
ORIGINAL ARTICLE

Dimitri Sarlos Æ Matti Kuronen Æ Gabriel N. Schaer

How does tension-free vaginal tape correct stress incontinence?
Investigation by perineal ultrasound
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Abstract Forty patients who underwent a single tension-
free vaginal tape procedure were evaluated by perineal
ultrasound both pre- and postoperatively in a prospec-
tive observational clinical study. The positions of the
tape, bladder neck and urethra were sonographically
documented at rest and during Valsalva maneuvers.
During Valsalva the tape rotated towards the symphysis
in all patients. Postoperative urethral angulation could
be demonstrated in 36 of 40 patients. Bladder neck
mobility remained unchanged after the tension-free
vaginal tape procedure, and 36 of the 40 were dry
according to patient questionnaires. Postoperative
cough test was negative in all patients. Two points seem
to be important for the functioning of the tension-free
vaginal tape: a dynamic kinking of the urethra during
stress, and the movement of the tape against the sym-
physis, compressing the tissue between the tape and the
symphysis. Mobility of the bladder neck is unaffected by
the single tension-free vaginal tape procedure.

Keywords Perineal ultrasound Æ Tension-free vaginal
tape

Abbreviations TVT Tension-free vaginal tape Æ
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Introduction

The tension-free vaginal tape (TVT) operation was
successfully introduced a few years ago by Ulmsten [1]
for the treatment of female urinary stress incontinence.

The benefit of this minimally invasive procedure is its
high cure rate combined with low perioperative mor-
bidity. compared to colposuspension operations the
tension-free vaginal tape is not a fixation of the bladder
neck but a tension-free stabilization of the midurethra.

In 1990 Petros and Ulmsten [2] published a new
theory about female urinary stress incontinence, and in
1995 they presented a new ambulatory procedure for the
treatment of this disorder [3]. According to Ulmsten�s
theory, the tension-free vaginal tape restores puboure-
thral ligaments and the suburethral hammock, thereby
restoring continence. Postoperatively the suburethral
Prolene mesh graft can be visualized by perineal ultra-
sound.

Our study was carried out to evaluate the morpho-
logic aspects of the tension-free vaginal tape and
demonstrates the morphologic changes caused by it.

Materials and methods

This paper is a prospective observational clinical study. Between
1 September 1999 and 31 August 2001, a total of 143 patients
underwent a tension-free vaginal tape procedure in our clinic. For
this study we included only those who had a single tape procedure.
Patients with combined prolapse surgery or with prior anti-incon-
tinence surgery were excluded. Forty patients with a single tension-
free vaginal tape procedure met the criteria for this study. They
were evaluated both pre- and postoperatively clinically and by
perineal ultrasound. The mean age of the patients was 51.2 (range
42–78) and the mean parity was 1.8 (0–4). According to the Pres-
ident of the local Ethics Committee, committee approval was not
needed for this study because perineal ultrasound is a routine
procedure in our clinic. All patients were informed about the study
and consented to participate.

In all these 40 cases the indication for tension-free vaginal tape
was urinary stress incontinence and failure of conservative treat-
ment. The diagnosis of urinary stress incontinence was made by
detailed medical history, patients� questionnaires, and clinical
examination by an experienced urogynecologist, including cough
test in the supine and standing positions after filling the bladder
with 300 ml of saline solution. All patients also had a speculum
examination and a perineal ultrasound examination with evalua-
tion of the bladder neck and the urethra, both at rest and during
Valsalva. In 12 cases urge symptoms were also present; in these
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patients a urodynamic investigation with urethrocystometry, ure-
thral pressure profiles and flowmetry was performed, and detrusor
instability was excluded.

All 40 patients were examined 8 weeks postoperatively. Here
we performed a cough test in the supine and standing positions
after filling the bladder with 300 ml of saline solution, and
carried out a speculum and a perineal ultrasound examination.
All patients filled out the same questionnaire as preoperatively,
focusing on stress and urge incontinence episodes and voiding
problems.

