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Intraoperative Observation of the Degree and Pattern of Urine 
Leakage before Adjustment of the Mesh during a Transobturator 
Tape Procedure
Jae-Joon Park, Hyung Ho Lee1 and Young Sig Kim1,*

Department of Urology, Severance Hospital, Seoul and 1NHIS Ilsan Hospital, Goyang, Korea

Most intraoperative provocative tests previously reported were performed after mesh 
adjustment to confirm the absence of urine leakage. Instead, our test was performed 
before adjustment of the mesh to control the tape tension after observing the pattern 
of the urine leakage. We studied whether this method had an effect on the success rate 
of transobturator tape (TOT) procedures. A total of 96 patients were included: 47 pa-
tients underwent TOT procedures without intraoperative testing (Group I) and 49 pa-
tients underwent TOT procedures with testing (Group II). Bladder filling was per-
formed with at least 300 ml of normal saline during the test. After observing the pattern 
of the urine leakage before adjustment of the mesh by coughing or manual pressure 
on the suprapubic area, we controlled the mesh tension. In Group I, which did not under-
go the intraoperative test, the Valsalva leak- point pressure, cough leak-point pressure, 
preoperative and postoperative peak flow velocity (Qmax), and postvoiding residual 
urine (PVR) were 86.46 cmH2O, 101.91 cmH2O, 20.82 ml/s, 22.74 ml/s, 19.77 ml, and 
45.98 ml, respectively. Changes in the postoperative and preoperative Qmax and PVR 
were 1.92 ml/s and 26.21 ml, respectively. In Group II, in which the test was applied, 
the corresponding results were 85.50 cmH2O, 100.45 cmH2O, 25.60 ml/s, 26.90 ml/s, 
17.16 ml, and 29.67 ml, respectively. Changes in the postoperative and preoperative 
Qmax and PVR were 1.3 ml/s and 12.51 ml, respectively. The two groups showed no 
significant differences in any of the variables. In Group I, the cure and improvement 
rates were 70.2% and 27.7%, respectively. In Group II, the rates were 91.8% and 8.2%, 
respectively. Group II had a significantly higher success rate than Group I (p val-
ue=0.011). In the univariable logistic regression analysis, Group II exhibited a higher 
odds ratio (4.771) than Group I in terms of cure rate, and Group II had a higher success 
rate than Group I (p value=0.011). In the multivariable logistic regression analysis, 
Group II exhibited a higher odds ratio (4.700) than Group I in terms of cure rate under 
calculation of the variables (namely, age, hypertension, preoperative Qmax, and PVR), 
and the cure rate of Group II was verified to be significantly higher than that of Group 
I (p value=0.019). We suggest that our test is an effective method to confirm whether 
adequate tension is being applied to the tape. Our method presents some advantages 
in that surgeons can control and adjust the tension of the mesh after observing the de-
gree and pattern of the urine leakage.
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TABLE 1. Patient characteristics including VLPP, CLPP, Qmax, and PVR in Group I and Group II

Group I Group II p value

No. pts
Mean±SD age
No. HTN (%)
No. DM (%)
Mean±SD VLPP
Mean±SD CLPP
Mean±SD Pre-op Qmax
Mean±SD Post-op Qmax
Mean±SD Change (Post-Pre) Qmax 
Mean±SD Pre-op PVR
Mean±SD Post-op PVR
Mean±SD Change (Post-Pre) PVR

47
53.2±9.96
15 (31.91)

3 (6.38)
86.46±19.27

101.91±19.08
20.82±11.39
22.74±20.28
  1.92±21.36
19.77±40.61
45.98±73.29
26.21±74.8

49
  55.4±10.22
13 (26.53)

3 (6.12)
85.50±21.37

100.45±15.38
25.60±12.35
26.90±36.98
    1.3±38.34
17.16±30.64
29.67±27.39
12.51±32.96

0.288
0.562

＞.999
0.828
0.701
0.052
0.498
0.922
0.723
0.157
0.253

SD: standard deviation, HTN: hypertension, DM: diabetes mellitus, VLPP: Valsalva leak-point pressure, CLPP: cough leak-point pres-
sure, Qmax: peak flow velocity in the uroflowmetry, PVR: postvoiding residual volume, Change (Post-Pre) Qmax: change in values 
between postoperative and preoperative Qmax, Change (Post-Pre) PVR: change in values between postoperative and preoperative PVR.

