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Abstract
Introduction and hypothesis The aim of this study is to de-
scribe the use of ordinary polypropylene mesh and our mod-
ified helical passers through a transobturator vaginal tape
inside-out technique (TVT-O) as a low-cost alternative to
available commercial kits in the treatment of stress urinary
incontinence (SUI) with evaluation of its long-term safety and
efficacy. This is important in developing countries due to
limited health care resources.
Methods Tailored (11×1.5 cm) polypropylene tape was
inserted in 59 women from June 2006 to June 2009 at the
Urology Department, Cairo University Hospitals as an open
prospective study. SUI was diagnosed by positive cough stress
test (CST) and abdominal leak point pressure (ALPP).
Patients with post-void residual urine (PVRU)>100 ml, blad-
der capacity<300 ml, or neurological lesions were excluded.
The Stress and Urge Incontinence and Quality of Life
Questionnaire (SUIQQ), urodynamic parameters, and other
variables were compared pre- versus postoperatively with
paired t, Wilcoxon signed rank, McNemar, or chi-square tests.
Results The mean age was 47.47±8.52 years. Twenty-one
(35.6 %) patients had intrinsic sphincter deficiency (ISD).
The mean operative time was 21.22±4.26 min (15–30).
Procedures for prolapse were done in four (6 %) patients.
Complications were vaginal discharge (6 %), dyspareunia
(1 %), groin pain (20 %), urinary tract infection (3 %), ob-
structive symptoms (1 %), accidental cut of polypropylene
suture (1 %) and felt subcutaneous polypropylene sutures
(3 %). We had no cases of erosions or de novo urgency.
SUIQQ indices improved significantly, while urodynamic
parameters showed no significant difference postoperatively.

Of the patients, 54 (91 %) were cured and 3 (5 %) improved,
while failure was detected in 2 (3 %) patients.
Conclusions Our technique is safe with excellent 5-year re-
sults. It should be considered as a low-cost alternative to
available commercial kits in the treatment of SUI mainly for
public health systems with few financial resources.
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Abbreviations
ALPP Abdominal leak point pressure
CST Cough stress test
DO Detrusor overactivity
ISD Intrinsic sphincter deficiency
MUCP Maximum urethral closure pressure
Pdet Qmax Detrusor pressure at maximum flow rate
PVRU Post-void residual urine
Qmax Maximum flow rate
QOL Quality of life
SUI Stress urinary incontinence
SUIQQ Stress and Urge Incontinence and

Quality of Life Questionnaire
TOT Transobturator vaginal tape outside-in
TVT Tension-free vaginal tape
TVT-O Transobturator vaginal tape inside-out
US Abdominal and pelvic ultrasound
UUI Urgency urinary incontinence
RCT Randomized controlled trial

Introduction

The tension-free vaginal tape (TVT) for the surgical correction
of female stress urinary incontinence (SUI) was first described
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in 1996 by Ulmsten et al. [1]. Different complications were
reported as a consequence of the passage of the needles
through the retropubic space including bladder perforation,
hematoma, bowel perforation, and vascular and nerve lesions
[2]. Subsequently, transobturator tapes [outside-in (TOT) and
inside-out (TVT-O)] were developed in order to perform less
invasive surgical procedures with fewer complications [3, 4].
Although these surgical techniques have a satisfactory out-
come, they require special needles or passers and
prefabricated slings. Their cost is too high to be afforded by
most patients in many parts of the world.

Therefore, we describe a new procedure based on the
surgical principles of TVT-O using a tailored ordinary poly-
propylene mesh with evaluation of its long-term safety and
efficacy as a low-cost alternative to the available commercial
kits in the treatment of female SUI.

Patients and methods

The polypropylene tape was inserted in 59 women using the
TVT-O technique in the period from June 2006 to June
2009 at the Urology Department, Cairo University Hospitals
as an open prospective study (Fig. 1).

Women complaining of SUI (involuntary loss of urine on
effort or physical exertion, or on sneezing or coughing) were
evaluated by the cough stress test (CST) and abdominal leak
point pressure (ALPP). Associated urgency (a sudden com-
pelling desire to pass urine which is difficult to defer), urgency
urinary incontinence (UUI) (involuntary loss of urine associ-
ated with urgency), intrinsic sphincter deficiency (ISD), or
previous surgeries were not a contraindication (provided that
UUI is not the predominant component). Informed consent
was received from all patients after approval of the study by
the local Ethics Committee.

