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Abstract

Purpose To evaluate the outcome of the retrourethral
transobturator sling (RTS) by functional magnetic reso-
nance imaging (MRI) and to identify parameters associated
with sling failure.

Methods Of thirty recruited men with postprostatectomy
stress urinary incontinence (SUI), 26 consecutively under-
went functional MRI before sling procedure and 12 months
thereafter in a prospective clinical cohort observational
study. Periurethral/urethral fibrosis and sling visualization
were evaluated on static sequences. The angle of the mem-
branous urethra, position of the bladder neck and external
urethral sphincter were assessed during Valsalva’s maneu-
ver and voiding. Sling success was defined as no or one dry
“security” pad.

Results  The success and failure rates were 58 % (15/26
patients) and 42 % (11/26 patients), respectively. The sling
leads to reduction in the membranous urethra angle during
Valsalva’s maneuver (39.55° vs. 36.82°, p = 0.025) and
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voiding (38.25° vs. 34.83°, p = 0.001) and elevation of
the external urethral sphincter (2.9 vs. 4.8 mm, p = 0.017).
Preoperative wider angle of the membranous urethra was
significantly correlated with severe preoperative inconti-
nence. Sling failure (p = 0.001) and severe preoperative
incontinence (p = 0.001) were significantly related to only
small changes of the membranous urethra angle. The inter-
rater and intrarater reliability for membranous urethra angle
was excellent (intraclass correlation coefficient >0.75).
Conclusions The RTS leads to reduction in the membra-
nous urethra angle. The extent of the changes in the mem-
branous urethra angle is associated with RTS outcome.
Functional MRI is a reliable noninvasive visualization tool
of interactions between the sling and pelvic floor for further
research on the complex nature of postprostatectomy SUI.

Keywords Advance sling - Male incontinence - Male
pelvic floor imaging - Postprostatectomy incontinence -
Retrourethral transobturator sling

Introduction

The retrourethral transobturator sling (RTS) (AdVance®,
American Medical Systems, Minnetonka, MN, USA) is
widely used for treating postprostatectomy stress urinary
incontinence (SUI). RTS was reported to relocate the ure-
thral sphincter (EUS) complex and its supporting struc-
tures into a preprostatectomy position [1]. Recent long-
term studies revealed acceptable and durable RTS success
rates [2, 3]. To increase RTS efficacy, patients with mild
or moderate SUI should be selected [4, 5]. However, RTS
failure rate of 20—45 % [6] still remains high. This is due,
on the one hand, to different definitions of the success
rates reported [7] and, on the other hand, to a lack of the
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understanding of how RTS and pelvic floor (PF) structures
interact. Imaging studies using real-time visualization of
dynamic PF processes may help to understand the factors
contributing to RTS failure.

The aim of this study was to evaluate RTS outcome
using functional magnetic resonance imaging (MRI) for
identifying parameters contributing to RTS failure and to
assess the reliability of these measurements.

Materials and methods
Patients

In a prospective clinical cohort observational MRI study
from December 2007 to January 2011, patients with persis-
tent SUI intended to be treated with RTS were consecutively
recruited from our outpatient clinic and followed up prospec-
tively. All patients signed the informed consent form after
ethical approval by the local institutional review board. Inclu-
sion criteria were SUI persisting at least 1 year after radical
prostatectomy (RP), residual EUS function confirmed by the
repositioning test [2, 3, 8] and the intention to participate at
one pre- and postoperative MRI examination in addition to the
standard preoperative RTS diagnostics. All enrolled patients
met the previously reported criteria [9] for RTS implanta-
tion. Known contraindications to MRI examinations such as
claustrophobia, pacemaker, any metal implant and noncon-
servative SUI treatment before or after RTS placement, severe
complications [10], history of adjuvant pelvic radiotherapy,
anastomotic or urethral strictures at the time of recruitment
were considered as exclusion criteria. The RTS preoperative
workup included demographics, evaluation of medical history,
uroflowmetry, postvoid residual urine (PVR), daily pad use,
1-h pad test, urethrocystoscopy and urodynamics to exclude
detrusor overactivity and intrinsic sphincter deficiency through
the abdominal leak point pressure (ALPP) measurements.
Incontinence severity was evaluated by the number of pads
used per day [9], 1-h pad test and the International Consulta-
tion on Incontinence Questionnaire-Short Form (ICIQ-SF;
range 0-21, minimum to maximum symptoms).