TABLE 2. The number of cured, improved, and failed patients and the
rate in Group I and Group II

Group I Group II p value

No. pts
No. cured (%)
No. improved (%)
No. failed (%)

47
33 (70)
13 (28)

1 (2)

49
45 (92)

4 (8)
0 (0)

0.011

INTRODUCTION

Stress urinary incontinence (SUI) is a complaint of in-
voluntary leakage in situations of effort or exertion, or upon 
sneezing or coughing, and more than half of women with 
urge incontinence have SUI.1-3 Either autologous or syn-
thetic material can be used to suspend the patient’s ure-
thra, which prevents the leakage of urine from the bladder. 
Although the Burch colposuspension has been considered 
the gold standard surgical procedure for the treatment of 
SUI, mid-urethral procedures such as tension-free vaginal 
tape (TVT) and transobturator tape (TOT) procedures are 
both commonly practiced and are successful techniques us-
ing synthetic material for urethral suspension.4 The cure 
rate of both techniques has been reported to range between 
84% and 93%.5,6

Since TVT was introduced in 1996, it has been considered 
the treatment of choice for SUI. However, complications 
such as bladder perforation, hematoma, nerve injury, and 
major vessel or bowel injury led to the development of the 
TOT procedure.7-12 Although TOT has been reported to be 
a safe and cost-effective method, its success rate remains 
questionable.4,6,8,13-15 To improve the success rate of TOT 
procedures, our intraoperative test was performed before 
application and adjustment of the mesh to control the ten-
sion of the tape after observing the degree and pattern of 
urine leakage. We studied whether this method had an ef-
fect on the success rate of TOT procedures.

MATERIALS AND METHODS

The study was conducted on randomly selected patients 
who visited our hospital between January 2007 and May 
2011. All patients had suffered from SUI and presented 
with an abdominal leakage pressure lower than 120 
cmH2O in the urodynamic study and were treated with a 
TOT surgical procedure. Those who had other pelvic organ 
diseases such as prolapses were excluded. A total of 96 pa-

tients were included: 47 patients underwent a TOT proce-
dure without the intraoperative provocative test from 
January 2007 to December 2009 (Group I), and 49 patients 
underwent a TOT procedure with the intraoperative provo-
cative test from January 2010 to May 2011 (Group II).

The intraoperative test was conducted to observe the de-
gree and pattern of the urine leakage before application 
and adjustment of the mesh by coughing or manual pres-
sure on the suprapubic area. Bladder filling was performed 
with at least 300 ml of normal saline during the intra-
operative test. After observing the degree and pattern of 
the urine leakage, we controlled and adjusted the tension 
of the mesh.

Preoperative and postoperative examinations of the uro-
flowmetry and residual urine were conducted for all 
patients. The success of the treatment was checked 3 
months and 6 months after the surgery according to the 
Patient Global Impression of Improvement (PGI-I) scale. 
The SUI symptoms were the main criterion for the efficacy 
of the maneuver. The patients who required medication for 
urgency after the surgery were grouped as “improved,” and 
those who did not were grouped as “cured.” In the patient 
group that was defined as “improved,” the patients who did 
not experience any effect from the medication and those 
who were unsatisfied were grouped as “failed.” 

