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Abstract
Objective: The aim of this study was to assess the security, 
value, and efficacy of the second-generation AdVance male 
sling XP (Boston Scientific®), after implementation in 2010 
with advantageous modifications in the sling structure and 
needle shape, in a prospective multicenter long-term follow-
up study. Methods: In total, 115 patients were included. Ex-
clusion criteria were earlier incontinence (UI) surgery, noc-
turnal UI, former radiotherapy, or night-time incontinence. 
We also excluded patients with a functional urethra <1 cm in 
a preoperatively performed repositioning test. A consistent 
24-h pad test, International Quality of Life (IQOL) score, vi-
sual analog pain scale (VAS), International Consultation-In-
continence Questionnaire (ICIQ-UI SF), International Index of 

Erectile Function (IIEF-5), International Prostate Symptom 
Score (IPSS), and Patient Global Impression of Improvement 
(PGI-I) scores were requested postoperatively. Results: The 
24-month follow-up (114 patients) revealed 64.0% cured 
and 28.8% improved patients. Mean urine loss was reduced 
significantly to 19.0 g (p < 0.001). A mean PGI score of 1.5 and 
a mean VAS score of 0.2 were obtained. The 60-month fol-
low-up (59 patients) revealed 57.6% cured and 25.4% im-
proved patients. Mean urine loss was reduced significantly 
to 18.3 g (p < 0.001). A mean PGI score of 1.6 and a mean VAS 
score of 0.2 were obtained. Conclusions: The AdVance XP 
displays excellent continence results and secure effective-
ness over a 5-year period. Moreover, these data are demon-
strating low complication rates and improved quality of life 
in the long-term use of AdVance XP. © 2021 S. Karger AG, Basel

Ricarda M. Bauer and Markus Grabbert equally contributed to this 
work.
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Introduction

Postprostatectomy urinary incontinence (PPI) is iden-
tified as one of the major risks after radical prostatectomy 
surgery. A surgical approach of urinary incontinence is 
recommended when conservative therapy disappoints 
[1]. The occurrence of PPI being approximately 8.4% [2], 
nearly 5% of the patients after radical prostatectomy even 
undertake surgical therapy for urinary incontinence 
within the first 15 years of treatment [3], highlighting the 
high patient demand in this field. The artificial urinary 
sphincter (AUS) is an established surgical treatment op-
tion for the treatment of PPI [4]; nevertheless, the usage 
of male slings could in the future supersede its use as the 
gold standard for certain indications [5].

The nowadays widely used AdVance retrourethral 
male sling (Boston Scientific©, MA, USA), firstly present-
ed in 2006 by Rehder and Gozzi [6], was introduced for 
the management of male stress urinary incontinence 
(SUI) as a minimally invasive alternative to the AUS. The 
healing aspect of the repositioning sling is assumed by its 
functional sustenance of the distal urethral sphincter. 
This method proved to prevent a continuous passive ex-
ternal compression of the urethra [7, 8]. Numerous stud-
ies in the past have proven the effectiveness and safety of 
the AdVance sling for treating SUI [9, 10]. However, the 
initial production of the AdVance sling system was re-
peatedly correlated to loss of function in the long-term 
follow-up period, failing in approximately 20–30% of cas-
es [11–14] with the need of a subsequent intervention in 
a total of 12.4% patients [15]. Analyses so far have pre-
dominantly assessed the result and aftermath of the Ad-
Vance male sling focusing on the effectiveness and com-
plication profile of the functional male sling in patients 
with PPI with a maximum follow-up of 48 months in a 
multicenter study [12, 16–19].

The subsequent generation named AdVance XP male 
sling launched in 2010 contained numerous changes after 
large increase in use but associated with inferior success 
percentages. The novel sling included a restructured 
mesh with cohesive tensioning fibers in order to improve 
the material stability. Moreover, small chevron anchors 
in the sling arms were incorporated, and the system was 
evolved to enhance fitting of the male pelvic structure by 
adjusting the tunneling needle shape. Tyvek liners were 
built in for better strength and to avoid early postopera-
tive slippage [12, 16, 20].

Given the high patient demand in this field, empha-
sized by the fact that when given a choice, studies have 
shown that 92% of the male patients would choose surgery 

therapy with a male sling rather than an AUS in order to 
evade mechanical methods and related manipulation of a 
scrotal pump [4]; a multicenter long-term study targeting 
to assess the security and effectiveness regarding the use 
of the AdVance XP is of high interest. The present analysis 
is the continuance of a previously described multicenter 
long-term follow-up study. The objective of this study was 
to prospectively assess the treatment with the AdVance 
XP male sling in patients with SUI and the outcome of pa-
tients at a prolonged follow-up of 60 months in regard to 
long-term complications, safety, and efficacy.

