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patients who underwent TOT, compared with a stable rate 
for TVT. The Kaplan–Meier survival curve showed that 
continence rate decreased for up to 25  months after sur-
gery, with stabilization thereafter for the TVT group while 
continuing to drop in the TOT group, with no inter-group 
difference.
Conclusion  The patients in both groups were highly sat-
isfied at long-term follow-up. The overall continence rate 
worsened for both groups within 25  months. While the 
results tend to stabilize in the TVT group, a further decline 
in the TOT was observed.

Keywords  Stress urinary incontinence · Mid-urethral 
sling · TVT · TOT · Randomized clinical trial

Introduction

Tension-free mid-urethral slings, retropubic and trans-obtu-
rator (TVT and TOT, respectively), have been increasingly 
used for the treatment of stress urinary incontinence (SUI). 
TVT and TOT are currently considered the gold standard of 
SUI surgery [1, 2]. A Cochrane review and different meta-
analyses evaluating the outcomes of retropubic and trans-
obturator sling procedures showed no significant difference 
between objective and subjective outcomes of the two sling 
approaches [3–6].

One of the most significant drawbacks of randomised 
controlled studies is the absence of long-term follow-up, 
which provide crucial information necessary for proper 
patient counselling with regard to significantly lengthening 
female life expectancy in developed countries. Previously, 
we reported the short- and mid-term results of a large, 
multicentre randomized controlled trial that compared the 
efficacy and safety of the trans-obturator and retropubic 

Abstract 
Purpose  To report the extended long-term results of the 
use of tension-free vaginal tape(TVT) and trans-obturator 
tape (TOT) for the treatment of female stress urinary incon-
tinence (SUI).
Methods  A prospective, multicentre randomized clinical 
trial comparing the use of TVT and TOT was used to evalu-
ate 87 patients. The inclusion criteria were stress or mixed 
UI associated with urethral hyper mobility (the stress com-
ponent was clinically predominant), while the exclusion cri-
teria were previous anti-incontinence surgery and/or pelvic 
organ prolapse. The objective cure criteria were a negative 
provocative stress test and a negative 1-h pad test, with no 
further treatment for SUI. The subjective cure criteria were 
a 3-day voiding diary, quality-of-life questionnaires (UDI6–
IIQ7), and patient satisfaction on a scale from 0 to 10.
Results  Eighty-seven patients were evaluated (47 TOT 
and 40 TVT) at a median follow-up of 100 months. Sub-
jective and objective cure rates were 59.6 and 70.2  % in 
the TOT group and 75 and 87.5 % in the TVT group. The 
mid-to-long-term trend was a decreasing continence rate in 
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mid-urethral slings [7, 8]. The purpose of the present 
paper is to report the extended long-term follow-up data of 
women who had been recruited in the previous study.

Materials and methods

The study design was previously reported [7]. For the cur-
rent analysis, we collected the long-term data of women 
enroled in the previous study. The study was granted by an 
independent medical association (TETI), whose mission is 
to fund objective and patient-reported long-term outcome 
assessments for genitourinary disease [www.tetiassocia-
tion.com]. IRB approval was obtained to conduct a follow-
up to the previous RCT study.

The inclusion criteria were stress or mixed urinary 
incontinence associated with urethral hypermobility, 
according to ICS classification (the stress component was 
clinically predominant). Exclusion criteria were previous 
anti-incontinence surgery and pelvic organ prolapse (POP) 
greater than stage I in any vaginal compartment, according 
to the POP-Q system [9] classification. The pre-operative 
workup included a detailed case history; clinical, neurolog-
ical, and urogynaecological examination; and the compiled 
results of the Urogenital Distress Inventory (UDI-6) and 
Impact Incontinence Quality of Life (IIQ7) Questionnaires. 
Voiding and storage symptoms were evaluated on the basis 
of ICS classification. All patients underwent cough and 
Valsalva stress tests at physiological maximum bladder 
capacity. The same tests were performed again at 3, 6, and 
12 months, and then annually. All patients underwent pre-
operative urodynamic testing, including Valsalva leak point 
pressure (VLPP) evaluations. Standard operative tech-
niques were, respectively, the TVT according to Ulmsten 
(TVT; Gynecare; Ethicon, Somerville, NJ, USA) and TOT 
according to Delorme techniques (Obtape; Mentor–Porges, 
Le Plessis-Robinson, France) [10].

