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Abstract

Introduction and hypothesis Although there is clear consen-
sus on the use of monofilament polypropylene tapes for
treating stress urinary incontinence (SUI), tapes differ in
weight, stiffness, and elasticity. In this study, we compared
outcomes of two tape types: high-stiffness Intramesh SOFT
L.LE.T versus low-stiffness Intramesh L.L.LF.T. tape. Our null
hypothesis was that in terms of performance, SOFT tape
equaled L.LF.T. tape.

Methods Six hundred and sixty women underwent prospec-
tive transvaginal tape (TVT) surgery for SUIL: 210 had the
SOFT tape placed and 450 the L.L.E.T. tape. Follow-ups were
scheduled at 3 and 12 months.

Results Objective cure at 3-months’ follow-up was 87 % in
the SOFT group vs 94 % in the L.I.E.T. group (p=0.003) and
at 12 months 86 vs 96 % (p=0.0004), respectively. Subjective
outcomes were equal. For SOFT tape, the objective failure
rate at 3 months was especially pronounced in women older
than 70 years: 31 vs 10 % (»p=0.008), and subjective failure
was 24 vs 7 % (p=0.01). At 12 months, objective failure for
the SOFT tape was significantly higher in both age groups
compared with L.LLE.T. [odds ratio (OR) 2.17]. Multivariate
analysis showed that body mass index (BMI) >30 (OR 2.41),
mixed incontinence (MUI) (OR 2.24), use of SOFT tape (OR
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2.17), and age>70 years are significant independent risk fac-
tors for surgical failure.

Conclusions Outcomes with SOFT tape are significantly in-
ferior than with L.LE.T. tape, especially among elderly wom-
en. Therefore, the two variants of monofilament polypropyl-
ene tape are not interchangeable.

Keywords Low-weight tape - Stress urinary incontinence -
TVT - High-stiffness - Low-stiffness - Mixed urinary
incontinence

Definition

Stiffness  Resistance to deformation

Elasticity ~ Ability to return to initial size and shape after
being deformed (reversible)

Introduction

Retropubic tension-free midurethral tape surgery was intro-
duced in the mid-1990s and has become a globally established
procedure for managing female stress urinary incontinence
(SUI). Tension-free vaginal tape (TVT), being the most nota-
ble, has become the gold standard due to its high rate of suc-
cess, low rate of complications, and short surgeon learning
curve. Mesh materials used to date have been of different
types and designs, and the consensus of evidence is that the
least morbidity will be achieved by using a lightweight, large-
pore, monofilament polypropylene type 1 mesh [1]. Follow-
ing the success of TVT, a variety of polypropylene tapes have
been released onto the market without proper evaluation. Each
brand uses a unique tape formulation, and there is no evidence
to support one in favor of another. However, mesh weight and
composition are well-known important factors for healing and
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complications, as the extent of chronic inflammation is related
to the amount of foreign material left in the body. Differences
in mechanical properties, such as stiffness and elasticity, have
been examined in the laboratory but not in vivo [2, 3]; the
impact on the body and clinical outcomes after surgical treat-
ment for SUI is almost unknown, but material stiffness has
been associated with the risk of erosion [2, 3]. During the
initial postoperative days, the implant is held in place by fric-
tion acting on the tape passing through the tissue [4]. The
impact of the tape’s mechanical and physical properties on
friction force in the early and vulnerable phase of healing
has not been studied in humans to date.

The idea for this study arose from observations that: (1)
friction force of a new, high-stiffness version of a basic low-
stiffness tape was lower; (2) informal reviews of outcome data
predict a lower cure rate in women fitted with the newer, high-
stiffness tape. The aim of the study was to compare the per-
formance of two monofilament polypropylene tapes from the
same manufacturer: a light-weight and high-stiffness
(inelastic) Intramesh SOFT tape with smooth edges, and a
heavyweight and low-stiffness Intramesh L.LF.T. tape with
rough edges. The null hypothesis was that in terms of perfor-
mance, SOFT tape equals L.I.F.T. tape.