P r eope r a t i v e eva l u a t i on i n c l uded comp l e t e
urogynecological history and examination. Severity of symp-
toms and quality of life (QOL) were evaluated according to
the Stress and Urge Incontinence and Quality of Life
Questionnaire (SUIQQ) [5]. The questionnaire consists of
QOL index (0–16 score), SUI index (0–12 score), and UUI
index (0–8 score). Positive urinary cultures were treated with
specific antibiotics before any intervention. Abdominal and
pelvic ultrasound (US) was done to evaluate the kidneys and
the bladder and to exclude the presence of any post-void
residual urine (PVRU). Free flowmetry was performed.
Filling cystometry was done for each patient to assess the
maximum cystometric capacity, compliance, presence of
detrusor overactivity (DO), any leakage, and ALPP. Pressure

Fig. 1 Flowchart of participants
through each stage of the study
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flow study was done to assess the maximum flow rate (Qmax),
the detrusor pressure at maximum flow rate (PdetQmax), and
any PVRU.We compared these parameters with postoperative
findings.

Patients with PVRU >100 ml, bladder capacity <300 ml,
impaired bladder compliance, neurological lesions, or urogen-
ital prolapse more than grade 2 (according to the Baden and
Walker classification) were excluded. Patients with symptom-
atic prolapse were included but additional repair was done.

Specifically designed surgical instruments

We modified the helical passers that were originally designed
by de Leval [3]. They are pairs of stainless steel instruments,
specific for the left and right sides, comprising a spirally
shaped section and a handle. The spiral section comprises an
open circular segment having a 3-cm radius terminated by two
linear segments with a blunt tapered distal end. The passer is
fenestrated at the tip, which allows the insertion of polypro-
pylene sutures that were attached intraoperatively to both ends
of the polypropylene mesh strip. On a horizontal plane per-
pendicular to the handle’s axis, the gap between the extremi-
ties of the spiral section is 2 cm. Our modified helical passers
have the advantage of being resterilizable. They can be reused
decreasing the treatment expenses (Fig. 2).

Preparation of the polypropylene mesh

A strip of about 11 cm in length and 1.5 cm in width was
manually tailored from the commercially available 11×6 cm
nonabsorbable monofilament polypropylene mesh (Prolene®,
Polypropylene Mesh, Ethicon Ltd, Bracknell, UK) (the same
mesh used in herniorrhaphy). Each end of the 11×1.5 cm
polypropylene tape was anchored with a zero polypropylene
suture in a figure-of-eight fashion. The polypropylene suture
was then inserted into the “eye” at the end of the passer.

Surgical technique

The repair was done under spinal anesthesia in the lithotomy
position with thighs in hyperflexion (120°). During induction
of anesthesia and positioning of the patient, the polypropylene
sling was prepared. Antibiotic prophylaxis with 1 g of third-
generation cephalosporin was administered before the proce-
dure. The bladder was emptied by a Foley catheter.
Submucosal saline injection was done (hydrodissection) to
elevate the vaginal mucosa easing the dissection. The tech-
nique was done similar to that originally described by de
Leval [3]. When the pointed tip of the passer appeared at the
skin exit points (or alternatively, the skin was incised over the
pointed tip of the passer), the polypropylene sutures were
extracted from the passer (Fig. 3). The passer was then re-
moved by a backward rotational movement. The same

technique was applied to the other side. Cystourethroscopy
was done to rule out any injury produced by helical passers.
The tape was then aligned midway between the urethral
meatus and bladder neck and adjusted by simultaneous
pulling on the polypropylene sutures on both sides without
twisting the tape. Tension was controlled by passing a clamp
between the tape and the urethra. The polypropylene sutures
attached to both ends of the tape were fixed to the deep fascia
on both sides at the exit points using a French eye needle
without exerting any tension on the tape (Fig. 3). The anterior
vaginal wall was closed by interrupted absorbable 3-0 sutures.
A vaginal pack soaked with povidone-iodine (Betadine) was
used for 12 h. Then, it was removed together with the urethral
catheter. Patients were discharged if they had no PVRU in the
postoperative US following removal of the urethral catheter.
In cases associated with prolapse surgery, a bladder catheter
was maintained to the second postoperative day.
Fluoroquinolones and metronidazole were prescribed postop-
eratively in addition to a vaginal douche. Follow-up was done
every 2 weeks during the first month, then every 6 months.
Administration of the SUIQQ and urodynamic study were
done 5 years postoperatively to assess the long-term outcome.