RTS was implanted by a well-trained surgeon using the
surgical technique previously reported [1, 9].

For follow-up, daily pad use, 1-h pad test, ICIQ-SF, uro-
flowmetry and PVR were re-evaluated 6 and 12 months
postoperatively. Twelve months after RTS, the postopera-
tive MRI took place. RTS success was defined as no or one
dry “security” pad.

MRI examination technique

MRI was performed on a 1.5 tesla scanner (Sonata, Siemens
Medical Solutions, Erlangen, Germany) using phased body
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array coils covering the pelvis lying in the supine position.
One hour before MRI, all patients had to empty the blad-
der and then to drink 200 mL water in order to provide a
consistently full bladder during imaging to achieve some
kind of standardization. To avoid any influence on the PF,
all patients were administered an enema containing 100 mL
of a solution of sodium phosphate into the rectum 30-
45 min before MRI. Before the examination, patients were
instructed to follow the examination protocol and to perform
a Valsalva maneuver by attempting to maximally push down
the PF and then to urinate in a urine bottle. The examination
was started when patients had the first desire to void.

Static T2-weighted turbo spin echo (TSE) sequences
[TR5720ms; TE107ms; slice thickness 3 mm; FieldOfView
(FOV) 280/75 mm] in axial and sagittal orientation were
acquired for evaluation of anatomical PF structures and
planning of the dynamic examination. Functional dynamic
real-time MRI was acquired by single slice TrueFISP (Fast
Imaging with Steady State Precession) sagittal sequences
(TR4.57ms; TE2.29ms; slice thickness 7 mm; FOV
270 mm) with a frequency of one image/s during Valsalva’s
maneuver and voiding.

MRI data analysis

The pre- and postoperative MRI were independently ana-
lyzed for interrater reliability of the measurement tech-
nique on a PACS workstation by radiologist and urologist
with expertise on abdominal and pelvic imaging. Addition-
ally, the same readers re-evaluated MRI 6 weeks after the
first analysis to assess the intrarater reliability of the meas-
urements. The readers were blinded to the patients’ name,
demographics, clinical examinations’ results and outcome.

On static images, PF morphology, severity of periure-
thral/urethral fibrosis, RTS visualization and position were
qualitatively assessed before and after RTS as previously
reported [11, 12].

For the assessment of the parameters on dynamic MRI,
the pubo-coccygeal line (PCL) served as a reference line
connecting the inferior symphyseal border with the last coc-
cygeal joint [13] (Fig. la—d). Dynamic images were quanti-
tatively analyzed for the distance between the PCL and the
bladder neck (BN) as well as for the distance between the
PCL and the EUS (Fig. 1b, d). To quantitatively assess the
position of the membranous urethra, the angle between the
bladder neck line (BNL) and perpendicular line to the PCL
in the BNL area was additionally measured on dynamic
MRI and labeled as the angle of the membranous urethra
(AMU) (Fig. 1a, ¢). The BNL was defined as connection of
the BN centerline and the membranous urethra. All above-
mentioned parameters on dynamic MRI were assessed pre-
and postoperatively during a maximum effort Valsalva’s
maneuver and voiding.
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Fig.1 Cine-MRT (single slice TrueFISP) during a maximum of
voiding before RTS (a, b) and thereafter (c, d) of patient with preop-
erative stress urinary incontinence and successful outcome after sling
implantation. The distance between the external urinary sphincter
(EUS) (arrow) and the pubo-coccygeal reference line (PCL) and the
distance between the bladder neck (asterisk) and the PCL are evalu-

The change of the AMU after RTS was defined as pri-
mary outcome criterion. The secondary outcome of the
study was to assess whether AMU and/or distances between
the BN and PCL or between the EUS and PCL were associ-
ated with RTS failure.

Statistical analysis

Sample size was calculated using G*Power statistical
power analysis program (v. 3.1.7, free software written by
F. Faul, University of Kiel, Germany). Considering results
of the previous work [14], the effect size of 2.73, a type 1
error (p < 0.001), and a power of 0.95 required 10 patients
for each group. Success rate after RTS was defined as 55 %.
Counting a missing value of 50 %, 30 patients needed to be
enrolled in the study.