For the pre- and postoperative perineal ultrasound examina-
tions, perineal ultrasound standards were used as described in
previous studies by Schaer et al. [4, 5]. We used a curved linear
array ultrasound scanner (Aloka SSD 1700; Aloka Co. Ltd, Tokyo,
Japan) with a 5 MHz transducer. With the patient in the supine
position, the transducer was placed in a sagittal orientation on the
vulva to obtain views of the bladder, the bladder neck, the urethra,
the tape, and the symphysis pubis (Fig. 1).

Perineal ultrasound scans were performed at rest and during
Valsalva, and movements of the bladder neck, the tape and the
urethra were documented. We used a virtual rectangular coor-
dinate system relative to the inferior margin of the symphysis
pubis to document the position of the bladder neck and the tape
at rest and during Valsalva (Figs 2 and 3). The x-axis was con-
structed by drawing a line between the superior and inferior
margins of the symphysis (central line of symphysis). The y-axis
was constructed perpendicular to the x-axis at the margin of the
inferior symphysis. The sonographic measurements were under-
taken digitally on screen. For exact localization of the bladder
neck we measured the upper and ventral points of the urethral
wall at the immediate transition into the bladder, and named this
region the UVJ reference point (Fig. 2). For exact localization
of the tape we measured the ventrocaudal edge of the tape
and named this region the TVT reference point (Fig. 3). Dx
was defined as the distance between the UVJ or TVT reference
point and the y-axis. Dy was defined as the distance between
the UVJ or TVT reference point and the x-axis. Bladder
neck and tape movements were calculated using the formula:

vectorlength ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x2� x1ð Þ2 þ y1� y2ð Þ2
q

where x1 and y1 repre-
sent the coordinates at rest and x2 and y2 during Valsalva.

We also evaluated pre- and postoperatively whether there was a
funneling of the proximal urethra during Valsalva. Postoperatively
we analyzed whether there was an angulation of the urethra on the
tape during Valsalva; this angle was named the a-angle.

Results

Of the 40 patients, 32 had spontaneous micturition with
less than 100 ml of residual urine the evening of the
operation day, and left the hospital the same day. Seven
needed intermittent catheterization for 24–48 hours be-
cause of postvoid residuals of more than 100 ml, and left
the hospital after 2 days. One patient needed suprapubic
drainage for 14 days, after which micturition was pos-
sible without residual urine.

Thirty-six of the 40 patients were subjectively com-
pletely dry (questionnaire), four had rare episodes of
stress incontinence, but all of these showed important
improvement and did not require further treatment for

Fig. 1 Perineal sonography of a woman after tension-free vaginal
tape operation. The tape can be seen as a hyperechogenic area
underneath the urethra

Fig. 2 Measurement methods for perineal sonographic localization
of the bladder neck

Fig. 3 Measurement methods for perineal sonographic localization
of the tape
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stress incontinence. Five patients presented de novo urge
symptoms that needed further therapy with anticholin-
ergics.

No patient had long-term postoperative micturition
disorders. We could not demonstrate any leakage in the
postoperative cough test and during Valsalva in any of
the 40 patients. No patient had more than 50 ml of
residual urine at postoperative catheterization.

Preoperatively, in 23 of the 40 ( 57.5%) patients we
found a funneling of the bladder neck during Valsalva.
In nine of these 23 (39.1%) cases the funnel also
persisted postoperatively. In these nine cases the post-
operative funnel ended at the midurethra, where it was
closed by the tape.

The preoperative sonographic examination showed
that the bladder neck descended during Valsalva in all
cases. The mean vector length of preoperative bladder
neck descent during Valsalva was 14.8 mm (SD ±
4.5 mm). Postoperatively the mean vector length of
bladder neck descent during Valsalva was 12.7 mm
(SD ±4.4 mm). There was no significant difference in
pre- and postoperative bladder neck mobility during
Valsalva.

Postoperatively, in all 40 patients the tape could be
visualized as a hyperechogenic area below the urethra.
No tape moving to the proximal urethra could be
shown.

Postoperatively, in all 40 cases we documented a
movement of the tape during Valsalva from dorsocranial
to ventrocaudal. The mean vector length of the tape
movement was 9.3 mm (SD±3.1 mm).

