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Abstract
Introduction and hypothesis This study reports long-term
outcomes of the transvaginal tension-free vaginal tape–ob-
turator (TVT-O) procedure for treating stress urinary incon-
tinence (SUI), including possible risk factors for failure.
Methods This was a retrospective study of women who
underwent TVT-O with or without concomitant prolapse
surgery. Procedures were performed at a tertiary referral
urogynecology unit. Participants presented with SUI and
had urodynamic stress incontinence (USI). Women with a
history of previous anti-incontinence procedures, radical
pelvic surgery, and detrusor overactivity (DO) were exclud-
ed. Objective cure was defined as absence of urine leakage
during a cough stress test (CST). Subjective outcome was
based on the International Consultation on Incontinence
Questionnaire for Evaluating Female Lower Urinary Tract
Symptoms (ICIQ-FLUTS). Quality of life was assessed
using the King’s Health Questionnaire (KHQ). Univariate
and multivariate analyses were used to identify risk factors
for subjective failure.
Results One hundred twenty-four consecutive women were
assessed, with a median follow-up of 90.3 (range 80–103)
months. Overall objective and subjective cure rates were
81.5 % (101/124) and 83.5 % (103/124), respectively. A
significant improvement was observed in all KHQ domains.
Concomitant vaginal hysterectomy [odds ratio (OR)=2.98,
95 % confidence interval (CI)1.10–8.05, p=0.03] and in-
creasing point C (OR=1.17, 95 % CI 1.05–1.30, p=0.006]
were associated with a higher risk for subjective failure. De
novo urgency rate was 7 %.

Conclusions The TVT-O procedure provides high objective
and subjective long-term efficacy, a clinically meaningful
improvement in patient quality of life, and an excellent
safety profile. Concomitant vaginal hysterectomy and apical
compartment prolapse were associated with a higher risk for
objective and subjective failure.

Keywords Long-term . Midurethral sling . Pelvic organ
prolapse . Risk factors . Failure . Stress urinary
incontinence . TVT-O

Abbreviations
SUI Stress urinary incontinence
MUS Midurethral slings
USI Urodynamic stress incontinence
UDS Urodynamics
DO Detrusor overactivity
ICIQ-FLUTS International Consultation on

Incontinence Questionnaire for Evaluating
Female Lower Urinary Tract Symptoms

KHQ King’s Health Questionnaire
POP-Q Pelvic Organ Prolapse Quantification
PFR Anterior and posterior pelvic floor repairs
VH Vaginal hysterectomy
SCP Laparoscopic sacrocolpopexy
POP Pelvic organ prolapse
CST Cough stress test
MICD Minimal important clinical difference
OAB Overactive bladder
USL Uterosacral ligament

Introduction

Stress urinary incontinence (SUI) represents the most com-
mon type of involuntary urine loss, affecting up to 20 % of
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women worldwide [1]. This percentage is estimated to grow
as life expectancy of women in the developed world in-
creases. Although SUI is considered a benign situation,
symptoms impact social, physical, and psychological well-
being of affected women, with associated low self-esteem
and social isolation [2]. Several surgical procedures, both
vaginal and abdominal, have been proposed over the years
for treating SUI. Current evidence suggests that midurethral
slings (MUS), such as the retropubic tension-free vaginal
tape (TVT) and the transvaginal tension-free vaginal tape–
obturator, or transobturator tape (TVT-O, TOT) have become
the treatment of choice and are considered the gold standard
[3, 4]. Transobturator slings were shown to have comparable
short-term cure rates with the retropubic approach, carrying a
decreased risk of bladder, bowel, and vascular injury [5]. Until
now, TVT has been the only MUS with reports on long-term
cure rates at a maximum follow-up of 17 years [3, 6]. The few
published studies assessing medium- to long-term outcomes
of the TVT-O procedure reach a maximum follow-up period
of 5 years [7–10]. It therefore becomes necessary to provide
outcomes that include data on long-term efficacy and compli-
cations related either to the surgical technique itself or to the
mesh material.

The primary aim of this study was to determine long-term
objective and subjective cure rates of the TVT-O procedure
in treating SUI and to identify any risk factors for failure.
Secondary outcome measures were the effects of TVT-O on
health-related quality of life and perioperative and long-term
postoperative complications.