Fig. 2 Specifically designed “helical passers” for performing TVT-O
using ordinary polypropylene mesh
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Finally, patients were categorized as cured if no SUI oc-
curred, subjectively (absence of complaint of leakage) and
objectively (absence of leakage on CST and urodynamics).
The patients were considered improved if SUI was still pres-
ent but to a milder degree than preoperatively, subjectively
(improved SUIQQ) and objectively [marked increase in the
activity that induced urine leakage than it was preoperatively
(ALPP)]. Failure was documented if SUI was still the same or
worse than before surgery (worse SUIQQ or ALPP).

All statistical calculations were done using the computer
program Statistical Package for the Social Sciences (SPSS
Inc., Chicago, IL, USA) version 15 for Microsoft Windows.
Comparison of quantitative variables between baseline and
the 5-year follow-up was done with the paired t test (if
normally distributed) or with the Wilcoxon signed rank test
(if not normally distributed). Comparison of dichotomous
variables was done with the McNemar test. Comparison of
categorical data between the study groups was done using the
chi-square (χ2) test. A probability value (p value) <0.05 was
considered statistically significant.

Results

The mean follow-up was 61.67±7.39 months (Fig. 1). The
perioperative data are presented in Table 1. Postoperative
vaginal discharge was found in four (6 %) cases. Treatment
was given in the form of oral antibiotics, local metronidazole,
and local antiseptics. The polypropylene sutures had been cut
accidentally in one (1 %) patient during an attempt to pull the
sutures outside the helical passer after its passage through the
skin at the thigh folds. Withdrawal of the passer and reinser-
tion of new sutures into the end of the tape and reintroduction
of the passer into the obturator canal again was then manda-
tory at this side. This prolonged the total operative time.

Twelve (20 %) patients complained directly after the proce-
dure that they had pain or discomfort in the thigh folds and
groin. This symptomwas controlled in all cases by non-opioid
analgesics. The groin pain persisted for a few days in most
patients and disappeared completely within 4 weeks in all
patients. The polypropylene sutures were felt subcutaneously
in two (3%) patients withmild discomfort.We had no cases of
postoperative urinary retention, erosions, or mesh exposure.
One (1 %) patient had obstructive urinary symptoms that
persisted for a few days. Other complications included
dyspareunia (1 %) and urinary tract infection (UTI, 3 %)
(Table 1).

Of the patients, 54 (91 %) were cured and 3 (5 %)
improved, while failure was detected in 2 (3 %) pa-
tients. The present study showed no statistically signif-
icant difference in the outcome according to the pres-
ence or absence of ISD (p =0.457) (Table 2). There was
no significant difference in the outcome between pa-
tients without prolapse versus patients with associated
prolapse (all types) (p =0.405) or patients with associ-
ated cystocele (p =0.510) (Table 2). Associated prolapse
repair was done for four patients. These four patients
had no DO pre- or postoperatively. Two of these pa-
tients had preoperative urgency which was cured
postoperatively.

The postoperative SUI, UUI, and QOL indices were im-
proved significantly (Table 3). Comparison between pre- and
postoperative maximum cystometric capacity, compliance,
Qmax, PdetQmax, and free Qmax showed no significant differ-
ence (Table 4). The pre- and postoperative PVRU were
negligible.

