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Abstract
Introduction and hypothesis This is a randomized multi-
center study comparing two mid-urethra tape procedures,
the tension-free vaginal tape (TVT) with the tension-free
vaginal tape-obturator (TVT-O) in terms of cure rate and
complication rate.
Methods Seven Finnish hospitals participated. Power cal-
culations required 130 women in each group to detect a
10% difference in cure rate. A total of 267 underwent the
allocated operation. Follow-up was scheduled at 2, 12, 36
and 60 months. A cough stress test was used as an objective
outcome measure. Subjective outcome was assessed by five
different condition-specific quality of life questionnaires.
Results At 36 months of follow-up, 96% of the patients
were evaluated. Objective cure rate was 94.6% in the TVT
group and 89.5% in the TVT-O group (p=0.131). Subjec-

tive cure rates were significant with no difference between
the groups.
Conclusion The TVT and the TVT-O are equally effective
in the treatment of stress urinary incontinence after 36-
month follow-up with no difference in complication rates.

Keywords Stress urinary incontinence . Tension-free
vaginal tape . Tension-free . Transobturator vaginal tape

Introduction

The retropubic tension-free vaginal tape (TVT) procedure
for treatment of female stress urinary incontinence, intro-
duced by Ulmsten et al. [1], is the first modern mid-urethra
tape procedure. This operation has changed the surgical
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treatment of stress urinary incontinence substantially over
the last decade, and it provides significant short-, medium-
and long-term cure rates (86%–91%) [2–5]. The effective-
ness of the TVT operation is at least as good as that of the
traditional incontinence operations as the Burch colposus-
pension and traditional pubovaginal slings [6, 7]. Although
TVT is a minimally invasive technique, reported complica-
tions associated with the procedure include bladder perfo-
rations, as the most common one (3.8-6.5%), bleeding
complications (1.9-2.7%), mesh erosion (0.9%) and at rare
occasions bowel perforations (0.3%) [8–12]. To minimize
the risk of complications attributed to the retropubic
approach of tape placement, alternative procedures have
been developed. The outside-in transobturator tape (TOT)
procedure was developed in 2001 by Delorme [13]. The
inside-out tension-free vaginal tape-obturator (TVT-O) was
developed by de Leval [14] in 2003, in which the tape is
introduced through the obturator foramen. Reported cure
rates after short- and medium-term follow-up with the TVT-
O have been similar to those observed with the TVT [15].
When patients have been classified according to the
severity of stress incontinence, the TVT-O procedure has,
however, shown a significantly lower cure rate than the
TVT procedure in one study [16]. In the study by Schierlitz
et al. [17], the TVT was found to be significantly more
effective than the TOT in patients with intrinsic sphincter
deficiency (ISD). Bladder perforations have been rare and
voiding difficulties also less common with TVT-O, whereas
groin/thigh pain and vaginal erosions of the mesh have
been more common with TVT-O [18]. The reports on
overall complication rates in randomized trials comparing
TVT with transobturator methods have been somewhat
contradictory [11, 19, 20].

As the TVT procedure is a gold standard procedure in
the treatment of stress urinary incontinence, later-
introduced procedures ideally should be randomly com-
pared with the TVT procedure in order to get the most
reliable information of the efficacy and safety of the
procedures [18].

The present study was initiated in 2004 to randomly
compare two mid-urethra tape procedures, the TVTwith the
TVT-O, in the treatment of primary stress urinary inconti-
nence. Follow-up visits were scheduled at 2, 12, 36, and
60 months. The results of the 2- and 12-month follow-up
have been published [19, 21]. We report on the results of
the 36-month follow-up.

