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Abstract
Introduction and hypothesis Synthetic mid-urethral slings
are currently considered the treatment of choice for stress
urinary incontinence (SUI). In this study, two types of
slings are compared: TVT vs. TOT.
Methods In a prospective randomized study, 40 patients
underwent either TVT (19 patients) or TOT (21 patients).
Stress-specific and overall success was evaluated. Perioper-
ative complications were classified according to Clavien’s
classification.
Results Mean duration of follow-up was 20 months. At last
follow-up, stress-specific success rate was 94.6% in TVT
vs. 81% in TOT. No significant difference was detected in
terms of post-void residual urine, symptom score, and
filling and voiding parameters. Thigh pain represented the
main complication in the TOT group.
Conclusions Both TVT and TOT are effective procedures
for treatment of SUI. When compared to each other, TOT
seems to be inferior to TVT in terms of efficacy, causing
less serious complications.

Keywords Mid-urethral slings .

Randomized controlled trial . Clavien’s classification .

TOT. TVT. Urinary incontinence

List of abbreviations
SUI stress urinary incontinence
TVT tension-free vaginal tape
TOT transobturator vaginal tape
QoL quality of life
VLPP Valsalva leak point pressure
UTI urinary tract infection
PFS pressure flow study

Introduction

Tension-free vaginal tape (TVT) was introduced by
Ulmsten et al. in 1996 as a treatment of SUI, which gained
widespread popularity over the last decade, supported by
long-term prospective data [1–4], yet its safety continued to
be debatable. An alternative to the TVT, the transobturator
tape (TOT) outside-in technique, was developed by
Delorme in 2001 to reduce intra operative complications
related to penetration of the retropubic space [5].

Until 2006, few studies have been published to compare
these two new procedures. However, the quality of
randomized controlled trials (RCTs) addressing this issue
is questionable, a fact which is supported by a systematic
meta-analysis [6–8]. Later on, another problem emerged:
the definition of success was not universal and there was
lack of standardization of objective and subjective param-
eters [9]. Such heterogeneity in evaluation might bewilder
conclusions of these studies. Currently, many reports
underscore thigh pain as a significant problem after TOT
[10]. Moreover, significant incidence of thigh pain after
TOT mounted to stopping boundary in some studies as
clinical equipoise was deemed to have been lost [11].
Urethral and bladder injuries were reported [12] rendering
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the assumption of “TOT absolute safety” questionable. The
lack of objective standard method to rank severity of such
intra and/or postoperative complications adds more diffi-
culty to procedures evaluation.

This study aims at comparing the effectiveness and
safety of TVT and TOT as a treatment of SUI in a
prospective randomized manner. For more composite
assessment, success was evaluated in terms of stress-
related and overall success. In addition, Clavien staging
was utilized to rank operative as well as postoperative
adverse events [13].

Materials and methods

Between January 2006 and September 2008, 40 women
with urodynamically proven SUI were included in the
study. Exclusion criteria included patients who underwent
pelvic or vaginal surgery within a period less than 6 months,
who had associated urethral and/or bladder pathology, who
had active UTI documented by urine culture, and who
reported urge incontinence as predominant complaint.

After an informed consent, patients underwent physical
examination including stress test. The degree of pelvic
organ prolapse was assessed and graded according to Baden
et al. [14]. A brief neurourological examination was
conducted including sensation at the perineum, knee and
ankle jerks, and tone of anal sphincter muscle.

All patients underwent urodynamic testing that included
CMG and PFS using standard protocol that follows ICS
recommendations for Good Urodynamic Practice Guide-
lines [15]. Definitions and units of urodynamic measure-
ment conform to the standards proposed by ICS [16].
Medium fill water cystometry (50 ml/min) was performed
using a dual lumen 8Fr catheter.

Surgery was performed with the patient under spinal
anesthesia; 2 to 3 ml of 2.5% bupivacaine hydrochloride
was injected in the subarachnoid space. After anesthesia is
conducted, patient’s randomization is accomplished through
closed envelopes. A randomly selected envelope is dis-
patched to a running nurse with the patient’s name and ID
hand typed on the envelope. Cystoscopy was done only for
patients who presented with mixed urinary incontinence.
Surgical procedures were performed according to the
original technique by Ulmsten for TVT [1] and Delorme
for TOT [5]. Cystoscopy was carried out after TVT
procedure to exclude bladder or urethral injury. Before
discharge, patients were evaluated with respect to PVR,
wound status, and presence of any groin and/or thigh pain.

