequent condition described as the involuntary leakage of urine associated with 
actions like sneezing, laughing, and coughing.1 This condition negatively affects social, occupational, domestic, and 
psychophysical well-being.2 Conservative measures involve pelvic floor muscle training, electrical stimulation, magnetic 
stimulation, and vaginal laser.3 Surgery is considered in case of conservative management failure. Different kinds of 
surgery have been proposed in the last years, such as repair of anterior vaginal wall, autologous sling, suspension of 
bladder neck, urethral bulking agents, stem cells injection, and use of mesh tapes.4,5 As of today, positioning of standard 
suburethral slings is validated as the first-line therapy due to high long-term efficacy percentage.6 Various surgical 
approaches have been developed for suburethral slings, and each one involves some drawbacks. Retropubic tapes have 
been related with visceral injuries, especially bladder damage such as perforation.7 Transobturator slings may be related 
with vascular injuries and obturator nerve damage, involving thigh pain and neurological deficiency.8 Single-incision 
slings (SISs) are characterised by shorter tape length and consequently a limited intracorporeal dissection and lack of full 
passage of the introducers through the obturator foramen, adductor tendons, and skin. This involves a lower risk of 
complications including visceral injury, major bleeding, infection, and neurological pain, shorter recovery time, and 
a negligible learning curve.9,10 While excellent short-term efficacy rates unaffected by age, BMI, obstetrical history, and 
proper bilateral anchoring on obturator membranes have been demonstrated, long-term data are scarce.11–13

The aim of this study was to determine the long-term effects of treatment for urinary incontinence after single- 
incision sling implantation. We considered a 12-year follow-up, and we considered functional complications, subjective 
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and objective cure rates, and patient satisfaction. Moreover, we aimed to compare the short-term and long-term outcomes 
in the same cohort of patients to search for possible deterioration of efficacy after a certain time frame.

Materials and Methods
We conducted a retrospective study at San Gerardo Hospital, University of Milano Bicocca, Monza, Italy. The study was 
approved by the local Institutional Review Board. Informed consent was not necessary due to the retrospective nature of 
the study. It was conducted in accordance with the 1964 Helsinki Declaration. We included all women with stress urinary 
incontinence both clinically and urodynamically proven who underwent SISs procedure in the time frame between 
October 2008 and June 2013. In the period of interest, SISs implantation was our standard procedure for women eligible 
for surgery. Preoperative assessment included clinical history collection, pelvic examination with prolapse staging, and 
urine examinations. Every woman was evaluated through preoperative urodynamics such as filling cystometry, uro-
flowmetry, and pressure/flow study by a trained urogynaecologist.14 Q-tip test result >30° defined urethral hypermobility. 
The Good Urodynamic Practice Guidelines of the International Continence Society were followed to define procedures 
and definitions.15 Exclusion criteria were: OAB symptoms/detrusor overactivity, positive postvoid residual volume 
(>100 mL), concomitant vaginal prolapse >stage 1 according to the POP-Q system, previous pelvic surgery, and 
neurological disorders. To assess women’s preoperative quality of life, the International Consultation on Incontinence 
Questionnaire-Short Form (ICIQ-SF) was submitted to all patients.16

Procedure used in the time frame was the MiniArc single-incision sling (American Medical Systems, Minnetonka, 
MN, USA). MiniArc is a 1 cm tape made by polypropylene 8.5 with self-fixating tips to bilaterally anchor it on the 
obturator muscles fascia. Every surgical procedure was executed according to manufacturer recommendations, as 
previously described.17 A 1–1.5 cm anterior colpotomy was made at the mid-urethra level, and paraurethral spaces 
were bilaterally exposed. The sling was then positioned, and the tips were fixed to the obturator muscles fascia. At the 
end of the procedure, exclusion of bladder/urethra injuries was made through intraoperative cystoscopy.