Materials and methods

The present study is a randomized, multicenter trial
comparing tension-free vaginal tape (TVT) with trans-
obturator vaginal tape inside-out (TVT-O). Seven hospitals

in Finland participated in the study: four university
hospitals and three central hospitals. Eight specialists in
gynecology, with wide experience in urogynecology and
TVT operations, were specially trained to perform the TVT-
O procedure. After the training period, they had to perform
at least five TVT-O operations independently before
including patients in the study. The study was approved
by the Helsinki University Central Hospital Ethics Com-
mittee. This clinical trial has been registered at http://www.
ClinicalTrials.gov, and the identification number is
NCT00379314.

Sample size calculation was performed assuming a 95%
success rate for the TVT procedure and that a 10%
difference in either success rate or rates of complications
would be clinically important, with a 70% power to show a
10% difference; the sample size should be 260 patients with
130 in each group. Inclusion criteria were a history of stress
incontinence, indication for surgical treatment of inconti-
nence, a positive cough stress test performed in a semi-
lithotomy position with a comfortably filled bladder
(estimated to 200–300 ml) and a detrusor instability score
(DIS) not more than 7 [22]. The inclusion and exclusion
criteria are shown in Table 1.

The patients were recruited between March 2004 and
November 2005. Randomization was performed using a
computer-generated random allocation in a ratio of 1:1 in
balanced blocks of four. The investigator called an

Table 1 Inclusion and exclusion criteria

Inclusion

History of stress urinary incontinence

Indication for surgical treatment of stress urinary incontinence

Positive cough stress test

DIS 7 or less

Exclusion

Previous incontinence surgery

PVR urine volume >100 ml

Lower urinary tract anomaly

Current UTI or >3 UTI episodes within the past year

Urogenital prolapse of more than second degree (Baden-Walker)

BMI >35 kg/m²

Previous radiation therapy of the pelvis

Active malignancy

Anticoagulation

Hemophilia

Neurogenic disease that can be associated with bladder disorders

Use of anticholinergics/duloxetine

Inability to understand purpose of study

Immobilization

DIS Detrusor instability Score, UTI urinary tract infection, BMI body
mass index
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independent randomization center after the patient had
signed an informed consent. Preoperative and postoperative
evaluation included a medical history, physical examina-
tion, urine analysis, a cough stress test, a 24-h pad weighing
test and the following condition-specific quality of life
questionnaires: the Urinary Incontinence Severity Score
(UISS), which includes questions on the impact of
urinary incontinence on everyday activities [23]; a Visual
Analog Scale (VAS), where zero means no urinary
problems and 100 means unbearable urinary complaints
[23]; the Incontinence Impact Questionnaire-Short form
(IIQ-7) [24] and the Urinary Distress Inventory-Short form
(UDI-6) [24]. General quality of life was measured with the
EuroQoL-5D (EQ-5D) questionnaire, which includes ques-
tions assessing mobility, self-care, usual activities, pain or
complaint and anxiety or depression and the thermometer-
like scale (0–100) assessing the general health at the
moment [25, 26].

The TVT and TVT-O procedures were performed as
previously described in detail by Ulmsten [1] and de Leval
[14], respectively. Prophylactic antibiotics were given at the
beginning of the operation: a single dose of cefuroxime
1.5 g or metronidazole 500 mg intravenously. All proce-
dures were performed in local infiltration anesthesia using
0.25% prilocain with adrenalin, and a cough stress test was
performed during the operation with 300 ml saline in the
bladder for adjustment of the tape. Cystoscopy with 70°
optic was performed twice during the TVT and once during
the TVT-O to detect possible bladder injury. The bladder
was emptied at the end of the operation, and no catheter
was left in the bladder. Spontaneous voiding was attempted
at the latest 3 hours after the operation and postvoid
residual (PVR) urine volume were measured by ultrasound
or by catheterization.

The 3-year postoperative evaluation was performed by
an independent physician or by the operating surgeon
together with a study nurse. Objective cure was defined as a
negative stress test performed in the same manner as
preoperatively. Subjective cure was evaluated by the
questionnaires described above. The patients were also
asked if they were satisfied with the operation completely,
partly or not at all and if they would recommend the
operation to a friend. Any complication experienced by the
patient or registered by the investigator by careful physical
examination and interrogation was registered.