Patients were evaluated at 3, 6 months, 1 year, and then
every 6 months later. Schedule of follow-up included
physical examination for the wound, stress test, PVR, and
1-h pad test. Patients were asked to answer the Arabic form

of anti-incontinence score proposed by Groutz et al. [17].
Urodynamic evaluation in the form of filling cystometry
and PFS was carried out at 6 months postoperatively.
Success was evaluated for stress component and overall
continence status. Stress-specific success should fulfill three
criteria: no self-reported symptoms of stress incontinence,
negative stress test, and no re-treatment for stress inconti-
nence. Overall success was defined by no reporting of any
type of incontinence and negative stress and 1-h pad test.
Furthermore, stress test, pad test, and anti-incontinence
score [17] (each parameter separately) were evaluated for
success or failure at each visit. Patient is considered a
failure in case of positive stress test or 1 h pad test >2 g
[18] or anti-incontinence score is >2. Complications were
recorded and ranked according to Clavien’s classification
[13] of surgical complication (Appendix).

Statistical analysis

Comparison of the 2 groups regarding success was performed
using chi-square test. Comparison of baseline patient charac-
teristics as well as baseline urodynamic variables was carried
out using independent t test, Mann–Whitney U, and Fischer
exact test. Survival analysis throughout follow-up was
performed, and the Kaplan–Meier survival curve was
depicted. Statistics were performed using Statistical Package
for Social Sciences (SPSS®, Version 11, Chicago, Illinois).

Results

Mean age±SD was 46±6 years (range, 35 to 60). All
suffered stress urinary incontinence as a primary complaint,
six had history of cesarean section with concomitant tubal
ligation in two, while one patient underwent suprapubic
cystolithotomy. Abdominal hysterectomy was carried out in
five patients, while four patients had vaginal surgery in the
form of anterior colporrhaphy. A total of 10 (52.7%)
patients with TVT and 13 (62%) with TOT had a
concomitant grade 1 or 2 cystocele. Baseline clinical
variables are demonstrated in Table 1 with the differences
between the two groups. There was no statically significant
difference between both groups with respect to urodynamic
parameter as shown in Table 2.

Similarly, operative parameters were comparable for both
groups with respect to operative time, blood loss, and
concomitant colporrhaphy (Table 3). Accidental bladder
injury was observed in one (4.7%) patient in the TOT group
during dissection of bladder base from anterior vaginal wall
in preparation for colporrhaphy. One patient in the TVT
group had significant bleeding after passage of trocar,
manifested postoperatively by drop of hemoglobin level
and pelvic hematoma detected by noncontrast spiral CT.
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The mean follow-up was 19.7±7 months (range, 7–
35 months). TVT patients were followed nearly for the
same period as the TOT group (mean±SD is 20.8±7 vs.
18.8±7, P=0.4). There was no statistical difference
between both groups with regard to stress-specific and
overall success rate when it was evaluated for consequent
follow-up visits (Table 4). However, it was noted that
overall success rate for the TVT group was significantly
higher than TOT group at 1 year follow-up (93.8% vs
66.6%, P=0.06). At 6 months, success rate based on (anti-
incontinence score–only evaluation) for TVT group was
significantly higher than that of TOT (100% vs. 72.6%, P=
0.05) as demonstrated in Table 4.

Time of data freezing was May, 2009, when the last
patient who underwent mid-urethral sling completed
6 month follow-up. At the last follow-up (range, 6.5 to
35 months), one (5.3%) case in the TVT group and four

(19%) in the TOT group were considered treatment failure
(according to the definition of stress-specific cure).With
TVT, case failure was documented at 18 months follow-up.
Two cases of TOT failure underwent revision of mid-
urethral sling using autologous rectus fascia in one patient
and TVT for the other. For those who completed a
minimum of 1 year follow-up, Kaplan Meyer curves were
extrapolated to assess stress-specific success, Log rank 0.17
(Fig. 1).

One patient in each group had UTI with positive urine
culture and was treated with proper antibiotic. Anterior
vaginal wall stitch sinus was detected at 3-month follow-up
in one patient (5.3%) in TVT group who underwent
concomitant anterior colporrhaphy. Stitch was cut; vaginal
antiseptic douching was prescribed with smooth follow-up
afterwards. One patient of the TOT group (4.3%) had
symptoms suggestive of urethral erosion (e.g., recurrent
urinary tract infection, persistent suprapubic pain).The
patient underwent panendoscopy at OP basis, which
revealed trigonal leukoplakia with no evidence of any
erosions. Another patient in the TOT group had vaginal
erosion as the tape was felt through the anterior vaginal
wall at 3 month follow-up. The patient was given local
estrogen cream and antiseptic. At 6 months, the vaginal
mucosa healed.