Materials and methods

This retrospective study assessed 145 consecutive women
who underwent a TVT-O procedure (Gynecare Worldwide,
Inc. Johnson & Johnson) with or without a concomitant
pelvic floor reconstructive surgery between January 2004
and June 2006. All surgical procedures were performed or
supervised by a urogynecologist at a tertiary referral urogy-
necology unit. Ethical approval and consent for this study
was obtained by the Institutional Review Board. All partic-
ipants presented complaining predominantly of SUI symp-
toms and had urodynamic stress incontinence (USI) on
urodynamics (UDS). Women with a history of previous
anti-incontinence procedures, radical pelvic surgery, and
detrusor overactivity (DO) on UDS were excluded from the
study.

Preoperatively, all women completed the International
Consultation on Incontinence Questionnaire for Evaluating
Female Lower Urinary Tract Symptoms (ICIQ-FLUTS) [11,
12] and the King’s Health Questionnaire (KHQ) [13]. Addi-
tional assessment included a comprehensive medical history,
clinical examination, urinalysis, and multichannel UDS. The

degree of prolapse was graded using the Pelvic Organ Pro-
lapse Quantification (POP-Q) system [14].

TVT-O placement was performed as originally described
by de Leval [15], with minor modifications. The needles
were inserted at the level of the midurethra and after passing
through the obturator membrane were directed 1 cm medial-
ly rather than 2 cm laterally in relation to the genitofemoral
fold. Routine cystoscopy was performed to detect any blad-
der or urethral injuries. Traditional anterior and posterior
pelvic floor repairs (PFR) and/or vaginal hysterectomy
(VH) with suspension of the vault to the uterosacral ligament
(USL) were performed in women with symptomatic pelvic
organ prolapse (POP). Women with vaginal-vault prolapse
underwent laparoscopic sacrocolpopexy (SCP). The TVT-O
was placed after completion of prolapse surgery. All vaginal
procedures were carried out under epidural anesthesia.
Intraoperative and perioperative complications were re-
trieved from patients’ medical notes.

Patients meeting the inclusion criteria were contacted and
asked to attend a follow-up visit between September 2012
and February 2013. This assessment included completion of
both ICIQ-FLUTS and KHQ, a cough stress test (CST)
performed in a semilithotomy position with a comfortably
filled bladder (approximately 300 ml), and a gynecological
examination focused on detecting any local mesh-related
complications. Women were specifically asked to report
any postoperative voiding difficulties needing tape division.
Lastly, patients were asked whether they had any postoper-
ative groin pain on the day of the follow-up visit. Their
responses were documented as “yes” or “no” in a standard-
ized fashion.

Objective cure was defined as the absence of urine leakage
during the CST. Subjective outcome was based on the ICIQ-
FLUTS. Subjective cure was defined when patients responded
“never” in the question: “Does urine leak when you are
physically active, exert yourself, cough, or sneeze?” A lower
score from that given preoperatively was considered as a
subjective improvement. Women who underwent a second
anti-incontinence procedure within the follow-up period were
considered as objective and subjective failures. Quality of life
improvement was indicated by a decrease in KHQ domain
scores. Theminimal important clinical difference (MICD) (the
smallest change in score that patients perceive as beneficial)
was set at −5 points for each KHQ domain [16]. De novo
urgency and any change in the degree of urgency symptoms
were assessed by the ICIQ-FLUTS question: “Do you have to
rush to the toilet to urinate?”.

Statistical analysis

Descriptive statistics of data are presented as means±standard
deviation (SD), medians [quartiles (Q1, Q3)], or percentages for
normally and nonnormally distributed continuous variables or
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categorical variables, respectively; proportions were compared
using the z test, and comparisons for continuous variables
between before and after surgery results were done using the t
test for paired data or Wilcoxon signed-rank test. To find
independent factors associated with subjective failure, univari-
ate and stepwise multivariate logistic regression analysis (p
value for removal was set at 0.1 and for entry at 0.05) was
performed. Adjusted OR with 95 % CI was computed from
results of logistic regression analyses. All statistical tests were
two sided. Stata 11.0 software was used for all statistical anal-
yses (Stata Corp., College Station, TX, USA).

Results

Overall, 124/145 (85.5 %) women were available for the
follow-up visit; 18 (12.4 %) were not able to be contacted
based on personal contact data provided, and three (2.1 %)
women had died of reasons unrelated to the surgery. Demo-
graphic characteristics of the study population are presented in
Table 1. Median follow-up was 90.3 (range 80–103) months.

Overall objective and subjective cure rates were 81.5 %
(101/124) and 83.1 % (103/124), respectively; 3.2 % (4/124)

of patients were subjectively improved, and 13.7 % (17/124)
reported no improvement or worsening of the SUI symp-
toms. Three women (2.4 %) underwent a second anti-
incontinence procedure (TVT) 1–3 years after the primary
surgery and were considered as objective and subjective
failures. Objective and subjective results of women under-
going different types of surgery are presented in Table 2.