Postoperatively, in 36 of the 40 patients we could
demonstrate a significant angulation of the urethra
during Valsalva: this angle was named the a-angle
(Fig. 4, 5, 6). The mean a-angle was 34.3� (SD±15.2�).

One of the 40 patients included in the study required
a Pfannenstiel laparotomy with opening of the Retzius

space because of a symptomatic hematoma occurring
6 h postoperatively. In this case the hematoma could be
well visualized before laparotomy by perineal and
abdominal ultrasound. We had no other surgical com-
plications, especially no bladder perforations.

Discussion

Our experience with tension-free vaginal tape is similar
to the data in the literature: it is a minimally invasive
procedure with low perioperative morbidity and excel-
lent short- and medium-term results.

According to Petros� and Ulmsten�s integral theory
[2], the pubourethral ligaments are important structures

Fig. 4 Schematic illustration of how tension-free vaginal tape
corrects stress incontinence: during Valsalva the tape rotates
towards the symphysis, compressing the urethra and the surround-
ing tissue against it. The urethra is closed by a urethral angulation
during Valsalva (a-angle)

Fig. 5 Perineal ultrasound after tension-free vaginal tape at rest

Fig. 6 Perineal ultrasound after tension-free vaginal tape during
Valsalva. One can see the angulation of the urethra on the tape
during Valsalva and the postoperative mobility of the tape and the
bladder neck during Valsalva
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for the preservation of female urinary continence. The
theoretical idea of tension-free vaginal tape is to repair
defective pubourethral ligaments to restore continence.
That it is really the restoration of the defective pubo-
urethral ligaments that re-establishes continence may be
questioned. The reason might also be a better abdomi-
novesicourethral pressure transmission during stress
because of a suburethral buttress. We also think that not
every woman with genuine stress incontinence has
defective pubourethral ligaments. DeLancey [6] has not
reported the existence of such ligaments.

The fact that the tape can be visualized by perineal
ultrasound in all cases permits a dynamic evaluation of
the urethrovesical changes at rest and during Valsalva.
As we were able to demonstrate postoperatively, the
tape lies below the urethra, and during Valsalva the
urethra is angulated on the tape in nearly all cases.

We think that this dynamic kinking of the urethra
closes the urethra during Valsalva and during other in-
tra-abdominal pressure rises. This kinking mechanism
has also been described by other authors [7, 8]

According to our findings, the tape moves during
Valsalva from dorsocranial to ventrocaudal in all pa-
tients. This rotation of the tape against the symphysis,
compressing the urethra and the surrounding tissues
between the tape and the symphysis, must lead to an
important augmentation of the pressure on all the
structures that lie between the tape and the symphysis.

We believe that these two points – angulation of
the urethra and compression of the urethra between the
tape and the symphysis – are the main reasons why the
tension-free vaginal tape corrects stress incontinence.

Our data support the findings of Masata et al. [7],
who also described a rotational movement of the tape
during Valsalva and a compression of the urethra
against the symphysis pubis.

A possible limitation of our study was that there was
no standardization of the Valsalva maneuver. This
might explain the shorter vector length for tape move-
ment and bladder neck descent compared with the
results of Dietz et al. [8].

Other authors reported a low postoperative morbid-
ity after tension-free vaginal tape, especially the low
incidence of postoperative micturition problems and
urinary retention [9, 10]. In our study we could see no
significant difference in pre- and postoperative bladder
neck mobility. This point has also been demonstrated by
Atherton and Stanton [11] and by Lo et al. [12].

We think that the reason for the low incidence of
postoperative residual urine after tension-free vaginal
tape is the maintenance of bladder neck mobility. In
colposuspension procedures, where the bladder neck is
elevated and immobile, postoperative micturition
problems can occur more often [13].

We believe that not all aspects of the functionality of
tension-free vaginal tape are yet understood. More
studies, especially of the failed cases, must be performed
to learn more about this interesting procedure.
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Editorial comment

The authors are to be commended for an interesting study

using perineal ultrasound imaging for evaluation of TVT

placement and function. The study demonstrates two main

functions of the tape: midurethral kinking, and compres-

sion of the tape against the symphysis pubis. This agrees

with published imaging data and confirms the essentially

obstructive function of the TVT.
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