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Voiding Dysfunction
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Storage, and Patient Satisfaction: A Post-Hoc Analysis
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Purpose: We assessed the long-term effects of the tension-free vaginal tape (TVT) proce-
dure for stress urinary incontinence (SUI) on voiding, storage, and patient satisfaction.
Materials and Methods: This retrospective study examined the records of 134 patients 
who had undergone the TVT procedure for SUI and were followed up for more than 5 
years. Voiding function was evaluated by measuring maximum urinary flow rate 
(MFR), post-void residual urine volume (PVR), and storage function by using a voiding 
diary. Patients were asked to describe their satisfaction with the operation.
Results: MFR was lower at 1 month compared with the preoperative level, but had recov-
ered to preoperative levels by 5 years postoperatively. However, some patients with 
＞50%, 25-50%, and ＜25% decreases in the MFR at 1 month postoperatively showed 
a decrease in the MFR of ＞50% at 5 years. PVR increased over the 5 postoperative years. 
Of the patients with urgency and urgency incontinence, 43.8% and 48.1% showed im-
provement, respectively, whereas new patients developed postoperatively. Thus, the 
total number of patients with urgency or urgency incontinence remained similar over 
the 5 years. In those with a changed voiding pattern, patient satisfaction was negatively 
affected by de novo urgency and urgency incontinence and decreased MFR.
Conclusions: Any obstructive effect of the TVT procedure diminished over time in most 
patients, although a decrease in the MFR was sustained in some patients. With regard 
to overactive bladder symptoms, some patients were cured and some patients com-
plained of de novo symptoms. The most major factor affecting patient satisfaction was 
de novo urgency.
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INTRODUCTION

Since its introduction in 1996 by Ulmsten et al [1], the ten-
sion-free vaginal tape (TVT) sling procedure has become a 
preferred treatment for female stress urinary incontinence 
(SUI) worldwide as a result of its minimally invasive na-
ture and high success rates. However, little is known about 
the long-term effects of the TVT sling on voiding and stor-
age or on long-term patient satisfaction.

Although the TVT sling is placed with no or minimal 
tension under the midurethra, there appears to be a sig-
nificant effect on voiding [2], and reported rates of urinary 
retention range from 4% to 20% [3,4]. In addition, whereas 
preoperative urgency incontinence and overactive bladder 

symptoms have been reported to be resolved in 63.1-90.1% 
and 47.8-57.3% of patients after TVT [5,6], respectively, 
the rates of postoperative de novo urgency and urgency in-
continence are reported to be 5-25% [7-10] after the 
procedure. Postoperatively, a maximal urinary flow rate 
(MFR) ＜10 ml/s [11] and retention were found to com-
promise patient satisfaction [12], and de novo urgency was 
found to have a severe impact on quality of life in 14.5% of 
patients [13].

The present report describes a 5-year follow-up study 
of female SUI patients who underwent the TVT procedure. 
The study examined changes in voiding and storage and al-
so evaluated patient satisfaction.
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TABLE 1. Characteristics of the 134 patients undergoing the ten-
sion-free vaginal tape procedure for female stress urinary incon-
tinence

Mean age, years (range)
Mean parity (range)
Mean body mass index, kg/m2 (range)
No. with grade 2 cystocele (%)
No. with associated urgency incontinence (%)
No. with urgency (%)
No. with concomitant posterior repair (%)
No. with SUI grade

1 (%)
2 (%)
3 (%)

Mean 1-hour pad test, g (range)
Mean urodynamic parameter:

Peak urinary flow, ml/s (range)
Voided volume, ml (range)
Post-voided residual, ml (range)
Maximum cystometric capacity, ml (range)
Maximum detrusor pressure, cm H2O (range)
VLPP, cm H2O (range)
MUCP, cm H2O (range)
No. detrusor overactivity (%)

Mean functional bladder capacity, ml (range)
No. with anesthesia

Local (%)
Spinal (%)
General (%)

52.3 (35-78)
3.2 (0-10)

24.2 (17-31)
      6 (4.5)
    25 (18.7)
    30 (22.4)
    11 (8.2)

    66 (47.8)
    63 (47.0)
      5 (3.7)
45.8 (5-500)

25.9 (5-71)
292.4 (55-578)
13.6 (0-79)

434.6 (220-652)
28.5 (10-76)
79.5 (22-194)
53.3 (9-113)

    32 (23.9)
372.9 (200-600)

    68 (50.7)
    42 (31.3)
    24 (17.9)

SUI: stress urinary incontinence, VLPP: Valsalva leak point pres-
sure, MUCP: maximal urethral closing pressure

TABLE 2. Changes in urinary parameters in the 134 patients after the TVT procedure

Preoperation
Postoperation

p-valuea

1 month 1 year 5 years

Urodynamic parameters
Voided volume (ml)
Maximum urinary flow rate (ml/s)
Post-void residual urine volume (ml)

Clinical parameters
Maximal voided volume (ml)
Frequency (/day)

292.4±112.8
  25.9±10.3
  13.6±10.3

358.9±86.6
    7.1±1.8

280.4±140.6
  20.4±8.6
  24.4±32.9

324.9±69.7
    7.3±3.9

276.3±112.9
  22.3±8.5
  31.9±70.4

305.7±57.4
    6.3±1.2

297.1±110.2
  24.8±8.5
  30.0±47.1

343.7±91.3
    6.5±1.7

 　 0.570
＞0.05
＜0.05

　  0.460
＜0.05

TVT: tension-free vaginal tape, a: postoperation 5 years compared to preoperation