Univariate analysis (Table 3) showed that advancing age
(p=0.047) and concomitant VH (p=0.02) were factors associ-
ated with increased risk for subjective failure. Moreover, wom-
en with higher preoperative values of points Aa (p=0.048), Ba
(p=0.027) ,and C (p=0.008) appeared to have greater odds for
subjective failure. However, multivariate analysis showed that
concomitant VH and increasing value of preoperative point C
were the only statistically significant factors for subjective
failure. According to these results, women who underwent a
concomitant VH had almost three times greater likelihood of
belonging in the subjective failure group (OR=2.98, 95 %
CI=1.10–8.05, p=0.03); increase in the degree apical compart-
ment (point C) prolapse was statistically correlated with higher
risk for subjective failure (OR=1.17, 95 % CI=1.05–1.30,
p=0.006). Lastly, concomitant VH was the only statistically
significant prognostic factor for objective failure in univariate
analysis (OR=4.39, 95 % CI=1.04–18.54, p=0.044): there-
fore, no multivariate analysis was performed.

KHQ data analysis showed a statistically significant im-
provement in all domains. Furthermore, in terms of clinically
relevant improvement, the difference between mean postop-
erative and preoperative values was over the MICD (Table 4).

There were no major perioperative complications, such as
bladder perforations, vessel injuries, and obturator hematomas.
One patient (0.8 %) reported postoperative voiding difficulties
that required tape division 3 months after surgery. Another
patient (0.8 %) reported the presence of vaginal erosion diag-
nosed 1 year after the procedure; it was situated on the
midurethral midline, and a large part of the tape was excised.
At the follow-up visit, no cases of vaginal erosionswere detected.
Assessment of postoperative urgency symptoms revealed that
76.3 % (29/38) of patients with preoperative urgency symptoms
reported an improvement at the time of the visit; 15.8 % (6/38)
reported no change, and 7.9 % (3/38) reported aggravation of the
pre-existing urgency. De novo urgency was reported in 7 %
(6/86) of the patients; all women with de novo urgency and
women with persistent SUI were scheduled for further investi-
gation and management. No patient reported persistent groin
pain at the long-term follow-up.

Discussion

Since its introduction, the TVT-O procedure has become
increasingly popular for surgical management of SUI due to
equivalent short-term success rates and lower perioperative

Table 1 Demographic characteristics and type of surgery of
transvaginal tension-free vaginal tape–obturator (TVT-O) patients

Demographics Mean±SD/n (%)

Age 61±10

Parity 2±1

BMI 27.0±3.7

Obese (BMI≥30) 19.4 %

Previous abdominal hysterectomy 13 (10.5 %)

Type of surgery

TVT-O 31 (25.0 %)

TVT-O+PFR 40 (32.3 %)

TVT-O+VH+PFR 50 (40.4 %)

TVT-O+Lap SCP 3 (2.4 %)

Preoperative ICS score

Aa −0.06±1.94

Ba 1.06±2.92

Ap −1.54±1.42

Bp −1.26±2.00

C −2.35±4.64

D −5.15±3.94

TVL 8.66±1.29

GH 3.06±0.75

PB 3.25±0.68

SD standard deviation, VH vaginal hysterectomy, PFR pelvic floor
repair, Lap SCP laparoscopic sacrocolpopexy, BMI body mass index,
ICS International Continence Society
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morbidity compared with retropubic approaches [6–10, 17].
However, the efficacy of a surgical procedure aiming to be
considered as a old standard should also be tested in terms of
long-term durability, patient satisfaction, and impact of the
procedure on the patient’s quality of life [18]. This study
reports the 7-year objective and subjective cure rates of
TVT-O, representing the longest follow-up thus far reported
in the literature. Overall objective and subjective cure rates
(81.5 % and 83.1 %, respectively) are in agreement with other
studies presenting medium- to long-term follow-up results
[7–10]. Serati et al. [7] reported a 5-year follow-up with
objective and subjective cure rates of 90.8 % and 90.3 %,
respectively. The slightly higher cure rates could be attributed
to the fact that the abovementioned study evaluates only
women with pure SUI, excluding patients with overactive
bladder (OAB) symptoms and/or POP. This is a highly homo-
geneous study population but far removed from daily practice,
as the concomitant occurrence of POP and SUI is more than

common [18, 19]. Similar 5-year results were presented by
Cheng and Liu [8], who reported objective and subjective cure
rates of 87.4% and 90%, respectively, in a population without
significant POP. Groutz et al. [9] reported a 5-year cure rate of
74 % in a group of 61 women, but patients with preoperative
DO were not excluded from the study. Lastly, Angioli et al.
[10] reported objective and subjective cure rates of 73 % and
62 %, respectively; it was a small sample-size study (n=31),
and no validated questionnaire was used to assess subjective
outcomes.