Statistical analyses were performed by using SAS 
(version 9.2, SAS Inc., Cary, NC, USA). A t-test (Table 1), 
Fisher’s exact test (Table 2), and a logistic regression analy-
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TABLE 3. The logistic regression analysis between Group I and Group II

　

　

Univariable Multivariable 1 Multivariable 2

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Group
  I
  II
Age
HTN
DM
Pre-op Qmax
Pre-op PVR
VLPP
CLPP

Ref
  4.771 (1.439-15.817)

0.928 (0.878-0.981)
0.431 (0.149-1.244)

  1.164 (0.128-10.624)
1.041 (0.992-1.092)
0.969 (0.937-1.003)
1.013 (0.985-1.041)
1.022 (0.986-1.059)

0.011
0.008
0.120
0.893
0.104
0.072
0.380
0.237

Ref
  5.130 (1.463-17.982)

0.925 (0.872-0.981)
0.012
0.009

Ref
  4.700 (1.295-17.067)

0.949 (0.887-1.015)
0.707 (0.201-2.482)

1.035 (0.981-1.091)
0.983 (0.948-1.020)

0.019
0.126
0.589

0.211
0.363

OR: odds ratio, Ref: reference, HTN: hypertension, DM: diabetes mellitus, Qmax: peak flow velocity in the uroflowmetry, PVR: postvoid-
ing residual volume, VLPP: Valsalva leak-point pressure, CLPP: cough leak-point pressure.

sis (Table 3) were used to identify the statistical differences 
between the two groups. In all the analyses, values of p
＜0.05 were considered to be statistically significant.

RESULTS

The patients were selected randomly in order to match 
the patient characteristics of the two groups. The average 
age in each group was 53.2 (±9.9) and 55.4 (±10.2) years.

The Valsalva leak-point pressure (VLPP) and cough 
leak-point pressure (CLPP) of Group I were 86.46 cmH2O 
and 101.91 cmH2O, respectively, and the corresponding 
values of Group II were 85.50 cmH2O and 100.45 cmH2O.

The preoperative and postoperative peak flow velocity 
(Qmax) measured by uroflowmetry of Group I were 20.82 
ml/s and 22.74 ml/s, respectively, and the corresponding 
values of Group II were 25.60 ml/s and 26.90 ml/s. The post-
voiding residual urine (PVR) before and after surgery was 
19.77 ml and 45.98 ml in Group I and 17.16 ml and 29.67 
ml in Group II, respectively. Changes in the postoperative 
and preoperative Qmax and PVR in Group I were 1.92 ml/s 
and 26.21 ml, respectively, and the corresponding values 
in Group II were 1.3 ml/s and 12.51 ml. The Qmax and PVR 
values in both groups indicated that the average values had 
increased after surgery. In particular, Group I showed a 
greater degree of variance in Qmax and PVR than did 
Group II, but both groups had large standard deviations 
and no statistically significant difference in the variances 
was found between the two groups (Table 1). A multi-
variable linear regression was not performed for the uni-
variable analysis in Table 1 because a statistically sig-
nificant difference did not exist in the variances of the 
Qmax and PVR between the two groups.

In Group I, the cure rate was 70.2%, the improved rate 
was 27.7%, and 1 patient showed no improvement after 
treatment. In Group II, the cure rate was 91.8%, the im-
proved rate was 8.2%, and none of the patients failed to 
show improvement. Group II had a significantly higher 
success rate than did Group I (p=0.011; Table 2).

A logistic regression analysis was additionally per-
formed because a statistically significant difference in the 
cure rate between the two groups existed. By using the in-
cidence of being cured as a dependent variable, the clin-
ically important variables were verified in a univariable lo-
gistic regression analysis. In the univariable logistic re-
gression analysis between the two groups, Group II ex-
hibited a higher odds ratio (OR: 4.771) than did Group I for 
the cure rate and Group II had a higher success rate than 
did Group I (p=0.011).