Materials and methods

From May 2005 to September 2012, a single-center prospec-
tive cohort study was conducted in our outpatient clinic. Six
hundred and sixty women with urodynamic SUI were enrolled
consecutively and underwent retropubic tension-free
midurethral tape (TVT) surgery as their sole procedure. Of
these, 450 had the L.LF.T. tape placed and 210 the SOFT tape.
The latter tape was introduced in October 2006 and used until
March 2010. Both tapes are type I, polypropylene, monofila-
ment, macroporous TVT tapes manufactured by Cousin
Biotec. They are available as a basic L.LLE.T. tape with low
stiffness and 100 g/m*; and a newer, lighter-weight variant,
SOFT tape, with high-stiffness and 60 g/m?. Another striking
difference is the surface property is that L.I.F.T. tape has rough
edges and SOFT tape has smooth edges; the latter is charac-
terized as an inelastic (high-stiffness) tape with nonaggressive
edges. Dimensions of both tapes are 1 cm x 45 cm.

All patients underwent a standardized preoperative evalua-
tion: a 2-day bladder diary, postvoid residual urine (PVR)
measured by a catheter, filling cystometry, and pressure-flow
study in the seated position. An ultrashort pad-test with the
patient in a standing position was performed; while the patient
performed ten vigorous coughs, the amount of urine loss was
quantified by measuring the increase in pad weight [5]. The
ultrashort pad test was performed with 300 ml saline in the
bladder, which was filled in conjunction with catheterization
for PVR measurement. Lastly, a free uroflowmetry at voided

@ Springer

volume >150 ml was performed. The voiding function was
assessed by maximum flow rate (Q,,ax), corrected Qmax (Qumax/
Vvoided volume), average flow rate (Qaye), flow time, time to
maximum flow and voided volume. Methods, definitions, and
units conform to the standards jointly recommended by the
International Continence Society (ICS) and the International
Urogynecological Association (IUGA) [6]. All patients had
anterior vaginal wall prolapse <stage 2 [Pelvic Organ Pro-
lapse Quantification system (POP-Q)], and no concomitant
prolapse surgery was done [7]. All postmenopausal women
were treated at least 1 month before surgery with, mainly,
locally applied estrogens.

The TVT operation was performed under local anesthesia.
A full-thickness midline incision was placed under the
midurethra, and the tape was placed so it touched the urethra
and then adjusted until the leaking stopped while the patient
coughed vigorously at a bladder volume of 300 ml, whereup-
on cystoscopy was performed. The midline incision was
closed with absorbable stitches and the Foley catheter re-
moved. All patients received prophylactic cefuroxime 1.5 g
intravenously during surgery. The majority of patients (92 %)
were discharged from hospital a few hours after the procedure.

Follow-up

Follow-up visits were scheduled at 3 and 12 months after
surgery. Both visits involved PVR, standardized cough stress
test performed with a bladder volume of 300 ml saline in the
supine position, and a short-term pad test in the standing po-
sition. Last, a free uroflowmetry at voided volume >150 ml
was performed.

Definition of outcomes

To evaluate the effect of treatment, both subjective (patients’
perception of clinical improvement expressed in an open in-
terview) and objective definition criteria were applied, as
follows:

Subjective cure: if the reported incontinence episodes
were <1 per week (a reduction in incontinence episodes
>90 %) and the patient was satisfied

Subjective improvement: if there was a reported reduc-
tion in incontinence episodes >75 % and the patient was
satisfied

Subjective failure: if the outcomes were any less positive
than the above

Objective cure: if the ultrashort pad test was negative
(pad weight increase <1 g)

Objective failure: if the ultrashort pad test was positive
(pad weight increase >1 g)

Vaginal exposure was defined as tape exposure within the
vagina at the suture line after vaginal incision had healed
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The study was registered with the Danish Data Protection
Agency. Ethical approval was not required.

Statistical analysis

Data were analyzed using statistical package R [8]. For uni-
variate data, testing of significance was performed by apply-
ing chi-square, Fisher’s exact, or Wilcoxon two-sample tests,
as indicated. Logistic regression modeling was performed to
search for significant associations (R-command “glm”). The
model was reduced using automated stepwise removal of var-
iables (R-command “step”) to find the best model fit using the
Akaike information criterion (AIC). Power calculation for two
proportions with different sample sizes were performed with
the command pwr.2p2n.test from the pwr package. Signifi-
cance levels were set at p=0.05 or 95 % confidence intervals
(CD).