Methods

Patient Acquisition
Inclusion criteria were patients after radical prostatectomy 

and persistent SUI. In total, 115 consecutive patients with PPI 
were included that undertook implantation of an AdVance XP 
sling between January 2012 and March 2016. The implantation 
procedures were performed at 6 incontinence centers including 
Germany, Italy, and Austria. The study was approved after writ-
ten informed consent by the participating local ethics commit-
tees following the ethical standards of the Helsinki Declaration 
of 1964.

Study Outline
The implantation of the AdVance XP was accomplished as pre-

viously described in our studies [6, 12, 19]. Patients considered 
were evaluated preoperatively by the operating surgeon and pro-
spectively after 3, 6, 12, 24, 36, 48, and 60 months. The preoperative 
evaluation included, as described before [18]: patient’s history, 
daily pad usage, urodynamics in patients with symptoms of urge 
incontinence, uroflowmetry, endoscopic evaluation, and sonogra-
phy for residual urine. For the evaluation preoperatively and at 
every defined follow-up visit, numerous validated questionnaires 
were used: International Quality of Life (IQOL) score [21], Inter-
national Consultation on Incontinence Questionnaire short form 
(ICIQ-UI SF) [22], International Prostate Symptom Score (IPSS), 
and International Index of Erectile Function (IIEF-5). Further-
more, the Patient Global Impression of Improvement (PGI-I) [23] 
and perineal and inguinal postoperative pain based on a visual an-
alog scale (VAS) were measured postoperatively. The Clavien-
Dindo classification (CDC) [24] evaluated and classified compli-
cations (Table 3). Furthermore, a standardized questionnaire was 
sent to all participants. Patients received 1 pad together with a de-
tailed information sheet of how to perform a home 24-h pad test. 
The results of the 24-h pad test together with the daily pad usage 
were measured in the questionnaires.

“Cure” was defined as 0 pads in 24 h and a maximum of 5 g in 
the 24-h pad test. “Improvement” was described as a ≥50% reduc-
tion in the 24-h pad test. Others outside these ranges were defined 
as “failures.”

Inclusion and Exclusion Criteria
Inclusion and exclusion criteria for the patient collective have 

been thoroughly described beforehand [18]. To sum up, patients 
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included were defined to have a PPI with a mandatory positive en-
doscopic evaluation proving a good external sphincter contractil-
ity and a minimum coaptive zone of ≥1 cm (positive repositioning 
test) [25]. The minimum age included was defined at 40 years. As 
described before, inclusion criteria stated a daily pad usage of up 
to 8 pads with the definition of a mild-to-moderate incontinence. 
To continue, the daily pad usage of 1–3 pads was described as mild 
incontinence [25]. Nevertheless, there was no limit for urine leak-
age in the 24-h pad test.

Exclusion criteria included a negative endoscopic evaluation 
without an adequate coaptive zone, a prior radiation therapy, noc-
turnal urinary loss (Ul), supine Ul III°, prior incontinence surgery, 
and previous history of urge Ul. Patients who received other treat-
ment for postoperative incontinence were furthermore excluded.

Statistical Analysis
Statistical analyses were accomplished using SPSS Statistics 

25.0 (IBM Corp., Armonk, NY, USA). The results gathered were 
recorded and inserted into the SPSS database in the implicit man-
ner. A nonparametric t test (Wilcoxon signed rank test) was used 
to compare the pre- and postoperative continence status at follow-
up visit. Bivariate correlation (Spearman correlation coefficient) 
evaluated the influence of patient’s variables on the postoperative 
outcomes. A p value of <0.05 indicated statistical significance.

Results

Patient Cohort
In total, 115 patients were included that underwent an 

AdVance XP sling implantation because of SUI after rad-
ical prostatectomy from 2012 to 2016. The implantation 
procedures were performed at 6 incontinence centers in-
cluding Germany, Italy, and Austria – the 115 patients 
finally fitting all criteria and considered for this study 
came from 4 incontinence centers after consideration of 
exclusion criteria (center 1, n = 16 patients; center 2, n = 
78; center 3, n = 14; and center 4, n = 7). There was no 

significant difference in patient outcome in relation to the 
incontinence center performing the procedure or consid-
ering yearly implantation procedures performed. The 
median age was 69 years (minimum age of 47 and maxi-
mum age of 82 years). Twenty-nine months were the me-
dian period between radical prostatectomy and the sling 
implantation (minimum 5 months; maximum 209 
months). Table 1 shows baseline patient characteristics. 
Segments of this table have already been published previ-
ously [12, 16, 20].