All analyses were performed on the Statistical Package
for Social Sciences (SPSS), Version 21. For normal dis-
tributed data, paired ¢ test or independent ¢ test were used
for differences within the groups or between the groups,
respectively. Otherwise, the Wilcoxon signed-rank or the

ated before (b) and after RTS (d). Membranous urethra angle (arrow)
is reduced after RTS (¢) compared to it before RTS (a). P stands for
the line perpendicular to the PCL and crossing the bladder neck line
(BNL), the arrow presents the angle of the membranous urethra. Sag-
ittal (e) and axial (f) T2-weighted images with a visualization of the
sling (arrows)

Mann—Whitney test was performed. The intrarater and
interrater reliability was assessed using the intraclass cor-
relation coefficient (ICC) and interpreted according to
the Fleiss criteria [15]: ICC > 0.75 (rating: excellent);
0.40 > ICC < 0.75 (rating: fair to good); and ICC < 0.40
(rating: poor). A p value of <0.05 (two tailed) was consid-
ered as significant.

Results
Characteristics of patients and RTS outcome

Demographics and clinical characteristics of the patients
are presented in Table 1. A total of 30 patients were
enrolled in the study, with four of them had to be excluded
since they were not available for the postoperative MRI
examination. The success rate was 58 % (15/26 patients).
Of 11 (42 %) patients regarded as RTS failure, 9 (35 %)
patients had significant pad reduction (>50 % pad use) and
2 (8 %) patients were unchanged after surgery. Pad weight
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in the 1-h pad test (p = 0.001) and the number of daily
pad use (p = 0.001) of the overall cohort decreased sig-
nificantly postoperatively (Table 2). The maximal flow rate

Table 1 Patient characteristics (n = 26)

Basic characteristics

Age [(year) mean £ SD] 73+ 44
Body mass index [(kg/mz) mean £ SD] 26.8 £2.2
No. adjuvant radiotherapy after radical 0
prostatectomy (%)
Time between RP and sling procedure [(months) 3544229
mean £ SD]
No. previous treatment of incontinence (%)
Bulking agents 0
Stem cells 0
Duloxetine 9 (34.6)
Pelvic floor exercises 26 (100)
No. history of bladder neck stenosis (%) 3(11.5)

Incontinence and micturition preoperative characteristics
No. severity of incontinence (%)

Mild (1-2 pads) 1(3.8)

Moderate (3-5 pads) 16 (61.5)

Severe (5 pads) 9 (34.6)
No. pads/day, mean £ SD 47+1.6
1-h pad test [(g) mean £ SD] 116.2 £ 134.7
Maximal uroflow [(mL/s) mean 4+ SD] 16.1 4.9
ALPP [(¢cmH,0) mean =+ SD] 647+ 1.3

Perioperative characteristics

No. type of anesthesia (%)

General 15 (57.7)

Spinal 11 (42.3)
Hospitalization time [(days) mean £ SD] 494+0.6
No. postoperative acute urinary retention (%) 6(23.1)
Follow-up [(months) mean 4 SD] 29 +£8.2

SD standard deviation, ALPP abdominal leak point pressure

(p = 806) of the overall cohort did not change significantly
(Table 2). The micturition volume of the overall cohort
increased significantly (p = 0.022) after RTS (Table 2). The
analysis of micturition volume in relation to sling outcome
revealed that only patients with RTS success (289 mL =+ 81
vs. 342 mL + 64, p = 0.029) had significant postoperative
increase of the micturition volume compared to patients
with RTS failure (214 mL &£ 23.2 vs. 221 mL £ 23.4,
p = 0.443).

There were no significant differences in frequency of
RTS failure (p = 0.683) between the patients with severe
preoperative SUI (3/9 patients, 33 %) and those with mild
or moderate SUI (8/17 patients, 47 %).

ALPP was significantly correlated with the preopera-
tive number of daily pad use (r = —0.73, p = 0.001) and
severity of preoperative incontinence (60.2 cmH,0 £ 1.7
vs. 67.1 cmH,0 £ 7.3, p = 0.001). There were no sig-
nificant relations between ALPP and the preoperative
AMU (r = 0.38, p = 0.069), AMU change (r = —0.33,
p = 0.117) or RTS outcome (64.9 cmH,0 £ 7.1 vs.
64.5 cmH,0 + 6.7, p = 0.838).