Postoperative visit was performed at one month, followed by an evaluation at 12 months, then yearly. During the 
examination, urogenital symptoms, voiding diary, and questionnaires were firstly collected, then clinical examination 
with a stress test was performed. The objective outcome was determined by a 300 mL stress test. Objective failure was 
defined if a positive stress test was found or the patient required a second surgical procedure for urinary incontinence. To 
evaluate the subjective cure rate, patients were asked to complete the Patient Global Impression of Improvement (PGI-I) 
questionnaire.18 The PGI-I questionnaire includes a seven-point scale, with responses ranging from 1 (“very much 
improved”) to 7 (“very much worse”), evaluating patients’ satisfaction. Success was defined by a PGI-I score ≤2. ICIQ- 
SF questionnaires were submitted to assess the urinary incontinence severity. The occurrence of de novo overactive 
bladder symptoms was identified during the clinical interviews or by specific domain in ICIQ-SF (“leak before you can 
get to the toilet”). Also voiding difficulty was evaluated through the voiding diary or during the clinical interview. If the 
patients did not undergo the follow-up visit within the last year, they were telephoned and asked to come to our outpatient 
setting for evaluation.

Database was completed by one author with a secondary double-check by another author. JMP software version 9 
(SAS Institute, USA) was used for statistical analysis. Outcomes were defined as absolute (relative) frequency for non- 
continuous variables and as median (interquartile range) for continuous variables. To evaluate possible outcome 
deterioration over time, a previous database was used to compare short-term and long-term outcomes for the same 
patients, in terms of cure rates and functional outcomes. The Fisher test for non-continuous data was used to test the 
differences. Statistical significance was set with a p-value <0.05.

Results
In the period of interest, 102 consecutive records were collected. Seventeen (16.7%) patients were considered lost at 
follow-up: 4 patients had died, and 13 patients had wrong phone numbers. As a consequence, 85 patients completed the 
follow-up evaluation, with a median time of 12.0 (IQR 10.4–12.8) years. Table 1 reports population characteristics before 
surgery. No surgical postoperative complications were observed. Cure rates and functional outcomes at 12-year follow-up 
are reported in Table 2. Objective cure rate was 81.0%, while subjective cure rate was 82.1%. Median (IQR) PGI-I and 
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ICIQ-SF scores were 1 (1–2) and 0 (0–6.8), respectively. Outcomes were compared to those available for the same 
patients in a previous series, 24 (15–41) months after the procedures. As shown in Figure 1, comparison between short- 
term and long-term follow-up did not show a significant difference of outcome over time. More specifically, objective 
and subjective cure rates were similar (84.5% vs 81.0%, p=0.684; 92.9% vs 82.1%, p=0.060, respectively). Also, voiding 
symptoms and overactive bladder did not differ over time (20.2% vs 21.4%, p=1.000; 20.2% vs 33.3%, p=0.080 
respectively).

Discussion
Currently, midurethral sling implantation is under observation for the risk of graft-related complications, like chronic 
pelvic pain. The 2018 English ban on midurethral slings represents the direct consequence of these concerns.19 As 
previously happened with transvaginal mesh for prolapse repair, this warning brought anti-incontinence tape manufac-
turers to discontinue the production. Specifically, transobturator tapes are three times more prone to lead to neurological 
symptoms compared to retropubic tapes, and this is estimated to occur in up to 21% of women.20,21 As a consequence, 
the Australian Commission on Quality and Safety in Health Care and other guidelines recommend anti-incontinence 
procedures that avoid the trocar’s passage into the obturator space to reduce pain-related complications. Although SIS 
devices have this characteristic, they are still not recommended due to the lack of adequate scientific data.22 In fact, 

Table 1 Population Characteristics Before Surgery. 
Data Reported as Median (Interquartile Range) for 
Continuous Variables and as the Absolute (Relative) 
Frequency for Non-Continuous Variables

Age (years) 57 (47.3–64)

Menopausal status 48 (57.1%)

Body mass index (BMI) 24.6 (21.9–28)