Results

Six hundred and sixty women were enrolled consecu-
tively, with 210 in the SOFT group and 450 in the
L.I.LF.T. group. At baseline, patient characteristics
(Table 1), bladder diary and cystometry (Table 2), and

Table 1  Baseline characteristics of 660 women with urodynamic stress
urinary incontinence undergoing retropubic midurethral tape surgery with
Intramesh®SOFT or Intramesh®L.LE.T. tape

SOFT (N=210)  L.IET. (N=450) P value

Age (range) 59 (34-91) 58 (28-85) 0.21*
<70 years 80 % (168) 80 % (361) 1.0°
>70 years 20 % (42) 20 % (89)

BMI (kg/m?) 27 (19-51) 27 (18-44) 0.78*
<30 74 % (154) 71 % (316) 0.48°
>30 26 % (55) 29 % (131)

Prior incontinence surgery
None 95 % (205) 98 % (427) 0.23°
Once 5%(5) 2 % (21)

Twice 0 % (0) 0.4 % (2)

Parity
Nulli 3%(5) 2 % (14) 0.44°
Primi 13 % (20) 10 % (57)

Multi 88 % (178) 64 % (368)

Incontinence symptoms
Stress Ul 59 % (124) 70 % (316) 0.013"
Mixed Ul 41 % (86) 30 % (133)

Vaginal estrogen 38 % (58) 35 % (104) 0.47%

P <0.05 statistically significant and marked in bold
UI urinary incontinence [mean (range or number)],
# Two-sample Wilcoxon test

® Chi-squared test

bladder function (Table 3) were similar between groups,
except for a higher ratio of mixed urinary incontinence
(MUI) and a lower maximum cystometric capacity in
the SOFT group. At 12-months’ follow-up, 83 % in
the SOFT group and 74 % in the L.LLF.T. group were
examined and evaluated according to the protocol. At
12 months, 133 (20 %) 645 patients were lost to fol-
low-up, and the proportion of patients >70 years was
nearly unchanged: 19.5 % at 3 months and 22.5 % at
12 months (Table 4).

Power calculation

A difference of 5-10 % in subjective or objective cure
was considered clinically important. Given the number
of cases available at 3- and 12-months’ follow-up, a
difference of 6 and 7 % is detectable with a power of
~80 %. A difference of 10 % may be detected with a
power >97 % at both follow-up times. At a 5 % differ-
ence, power falls sharply toward 50 %; thus, a differ-
ence of 10 % in any variable analyzed would not be
missed

Objective outcome

Objective cure was significantly lower in the SOFT
group at both 3- and 12-months’ follow-up (Table 4).
Failure rate at 3 months was especially pronounced in
women >70 years: 31 % in the SOFT group vs 10 % in
the L.LE.T. group (»p=0.008). Similarly, at 12-months’
follow-up, we found a significantly higher failure rate in
the SOFT group; however, this time it was among
women both older and younger than 70 years: 21 and
12 %, respectively. In the L.LLF.T. group, failure rates
among women > 70 and < 70 was 5 and 4 %, respec-
tively (Table 4).

Logistic regression of basic variables as significant
predictors of objective failure of surgery shows that
the most independent risk factors are age >70 years,
body mass index (BMI) >30, mixed Ul, and the use
of SOFT tape (Table 5).

Subjective outcome

At 3-months’ follow-up, failure was reported by 24 %
of the elderly in the SOFT group vs 7 % in the L.ILF.T.
group (p=0.01). Otherwise, 89 % of all patients in the
SOFT group and 93 % in the L.ILF.T. group reported
cure or improvement and this difference was not signif-
icant (Table 4).

Logistic regression of basic variables as significant
predictors of no subjective improvement/cure shows that
the most independent risk factors for subjective failure
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Table 2 Bladder diary and

cystometry at baseline in 660 SOFT (N=210) LLET. (N=450) P value
women with urodynamic stress ]
incontinence undergoing Bladder diary
retropubic .midurethral tape 24-h urine production (ml) 2117 (650-5750) 2067 (500-6050) 0.49
surgery using Intramesh®SOFT Maximum voided volume (ml) 511 (150-1200) 483 (100-1200) 0.11
or Intramesh®L.LE.T. tape .
Average voided volume (ml) 250 (88-570) 239 (58-650) 0.17
24-h micturition frequency 8.9 (4-19) 8.9 (4-25) 0.79
Filling cystometry, n/N 70 % (146/210) 71 % (318/450)
FS (ml) 150 (20-400) 152 (20-400) 0.83
ND (ml) 238 (50-531) 241 (50-694) 0.80
MCC (ml) 428 (100-621) 458 (120-700) 0.003

P <0.05 statistically significant and marked in bold

FS first sensation, ND normal desire, MCC maximum cystometric capacity

are mixed UI, BMI body mass index >30 and micturi-
tion frequency (Table 5).