Morphological assessment of PF structures and RTS
on static MRI

RTS was indirectly visualized in 11 (48 %) of 26 patients
on axial T2-weighted MRI images and in 14 (54 %) of 26
patients on sagittal images (Fig. le, f). There were no sig-
nificant relations between the RTS outcome and RTS visu-
alization or urethral/periurethral fibrosis (Table 3).

PF structures and RTS on functional dynamic MRI

Compared with the preoperative dynamic MRI, there was
an elevation of the BN and EUS position in all patients
after RTS on qualitative analysis. The quantitative analysis

Table 2 Changes of clinical and MRI parameters due to the sling implantation (n = 26)

Parameters Before sling After sling Mean change p value
Clinical characteristics
1-h pad test [(g) mean =+ SE] 116.2 £ 264 33.5+9.38 —82.7 0.001*
No. pads/day, mean £ SE 48+0.3 1.8+0.5 -3.0 0.001*
Maximal uroflow [(mL/s) mean + SE] 16.1 £ 0.9 16.3£0.9 0.2 0.806
Voided volume [(mL) mean + SE] 256.5+16.9 290.6 + 18.0 34.1 0.022*
MRI parameters
Distance between PCL and EUS during voiding [(mm) mean + SE] 29+15 48 +1.3 1.9 0.017*
Distance between PCL and BN during voiding [(mm) mean £ SE] 59+£19 9.2 +£2.1 33 0.094
Membranous urethra angle during voiding [(degree) mean & SE] 3825+ 1.3 3483 £1.0 34 0.001*
Membranous urethra angle during Valsalva manuever [(degree) mean + SE] 3955+ 14 36.82 + 1.1 —2.7 0.025*

MRI magnetic resonance imaging, SE standard error, PCL pubo-coccygeal line, EUS external urinary sphincter, BN bladder neck

* Statistically significant
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Table 3 MRI parameters and sling outcome (n = 26)
Parameters Success (n = 15) Failure (n = 11) p value
Fibrosis before RTS

<1/3 of urethral circumference 2 (13 %) 4 (36 %) 0.651

>2/3 of periurethral cirmuference 2 (13 %) 2 (18 %) 0.572
Fibrosis after RTS

<1/3 of urethral circumference 5 (33 %) 5 (45 %) 0.889

>2/3 of periurethral cirmuference 4 (27 %) 4 (36 %) 0.835
Sling visualization

Axial 6 (40 %) 5 (45 %) 0.999

Sagittal 6 (40 %) 8 (73 %) 0.130
Change of the distance between PCL and BN during voiding [(mm) mean + SE] 38+20 1.7+£33 0.576
Change of the distance between PCL and EUS during voiding [(mm) mean + SE] 23+1.0 04+£15 0.3
Preoperative AMU during voiding [(degree) mean £ SE] 39.68 £ 2.0 36.56 £ 1.4 0.331
Preoperative AMU during Valsalva manuever [(degree) mean =+ SE] 41.68 £ 2.1 37.03+ 1.6 0.119
AMU change (postoperative—preoperative) during voiding, mean £ SE —533+13 —1.16 £ 0.5 0.001*
AMU change (postoperative—preoperative) during Valsalva manuever, mean £ SE —384+19 —142+£1.0 0.392

MRI magnetic resonance imaging, SE standard error, PCL pubo-coccygeal line, EUS external urinary sphincter, BN bladder neck, AMU membra-

nous urethra angle

* Statistically significant

revealed only significant elevation of the EUS (p = 0.017)
and no changes in the BN position (p = 0.094) compar-
ing preoperative versus postoperative dynamic MRI of the
overall cohort (Table 2). The postoperative lowering of the
BN and EUS below the PCL occurred in 4 (27 %) of 15
patients with RTS success and in 9 (82 %) of 11 patients
with RTS failure on qualitative analysis. However, this dif-
ference was not exceeding the conventional level of statisti-
cal significance for the BN (p = 0.576) or EUS (p = 0.3)
on quantitative analysis (Table 3).

All patients of the overall cohort had a significantly
smaller AMU after RTS during Valsalva’s maneuver
(p = 0.025) and voiding (p = 0.001) (Table 2). There were
no significant differences in the preoperative AMU during
Valsalva’s maneuver (p = 0.119) and voiding (p = 0.331)
between the patients with RTS failure and those with RTS
success (Table 3).