No postoperative de novo urgency or de novo UUI were
reported. Urgency decreased from 23 (39 %) patients preoper-
atively to 7 (11 %) patients postoperatively (p <0.001). UUI
decreased from 19 (32 %) patients preoperatively to 7 (11 %)
patients postoperatively (p <0.001). UUI improved on

Fig. 3 Extraction and fixation of
polypropylene sutures at the skin
exit points. a The pointed tip of
the helical passer appeared at the
skin exit points. b The
polypropylene sutures attached to
both ends of the tape are extracted
from the passer. cAfter alignment
and adjustment of the tape, the
polypropylene sutures are passed
through the French eye needle. d
The polypropylene sutures are
fixed to the deep fascia on both
sides at the exit points using a
French eye needle without
exerting any tension on the tape
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anticholinergics in four of the seven patients with persistent
postoperative UUI. Four (6 %) patients had DO preoperatively.
The involuntary contractions were mild and did not exceed
20 cmH2O. They complained of urgency and UUI.
Postoperatively, DO disappeared in three patients and persisted
in the last patient (Table 4).

The cost of our tailored mesh was about US$10. This is
lower than the cost of the commercially available TVT-O by
50 times (according to local prices).

Discussion

The cost-effectiveness of the commercially available kits for
the treatment of female SUI has been questioned [6–9]. Many
surgeons tried to overcome this cost by tailoring off-the-shelf
polypropylene mesh and inserting it as a midurethral sling
[6–9]. The safety and efficacy of surgeon-tailored polypropyl-
ene mesh have been proven when used as TOT [8]. The
present study may be the first one that evaluates the use of
ordinary polypropylene mesh using TVT-O. This reduces the
material cost from US$500 to about US$10, which is very
important in developing countries due to limited health care
resources. Our modified helical passers have the advantage of
being resterilizable. They can be reused decreasing the treat-
ment expenses.

Chen and colleagues reported TVT-O using 1×15 cm tai-
lored polypropylene mesh (Gynemesh) and modified helical
needles in 80 patients with 1-year follow-up [9]. Themean age
was 65 years (older than the present study by 17 years), while
the mean vaginal deliveries was two times. No patient had
associated prolapse, a previous anti-incontinence surgery, or
prolapse repair. They excluded patients with mixed symptoms
of SUI and UUI, urgency, or dysuria. They did not report the
number of patients with ISD as they did not use urodynamics
in the diagnostic workup. The mean operative time was
15 min (range 6–22). Of the 80 patients, 75 (93.8 %) were
cured and 5 (6.2%)were improved; no failure occurred. Three
(3.8 %) patients showed urinary retention. Recatheterization
was performed for 48 h. Groin pain was reported by 15
(18.8 %) patients. Pain was not reported by any patient
1 month postoperatively [9]. Although we did not exclude
patients with prolapse or previous surgery or patients with
mixed UI or ISD, we had comparable results using the ordi-
nary mesh. Our operative time is more by 6–7 min when
compared to this study or other studies using the ordinary
TOT or TVT-O techniques. The increased operative time in
our technique is due to bilateral fixation of the suspension
sutures into the deep fascia and covering these nonabsorbable
sutures with subcutaneous tissue. Moreover, we used cystos-
copy to evaluate this new technique. Although cystoscopy is
mandatory in special conditions such as presence of associated
prolapse or previous surgery, it can be omitted in most
straightforward cases. In the present study, there was no
significant difference in the outcome as regards associated
prolapse and previous anti-incontinence surgery. We used
the CST and urodynamic parameters such as ALPP for objec-
tive assessment, while the SUIQQ was used as a subjective
parameter.

Latthe and colleagues reviewed the randomized controlled
trials (RCT) that compared TVT-O (five RCT) or TOT (six
RCTs) versus TVT. The number of patients in TVT-O groups
in these studies ranged from 27 to 131 with a follow-up period
mostly around 1 year. Some studies excluded patients with

Table 1 Perioperative data

Variable

Age, years, mean±SD (range) 47.47±8.52 (31–65)

Parity, median (range) 4 (2–8)

Vaginal deliveries, median (range) 4 (0–8)

Premenopausal patients 26/59 (44 %)

Postmenopausal patients 33/59 (55 %)

SUI duration, years, median (range) 5 (1–17)

Surgical history

Anti-incontinence surgery 1/59 (1 %)

Prolapse repair 1/59 (1 %)

Combined (anti-incontinence and prolapse) 2/59 (3 %)

Hysterectomy 4/59 (6 %)