All the recruited patients were invited for a clinical 
assessment between October 2012 and June 2013. The pri-
mary outcome was determined by the objective and subjec-
tive cure rates assessment. The objective cure rate assess-
ment was based on repeated negative provocative stress 
tests with the bladder filled to capacity and a negative 1-h 
pad test, with no further treatment for any urinary inconti-
nence (behavioural, pharmacologic, or surgical). The sub-
jective criteria were assessed with a 3-day voiding diary, 
quality-of-life questionnaires (UDI6–IIQ7), patient satis-
faction on a scale of 0–10 (with 10 indicating the highest 
satisfaction and 0 the lowest), and the single question of 
whether they would repeat the same procedure. Finally, a 
comparison between mid- and long-term follow-up results 
and the original RCT study was made in the same group of 
women.

Statistical analysis

Chi-square and Mann–Whitney U tests were used to ana-
lyse categorical and continuous data; Wilcoxon signed rank 
tests were used to compare discrete paired data; and the 
Kaplan–Meier estimator was used to estimate relapse-free 
survival rates. Survival times were measured in months and 
were censored either at the date a patient was lost to fol-
low-up, or at the date of the last follow-up. A log-rank test 
was conducted to compare event-free survivals. Statistical 
analysis was performed by using IBM SPSS, version 21.0, 
2012. A power analysis calculation was performed using 
PS Power and Sample Size software, rel. 3.0, 2009.

The power analysis indicated that a sample size of 87 
patients (47 for the TOT group and 40 for the TVT group) 
provided a statistical power (1-β) of at least 80 % at α = 0.05 
for the detection of 30 %, in differences in proportion of any 
postoperative condition between the two groups, when the 
lower frequency of the condition was equal to 50 %.

Results

The entire cohort of patients enroled (95 patients) was con-
tacted (51 TOT and 44 TVT). Two of the 95 patients died, 
and six did not participate in the follow-up (three TOT 
and three TVT). A total of 87 patients were evaluated (47 
TOT and 40 TVT), with a median follow-up of 100 months 
(range 75–131). At the last follow-up, the TVT and TOT 
groups were still comparable with regard to their age dis-
tribution, body mass index, menopausal status, and parity 
(Table 1). There were no statistically significant differences 
between the TOT and TVT groups in pre-operative voiding 
(p = 0.601) or in storage symptoms (p = 0.912)

Subjective and objective results for incontinence in 
the TOT group (median follow-up 99  months; range 
75–124  months) and TVT group (median follow-up 
111 months; range 75–131 months) are reported in Table 2. 

Table 1   Patients demographic data and questionnaires scores

Data are expressed as median (min–max)

TOT TVT p

Pts 47 40 –

Age (years) 59 (42–79) 60.9 (40–91) 0.091

BMI (Kg/m2) 26.7 (19.5–44.9) 28 (21.6–34.5) 0.177

Parity 2 (0–5) 2 (0–5) 0.914

IIQ7 pre 11 (0–21) 9 (0–19) 0.105

p 0 (0–21) 0 (0–14) 0.219

UDI6 pre 11 (3–16) 10 (0–18) 0.329

UDI6 post 2 (0–11) 0 (0–13) 0.105

p <0.0001 <0.0001

http://www.tetiassociation.com
http://www.tetiassociation.com


587World J Urol (2016) 34:585–593	

1 3

Twenty-eight out of 47 patients (59.6  %) in the TOT 
group were subjectively dry versus 30 out of 40 (75  %) 
in the TVT group. On the basis of objective criteria, 33 
(70.2 %) were found to be dry in the TOT group. In this 
group, four patients underwent reintervention for recurrent 
SUI (one Burch colposuspension and three TVT), two for 
POP repair, and seven for mesh revision. In two of seven 
cases, mesh extrusion occurred in the first 3  months; in 
one case, after 6 months; in two cases, after 1 year; and in 
two cases, after 2 years: all of these patients presented with 
vaginal discharge. The four treated patients remained dry 
for at least 1 year after surgery; for the other three patients 

in which the early exposure appeared, SUI recurred after 
mesh removal. Three patients in the TVT group underwent 
reintervention: one for POP, one for para-incisional hernia, 
and one for suprapubic granuloma.