RTS failure was significantly associated with smaller
AMU change after RTS during voiding (»p = 0.001)
(Table 3). This trend tailed to nonsignificance (p = 0.392)
during Valsalva’s maneuver (Table 3). On receiving operat-
ing characteristic curve, the cutoff value for AMU changes
to distinguish between the patients with RTS success and
those with RTS failure was 2.8° (sensitivity = 80 % and
1-specificity = 20 %).

The patients with severe preoperative SUI (9/26 patients)
had significantly wider preoperative AMU during Vals-
alva’s maneuver (43.54° vs. 37.55°, p = 0.044) and void-
ing (43.57° vs. 35.58°, p = 0.001), significant smaller
AMU change (1.33° vs. 4.47°, p = 0.045) during voiding

and nonsignificant smaller AMU change during Valsalva’s
maneuver (1.56° vs. 3.31°, p = 0.653) compared to patients
with moderate and mild preoperative SUL. Of 9 (35 %)
patients with severe preoperative SUIL, 6 (67 %) patients had
success, and 3 (33 %) patients had failure after RTS. The
analysis of patients with severe preoperative SUI in rela-
tion to sling outcome revealed no significant differences in
preoperative AMU during Valsalva’s maneuver (34.5° vs.
38.6° p = 0.473) and voiding (34.2° vs. 34.4°, p = 0.967),
AMU change during Valsalva’s maneuver (0.5° vs. 2.52°,
p = 0.786) and voiding (0.5° vs. 2.4°, p = 143) between the
patients with RTS failure and those with RTS success.

For AMU, mean intrarater reliability ICCs were 0.96
(95 % CI 091, 0.98) pre- and 0.81 (95 % CI 0.57, 0.92)
postoperative, respectively. Mean interrater reliability ICCs
for AMU evaluated by two examiners were 0.88 (95 % CI
0.73, 0.95) pre- and 0.82 (95 % CI 0.58, 0.92) postopera-
tive, respectively. Mean intrarater and interrater reliability
ICCs for distances between PCL and BN or EUS ranged
between 0.88 (95 % CI 0.72, 0.94) pre- and 0.93 (95 % CI
0.84, 0.97) postoperatively.

Discussion

Only a few studies have analyzed factors associated with
RTS failure [6, 16]. Usable tools for the causal diagnosis
of RTS failure are still limited. The present study was con-
ducted to evaluate the RTS outcome and to identify param-
eters contributing to RTS failure using MRI.
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EUS lowering is one of the identified factors contribut-
ing to SUI [14]. RTS leads to BN and EUS elevation on
qualitative analysis [12]. The qualitative analysis of the
present study revealed more frequent postoperative lower-
ing of the BN and EUS in patients with RTS failure com-
pared to those with RTS success. However, this difference
did not reach statistical significance on quantitative analy-
sis. Despite the excellent intrarater and interrater reliability
of the MRI measurements, quantitative differences of these
parameters seem to be very delicate to be related to RTS
outcome. The divergent location of the starting point on the
EUS to measure these distances may be essential to detect
a difference between the RTS success and failure. For this
reason, the elevation of the EUS seems to be only useful
as parameter for qualitative comparisons between RTS suc-
cess and failure. Our findings are consistent with those of
Suskind et al. [17] describing only little differences without
statistical significance in the “mobility” of the BN and ure-
thra at rest and during Valsalva’s maneuver between conti-
nent and incontinent men after RP.

Periurethral fibrosis is known as a factor contributing
to incontinence [11] due to an impaired sphincter function
with loss of sphincter elasticity, closure and contractility.
In the present study, no patients presented signs of severe
periurethral fibrosis affecting the whole periurethral cir-
cumference. The occurrence of mild and moderate periure-
thral fibrosis was higher in RTS-failed patients. The small
number of patients with signs of only mild or moderate
periurethral fibrosis in compared groups might be a reason
for nonsignificant relations between the periurethral fibro-
sis and RTS outcome. Apparently, patients without a nega-
tive impact of periurethral fibrosis on residual sphincter
function may have a benefit from RTS.