Preoperative UTI 2/59 (3 %)

ALPP, cmH2O, median (range) 90 (20–150)

Patients with ALPP >60 cmH2O 38/59 (64 %)

Patients with ALPP ≤60 cmH2O 21/59 (35 %)

Cystocele 37/59 (62 %)

Grade 1 31/59 (52 %)

Grade 2 6/59 (10 %)

Rectocele 34/59 (57 %)

Grade 1 17/59 (28 %)

Grade 2 17/59 (28 %)

Uterine prolapse 4/59 (6 %)

Prolapse (total) 39/59 (66 %)

Operative time for mesh insertion, min,
mean±SD (range)

21.22±4.26 (15–30)

Operative blood loss, ml, median (range) 40 (15–100)

Associated surgery 4/59 (6 %)

Combined anterior and posterior colporrhaphy 1/59 (1 %)

Anterior colporrhaphy 3/59 (5 %)

Complications

Vaginal discharge 4/59 (6 %)

Dyspareunia 1/59 (1 %)

UTI 2/59 (3 %)

Obstruction 1/59 (1 %)

Groin pain 12/59 (20 %)

Felt subcutaneous suture 2/59 (3 %)

Cut polypropylene suture during insertion 1/59 (1 %)

SUI stress urinary incontinence, UTI urinary tract infection, ALPP
abdominal leak point pressure
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prolapse or previous failed surgery. The reported complica-
tions were vaginal erosions (2/188 patients, 1.06%), groin and
thigh pain (25/159 patients, 15.7 %), de novo urgency (13/71
patients, 18.3 %), retention and voiding difficulties (12/215
patients, 5.58 %), and bladder perforation (0/291). The cure
rate ranged from 85.7 to 95.4 %. The reported means for
operative time ranged from 16 to 29 min [10].

Our results were nearly similar to these studies with 91 %
cure, 5 % improvement, and 3 % failure. However, the results
may have been improved by the relatively younger age of
patients in the present study. Although we did not exclude
patients with previous failed anti-incontinence surgery, we
had only three patients (5 %) in the present study and another
four patients (4 %) with associated prolapse repair. On the
other hand, we had no cases complicated by erosion or mesh
exposure, vaginal or bladder perforations, de novo urgency, or
de novo UUI. Other complications were nearly comparable
(groin pain, UTI). We had other mild complications related to
our modified technique. The figure-of-eight polypropylene
sutures at the end of the tape had been cut accidentally in
one patient. This prolonged the total operative time. The
polypropylene sutures were felt subcutaneously in another
two patients with mild discomfort.

Zullo and colleagues compared TVT (35 patients) vs TVT-
O (37 patients). At the 12-month follow-up of the TVT-O
group, 33 (89 %) patients were successfully treated (CST
during urodynamics). As regards urodynamic parameters, no
statistically significant differences were found from baseline
to the 12-month follow-up in the maximum cystometric ca-
pacity and PdetQmax, while the mean Qmax showed a

significant reduction from 26.6±5.5 to 22.4±3.8 ml/s [11].
In the present study, we had no significant difference between
pre- and postoperative urodynamic parameters.

We had significant improvement in urgency, UUI, and DO
postoperatively. No postoperative de novo urgency or de novo
UUI were reported. A meta-analysis was performed by Jain
and colleagues to evaluate the effectiveness of midurethral
slings in women with mixed incontinence. The overall cure of
urgency and the UUI component was 30–85 %. The cure rate
of SUI varied from 85 to 97 % [12]. There are several theories
to explain the cure of UUI following midurethral slings. With
a weak urethral sphincter, the urine may enter the proximal
urethra due to its funneling during any increase in intra-
abdominal pressure. This produces sensory stimulation and
reflex bladder contraction [13]. After midurethral slings, the
reflex urgency is avoided as the urine is prevented from
entering into the posterior urethra during rise of intra-
abdominal pressure [14]. Papa Petros demonstrated also that
midurethral slings can relieve urge symptoms and even unsta-
ble detrusor contractions due to prevention of inappropriate
activation of the micturition stretch receptors [15].