At final evaluation, 39 patients (83  %) in the TOT 
group said they would repeat incontinence surgery, with 
a post-operative mean VAS score of 7.8  ±  2.2 (median 
8; range 0–10) versus 35 patients (87.5  %) in the TVT 
group, with a post-operative mean VAS score of 8.2 ± 2.1 
(median 9; range 0–10). In both groups, the post-operative 
questionnaire scores showed a significant improvement 
(p < 0.0001), with no difference between the TOT and TVT 
groups (Table 1). At final evaluation, 82.9 % of the patients 
in the TOT group and 87.5  % in the TVT group would 
repeat surgery.

Overall subjective incontinence outcomes at mid- and 
long-term follow-up were not associated with either pre-
operative detrusor overactivity or with pre-operative stor-
age symptoms for both groups (Table 3). When compar-
ing the incontinence outcomes with the pre-operative 
VLPP, no association was demonstrated for VLPP val-
ues <60  cm H2O at 3 and 6  years follow-up (Table  4). 
Figure 1 shows the success rates and their differences in 
incontinence, voiding symptoms and storage symptoms at 
3 and 6 years, respectively, for both TOT and TVT. Stor-
age symptoms, which have the most significant impact 
on patients’ quality of life, were treated in nine patients 
in the TOT group and ten in the TVT group with anti-
cholinergic therapy. Comparing the long-term follow-up 
results to the mid-term, the continence rate after mid-ure-
thral slings tended to decrease in patients who underwent 
TOT, while it remained stable for patients who underwent 
TVT. Voiding and storage symptoms seemed to be better 
for TOT patients, although no definitive statistical consid-
eration could be done due to the low number of patients. 
The Kaplan–Meier survival curve (Fig. 2) shows that the 
continence rate decreased up until 25  months, follow-
ing which the results remained stable for the TVT group, 
while they decreased in the TOT group. Figure  3 shows 
how free survival times from storage symptoms are not 

Table 2   Subjective and objective results on incontinence in the TOT 
and TVT group (data on pre- and post-operative lower urinary tract 
symptoms, reinterventions, and VAS score)

SUI stress urinary incontinence, MUI mixed urinary incontinence, 
UUI urgency urinary incontinence

TOT TVT p

Pts 47 40 –

Subjective cure rate (dry) 28 (59.6 %) 30 (75 %) 0.196

Subjectively wet 19 (40.4 %) 10 (25 %)

9 SUI 2 SUI

6 MUI 5 MUI

4 UUI 3 UUI

Objective cure rate 33 (70.2 %) 35 (87.5 %) 0.092

Pre-op storage symptoms 31 25 0.920

Post-op resolution 21 (71 %) 10 (40 %) 0.071

De novo 7 2 0.247

Pre-op voiding symptoms 11 12 0.887

Post-op resolution 11 (100 %) 9 (75 %) 0.247

De novo 7 5 1.000

Reintervention for

SUI 4 0 0.169

POP 2 1 0.887

Mesh complication 7 2 0.247

Post-op VAS (mean ± DS) 7.6 ± 2.5 8.2 ± 2.1 0.241

Would repeat surgery 39 (83 %) 35 (87.5 %) 0.777

Table 3   Patients with detrusor overactivity or storage symptoms: pre-operative and follow-up data

TOT TVT

Preoperative detrusor overactivity Preoperative storage symptoms Preoperative detrusor overactivity Preoperative storage symptoms

Yes Not p Yes Not p Yes Not p Yes Not p

Incontinence 3 (years)

Yes 2 (16.7%) 10 (83.3%) 0.807 7 (58.3%) 5 (41.7%) 0.771 3 (30%) 7 (70%) 0.168 8 (80%) 2 (20%) 0.346

Not 9 (25.7%) 26 (74.3%) 24 (68.6%) 11 (31.4%) 2 (6.7%) 28 (93.3%) 17 (56.7%) 13 (43.3%)

Incontinence 6 (years)

Yes 4 (21.1%) 15 (78.9%) 0.989 11 (57.9%) 8 (42.1%) 0.517 3 (30%) 7 (70%) 0.168 8 (80%) 2 (20%) 0.346

Not 7 (25%) 21 (75%) 20 (71.4%) 8 (80%) 2 (6.7%) 28 (93.3%) 17 (56.7%) 13 (43.3%)
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significantly different between the two groups. Again, the 
disturbance appeared in the majority of patients within 
25 months, following which the decline over time became 
evident.