Statistical analysis was performed using the SPSS for
Windows 15.0 (Statistical Package for Social Sciences,
Chicago, IL). Continuous variables were analysed with
the paired samples t-test or with Wilcoxon signed ranks
test to detect statistical difference between groups, and
categorical variables were analysed with the chi-square test.
A p value <0.05 was considered to indicate statistical
significance.

Results

The flowchart of the trial is seen in Fig. 1. Two hundred
and seventy three patients were randomized, and 267
patients received the allocated operation: 136 in the TVT
group and 131 in the TVT-O group. Five patients dropped
out between randomization and surgery. One TVT-O
operation was altered to a TVT procedure due to technical
difficulties with the TVT-O procedure. At the 36-month
follow-up, 257 patients (96%) were evaluated and only 10
patients were lost to follow-up.

Among the patients seen at the 3-year postoperative visit,
the stress test was negative in 94.6% of the patients in the TVT
group and 89.5% of the patients in the TVT-O group, and they
were thus regarded as objectively cured. The difference
between the groups was not statistically significant (p=
0.131). Calculating the cure rates for both groups on an
intention-to-treat basis, postulating that all the patients lost to
follow-up were failures, the cure rates were 91.2% in the
TVT group and 84.7 in the TVT-O group, the difference not
being statistically significant (p=0.105). Figure 2 shows the
percentage of negative stress tests in both groups during the
time of follow-up of the present trial. The 24-h pad test was
also used as an outcome measure. The result of the pad test
showed significant improvement from the mean (±SD,
range) preoperative result of 41 g (±38 g; range, 0–207 g)
to 3 g (±10 g; range, 0–95 g) 3 years postoperatively in TVT
group and of 42 g (±53 g; range, 0–320 g) to 3 g (±10 g;
range, 0–78 g) in TVT-O group, respectively. The 24-h pad
test was negative (<8 g) [27] in 92.7% of the patients in the
TVT group and 94.1% of the patients in the TVT-O group
(p=0.666). The scores of the condition specific quality of life
questionnaires were significantly lower at the 3-year follow-
up as compared with the preoperative measurements, the
results of which are shown in Table 2. General health was
assessed by EQ-5D score and EQ-5D thermometer-like VAS
scale. The score in EQ-5D increased from preoperative 0.856
to 0.870 in the TVT group and from 0.873 to 0.895 in the
TVT-O group. The EQ-5D scale improved in the TVT group
from preoperative 80.01 to 82.99 three years postoperatively
and from 80.41 to 83.94 in the TVT-O group (p=0.031 and
0.001). These improvements were statistically significant
with no difference between the groups.

Preoperatively, all patients had a detrusor instability
score (DIS) of 7 or less (an inclusion criteria). De novo
urgency, defined as new symptoms of frequency or urgency
of moderate or severe degree in the UDI-6 or a score >7 in
the DIS, was found in 12 (9.2%) of 130 patients in the TVT
group and in 7 (5.6%) of 125 patients in the TVT-O group,
the difference not being statistically significant (p=0.270).
Three patients in the TVT group and none in the TVT-O
group used anticholinergic treatment at the 3-year follow-
up visit.
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Antibiotic treatment for urinary tract infections during
the follow-up time after 2, 12 and 36 months was needed in
8%, 14.2% and 15.4% of the patients, respectively, in the
TVT group and correspondingly in 13%, 16.8%, and 17.6%
in the TVT-O group. One patient in the TVT group and five
patients in the TVT-O group had used long-term prophy-
lactic antibiotics because of recurrent urinary tract infec-
tions during the time period between the 1- and the 3-year
follow-up visit. One patient in the TVT-O group continued
prophylactic antibiotic treatment after the 3-year follow-up
visit. The median PVR urine volumes were 5 (range, 0–
115) ml in the TVT group and 10 (range, 0–302) ml in the
TVT-O group, the difference being statistically significant
(p=0.032). Two patients in the TVT group had a PVR
volume >100 ml (111 and 115 ml, respectively). Neither
patient complained of voiding difficulties or had experi-
enced urinary tract infections. In the TVT-O group, four
patients had residual PVR volumes >100 ml (110, 112, 121
and 302 ml, respectively). Two of these patients had
developed a grade 2 prolapse (the one with a PVR of
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Fig. 2 The percentage of negative stress tests in both groups during
the follow-up