Changes in bladder function

There was a considerable change in voiding function
after surgery in terms of free Q.x, average Qnax, flow
and voiding time, and PVR (Table 3). The reduction in
free Qumax and average Qn.x Was significantly lower in
the SOFT group at both 3- and 12-months’ follow-up.
Flow and voiding time were significantly lower for the
SOFT group at 3 months, as was PVR; differences at
12 months were not significant. Ultrashort pad test at 3-
and 12-months’ follow-up showed significantly higher
urine loss in the SOFT group. We saw no healing de-
fects or vaginal exposure.

Discussion

The hypothesis that cure rates of a newer high-stiffness and
smooth SOFT tape and a basic low-stiffness and rough
L.LF.T. That tapes are equal in efficacy was disproven. Wom-
en >70 years treated with the smooth-(SOFT) tape experi-
enced a significantly higher failure rate: objective failure rate
was 31 vs 10 % and subjective failure rate 24 vs 7 %. Logistic
regression analyses of basic variables showed that risk factors
for surgical failure included mixed UlI, age >70 years, high
BMI and the use of SOFT tape.

The three main differences between the tapes used in this
study are: (1) stiffness (resistance to deformation), (2) elastic-
ity (ability to return to initial size and shape after being de-
formed), and (3) outer structure of the tapes. The lightweight
SOFT tape has a high-stiffness, high elasticity, and smooth
edges; whereas the heavyweight L.ILF.T. tape has a low-

Table 3 Bladder function at baseline and 3- and 12-months’ follow-up after retropubic midurethral tape surgery using Intramesh®SOFT or

Intramesh®L.LF.T. tape

Baseline 3-months’ follow-up 12-months’ follow-up
SOFT LLET. (- P SOFT LLET. P SOFT LLET. P
(N=210) N=450) (N=180) (N=388) (N=128) (N=251)

Free Quax (ml/s) 29 29 07 19 16 <0.001 19 16 0.007
<18 ml/s 12 % (24) 12 % (53) 1.0 46 % (83) 65 % (248) <0.001 49 % (63) 64 % (161) 0.007
>18 ml/s 88 % (181) 88 % (387) 54 % (98) 35 % (136) 51 % (65) 36 % (90)

Corrected Qmax 1.7(0.44.1) 1.6(0.5-3.7) 025 1.1(0.3-2.9) 0.9 (0.3-2.6) <0.001 1.1(0.5-2.8) 1.0(0.3-1.8) 0.001

Voided volume 302 (142-600) 317 (100-600)  0.03 285 (150-400) 278 (125-400) 0.10 283 (124-400) 274 (111-400) 0.12

Qave (ml/s) 15 (3-33) 15 (3-40) 0.75 9.8 (2-36) 8.2 (2-59) <0.001 10.1 (3-50) 8.3 (2-20) <0.001

Flow time (s) 24 (5-117) 24 (6-113) 0.40 34 (5-113) 39 (8-149) 0.001 35(11-94) 36 (8-122) 0.35

Void time (s) 29 (7-150) 28 (6-138) 0.61 40 (3-167) 46 (9-200) 0.01 41 (12-151)  42(9-290) 0.64

PVR (ml) 13 (0-500) 12 (0-140) 0.60 29 (0-350) 40 (0-500) 0.02 26 (0-300) 33 (0-300) 0.11

Short-term pad test 17 (0-288) 20 (0-300) 0.31

€3]

P<0.05 statistically significant and marked in bold

Free Q,,, maximum flow rate, Q. average flow rate, PV'R postvoid residual
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Table 4 Subjective and objective
cure rates at 3- and 12-months’

3-months’ follow-up

12-months’ follow-up

follow-up after retropubic
midurethral tape surgery using
Intramesh®SOFT or

SOFT
(N=205)

