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Abstract
Introduction: It is known that failures after midurethral 
slings increase with the follow-up time. Nevertheless, data 
concerning mini-slings are sparse. To clarify this statement, 
we analyze a mini-sling cohort with a median follow-up of 10 
years. Although the brand used, MiniArc®, is no longer avail-
able, an identical device, Solyx™, can still be used, which 
makes the analysis of the cohort clinically relevant. Material 
and Methods: A total of 172 women with predominant stress 
urinary incontinence (SUI) were consecutively treated with 
the mini-sling MiniArc® from 2006 until 2013. They were re-
evaluated in 2018. The primary outcome, treatment success, 
was defined as no self-reported SUI symptoms and no rein-
tervention. Secondary outcomes included the response to 
patient-reported outcomes. Adverse events were assessed. 
Results: After a median follow-up time of 113 months, 115 
(66.9%) women were available for reevaluation. Forty-four 
(38.3%) women self-reported SUI. Seventeen women had 
been reoperated, 14 (12.2%) due to the reappearance of SUI 

and 3 due to complications. Altogether, MiniArc® had an 
overall success rate of 47.0% at 10 years. Among those not 
reoperated, 63.3% stated that they were much better or very 
much better in Patient Global Impression of Improvement 
(PGI-I) and 71.4% affirmed that their continence problem 
was normal or mild in Patient Global Impression of Severity 
(PGI-S). Almost 85% would repeat the surgery. Reoperation 
due to complications was rare (2.6%). De novo urgency ap-
peared in 30.6% of the patients and it was managed with 
anticholinergic drugs with favorable outcomes. Discussion/
Conclusion: This report adds evidence to the long-term out-
comes of mini-slings, confirming that they can cure or im-
prove SUI and give patients high satisfaction rates, at the 
expense of low morbidity. © 2020 S. Karger AG, Basel

Introduction

Stress urinary incontinence (SUI) is defined as the 
complaint of involuntary leakage of urine from the ure-
thra, synchronous with exertion, sneezing, or coughing 
[1]. Despite varying according different populations, SUI 
overall prevalence ranges from 10 to 25%, making even 
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more relevant the scrutiny of its methods of treatment 
[2].

When conservative management fails, surgery is the 
preferred option, with midurethral slings (MUS) being 
the recommended procedure to uncomplicated SUI [3]. 
First and second generation MUS, inserted either by ret-
ropubic or transobturator approach, have been proven to 
be effective and equivalent [4, 5]. However, the associated 
complications, as risk of bladder injury during retropubic 
approach and groin or thigh pain following transobtura-
tor route, led to the development of a third generation of 
MUS, the single-incision slings or mini-slings.

In the long-term, it is known that failures after SUI sur-
gery increase with the follow-up time [6]. This fundamen-
tal analysis has been challenged in the case of the mini-
slings by the different design of the tapes, some of which 
have very specific methods of insertion and fixation, mak-
ing generalizations potentially incorrect. Nevertheless, at 
short-term follow-up, up to 2 years, standard MUS and 
mini-slings, TVTSecur® excluded, provide similar cure 
rates according to several meta-analysis [7–9]. A recent 
randomized controlled trial revealed an objective cure 
rate of 89% in the mini-sling group (MiniArc®), compa-
rable to the 87% in the MUS group at 3 years [10]. Data 
with longer follow-up are very sparse, with few analyses 
suggesting a sustained efficacy of MiniArc®, 4–5 years af-
ter implantation [11, 12]. Therefore, the European Asso-
ciation of Urology (EAU) guidelines of 2019 maintain a 
strong statement that patients should be informed that the 
long-term efficacy of mini-slings remains uncertain, es-
sentially similar to the one produced in the 2012 version 
[3]. To clarify this statement, data from cohorts with long 
follow-up time are relevant. Here we analyze a mini-sling 
cohort, MiniArc®, with a median follow-up of 10 years. 
Although MiniArc® brand was discontinued, a similar 
device is available under the trade name of SolyxTM, which 
makes the analysis of the cohort relevant.

Materials and Methods

A total of 172 women with predominant SUI were consecu-
tively treated with the mini-sling MiniArc® (American Medical 
Systems, Minnetonka, MN, USA) from 2006 until 2013 at a ter-
tiary center. Although no longer available with this name, a tape 
with the same anchoring structure and similar mesh material of 
MiniArc® is still accessible as the SolyxTM mini-sling (Boston Sci-
entific Corp., Natick, MA, USA). From the 172 women treated 
with MiniArc®, 115 (66.9%) were available for reevaluation.