Efficacy after Long-Term Follow-Up
In total, 59 patients (51.3%) reached 5-year follow-up 

and were able to be considered for interpretation. Lost to 
follow-up were 24 patients (20.8%). Without any relation 
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Table 1. Preoperative patient characteristics (n = 115)

Age, years, median (range) 69.0 (47–82)
Mode of previous prostate surgery, n (%)

Open radical prostatectomy 86 (75%)
DaVinci/laparoscopic radical prostatectomy 29 (25%)

Urine loss in 24-h pad test, g, mean (range) 272.0 (42–1,600)
ICIQ SF, mean (range) 16.0 (8–21)
IQOL, mean (range) 68.0 (32–106)
IIEF-5, mean (range) 5.6 (1–25)
IPSS, mean (range) 7.7 (0–32)
BMI, mean (range) 26 (20–38)
Diabetes, n (%) 3/115 (2.6%)
Neurological diseases, n (%) 1/115 (0.9%)

BMI, body mass index; ICIQ SF, International Consultation on 
Incontinence Questionnaire short form; IIEF-5, International 
Index of Erectile Function; IPSS, International Prostate Symptom 
Score; IQOL, International Quality of Life.
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Fig. 1. Postoperative continence status.
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to sling implantation, 2 participants of this study (1.7%) 
deceased throughout the follow-up time frame. For the 
sake of completeness, our previous studies have already 
reported on the outcomes of the same patient cohort after 
set follow-up periods; in our previous studies, 115 pa-
tients were included after 3-month follow-up, 115 also 
after 6-month follow-up, 114 participants of the same pa-
tient cohort were included in the 12-month and also the 
24-month follow-up, 100 patients were followed up after 
36 months, 85 patients could be included after 48 months, 
and 59 patients after the 60-month follow-up period. This 
study focuses on the follow-up of the same patient cohort 
after a 5-year follow-up period. No further patients have 
been added.

After a long-term follow-up of 5 years, 57.6% of the 
patients were classified as cured and 25.4% of the patient 
collective statistically improved. Furthermore, catego-
rized as unsuccessful were 16.9% of the participants. The 
outcomes for each follow-up time period are visualized in 
Figure 1, demonstrating the postoperative continence 
status. Mean PGI was 1.5 after 3-month follow-up, 1.5 
after 2-year follow-up, 1.6 after 4 years, and 1.6 after the 
5-year period.

In terms of functional outcome, the 5-year follow-up 
data displayed statistically significant results. The urine 
loss was significantly decreased in the 24-h pad test. The 
ICIQ-UI SF survey also revealed a decline regarding the 
urinary incontinence grade at every time point of the fol-
low-up period (see Table 2) exclusive of statistical altera-
tions in regard to the 24-h pad test throughout the testing 
time points (p > 0.005, each). The quality of life measured 

by the IQOL test improved significantly. No statistically 
significant changes in erectile function (IIEF-5) or in-
creased irritative symptoms assessed by the IPSS occurred 
as shown in Table 2.

In the subgroup evaluation, there were no statistically 
significant findings (p > 0.05, each). Subgroups included 
the influence of age, the category of radical prostatectomy 
procedure such as the implanting physician itself, the 
body mass index, the preoperative IPSS, and the preop-
erative ICIQ-UI SF results. Further subcategories that 
showed no statistically significant results were the preop-
erative urine loss tested by the 24-h pad test to be contin-
ued by pad usage on postoperative IQOL and continence 
status at maximum follow-up.

Improvement and cure proportions did not vary sig-
nificantly over each follow-up period. The continence 
status seemingly does not seem to worsen over time (p > 
0.005, each).

Complications
No intraoperative complications occurred. 0.5 was the 

mean pain VAS score after the 3-month follow-up and 0.2 
after the 60-month evaluation. No participant was in need 
of pain relief therapy in the prolonged postoperative phase 
for over 4 weeks. Furthermore, neither severe nor explicit 
postoperative complications were described (in regard to 
CDC grade IV–V [26]). No consecutive infections or ero-
sions in the follow-up period were reported that poten-
tially needed or ended in the explantation of the sling.