Number of vaginal deliveries 2 (1–2)

Operative deliveries 15 (17.9%)

Macrosoma (≥4000 g) 12 (14.3%)

SUI severity (ICI-SF score) 13 (11–18)

Table 2 Long-Term Outcomes. Data 
Reported as Median (Interquartile Range) for 
Continuous Variables and as the Absolute 
(Relative) Frequency for Non-Continuous 
Variables

Repeated surgery 2 (2.4%)*

Objective cure rate 68 (81.0%)

Subjective cure rate 69 (82.1%)

Overactive bladder 28 (33.3%)

Voiding symptoms 18 (21.4%)

ICIQ-SF score 0 (0–6.8)

PGI-I score 1 (1–2)

Note: *1 repeated sling, 1 prolapse surgery.
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despite short-term evidence demonstrating comparable efficacy and less pain for SISs compared to conventional tapes, 
data about long-term outcomes are scarce.9,23

Our study focused on the efficacy at very long-term follow-up and on the complication rate of SISs implantation. We 
found that the procedure maintains excellent efficacy and safety 12 years after SISs implantation, without significant 
deterioration over time. In contrast, alternative anti-incontinence procedures present either low efficacy or significant 
intraoperative complications.24 Moreover, to date there is a paucity of studies evaluating SISs at long-term follow-up 
(>5 years). For example, 31 TVT-O patients versus 33 SISs (TVT Secur) were evaluated by Sun et al, 10 years after 
surgery.25 Transobturator tape resulted in superior objective and subjective cure rate, and its efficacy tends to decrease 
less after 10 years. Moreover, at medium-term follow-up (4.5 years), TVT Secur was confirmed to have poor results, 
demonstrating a 31% success rate.26 However, TVT Secur may not be considered representative of the SISs category for 
its mediocre performance, which led to its withdrawal from the market.27 Another study by Mira Gon et al prospectively 
analysed, after 8 years of follow-up, 20 naive patients with Ophira implanted as first anti-incontinence procedure 
compared to 20 women undergoing the procedure as secondary anti-incontinence surgery.28 The authors found that 
repeated surgery had a long-term cure rate decrease, while the subgroup of naive patients did not show any complications 
or functional disorder occurrence, nor any deterioration of cure rates over time, compared to short-term follow-up. 
Nienke et al retrospectively evaluated, with a mean follow-up time of 4.5 years, the long-term cure rates in a cohort of 
397 patients after SISs (Ajust or Altis) implantation. They reported subjective improvement in 75% of patients, a lower 
rate if compared to those reported at 1-year follow-up after Ajust implantation and 2-year follow-up after Altis surgery. 
Sling failure was reported in 10% of patients, with 76% of these appearing in the first 2 years post-surgery.29 More 
reassuring data were reported by Frigerio et al who retrospectively evaluated long-term outcomes (with a mean follow-up 
of 10.3 ± 0.7 years) in 51 patients after MiniArc positioning. Objective cure rate was 86.3%, and subjective cure was 
88.2%, with no long-term complications.23

A major strength of our study is the evaluation of SISs outcomes at long-term follow-up (12 years) with a limited loss 
of patients. Another strength can be identified in the homogeneous naive population with pure SUI. The discontinued 
surgical kit analysed and the retrospective design represent the study’s limitations. This study highlights the necessity of 

Figure 1 Comparison between short-term (2.6 ± 1.4 y) and long-term (10.3 ± 0.7 y) follow-up in terms of main outcomes in percentage (%). 
Abbreviation: OAB, overactive bladder syndrome.
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randomized prospective clinical trials to investigate SISs long-term outcomes, since they have the potential to become, 
similarly to standard tapes, a first-line treatment for SUI.

Conclusions
Single-incision sling procedures showed a safety profile and a great efficacy at very long-term follow-up. Compared to 
short-term results, cure rates and functional outcomes did not have any deterioration over time.
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