Our results show that increasing point C and concomitant
VH were independent risk factors for a higher long-term
subjective failure rate. Findings from the Norwegian Nation-
al Database for Incontinence Surgery [20] showed that SUI
cure was lower in women who had TVT combined with
prolapse surgery compared with women having only TVT.
This is consistent with the study by Matthew et al. [21], who
demonstrated an increased risk for recurrent SUI in women
who underwent concurrent surgery for POP. On the contrary,
several studies [4, 17] report that combined prolapse and
incontinence surgery provides excellent results, similar to cure
rates achieved with placement of slings only; however, Richter
et al. [22] found that concomitant POP surgery is not associated
with overall failure but does decrease the odds of objective
compared with subjective failure by nearly 50 %. We hypothe-
size that the risk factors for higher subjective failure observed in
our study could be attributed to various parameters related to
either surgical technique or differences in SUI pathophysiology.
A subtle distortion of the local anatomy due to VH and vault
suspension might influence optimal sling positioning and ten-
sioning. Additionally, minor posthysterectomy neurophysiologic

Table 2 Objective and subjective cure rates based on type of surgery
performed

Type of surgery Objective cure rate (%) Subjective cure rate (%)

TVT-O 28/31 (90.3 %) 28/31 (90.3 %)

TVT-O+PFR 33/40 (82.5 %) 34/40 (85 %)

TVT-O+VH+PFR 37/50 (74 %) 38/50 (76 %)

TVT-O+Lap SCP 3/3 (100 %) 3/3 (100 %)

Total 101/124 (81.5 %) 103/124 (83.5 %)

TVT-O transvaginal tension-free vaginal tape–obturator, VH vaginal hys-
terectomy, PFR pelvic floor repair, Lap SCP laparoscopic sacrocolpopexy

Table 3 Univariate logistic regression with subjective failure as dependent variable and demographic characteristics, type of surgery, and
International Continence Society (ICS) score as independent variables

Demographics Cured/improved (n=107) Failed (n=17) OR {95 % CI) P value

Age 60.1±10.6 65.6±6.7 1.06 {1.00–1.12} 0.047

Parity 2 (2–3) 2 (2–2) 0.80 {0.48,1.31} 0.37

BMI 26.9±3.5 27.4±4.4 1.04 {0.91–1.19} 0.56

Obese (BMI≥30) 19 (17.8 %) 5 (29.4 %) 0.71 {0.91–6.13) 0.27

Previous abdominal hysterectomy 10 (9.3 %) 3(17.6 %) 1.01 {0.29–3.50} 0.99

Type of surgery

TVT-O 28 (26.2 %) 3 (17.7 %) 0.60 {0.16–2.26} 0.46

TVT-O+PFR 37 (34.6 %) 3 (17.7 %) 0.41 {0.11–1.50} 0.17

TVT-O+VH+PFR 39 (36.4 %) 11 (64.7 %) 3.35 {1.17–9.58} 0.02

TVT-O+Lap SCP 3 (2.8 %) 0 (0 %)

Preoperative ICS score

Aa −0.20±1.97 0.82±2.05 1.33 {1.00–1.75} 0.048

Ba 0.82±2.89 2.56±2.73 1.24 {1.02–1.50} 0.027

C −2.81±4.51 0.52±4.55 1.16 {1.04–1.29} 0.008

OR odds ratio, CI confidence interval, VH vaginal hysterectomy, PFR pelvic floor repair, Lap SCP laparoscopic sacrocolpopexy, BMI body mass
index, ICS International Continence Society
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damage or even scarring of the vaginal wall might influence
long-term local dynamics of the urethral sphincter mechanism. It
has also been shown that hysterectomy itself may alter the local
neural network and circulation [23]. Finally, Veronikis et al. [24]
proposed that in patients with severe POP, urethral kinking at the
level of the bladder neck or even more distally may decrease
arterial blood flow, causing urethral muscle ischemia. Addition-
ally, traction by the unreduced genital prolapse may add a stretch
injury to the urethra, further compromising its innervation. In
their study, 56 % of patients with severe prolapse had low
urethral closure pressures, which could predispose to a high risk
of postoperative failure with standard incontinence operations
[25, 26]. Future prospective trials such as the Multicenter Ran-
domized Controlled Trials to Assess the Value of Combining
Prolapse Surgery and Incontinence Surgery in Patients with
Genital Prolapse and Evident Stress Incontinence (CUPIDO-I)
could possibly clarify optimal management for these higher-risk
patients [27].