In a recent study using 3.0 tesla MRI scanner, Pistolesi
et al. [18] reported about a significant association between
the sling visualization on sagittal MRI and continence
after RTS. Indentation and a clearly visible urethral bulb
were the MRI criteria for sling visualization. Considering
reported criteria [18], we could clearly visualize RTS not
only on sagittal, but also on axial MRI in 11 of 26 patients.
We assume that RTS visualization may depend on fibrosis
severity in the assessed area and not on the choice of MRI
scanner. Since the sling is quite a large structure, it is not
necessary to perform MRI on a high-field scanner of 3.0
tesla because sling visualization is also possible on a 1.5
tesla scanner. Furthermore, our data showed no significant
association between RTS visualization and its outcome.
We propose that sling visualization alone cannot serve for
defining a RTS correct position in terms of sufficient relo-
cation and repositioning of the EUS and bulbar urethra to
recover continence after RTS.

Based on previous research [14], we evaluated the
AMU in the present study as one of the possible functional
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parameters contributed to SUIL. Apparently, the value of
the AMU depends on the position of the BNL (Fig. 1a, ¢),
which may be influenced by multiple factors ranging from
different pre- and postoperative anatomical PF changes to
sling placement characteristics. The current study revealed
significant AMU reduction after RTS in all patients at Vals-
alva’s maneuver and voiding. However, RTS-failed patients
presented a significant smaller AMU change during voiding
compared to continent patients. The extent of AMU change
to more than 2.8° correlated with continence after RTS.
The measurement of AMU revealed excellent intrarater and
interrater reliability even though the cutoff value of this
parameter is rather small.

It has been reported that optimal patient selection for
RTS should include mild or moderate SUI [3-5]. However,
comparable success rates after RTS were also reported after
inclusion of patients with severe SUI [2, 6, 9]. About one-
third of patients (35 %) had severe SUI in the present study.
However, the selection of patients in our study included no
factors known to affect the RTS outcome such as adjuvant
radiotherapy or history of nonconservative incontinence
therapy. This may explain the consistent success rate of
58 % (15/26 patients) of the present study with the reported
data [2, 3]. Severe preoperative incontinence was signifi-
cantly related to a wider preoperative AMU and smaller
postoperative AMU change. In patients suffered from
severe preoperative SUI and experienced RTS failure, this
trend failed to reach statistical significance, probably, due
to a small number of patients in subgroups analyzed.

The change of the AMU could apparently be a sign to
what extent the relocation of the membranous urethra due
to RTS placement occurred. This factor seems to be one of
the relevant factors for RTS success. Obviously, patients
with severe preoperative SUI may need a greater length of
proximal urethral relocation to regain continence compared
to patients with mild or moderate SUIL. In this context, the
assessment of the preoperative AMU alone is not predic-
tive of RTS failure, but it may be helpful for evaluation
of the AMU change and its correlation with the RTS out-
come in situations of suspected inadequate relocation of the
proximal urethra due to RTS implantation. However, these
assumptions are needed to be evaluated in future clinical
studies.

The results of the present study should be interpreted
considering the limitations. The study was powered only
for AMU changes after RTS. The analysis of factors con-
tributing to RTS failure might be underpowered due to a
rather small sample size in compared subgroups despite
excellent reliability. The drop-off rate of 13 % appears
relatively high considering the study sample size. MRI is
an expensive tool and not for each urologist available. The
use of alternative tools such as voiding cystourethrogram
and ultrasonography should be evaluated considering X-ray
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doses of radiation for patient and ability to visualize the
parameters assessed in the present study.

The present study offers a first guide for urologists and
radiologists regarding changes of the functional PF anat-
omy after RTS and factors that might be essential for RTS
failure in correlation with clinical parameters.

In conclusion, RTS leads to an AMU reduction and EUS
elevation, respectively. A wider preoperative AMU was
significantly correlated with severe preoperative inconti-
nence. RTS failure and severe preoperative incontinence
were significantly related to only small AMU changes. The
extent of the AMU change after RTS placement seems to
be a relevant factor for RTS success. Future clinical studies
are needed to evaluate whether the AMU change correlates
with the length of the membranous urethra relocation dur-
ing RTS and to assess whether patients with severe preop-
erative incontinence may have a benefit from a greater relo-
cation of the proximal urethra. Functional MRI is a reliable
noninvasive visualization tool of interactions between the
RTS and PF for further research on the complex nature of
postprostatectomy SUL
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