Figure  4 shows that the free survival times from void-
ing symptoms were also not significantly different after 
surgery between the two groups. The symptoms worsened 
within the initial months and stabilized afterwards until 
75  months, after which the symptoms tended to worsen 
over time. In the TOT group, four patients eventually 
underwent reintervention for recurrent/persistent SUI.

In the TOT group, voiding symptoms appeared de novo 
in the long-term follow-up in seven patients. However, 
none of these patients were suffering from bladder out-
let obstruction, as confirmed by flowmetry data (Fig.  5), 
and no patients needed surgery to release the sling. In 
three cases, the urodynamic data showed a decrease 
in pdet Qmax (10  cm H2O) suggestive for detrusor 

hypocontractility (Qmax of 15 ml/sec); one patient showed 
a reduction in Qmax with normal pressure parameters and 
no post-void residue, and three patients showed a detrusor 
overactivity with normal pressure values during voiding 
phase (two of these patients showed similar parameters in 
the pre-operative urodynamic, and one patient developed 
fibromyalgia). None of these patients had a urodynamic 
obstruction, and all the patients developed the symptoms 
after at least 2 years.

In the TVT group, de novo voiding symptoms developed 
in five patients. Urodynamic data showed normal param-
eters in one patient and hypocontractility in one patient 
4  years after TVT surgery; one patient developed a cys-
tocele after 3  years with a urodynamic diagnosis of mild 
obstruction, and two patients presented a persistence of DO 
with normal detrusor pressures.

None of the patients reported groin pain or presented 
recurrent urinary tract infections (UTIs) related to chronic 

Table 4   Comparison of VLPP determination between pre-operative status and follow-up

TOT TVT

VLPP < 60 cm H2O VLPP < 60 cm H2O

Yes Not Negative p Yes Not Negative p

Incontinence at 3 (years)

 Yes 4 (33.3 %) 6 (50 %) 2 (16.7 %) 0.963 4 (40 %) 5 (50 %) 1 (10 %) 0.982

 Not 11 (31.4 %) 19 (54.3 %) 5 (14.3 %) 13 (43.3 %) 14 (46.7 %) 3 (10 %)

Incontinence at 6 (years)

 Yes 8 (42.1 %) 9 (47.4 %) 2 (10.5 %) 0.438 4 (40 %) 5 (50 %) 1 (10 %) 0.982

 Not 7 (25 %) 16 (57.1 %) 5 (17.9 %) 13 (43.3 %) 14 (46.7 %) 3 (10 %)

Fig. 1   Difference in success 
rate for TOT and TVT at mid- 
(3 years) and long-term follow-
up (6 years)



589World J Urol (2016) 34:585–593	

1 3

obstructions. During the follow-up, eight patients in the TOT 
group and eight in the TVT group presented sporadic uncom-
plicated UTIs. Recurrent UTIs were reported in two cases in 
the TOT group and three in the TVT group; however, all the 
patients referred the same problems in the pre-operative eval-
uation. No difference between the groups emerged.

Discussion

Over the course of the long follow-up period in our ran-
domized study, we confirmed that mid-urethral slings are 
an effective option for the treatment of SUI. The overall 

Fig. 2   Free survival times from 
UI subdivided according to 
surgical techniques

Fig. 3   Free survival times from 
storage symptoms subdivided 
according to surgical techniques
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continence rate worsened for both the TVT and TOT groups 
within the first 25  months after the procedure. While the 
results tended to stabilize in the TVT group, a further 

decline occurred in the TOT group. Although the use of a 
problematic mesh, such as the Obtape, could potentially 
undermine the value of this study, the results, excluding the 

Fig. 4   Free survival times from 
voiding symptoms subdivided 
according to surgical techniques

Fig. 5   Uroflowmetry parameters before and after surgery (overall, TOT, and TVT groups)
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patients who received mesh revisions, showed a 60 % dry 
rate in TOT versus 75 % dry rate in TVT.