LLET. P
(N=336)

LIFT.
(N=440)

P SOFT
(N=176)

Intramesh®L.LF.T. tape
Subjective outcomes

Cured + improved
Failure

Age <70 years
Age >70 years

Objective outcomes

Cure 87 % (167)
13 % (26)

9 % (14/155)
31 % (12/39)

Failure
Age <70 years
Age >70 years

89 % (183)
11 % (22)

7 % (12/171)
24 % (10/41)

89 % (160)
11 % (16)

7 % (9/128)
18 % (7/38)

939%(312) 054
7 % (24)

7% (18/257) 1.0
8 % (6/75) 0.22

93 % (411) 097
7 % (29)

7% (23/328)  0.89
7% (6/85)  0.01

94 % (384)  0.003 86 % (122) 96 % (266)  0.0004
6 % (24) 14 % (20) 4 % (11)
59%(16/320) 012 12 %(13/108) 4 % (8/200)  0.008

10 % (8/80) 0.008 21 % (7/33) 5 % (3/60) 0.05

P <0.05 statistically significant and in bold text. Chi-square of Fisher’s exact test used if small cell counts

stiffness and low elasticity (deformation is the result of being
deformed) and rough edges.

How the TVT-band is kept in place during the initial post-
operative period depends on three main variables: (1) the outer
structure of the tape, (2) the type of tissue the tape passes
through and (3) the strength of that tissue [4].

We found that the SOFT tape was not as effective as the
L.LET. tape. One plausible explanation for the poorer result
may be attributed to the outer structure of the tape: that is, its
smooth edges, which may impair tape fixation in the very
early phase of the healing process before tissue incorporation
takes place, thus the tape slips. The theory that SOFT tape
cannot hold its position explains the lower subjective and
objective cure rates seen in elderly women especially, where
the combination of low friction force due to smooth edges and
fragile tissue is present. This theory is in accordance with the

Table 5 Logistic regression analysis of basic variables as significant
predictors of no subjective cure/improvement or objective failure of

surgery

OR 95 % Cl P value

No. subjective cured + improved

BMI >30 2.01 1.03-6.86 0.04

Mixed urinary incontinence 3.56 1.82-7.19 0.0003

Micturition frequency 1.14 1.03-1.25 0.009
Objective failure >1 g)

Age>70 2.87 1.39-5.83 0.004

SOFT vs. L.IET. 2.17 1.11-4.25 0.02

BMI >30 2.41 1.22-4.74 0.01

Mixed Ul 2.24 1.12-4.53 0.02

All variables shown in Tables 1 and 2 were included in the initial model.
Significant variables after a stepwise removal are shown

P <0.05 statistically significant BMI body mass index, OR odds ratio, C/
confidence interval

study by Lei et al. [9], which found that the stiffness of vaginal
tissue was higher in postmenopausal compared with premen-
opausal women and the maximum fracture was significantly
lower; thus, tissue is more fragile in the elderly. Furthermore,
this theory may account for the postoperative observation that
SOFT tape obstructs bladder function less than does L.IF.T.
tape. The poorer cure rate and lesser obstructive effect of the
SOFT tape may have one more explanation: its high stiffness.
This may be advantageous because, unlike low-stiffness tape
that deforms under strain, high-stiffness tape allows individu-
alized tensioning without tape deformation; thus, the surgeon
may be able to place the tape more precisely and thereby avoid
adverse postoperative events, such as voiding dysfunction and
postvoid residual. Our results are similar to those of Prien-
Larsen et al. [10], who compared high-stiffness and smooth
intravaginal slingplasty (IVS) tape with low-stiffness and
rough TVT tape and found a poorer cure rate and lesser ob-
structive effect of the high-stiffness and smooth IVS tape.
Rechenberger et al. [11] found a lower cure rate in the IVS
compared with the TVT group (80 vs 88 %), but the difference
was not significant—probably due to small sample size. Fur-
thermore, they reported a lesser obstructive effect of high-
stiffness and smooth IVS tape and attributed this to high-
stiffness tape permitting precise positioning. Jijon et al. [12],
who used an inelastic (high-stiffness) polypropylene tape
comparable with our high-stiffness SOFT tape, found, as we
did, an improvement/cure rate of 87 % and a failure rate of
13 %. None of these studies took into consideration the impact
ofthe smooth edges as an explanation for the poorer outcomes
and lesser obstructive effects.