As previously reported, a total of 7 device-related com-
plications occurred, nevertheless, not in the time period 

Table 2. Postoperative continence results

Baseline 24 months 48 months 60 months
(n = 115) (n = 114) (n = 85) (n = 59)

Cured, % – 64.0 61.2 57.6
Improved, % – 28.9 27.1 25.4
Failed, % – 7.0 11.8 16.9
24-h pad test mean, g 272.0 19 (p < 0.001) 33.8 (p < 0.001) 18.3 (p < 0.001)
IPSS, mean 7.7 8.3 (p = 0.130) 7.8 (p = 0.254) 8.2 (p = 0.213)
IIEF-5, mean 5.6 5.0 (p = 0.699) 5.2 (p = 0.445) 4.2 (p = 0.352)
ICIQ, mean 14.9 4.8 (p < 0.001) 5.3 (p < 0.001) 5.0 (p < 0.001)
IQOL, mean 67.3 97.0 (p < 0.001) 96.9 (p < 0.001) 96.8 (p < 0.001)
PGI, mean – 1.5 1.6 1.6
VAS, mean – 0.2 0.2 0.2

Bold type denotes significance. ICIQ, International Consultation on Incontinence Questionnaire; IIEF-5, 
International Index of Erectile Function; IPSS, International Prostate Symptom Score; IQOL, International 
Quality of Life; PGI, Patient Global Impression of Improvement; VAS, visual analog scale.
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of the extended follow-up to 60 months. Newly described 
urge was recorded throughout the follow-up period in the 
first year after sling implantation that required medical 
treatment by a total of 5 study participants (4.3% compli-
cation grade IIa in respect to the CDC). One patient 
(0.9%) was treated with UTI postoperatively (grade IIb in 
regard to CDC). During the investigated time frame, dis-
section of 1 sling arm due to urinary retaining or urge 
complications related to subvesical obstruction by over-
tensioning of the sling was implemented in 9 participants 
(7.8%; grade IIIb with respect to CDC). One patient re-
ceived implantation of an AUS due to worsening of uri-
nary incontinence symptoms subsequently to sling im-
plantation (0.9%; grade III in regard to CDC). Table  3 
visualizes the above-described findings.

Radiation therapy was conducted in a total of 3 pa-
tients (2.6%) in the follow-up period due to pathogen re-
lapse of the underlying disease. Because of radiation, 2 of 
those patients reported the return of urinary inconti-
nence symptoms. In the previous analysis describing the 
prolonged follow-up of 60 months, no further late onset 
complications were reported.

Discussion

The AdVance XP was firstly launched in 2010, provid-
ing a dynamic sustenance to the sphincter during pres-
sure by increasing the coaptive zone in the sphincteric 
part of the urethra. Device changes intending to facilitate 
implantation and improving postoperative stability have 
been implemented [7]. Its use has emerged to a well-es-
tablished therapeutic tool in the management of PPI. For 
the treatment of PPI, the AdVance sling was firstly intro-
duced in 2006. To this point, there are 2 studies in place 
comparing the effectiveness of the AdVance in contrast 
to the AdVance XP sling. Until now, the studies did not 
prove significant progressive effectiveness in favor of the 
AdVance XP sling. Nevertheless, it emphasized advan-

tages, for example, in the decrease of failure frequency in 
overweight participants [27, 28]. A study comparing pa-
tients treated with either the AdVance sling or the Ad-
Vance XP sling revealed a total cure rate of 77% following 
a median follow-up of 49 months [20, 29]. From a pa-
tient’s point of view, the AdVance XP sling shows unde-
niable advantages such as no mechanical components 
and the ability to function without relying on patient-re-
lated cognition [14].

Firstly introduced in 1972, the AUS is to this point 
considered as the gold standard for treating PPI [15]. 
However, in a single-center patient cohort containing 218 
patients treated with AUS, 27% needed surgical revision 
or even explantation within the first 5 years [30], high-
lighting the fact that the AUS does not come without dis-
advantages and complications. Studies have disclosed the 
deficiency of verification for the surgical management of 
PPI, being particularly unsatisfying for male sling sys-
tems, while patients demand remains high [12].

To this day, there are only a few equivalent studies 
specifying adequate data of midterm to long-term follow-
up of the AdVance XP male sling in relation to treatment 
of PPI. Our study cohort provides the longest follow-up 
of 60 months in a multicenter study cohort after AdVance 
XP implantation, allowing new insights into long-term 
durability, efficacy, and safety.