Retropubic and trans-obturator mid-urethral slings rep-
resent the most effective current procedures for the surgical 
treatment of SUI, and they are considered to be the gold 
standard [1]. However, few studies have reported the long-
term outcomes of these procedures. Determining these 
long-term outcomes is of paramount importance, due to 
the increasing life expectancy of women seeking SUI treat-
ment in the Western world. In our study, we observed that 
the continence rate after trans-obturator mid-urethral slings 
dropped from 77.3 to 59.6 %, while the results after TVT 
remained stable over time (75 %), as has been confirmed 
by other authors [2, 11]

In our previous publication, we concluded that TOT 
appeared to be as safe and effective as TVT in surgery for 
female SUI, with minimal complications at mean follow-
up of 31 months [7]. The Cochrane review [4], comparing 
retropubic and trans-obturator mid-urethral slings, dem-
onstrated subjective cure rates of 83  %, with no statisti-
cally significant difference between the two approaches 
at 12 months. However, longer follow-up results were not 
available. Similar to our findings, an updated review on 
SUI surgery by Novara et  al. [6] found similar subjective 
cure rates and a trend towards higher objective efficacy in 
the retropubic group.

All of the reported results on the mid- and long-term 
follow-up for the retropubic approach confirm a continence 
rate that is stable over time. Serati et al. [11] evaluated the 
outcomes of women who received TVT for urodynamic 
stress incontinence (USI) after their 10-years follow-up and 
reported subjective, objective, and urodynamics cure rates 
of 89.7, 93.1, and 91.4 %, respectively, which were stable 
across the entire study period (p  >  0.99). However, they 
reported 18.9  % of the patients with de novo overactive 
bladder (OAB), with 43.8 % of the patients non-responsive 
to anti-muscarinic drugs. Taking into account the different 
definitions of outcome in our study, in which dry patients 
without urgency or SUI were considered, the results of 
this study could be considered to overlap with our 75 % of 
patients found to be dry.

Two other studies comparing retropubic and trans-obtu-
rator tape confirmed our results. Albo et  al. [12] reported 
24-month continence rates, complications, and symptom 
outcomes from a randomized equivalence trial. The objec-
tive success rates for retropubic and trans-obturator mid-
urethral slings were 77.3 and 72.3 %, respectively, and the 
subjective success rates were 55.7 and 48.3 %, respectively. 
The objective success criteria for equivalence at 12 months 
were no longer met at 24  months, although patient satis-
faction remained high, and symptom severity improved. 
The use of composite outcomes to define treatment success 
(in our study, the continence rate was the combination of 

subjective and objective evaluation) resulted in lower suc-
cess rates.

Our results are also comparable to those reported by 
Schierlitz et  al. [13]. In this study, 164 women were ran-
domly assigned to either a TVT or TOT group, and the 
primary outcome studied, assessed at the 3-year follow-
up, was symptomatic stress incontinence requiring surgi-
cal reintervention. Secondary outcomes were quality-of-
life parameters assessed by validated questionnaires and 
numerical success scores. The results showed that it was 
necessary for 20 % of the TOT group patients to repeat sur-
gery, compared with 1.4 % in the TVT group. These data 
are confirmed in our study, where only in the TOT group 
(8.5 %) was a reintervention for recurrent SUI needed. The 
Schierlitz et  al. [13] study showed no difference between 
the two slings with regard to quality-of-life outcomes 
and concluded that the long-term cure rates for USI and 
intrinsic sphincter deficiency were significantly greater 
for women who received a retropubic TVT than the long-
term cure rates for women who received a TOT. Possible 
explanations for the higher success rate of TVT compared 
with TOT may be the difference in sling axis and the more 
distal location of the trans-obturator tape, resulting in more 
urethral kinking during straining in the TVT group, which 
can be seen on ultrasonography [16, 17]. On the basis of 
our Kaplan–Meier curve (Fig.  3), our results confirm the 
findings of previous studies on the long-term results after 
MUSs. Our results also add a further consideration, which 
is the stability of the incontinence results (in particular for 
TVT), over time [4, 11, 18]. Within 25 months of the ini-
tial surgery, the failure rate was relatively high for both the 
slings, following which it stabilized. Additionally, major 
complications, such as mesh extrusion, appeared in the first 
2 years.