Postoperative thigh pain and numbness were reported by
three patients of the TOT. Patients were managed by giving
analgesics and Vitamin B12. Thigh pain persisted in two
patients of TOT groups at last follow-up (18 and
24 months). Among sexually active women, none experi-
enced dyspareunia as a new event after mid-urethral sling
(Table 5).

Discussion

To our knowledge, this is the first report that ranked
complications of mid-urethral sling according to Clavien
grading system. Compared to TVT, it seems that TOT is
safer. However, when concomitant surgery is contemplated,
this advantage is no longer granted as bladder injury, and

Table 1 Patients’ demographics and baseline parameters

TVT TOT P value

Agea (years) 47±5 45±7 0.3

Gravidityb 4.8±2 4.2±2 0.4

Parityb 4.2±2 3.6±1 0.4

BMIa 33.6±5 32.2±5 0.4

HBa (gm/dL) 13±1 12±1 0.06

Typec

1 10 (52.6%) 11 (52.4%)

2 9 (47.4%) 10 (47.6%) 0.6

Gradec

1 3 (15.8%) 8 (38.1%)

2 10 (52.6%) 6 (28.6%) 0.3

3 6 (31.6%) 7 (33.3%)

Cystocelec

G1 1 (5.3%) 3 (14.3%) 0.2

G2 9 (47.4%) 10 (47.6%)

a Independent t test
bMann–Whitney U test
c Fischer exact test

TVT TOT P value

Mean (ml) PVR±SD 5±8 3±5 0.3

Mean (ml) MCC±SD 374±110 368±100 0.9

Mean (ml/cm H2O) Compliance±SD 83.7±61 69±51 0.4

DO 1 6

Mean (cm H2O) VLPP±SD 71.8±24 74.2±29 0.7

Mean (ml/s) Qmax±SD 19±11 18.4±6 0.8

Mean (cm H2O) Pdet Qmax±SD 29±14 28±11 0.9

Table 2 Baseline urodynamic
parameters

a Independent t test

Int Urogynecol J (2010) 21:947–953 949



bleeding is more likely to occur. For more objectivity, we
classified complications after mid-urethral slings according
to Clavien’s classification. This is a standard classification
for surgical complications that consisted of four severity
grades and based on the type of therapy needed to correct
the complication [13]. We found more serious complication
in the form of pelvic hematoma (grade IV-a) with TVT, yet
more frequent complications were reported with TOT
(grades II and III-b). Thigh pain was ranked as grade II in
patients who responded to medical treatment, while in those
who did not respond, it was considered as GIII-a. These
findings, in our opinion, underscore the importance of more
precise judgment on efficacy and safety of TOT as an
equivalent procedure to TVT. On the same time, any
operation performed for a non-life-threatening condition
such as SUI should balance zero tolerance [19], a statement
that does not exactly fit into TVT procedure.

Though our numbers are small, we rely on a large body
of published data for our comments and conclusions
utilizing the Clavien’s classification. Postoperative urine
retention is a more common complication in TVT (OR, 1.6;
95% CI, 0.9–3.1) [20]. On application of Clavien’s
classification, such complication can be ranked as GII if it
is transient or GIII-b if it is not resolved except by tape
removal. Likewise, groin/thigh pain, which is more com-
mon with transobturator tapes (OR, 8.8; 95% CI, 2.6–29.5),
[7] is ranked GII in transient pain, or GIII-b if tape removal

is judged as the only solution for pain relief. Other
complications e.g., vaginal injuries that are more common
in TOT (OR, 5.8; 95% CI, 1.8–18.3) [21] or mesh erosions
(odds ratio, 1.96; 95% confidence interval, 0.87–4.39) [7]
are ranked as GII if local vaginal antiseptics or estrogen
cream solves the problem or ranked as GIII if correction is
done under anesthesia.