Some studies have used the maximum urethral closure
pressure (MUCP) to identify patients with ISD [16, 17].
Sand et al. reported a 54 % failure rate after surgical repair
of SUI in patients with a low MUCP compared with 18 % in
those with a normal MUCP [17]. ISD was evaluated on the
basis of ALPP by other authors [18]. McGuire et al. denied
that MUCP had any predictive value for ISD and demonstrat-
ed that 75 % of patients with type III incontinence had a low
ALPP at videourodynamic study. ALPP <60 cmH2O was

Table 2 Effect of ISD, associated urogenital prolapse, and associated prolapse repair on the success rate

No. of patients (%) Cure Improvement Failure p value

ISD (ALPP≤60 cmH2O) With ISD 21/59 (35 %) 18/21 (85 %) 2/21 (9 %) 1/21 (4 %) 0.457
Without ISD 38/59 (64 %) 36/38 (94 %) 1/38 (2 %) 1/38 (2 %)

Associated urogenital prolapse With prolapse 39/59 (66 %) 37/39 (94 %) 1/39 (2 %) 1/39 (2 %) 0.405
Without prolapse 20/59 (33 %) 17/20 (85 %) 2/20 (10 %) 1/20 (5 %)

Associated cystocele With cystocele 37/59 (62 %) 35/37 (94 %) 1/37 (2 %) 1/37 (2 %) 0.510
Without cystocele 22/59 (37 %) 19/22 (86 %) 2/22 (9 %) 1/22 (4 %)

ISD intrinsic sphincter deficiency, ALPP abdominal leak point pressure

Table 3 The pre- and postoperative scores according to SUIQQ

Preoperative score Postoperative score (5-year follow-up) p value
Mean±SD (range) Mean±SD (range)

SUI index 8.56±2.615 (4–12) 0.61±2.182 (0–11) <0.001a

UUI index 1.46±2.269 (0–6) 0.47±1.165 (0–6) <0.001a

QOL index 5.2±1.846 (2–9) 0.88±1.753 (0–6) <0.001a

SUIQQ Stress and Urge Incontinence and Quality of Life Questionnaire, SUI stress urinary incontinence, UUI urgency urinary incontinence, QOL
quality of life
a Significant
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associated with patients with high-grade incontinence without
any patient with type I incontinence [18]. Pajoncini and col-
leagues analyzed the urodynamic features of ISD in 92 pa-
tients. The patients were divided into two categories: 50
patients affected by pure ISD as they had severe SUI and no
urethral mobility and 42 patients suffering from marked ure-
thral hypermobility without ISD as they had mild SUI. The
ALPP was found below the cutoff value (≤60 cmH2O) in
70 % of ISD patients, whereas the MUCP below 30 cmH2O
in 50 % of ISD patients [19]. In the present study, we diag-
nosed ISD on the basis of ALPP. Bai and colleagues compared
the treatment outcomes of TVT for ISD (cases with ALPP <60
cmH2O or MUCP <20 cmH2O) and non-ISD patients. No
significant difference was found in the cure rate at the 12-
month follow-up. They concluded that TVT is effective for
both ISD and non-ISD patients [20]. In the present study, there
was no significant difference in the cure rate as regards ISD.

Our study has some limitations, mainly because of lack of a
control group, so our results were compared with other pub-
lished papers on TVT-O. The number of patients was limited
in some subgroups. However, the strengths of this study
include that it is a prospective long-term study with SUI,
UUI, and QOL assessment using validated standardized ques-
tionnaires and objective evaluation using the urodynamic
parameters for the severity of incontinence and the presence
of ISD, any associated DO, and the occurrence of any degree
of obstruction. Despite reporting excellent long-term results in
the present study, further controlled studies including a larger
number of patients are needed.

Conclusions

Our technique is a safe surgical procedure with excellent 5-year
results. Our resterilizable modified helical passers and the

cheap ordinary polypropylene mesh should be considered as
a low-cost alternative to available commercial kits in the treat-
ment of female SUI, mainly for public health systems with few
financial resources. The presence of ISD or associated prolapse
did not influence the success rate. No postoperative erosion,
mesh exposure, or de novo urgency were reported. However,
controlled studies of TVT-O with a larger number of patients
are needed to confirm our results.

Conflicts of interest None.
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