The tendency of an effectiveness decline of synthetic 
sling during the time has been also shown by the TOMUS 
trial [15]. In this paper, the authors suggested that patients 
with poor urethral function have better success rates with 
retropubic than trans-obturator MUS because the vector 
forces provided by a retropubic sling may be more com-
pressive than that provided by a trans-obturator sling. Bas-
ing on this consideration, therefore, the knowledge of poor 
urethral function pre-operatively might be important when 
selecting the surgical technique. Even if in our experi-
ence we did not make this observation, it can be one of the 
aspects that should be taken into consideration [14, 15].

The results of this study could represent an important 
milestone in the proper counselling of patients regarding 
the long-term outcomes of sling procedures. A thorough 
follow-up should be mandatory in the first 2 years after sur-
gery, as adverse events, such as mesh exposure and recur-
rence of SUI, typically occur within the first 24 months.
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The presence of post-operative storage symptoms and 
the onset of de novo OAB symptoms, together with their 
progression and their possible treatment, is one of the most 
clinically relevant and largely debated post-operative com-
plications of mid-urethral slings. Previous studies have 
reported de novo urgency rates ranging from 4 to 33  % 
after TVT [6, 19–21]. It is almost impossible to address 
this large discrepancy, as it could be related to different 
definitions and questionnaires adopted to collect OAB 
symptoms, to the different demographic characteristics of 
women included, or to the different concomitant surgical 
procedures associated with TVT. In their long-term results 
after TVT-O, Serati et al. [18] reported 24.3 % of patients 
with de novo OAB symptoms after 5-year follow-up. Our 
long-term findings (presence of storage symptoms in 20 % 
of the TOT group and 36.8 % of the TVT group) and the 
Kaplan–Meier curve, describing the onset of post-operative 
storage symptoms, confirmed the relevance of this problem 
and how it tends to worsen over time. This does not seem 
to be related to the anti-incontinence procedure, because 
we cannot exclude the possibility that a certain percentage 
of women may naturally develop OAB symptoms due to 
their ageing and other comorbidities with their confound-
ing roles.

The same considerations should be made at the onset of 
post-operative voiding symptoms. They worsened within 
the first few months after the procedure, stabilized up until 
75  months, and then tended to worsen over time, clearly 
related to other factors. Voiding and storage symptoms 
seemed to be better, although not statistically significant, 
for TOT patients (Fig. 1). This may help to explain why the 
overall TOT patient satisfaction was maintained while SUI 
cure rates fell. However, independent of incontinence sta-
tus, other factors may change the outcome’s perception. For 
example, the patient’s age, general health, or comorbidities 
may worsen QoL and affect the outcome of incontinence 
surgery even if not directly related to it. Extended follow-up 
periods could be subject to an increased measurement error 
[22]. Patients’ recollections of the experience during the 
reference period are what matters most, and any response 
process—even for current status—relies on cognitive pro-
cessing and memory. Furthermore, other elements could 
affect the outcome measures. In the evaluation of voiding 
symptoms in the long term, we had seven patients in the 
TOT group and five in the TVT group. In these patients, 
the symptoms could be related to factors not dependent on 
anti-incontinence surgery such as normal ageing detrusor 
process or new pathologies that occurred during the follow-
up (vaginal prolapse, stroke, Parkinson’s disease, myeloma, 
kidney tumour). This represents one of the reasons that do 
not allow us to reach a definitive conclusion.

Strength of this study is the comprehensive clinical 
evaluation performed in the majority of the patients after 

a long follow-up, which was based not only on a telephone 
interview but on strict follow-up with the patients to obtain 
data over a long period. We acknowledge that a limita-
tion of this study is the limited sample size, as patients 
were recruited in just one urogynaecological centre, even 
though a low percentage of patients were lost in follow-up 
and though there was no bias due to different surgical tech-
niques and evaluations. Another limitation of the study is 
that two different meshes were used, and their composition 
could potentially be responsible for some of the differences 
in our study. Finally, we should also consider that patients 
may not have been able to give accurate responses when 
the long-term follow-ups were conducted due to possible 
cognitive decline.

Conclusion

The long-term results of this study demonstrated that mid-
urethral slings are an effective option for treatment of SUI 
with high level of patient satisfaction. After being initially 
effective, effectiveness for the TOT group declined over 
time.
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