Rehder et al. [33] described a long-term follow-up of 
the AdVance sling after 36 months, showing cure rates of 
53.0% in total, including a cured and improved rate of 
76.8% (patients defined as cured using 0–1 pads/24 h). 
Zemp et al. [14] were able to show continence rates of 
82.3% in patients with no identified risk factors for Ad-
Vance sling failure, described in a mean follow-up of 43 
months. Consistent with the findings of Zuckerman et al. 
[31] stating a cure rate of 62% of patients either described 
as cured or improved after a median follow-up of 36 
months, their findings indicated declining functional 
rates over the described follow-up time [11]. These find-
ings nevertheless concentrated on the significant cure 
rates after the implantation of the AdVance male sling. 
The described studies have led to the introduction of the 
modified transobturator-retroluminal-repositioning 
sling structure, also known as AdVance XP.

In regard to these findings, our study for the first time 
allows a well-defined indication that the second-genera-
tion sling demonstrates constant continence outcomes 
over a prolonged follow-up time. Bauer et al. [12, 32] em-
phasized a cure rate of 69.3% after 24 months and 66% af-
ter 36 months. The follow-up after 48 months determined 
a 71.7% cure rate [19]. The present study after a 60-month 

Table 3. Device-related postoperative complications defined by 
CDC

CDC (grade) I IIa IIb IIIa IIIb VI V

Total (n = 115) 0 5 1 0 9 0 0
Percentage – 4.3 0.9 – 7.8 – –

CDC, Clavien-Dindo classification.
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follow-up period is furthermore coherent with the previ-
ously described outcomes for the AdVance XP, stating a 
cure rate of 57.6% and the exact description of continence 
in our current study of 0 pads/24 h together with a maxi-
mum of 5-g urine loss in the 24-h pad test. A significant 
outcome of the present analysis is that the efficiency and 
duration after AdVance XP implantation does not seem to 
statistically reduce in the first 5 years. Furthermore, these 
findings are stable with the outcomes of our earlier reports 
considering long-term outcomes after AdVance implanta-
tion [19]. These findings reveal the efficacy and stability of 
the AdVance XP in the therapy of PPI.

We continued to only include and follow-up patients 
out of our highly selected patient cohort with very strictly 
applied selection criteria in contrast to most studies de-
scribed before. The definition of continence was stated be-
forehand: cured patients defined with 0 pads/24 h togeth-
er with a 24-h pad test showing 5 g of maximum urine loss. 
Most analyses so far evaluated the efficacy of the AdVance 
XP male sling on individually chosen patients, for in-
stance, exclusive of any previous incontinence surgeries or 
prior pelvic radiation therapy [25, 33, 34]. In contrast, the 
present study once again highlights that in our patient co-
hort, no association to failure to achieve continence was 
made in regard to the age, preoperative quantity of urinary 
incontinence, or BMI. Consequently, a cutoff urine loss 
cannot be stated to predict a favorable result [19].

The postoperative complications rates were low, and 
no further patient suffered from de novo urge after the 
postoperative period [16, 32, 35, 36]. To continue, no sta-
tistical substantial difference in regard to the IPSS was 
shown. Further complications did not follow in the long-
term follow-up, supporting the previously described re-
sults for the AdVance and the AdVance XP [12, 16, 19, 
20, 32]. No erosions or explantations of neither a whole 
sling system nor fragments of the sling were described 
throughout the follow-up period. Also, no participant 
stated extensive discomfort. No statistically significant 
postoperative deviations in erectile function were mea-
sured with the IIEF-5 score. The patient satisfaction was 
furthermore stable throughout the follow-up period 
proven by the PGI and IQOL scores. Merely, 53% of the 
men questioned suffering of incontinence after radical 
prostatectomy would again choose the surgical treatment 
option when asked at 5 years or more after treatment. 
This proves the satisfaction of patients is an important 
feature and goal in the future in order to enable a long-
term quality of life to prostate cancer survivors.

Limitation of the study, carried out as a single-arm 
study, is the missing of a control group. Furthermore, at 

the moment, the 60-month follow-up was only reached 
by 59/115 patients, making it 67.8% of the total patient 
cohort treated. The highly selected patient selection at the 
start point of this study demarks a further limitation as 
described in our previous studies or in contrast highlights 
the results in well-selected patients especially regarding 
the still open question “what is the ideal patient?”

Conclusion

The Advance XP displays excellent continence results 
and secure effectiveness over a 5-year period. Moreover, 
these data are demonstrating low complication rates and im-
proved quality of life in the long-term use of AdVance XP.
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