Patients with history of abdominal or pelvic surgery are
at greater risk for bowel injury because of adhesions in the
retropubic space and pubic symphysis. Although bowel
perforation is very rare after TVT (less than 1%), yet, it
could result in mortality [10]. Thus, it is ranked as grade IV
if it is properly managed or grade V if it leads to mortality.
Similarly, ranking of hematoma starts from GI if hemo-
statics only are required and rises to G II in case of blood
transfusion. If bleeding results in mortality, which has been
reported [10], the complication is ranked (V). A small
lateral deviation of the trocar tip may result in injury to the
external iliac, obturator, epigastric, or femoral vessels [22].
To avoid trocar passage through previous scars, the risk of
indented trocar deviation might increase.

In a recent prospective study, which involved 208
patients, the rate of complications in TVT group was
significantly higher when compared to TOT (P=0.04). The
incidence of urine retention with PVR>100 ml was higher
in TVT compared to TOT (5% vs. 2.8%) [23]. In another
prospective study involving 300 patients; Krofta et al.

Table 4 Stress-specific, overall and test-related success rates at different follow-up periods

TVT (%) TOT (%) P value

3months 6months 1year 3months 6months 1year 3months 6months 1year

Stress-specific test 100 100 93.8 85.7 90.5 86.7 0.08 0.17 0.5

Overall success 89.5 100 93.8 76.2 76.2 66.7 0.24 0.31 0.06

Stress test 100 100 93.8 85.7 90.5 86.7 0.08 0.1 0.5

Pad test 84.2 ND 87.5 71.4 ND 73.5 0.3 ND 0.3

AIS 100 100 100 90.5 76.2 84.6 0.2 0.05 0.6

Fischer’s exact test

ND not done, AIS anti-incontinence score

TVT (mean±SD) TOT (mean±SD) Pa value

Operative time (min) with anterior colporrhaphy 43.3±20 41±22 0.84

Operative time (min) without anterior colporrhaphy 23.8±5 19.6±5 0.1

Blood loss (ml) with anterior colporrhaphy 95±82 70±31 0.22

Blood loss (ml) without anterior colporrhaphy 52±14 40±13 0.8

Catheter duration (days) 3±1 3.3±3

Early post operative PVR (ml) with colporrhaphy 13±25 14±35 0.9

Early post operative PVR (ml) without colporrhaphy 19±35 8±16 0.5

Neurological complicationb 1 (5.3%) 3 (14.3%) 0.6

Table 3 Operative findings

a Independent t test
b Fischer exact test
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reported contradictory results. Urine retention and PVR>
100 ml was 6.6% in TVTO group vs. 2.7% in TVT [24]. In
both examples, voiding difficulty could be ranked as GII if
it was transient for a few days, but it could be ranked as
GIII-a or GIII-b if surgical intervention was needed to
correct such complication. Thus, when it comes to
complication, it is not a matter of “rate,” rather it is a
matter of “grade”. Each complication should be ranked and
related to zero balance that should be applied on such
procedures (19).

In terms of “stress-specific” success, the higher success
rate of TVT as compared to TOT, in the current study, was
maintained throughout follow-up (94.7%vs. 81%, P=0.2);
however, no statistical difference was found between TVT
and TOT, at any follow-up time. When overall success rate
was evaluated, it was found to be lower than “stress-
specific” success rate in both groups. When compared to
TVT, TOT was inferior regarding overall success rate, and
this finding was maintained till last follow-up (78.9% vs.
71.4%, P=0.72).

Although our data was not statistically powered to show
the difference between both techniques, however, from
clinical point of view, it is obvious that TOT procedure is
not equal to TVT procedure in terms of efficacy. We found
that success at 3 months was 100% for TVT procedure vs.
85.7% for TOT procedure. It was clear that this clinical
difference was getting more obvious with time.

Many hypotheses could explain inferior results of TOT
as compared to TVT. Tape migration and reduction in tape
width and its position in relation to bladder neck were
found to be similar in many studies comparing TVT to TOT
[25, 26]. We hypothesize that TOT is less efficacious than
TVT because of its potential advantage i.e., “its more
horizontal position”. We agree that both techniques are
tension-free, yet the final position of TOT seems to lie as a
flat scaffold rather than a real hammock. Moreover, the
effect of pubourethral and bupovesical ligaments is com-
pletely absent in TOT anti-incontinence mechanism. In
contrast, this is partially preserved with TVT as the fibrous
tract is not formed only under the urethra, but it encircles
and lifts the urethra up.