In our multivariate analysis, we found that patient age af-
fected objective but not subjective cure rate, and this is sup-
ported by results from a large-scale study by Stav et al. [13].
Contrary to our finding in another large study, Hellberg et al.
[14] found a sharp decrease in subjective cure rate among
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women over the age of 75 years; Bohlin et al. [15] also found
lower subjective cure rates in women >80.

Logistic regression analyses revealed three risk factors for
subjective failure of surgery: mixed- I, BMI >30, and mictu-
rition frequency. Furthermore, we found four risk factors for
objective failure, of which three were present in both SOFT
and the L.LLF.T. groups: BMI and age in equal proportions in
both groups and M-UI in a greater proportion in the SOFT
group. The fourth risk factor, the use of SOFT tape, was only
present in the SOFT group. It is a fact that the groups were
slightly differently regarding mixed UI, the SOFT group with
the worst results, included more patients with mixed Ul
(MUI). It is well known that cure rates are lower among pa-
tients with MUI [16], and this fact could be responsible for the
poor result in the SOFT group. Because logistic regression
analyses showed that contribution of the two risk factors
MUI and the use of SOFT tape are nearly equal, it is unlikely
that only MUI is responsible for the poor results; therefor,
SOFT tape also contriutes to objective failure of surgery in
the SOFT group.

Like us, Stav et al. [13] found, in a retrospective large-scale
study, that MUI and BMI >25 were significant independent
risk factors for subjective failure of surgery and that age was
not a risk factor. Furthermore, they showed that tape type was
not a risk factor. Also, Paick et al., in a prospective study [17],
that MUI was a risk factor for failure; they also found that
transobturator tape procedure was a risk factor. Recently,
Gleason et al. [18] showed in a retrospective study of 534
patients with MUI that the cure rate was significantly low-
er—64 vs 85 % in pure SUl—and that MUI was a risk factor
on multivariate analyses.

Other studies were not able to reveal any independent risk
factors, perhaps because these studies were too small [19, 20].
In a recent study by Weltz et al. [21] in which they pooled data
from 13 studies, of which the majority were retrospective and
highly inhomogeneous, they found lower but comparable cure
rates in obese and nonobese women. Our finding, that BMI is
a risk factor for surgical failure, accords with the results of
Lopes et al. [22], which found that BMI>25 was associated
with higher tissue stiffness and thus more fragile tissue; also,
Bohlin etal. [15], in a large-scale study, that women with BMI
>30 experienced lower cure rates. Furthermore, it is well
known from the study by Noblett et al. that there is a strong
association between intraabdominal pressure and BMI [23].

Tape weight and composition are important and well-
known factors affecting healing and complications, whereas
the optimal biomechanical properties, such as stiffness, elas-
ticity, and structure of tape edges, are unknown [24]. We
found that both stiffness and the property of tape edges might
have any impact on outcomes; however, what we cannot de-
termine is the relationship between the impacts of the two
parameters. We therefore urgently need clarification of these
issues. First, studies are needed to correlate stiffness, elasticity,
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and friction forces with clinical outcomes and impact on blad-
der function; then, we need proper evaluation of a given tape
and information on how differences in biomechanical proper-
ties affect the body and thus clinical outcomes before that tape
is launched onto the market.

The strength of this study is that, to the best of our knowl-
edge, it is the first comparative study that seeks to describe the
impact of tape properties on outcomes of SUT surgery; 20 % of
cases were lost to follow-up at 12 months. This loss is consid-
ered quite small; age distribution remained unchanged and
should not affect the outcome analysis at 12 months. Further-
more, it is prospective and includes a standardized preopera-
tive and postoperative clinical evaluation of both bladder
function and subjective and objective cure rates as outcome
metrics; also, it includes a large number of patients in each
group. Finally, all operations were performed under local an-
esthesia, and no concomitant prolapse surgery was done. A
limitation of the study is that it is not randomized, but the large
number of patients counteracts this necessity.

Conclusion

This study shows that tape properties should be taken into
consideration before new tapes are launched onto the market
and before their adoption for use; different polypropylene
tapes have different properties and may therefore have differ-
ent impacts on outcome metrics. Different tape types are not
interchangeable.
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