Excluded n=5
- Refused operation n=4
- Cancelled because of other

operation n=1

Altered to TVT because of
technical problems n=1

Fig. 1 Flowchart of the study
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121 ml, a rectocele, and the one with a PVR of 302 ml, a
cystocele), but had no complaints of voiding difficulties and
had not experienced urinary tract infections. One patient with
a PVR of 112 ml had experienced a total of nine urinary tract
infection since the operation and one patient with a PVR of
110 ml reported occasional voiding problems.

Vaginal wall or other erosions were not seen in any of the
patients at the 3-year visit. One TVT-O patient had tape
erosion at the 1-year follow-up visit and a tape resection was
performed, which resulted in recurrence of incontinence and
a TVT re-operation was performed. Two other patients, who
were not satisfied with the result of the TVT operation at the
12-month follow-up visit, had been reoperated with a TVT
procedure. One of these two was lost to follow-up at
36 months. Two re-operated patients were evaluated, and
they were continent. One patient had retention problems after
TVT-O operation, and division of the tape was performed
twice; 1 year 4 months and 1 year 7 months after the
operation. Retention resolved after the last division of the
tape, but the patient developed De Novo urge symptoms.

Satisfaction with the operation was complete in 90.0% of
the patients in the TVT group and 91.2% in the TVT-O
group. In the TVT group, 98.4% of the patients would
definitely recommend the operation to a friend, and in the
TVT-O group, the percentage was 95.2%.

Discussion

The present randomized study was designed to compare
two mid-urethra tape procedures, the classical retropubic
TVT and a newer modification, the transobturator TVT-O,
in terms of efficacy and complication rates during a 5-year
follow-up period. At 2 months of follow-up, the cure rates,
defined by a negative stress test, were found to be 98.5%
and 95.4% for the TVT and TVT-O, respectively [19] and,
at 12 months of follow-up, to be 95.5% and 93.1%,
respectively [21]. We presently report cure rates of 94.6%
for the TVT procedure and 89.5% for the TVT-O procedure
at 36 months of follow-up. The small differences in cure
rates between the procedures do not reach statistical signifi-
cance and do not either seem to have any clinical significance.
The slightly steeper decline in the cure rates of the TVT-O

group, illustrated in the Fig. 2, raises a small concern of a
future development towards a significant difference in cure
rates between the procedures at the 5-year follow-up. The
latest Cochrane review of 2009 found a significantly lower
objective cure rate for the obturator route than for the
retrobupic one, while the subjective cure rates was similar
[28]. Including all, the lost to follow-up patients as failures in
an intention to treat analysis naturally gives slightly lower
cure rates. The cure rates, however, are still high thus
calculated with no difference between the groups.