The primary outcome for this study was the success rate de-
fined as no self-reported SUI symptoms and no reintervention for 
SUI or sling removal due to complications. Secondary outcomes 

included the response to patient-reported outcomes: Patient Glob-
al Impression of Improvement (PGI-I) and Patient Global Impres-
sion of Severity (PGI-S) questionnaires, and the question “would 
you repeat the surgery” [13]. Adverse events were also evaluated. 
For statistical analysis we used SPSS® software, version 25.0.

Results

A total of 115 women from the initial population were 
available to determine the success rate of the mini-slings, 
66.9% of the total MiniArc® patients. Lost patients either 
had deceased or were no longer available in the contacts 
available in the hospital. The patients were evaluated be-
tween May and July 2018 with a median follow-up of 113 
months. The mean age of women at the time of surgery 
was 52 ± 11 years.

When inquired about symptoms of SUI, 44 (38.3%) 
women self-reported SUI. Seventeen women had been re-
operated, 14 (12.2%) due to the reappearance of SUI and 
3 due to complications. This led to a success of MiniArc® 
at 10 years in 54 women making an overall success rate of 
47.0%. Figure 1 summarizes patients’ distribution.

Among those not reoperated (98 women) in the PGI-I, 
63.3% stated that they were much better or very much 
better. In 17.4%, some improvement was still found. Only 
3% declared they were much worse or very much worse 
(Fig. 2). In the PGI-S, the continence problem was normal 
or mild in 71.4% of the patients, while only 8.2% reported 
that the situation was severe (Fig. 3). When asked “would 
you repeat the surgery,” 83.7% answered affirmatively.

Reoperation due to complications was rare (2.6%). 
Acute urinary retention led to cut the MiniArc® tape in 2 
women, and in one the MiniArc® was removed due to 
vaginal exposure/erosion. Ten out of the 17 women reop-
erated due to reappearance of SUI or complications had 
the second surgery within the first 24 months after the 
mini-sling placement, in the majority of the cases with a 
standard MUS. De novo urgency appeared in 30.6% of the 
patients and it was managed with anticholinergic drugs 
with favorable outcomes.

There were no differences in all these parameters when 
patients with less or more than 113 months of follow-up 
were compared.

Discussion/Conclusion

The long-term efficacy between standard MUS and 
mini-slings has remained a non-solved issue in the last 
editions of EAU guidelines. The most recent meta-analy-
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sis with an average follow-up of 2 years concludes that 
objective cure rates were inferior in mini-slings, empha-
sizing, however, the similar outcomes between the 2 types 
of tapes when subjective cure rates were compared [14, 
15].

Regarding overall objective cure rate, after 10 years, 
47.0% of our population was dry. These results are very 
similar from those of the TOMUS trial for MUS at 5 years 
(retropubic with 51.3% and transobturator with 43.4% of 
success), which used the same outcome measures for suc-
cess [6]. They were adopted at the design of the study in 
order to make comparisons more trustworthy.

Subjective cure rates, measured through patient-re-
ported outcomes, are becoming increasingly relevant in 
clinical trials since patient perception of cure is the ulti-
mate purpose of incontinence surgery. In the MiniArc® 
cohort, after 10 years of median follow-up, 71.4% of the 

women that had no reoperation stated their continence 
problem was normal or mild in PGI-S and 63.3% stated 
that they were still much better or very much better in 
PGI-I. Furthermore, >80% of our patients would repeat 
the surgery knowing the current results.

According to the TOMUS trial, notwithstanding with 
its decreased efficacy over time, the satisfaction rates at 5 
years also remained high with MUS (retropubic with 79% 
and transobturator with 85%) [6]. Also, in a randomized 
clinical trial comparing MiniArc® and a MUS, the values 
in the PGI-I were identically high after 3 years for the 
mini-sling (86%) and MUS (87%) [10]. Altogether, these 
data demonstrates a high patient satisfaction at 10 years 
after the placement of MiniArc® and stresses the fact that 
eventual small losses, without significant interference in 
the quality of life, may also be perceived by patients as 
positive outcome.

Only 3 (2.6%) women had complications requiring 
intervention, highlighting the good safety profile of these 
devices. It was, actually, the need for a simpler procedure 

Assessed for eligibility (n = 172)

Patients with mini-
sling analyzed (n = 115)

Lost to follow-up (n = 57)

Reoperated (n = 17)Not reoperated (n = 98)

SUI reappearance (n = 14)

Complications (n = 3)

Self-reported SUI (n = 44)

Cured (n = 54)

Very much better

Much better

A little better

No change

A little worse

Much worse

Very much worse

Patient global impression of improvement

0 10 20 30 40

Patient global impression of severity

Normal

Mild

Moderate

Severe

0 10 20 30 40

Fig. 1. Patients’ distribution. SUI, stress 
urinary incontinence.