Health-related quality of life is considered an essential
endpoint of surgical procedures treating benign conditions
such as SUI [13]. Our data show a statistically significant
improvement in all KHQ domain scores. Moreover, assess-
ment of the difference between preoperative and postopera-
tive mean values show a small clinical effect in the General
Health Perceptions domain and a more significant treatment
benefit in all other condition-specific domains. These find-
ings, combined with the fact that this change was greater
than MICD, confirm that this type of surgery leads to a
meaningful improvement in patients’ quality of life.

An important aspect of this study is that it provides
information about potential late complications that may be
related either to the mesh material or to the surgical proce-
dures undertaken. In our study, perioperative and long-term
postoperative morbidity associated with the TVT-O proce-
dure were uncommon. The most prevalent complication was
the development of de novo urgency (7 %), although some of
those women could have naturally developed age-related
urgency symptoms. Few data are available assessing the
relationship between TVT-O and long-term de novo urgency.

Serati et al. [7] observed that de novo OAB symptoms were
reported by 19.5 % of patients at the 5-year follow-up visit.
This is considered rather high, even though the authors did
not clarify the methodology used to diagnose OAB symp-
toms postoperatively. Our results were similar with those
reported by Angioli et al. [10], who found a 5-year de novo
urgency rate of 6.4 %.

Groin pain may occur after transobturator procedures but
mostly settles within the first month following surgery [28].
Persistent groin pain can be present in up to 3.8 % of patients
[8]. At follow-up, no patient reported persistent groin pain,
and this could be attributed to the slightly modified surgical
technique. Obviously, this is only a hypothesis and thus
needs to be tested in prospective randomized trials.

Managing recurrent or persistent SUI after TVT-O place-
ment represents a critical dilemma for clinicians. Current
evidence suggests that either subsequent placement of a
TVT without removing the TVT-O sling [29] or suburethral
mesh readjustment [30] represent two simple and safe min-
imally invasive procedures that have high success rates.

We acknowledge that the major limitation of our study is
its retrospective nature. Most patients were external referrals
and had their postoperative follow-up in their local health
authority; therefore, no valid intermediate outcomes could be
included. However, our results reflect patients’ clinical con-
dition 7 years after surgery. The study population represents
85.5 % of the initial pool of patients, and one could argue that
this may introduce an important selection bias. Nevertheless,
the 12.4 % of women excluded were undetectable based on
personal contact data provided prior to surgery and therefore
cannot be considered as failures. Finally, including patients
with POP who underwent concomitant PFR increased the
heterogeneity of the study population. However, the group is
representative of patients seen in our daily clinical practice
and more than likely in other urogynecological units. The
results of other studies assessing long-term efficacy of MUS
in patients without POP cannot be extrapolated directly to
patients with concomitant POP. Our study adds valuable
information for preoperative counseling of women opting

Table 4 Health-related quality
of life assessment using the
King’s Health Questionnaire
(KHQ) domain values

Values are as mean±standard
deviation (SD)

KHQ domain Preoperative 7 years Difference P value

General health perceptions 30.85±24.30 25.81±21.13 −5.04 0.02

Incontinence Impact 56.77±38.91 27.79±32.93 −28.98 <0.001

Role limitations 39.99±39.76 14.01±25.90 −25.98 <0.001

Physical limitations 36.23±37.43 11.41±22.57 −24.82 <0.001

Social limitations 22.99±31.74 7.02±17.47 −15.97 <0.001

Personal relationships 19.24±34.65 3.3±12.61 −15.94 <0.001

Emotions 34.10±36.31 15.03±22.70 −19.07 <0.001

Sleep and energy 25.02±27.32 13.30±21.87 −11.72 0.0001

Severity measures 31.40±32.99 16.80±22.97 −14.6 <0.001
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to undergo a TVT-O with concomitant PFR surgery. Con-
versely, points of strength of this study are the large number
of patients and the use of validated tools for assessing objec-
tive and subjective outcomes.

In conclusion, this study reports the long-term TVT-O
outcomes using a retrospective design in a real-life cohort.
It shows that the TVT-O procedure provides high long-term
efficacy, clinically meaningful improvement in patients’
quality of life, and an excellent safety profile. However,
women with central compartment prolapse and those under-
going concomitant VH had a higher risk of subjective failure.
These results could therefore be useful to clinicians for
preoperative consultation of patients with SUI.
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