The results of the present 36-month follow-up revealed
complication rates, including De Novo urgency and urinary
tract infections, of 24.6% in the TVT group and of 23.2% in
the TVT-O group, with no difference in overall complication
rate between the groups. De Novo urgency symptoms were
recorded in 9.2% of the women in the TVT group and in
5.6% of the women in the TVT-O group, the difference not
being statistically significant. Zullo et al. [20] reported De
Novo overactive bladder symptoms in 9% of the patients in
the TVT group and 0% in the TVT-O group after 12-month
follow-up time, the difference, however not being statistical-
ly significant (p=ns). Karateke et al. [29] reported De Novo
urgency symptoms in 14.8% and 12.0% in the TVT and
TVT-O groups, respectively, in their 12-month follow-up
study. They also found De Novo urge incontinence in 7.4%
and 6.0% of the women in the TVT and TVT-O groups,
respectively. The rate of De Novo urgency symptoms seems
to be between 5% and 15% in the randomized studies where
these symptoms have been recorded, and significant differ-
ences in the rates between the two approaches of tape
placement do not seem to occur, which finding is further
verified by the latest Cochrane report of 2009 [28].

At the 36-month follow-up visit of the present study, the
incidence of urinary tract infections was of the same order
in both groups 15.4% in the TVT group and 17.6% in the
TVT-O group, respectively. There was only a small 3-ml
difference in the measured median amount of residual urine
volumes between the women with a history of urinary tract
infections and those with no experienced infections.
Median residual urine volumes were within normal ranges
for both groups, 5 ml in the TVT group and 10 ml in the
TVT-O group, the difference being statistically significant
but of little clinical significance, as only two of the patients

TVT (n=131) TVT-O (n=126)

Preoperative Postoperative Preoperative Postoperative

UISS(mean ± SD) 11±3 1.2±2.3* 11±3 0.9±1.8*

DIS (mean ± SD) 5±2 3.0±2.6* 4±2 2.7±2.5*

VAS(median, range) 70 (11–100) 2 (0–91)* 71 (18–100) 2 (0–87)*

IIQ-7 (mean ± SD) 16±4 7.8±2.1* 17±4 7.4±1.2*

UDI-6 (mean ± SD) 14±3 8.0±2.4* 17±3 7.7±2.1*

Table 2 Results of condition-
specific quality of life question-
naires at 36-month follow-up

SD standard deviation

*p<0.001, significant difference
compared with preoperative
measurements
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with a PVR more than 100 ml had clinical symptoms:
repeat urinary tract infections and occasional voiding
difficulties, respectively.

An increasing number of randomized trials comparing
the TVT procedure with the TVT-O procedure have been
initiated. Many of these have included a limited number of
women with no power calculations performed. Four studies
have enrolled a greater number of women, three of which
reached the number required by the power calculation [12,
16, 29] and one by Wang et al. [30] with no power
calculation, but 300 patients analysed. Our present trial is
the largest one in which the number of patients required by
the power calculation could be operated upon. The follow-
up time of the trials reported on so far, comparing TVTwith
TVT-O, has been 12 months or less, except for the trial
conducted by Wang et al. in which only half of the patients
were analysed at 24 months and as little as 20% at
36 months of follow-up. We managed to bring back 96%
of the women in our trial for the 36-month follow-up visit,
who all could be assessed according to the protocol. Only
the study by Araco et al. [16] found a significant difference
in cure rate between the two procedures, where there was a
34% difference in cure rate in favour of the TVT procedure
in women, who preoperatively were diagnosed to suffer
from a more severe degree of stress incontinence. None of
the other trials found a significant difference in cure rate.
We have seen a trend of lower cure rates by time for the
TVT-O group during our 3 years of follow-up. In a
randomized trial comparing TVT with the outside-in TOT
procedure in women with ISD, Schierlitz et al. [17]
reported a significant difference in cure rates, 79% of the
TVT group being urodynamically continent but only 55%
of the TOT group being urodynamically continent.

The results of our randomized trial suggest that there is no
significant difference in cure rates or complication rates
between the TVT procedure and the TVT-O procedure
during the 3 years of follow-up. This finding is supported by
other randomized controlled trials with shorter time of
follow-up. Some reports suggest, however, that the TVT
might be more effective in cases with severe stress
incontinence and in cases with ISD. Longer periods of
follow-up will clarify if there is a greater decline in cure rate
by time in women operated upon with the TVT-O procedure.
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