Fig. 2. PGI-I. PGI-I, Patient Global Impression of Improvement.

Fig. 3. PGI-S. PGI-S, Patient Global Impression of Severity.
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(one small incision and a limited tissue dissection), with 
less postoperative complications (bladder perforation or 
inguinal pain), that motivated the single-incision sling 
development. In addition to its simpler technique, the 
mini-sling provides a device with less synthetic material 
in the body of women. In recent meta-analysis, mini-
slings were associated with significantly shorter opera-
tion times, lower immediate postoperative pain, lower 
intraoperative blood loss, and lower postoperative void-
ing dysfunction [14, 15]. The amount of synthetic mate-
rial may be increasingly important as more studies sug-
gest that it is related with some of the potential complica-
tions including the mentioned inguinal pain and the 
negative effect on sexual function. That would explain 
why the improvement in sexual life is higher with mini-
slings than with standard MUS, as stated in EAU guide-
lines [3].

The literature available for standard MUS after 10 
years of follow-up disclosed much higher cure percent-
ages after transobturator MUS insertion, of nearly 90% 
based on negative cough stress test, which may give high-
er rates than criteria based on no reoperation and no self-
reported outcome measure here used [16]. However, for 
the same type of sling and similar follow-up time, other 
authors did not reproduce these results. The objective 
cure rate based on a negative cough stress test was 78.9% 
while the subjective one was only 62.6%, again highlight-
ing that the cough stress test may show unexpected better 
outcome rates [17]. In another cohort with 10 years fol-
low-up in which only retropubic MUS were used, the sat-
isfaction rate was also of 62.6%, after a slow decline along 
the years [18]. The subjective assessment of the patients 
reported by these cohorts is, therefore, comparable with 
our rates of satisfaction in PGI questionnaires.

In this series, patients developed de novo urgency in 
30.6%, a percentage that, although high, can be expected 
in a population followed-up 10 years. To the de novo ur-
gency may concur not only the increase of overactive 
bladder symptoms after MUS placement but also the in-
creasing incidence of such symptoms with aging [19]. It 
is, therefore, surprising that long-term studies regarding 
MUS do not reflect this incidence that is similar across the 
world [20–22]. A recent study reported de novo urgency 
in only 14.4% of their patients at 10 years after a retropu-
bic MUS, despite the annual incidence of overactive blad-
der symptoms that, in the lowest range, overpasses 3% per 
year [18, 23]. Eventually, we cannot exclude that the 
placement of the mini-sling meshes, abutting the urethra, 
may increase de novo urgency, an aspect that should be 
object of investigation in the future.

This report adds evidence to the long-term outcomes 
of MiniArc® mini-sling, confirming their capacity to 
cure or improve SUI and give patients high satisfaction 
rates, at the expenses of a low morbidity. The latter as-
pect is particularly relevant because the SolyxTM device 
has a similar anchoring system and same mesh material. 
Moreover, the small amount of artificial mesh that is 
used in a MiniArc®-like mini-sling may further increase 
the safety of the procedure. In fact, in a recent consensus 
meeting the amount of artificial mesh used in the treat-
ment of pelvic organ prolapse was recognized by all ex-
perts as a main reason for the severe complications re-
ported worldwide [24]. Similar complications have not 
been reported after placement of MUS, which use small-
er amounts of mesh. Using the same rationale, the prob-
ability of such dreadful events after a mini-sling, which 
were not seen in our patients, should be even less likely. 
Moreover, if their cost-effectiveness is contemplated, it 
stands no question that this surgical approach should be 
considered as potential superior to standard MUS. 
Eventually the possibility of performing the mini-sling 
surgery as an ambulatory procedure and under local an-
esthesia may contribute for that and may contribute to 
decreasing the costs associated with the treatment of 
SUI [15, 25].

As strength of this study we should highlight the fact 
that we considered cure as a strict objective measure, 
while most trials measure subjective outcomes, contem-
plating both cure and improvement, with consequent 
higher success rates. There are some limitations of this 
study though: it is a single center study and the overall 
information includes a device already withdrawn from 
the market, MiniArc®, despite the fact that SolyxTM is 
similar in what concerns the design of the anchoring sys-
tem and the type of mesh used. Mini-slings might be of-
fered to women seeking long-term cure of SUI through a 
minor surgery virtually free of severe complications, as 
cure of SUI and a high degree of satisfaction were report-
ed by almost 50% and by >75% of women 10 years after 
the procedure, respectively.

Statement of Ethics

Subjects treated with single-incision slings have given their 
written informed consent, and the study protocol was approved by 
the Ethics Committee of the institution in 2010, when a short-term 
prospective study was conducted. To perform this long-term ret-
rospective analysis, no written consent was obtained, in line with 
the policies of the institution.
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