A multivariable logistic regression was performed, and 
age was calculated in the range of a p value＜0.05 [OR: 
0.928; 95% confidence interval (CI): 0.878-0.981; p=0.008] 
determined on the basis of the univariable logistic re-
gression analysis. Differences between the two groups 
were identified (OR: 5.130; 95% CI: 1.463-17.982; p=0.012) 
and were considered statistically significant. To calculate 
further clinically important variables, age, hypertension, 
preoperative Qmax, and PVR in the range of a p value 
＜0.15 were calculated, and differences between the two 
groups were identified (OR: 4.700; 95% CI: 1.295-17.067; 
p=0.019). The cure rate of Group II was verified to be sig-
nificantly higher than that of Group I, and it was found to 
be statistically significant (p=0.019; Table 3).

DISCUSSION

SUI is a common medical problem affecting 12.2% to 
26.4% of women, and 50% of women with urinary incon-
tinence have SUI.2,3 Epidemiologic studies conducted on 
the Korean population have reported that 24.4% to 40.8% 
of all Korean women have UI, and 48.8% to 72.8% of women 
with UI have SUI.16-18 Numerous treatment options for SUI 
are available. Conservative therapies such as pelvic floor 
muscle training, compression devices such as pessaries, 
and pharmacotherapies (i.e., duloxetine) can be offered be-
fore surgery.19 Many patients still require surgical treat-
ment, and the gold standard for the treatment of SUI is the 
Burch colposuspension and autologous fascial sling.20 
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However, ever since Ulmesten and Petros introduced the 
tension-free vaginal tape, the midurethral sling has be-
come the standard treatment for SUI.8 The TVT procedure 
has been widely adopted. Although the incidence is rare, se-
vere complications such as perforation, hematoma, nerve 
injury, and major vessel or bowel injury can occur with the 
TVT procedure and have led to the development of the TOT 
procedure.7-12 Many studies comparing TOT and Burch 
surgery have reported that TOT is associated with a short-
er operation time and length of hospital stay, and the surgi-
cal complications and cure rates are either similar or supe-
rior to those of the Burch operation.4,21 Although the TOT 
procedure has been reported to have lower risks of compli-
cations than the TVT procedure, it was reported to be equiv-
alent or inferior to the TVT procedure in its effect.8,13,22-25

To our knowledge, this is the first report on the effect of 
an intraoperative provocative test before application of the 
mesh. When our intraoperative provocative test was used, 
the cure rate was 91.8%, which was significantly higher 
than the 70.2% when the provocative test was not used. 
Studies by other groups have used different methods to 
evaluate the cure rates, so direct comparison is not possible. 
However, our result is comparable to the 81% to 90.3% re-
ported by other studies.4,6,22-25

Although a few studies have shown that the location of 
the tape and urethral compression by the tape affect the 
cure rate, there has not yet been a report on surgical meth-
ods to improve the success rate of sling procedures.26 
Incomplete compression of the urethra can lead to re-
current urinary incontinence after the surgical treatment 
of SUI. This report shows that applying an intraoperative 
provocative test before applying the mesh is an effective 
method for preventing the operator from exerting in-
complete tension or excessive tension while adjusting the 
tape. Excessive tension may lead to postoperative ob-
struction, although there were no patients with such re-
sults in the current study. Further study of the maneuver 
is needed, such as of the appropriate pressure to apply and 
of the methods to use to avoid exerting excessive tension 
on the tape. The advantage of our method is that the sur-
geon can guess the appropriate tension to apply and control 
the tension of the mesh after observing the degree and pat-
tern of the urine leakage intraoperatively. However, our re-
port has some limitations because the provocative test is 
not objective but subjective, and this was a retrospective 
study. 

In conclusion, the TOT procedure is an effective proce-
dure to treat SUI. However, its cure rates still need im-
provement. Inadequate tension of the tape can lead to in-
complete compression of the urethra, leading to recurrent 
urinary incontinence after surgical treatment. Converse-
ly, excessive tension of the mesh may lead to postoperative 
obstruction. Our method presents some advantages in that 
the surgeon can control and adjust the tension of the mesh 
after observing the degree and pattern of the urine leakage. 
Further study and refinement of the method are needed.
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