This previous hypothesis is supported by a clinical study
that compared three tapes (TVT, TOT, and TVTO) [26]. In
that study, suburethral angulation of tapes at rest, during
valsalva and at maximum straining was assessed. Although
all tapes had same V-shaped lie during rest, however, the
angle between the two limbs of the “V” was more obtuse in
TOT and TVTO than in TVT (130.75° vs. 116.3°, P=
0.001; 137.84° vs. 116.3°, P=0.002). Interestingly, authors
found that more angulation of the tape at rest was
significantly associated with recurrent stress incontinence
(n=7, angulation=145.58±1.06°, P<0.0001). However, the
correlation between failure and higher degrees of tape
angulation should be more in-depth evaluated.

It is obvious that the absence of standard methods for
assessment of anti-incontinence procedures is a point of
agreement in nearly all reports. Using different methods of
assessment led to reporting of different rates of success for
the same procedure in the same clinical trial. This fact was
evident in the current study and supported by others [9, 27]
as we found, success rates for TVT and TOT to be different
according to method of assessment (scores, pad test, and
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TVT group TOT group Clavien grading

Perioperative complications

Vascular 1 – IV-a

Bladder injury – 1

Recurrent UTI 1 1 II

Thigh/suprapubic pain 1 3 II/III-a

Vaginal erosion – 1 III-b

Suprapubic hematoma 2 – I

Table 5 Complications
after MUS
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stress test). Patients who were happy with continence
results were not so, regarding their sexual life. As SUI is
a matter of social problem, patient satisfaction is crucial.
Objective measures such as pad test might not go hand in
hand with QoL tools such as symptom scores.

Study limitations are acknowledged. Limited number has
impact on statistical power of this study, yet proper
statistical tests were chosen and tailored according to the
number we have. It is noted that “small number” was a
constant point of criticism in all systematic reviews which
addressed comparative studies of MUS [4, 6].

In the current study, lower efficacy of TOT has been
proven and supported by others [20, 28]. In addition, TOT
is not absolutely safe; however, more serious complications
up to mortality could be inflected with TVT. Six cases of
mortality associated with bowel injury or other mortality
cases due to hemorrhage [10] should put the possible risk
factors in focus. The possible adhesions after previous
surgeries seem to be the main risk. Based on these findings
and in the light of Lose and Ostergard’s zero balance [19],
we believe that TOT should be routinely done specially for
cases in whom TVT might be more hazardous e.g., patients
with previous lower abdominal surgeries. TVT should be
spared to case with ISD or has failed TOT.

Conclusions

Both TVT and TOT are effective procedures for treatment
of SUI. When compared to each other, TOT seems to be
inferior in terms of efficacy, while TVT carries the risk of
more serious complications based on Clavien’s classifica-
tion. There is a need to find a standard and broader way for
evaluation that is not based only on the percentage of cure/
improvement rate, but also rely on a reproducible grading
of complications. Zero tolerance for lethal complications
that are directly related to such techniques should form a
prime part of such a grading.

Conflicts of interest None.

Appendix

Table 6 Clavien’s classification of surgical complications

Grade Definition

Grade I Any deviation from the normal postoperative
course without the need for pharmacological
treatment or surgical, endoscopic, and
radiological interventions.

Grade Definition

Allowed therapeutic regimens are: drugs
as antiemetics, antipyretics, analgetics,
diuretics, electrolytes, and physiotherapy.
This grade also includes wound infections
opened at the bedside

Grade II Requiring pharmacological treatment with
drugs other than such allowed for grade I
complications. Blood transfusions and total
parenteral nutrition are also included.

Grade III Requiring surgical, endoscopic or
radiological intervention

Grade III-a Intervention not under general anesthesia

Grade III-b Intervention under general anesthesia

Grade IV Life-threatening complication (including
CNS complications)* requiring IC/ICU
management.

Grade IV-a Single organ dysfunction (including dialysis)

Grade IV-b Multiorgan dysfunction

Grade V Death of a patient

Suffix “d” If the patient suffers from a complication at
the time of discharge, the suffix “d” (for
“disability”) is added to the respective grade
of complication. This label indicates
the need for a follow-up to fully evaluate
the complication.

*Brain hemorrhage, ischemic stroke,
subarrachnoidal bleeding, but
excluding transient ischemic attacks.

CNS, central nervous system; IC,
intermediate care; ICU, intensive care unit.

From: Dindo D, Demartines N, Clavien P (2004) Classification of
surgical complication. A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 240: 205–213.
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