MATERIALS AND METHODS

Of 155 female patients who underwent the TVT procedure 
for SUI in three institutions between March 1999 and June 
2000, the study retrospectively examined the clinical data 
of 134 who were followed up for more than 5 years. We pre-
viously reported long-term outcomes of the TVT procedure 
[14]. In this study, we re-analyzed the previous data. 
Pre-operative evaluation data available on all patients in-
cluded detailed medical history, physical examination, 
neurological evaluation, uroflowmetry (MMS flowstarⓇ), 

post-void residual urine volume (PVR) as measured by us-
ing a Bladder scanⓇ, a 3-day voiding diary, and a complete 
multichannel urodynamic study (Aquarius 120Ⓡ filling 
cystometry). Postoperative voiding symptoms were eval-
uated objectively as MFR and PVR, and storage symptoms 
were evaluated as urgency, frequency, and urgency incon-
tinence by use of a 3-day voiding diary. Patients were moni-
tored at 1 month, 1 year, and 5 years postoperatively. The 
data from the uroflowmetry, PVR measurements, and 
3-day voiding diary were re-analyzed.

At 5 years postoperatively, the patients were asked to 
classify their global satisfaction level as very satisfied, sat-
isfied, so-so, or dissatisfied. Both ‘very satisfied’ and 
‘satisfied’ were scored as satisfied.

All definitions corresponded to those of the Interna-
tional Continence Society [15]. Analyses were performed 
by using statistical software (SPSS 12.0, SPSS Inc. 
Chicago, USA), and a p-value＜0.05 was considered to in-
dicate a significant difference. For statistical analysis, nor-
mal distributions of parameters ware analyzed by using 
Student’s t-test. The correlation between patient sat-
isfaction and 5-year postoperative voiding patterns was 
analyzed by using the chi-square test by percentage 
frequencies.

RESULTS

The 134 study patients had a mean age of 52.3±9.3 (range, 
35 to 78) years, and the mean follow-up period was 67.0±4.6 
(range, 60 to 76) months. Prior to surgery, 30 (22.4%) wom-
en had symptoms of urgency and 25 (18.7%) had symptoms 
of urgency incontinence. The preoperative SUI symptom 
grades were 1 in 66 (47.8%) patients, 2 in 63 (47.0%) pa-
tients, and 3 in 5 (3.7%) patients (Table 1). Among the pa-
tients, 7 (5.2%) patients had undergone previous anti-in-
continence surgery (anterior vaginal wall sling for 4, a Raz 
operation for 2, and bladder neck suspension for 1), and 19 
(14.2%) had undergone a previous hysterectomy. The ob-
jective 5-year cure rate was 76.9% (103/134), and the sat-
isfaction rate was 86.6% (116/134).

1. Voiding function
The mean MFR decreased from 25.9±10.3 ml/s pre-
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TABLE 3. Patient satisfaction according to postoperative changes
in voiding patterns

Change in voiding pattern
Satisfaction

rate
p-value

MFRa

Decreased MFRa＜25%
25≤decreased MFRa＜50%
Decreased MFRa≥50%

PVRb

Increased PVRb＜25%
25≤increased PVRb＜50%
Increased PVRb≥50%

Frequency
Increase
Decrease

De novo
Urgency
Urgency incontinence

Improved
Urgency
Urgency incontinence

97.2% (35/36)
90.0% (18/20)
66.7% (4/6)

91.7% (44/48)
 100% (2/2)
93.5% (29/31)

86.4% (19/22)
93.6% (44/47)

68.8% (11/16)
66.7% (8/12)

78.6% (11/14)
81.8% (9/11)

0.030

1.000

1.000
0.069

0.008
0.038

0.689
1.000

a: maximum urinary flow rate, b: post-void residual urine volume

FIG. 1. Changes in the MFR over time compared with before the
operation. MFR: maximum urinary flow rate.

FIG. 2. Changes in storage function over time.

operatively to 20.4±8.6 ml/s at 1 month after the TVT proce-
dure (p＜0.001). However, at 1 year postoperatively, the 
MFR increased to 22.3±8.5 ml/s, and at 5 years post-
operatively it recovered to 24.8±8.5 ml/s, which was similar 
to the preoperative flow rate (p＞0.05). PVR increased sig-
nificantly from 13.6±10.3 ml preoperatively to 24.4±32.9 
ml at 1 month, 31.9±70.4 ml at 1 year, and 30.3±47.1 ml 
at 5 years postoperatively, with the three postoperative fig-
ures being not significantly different (p＞0.05) (Table 2). 
Of the 14 patients who showed a ＞50% decrease in the 
MFR at 1 month postoperatively, 2 (14.3%) still had a ＞
50% decrease in the MFR after 5 years. Of the 29 patients 
who showed a 25-50% decrease in the MFR at 1 month post-
operatively, 1 (3.4%) had a ＞50% decrease in the MFR at 
5 years postoperatively. Of the 38 patients who showed a 
＜25% reduction in the MFR at 1 month postoperatively, 
2 (5.3%) remained the same at 5 years postoperatively. A 
total of 63.2% (24/38) of patients with a ＜25% decrease in 
the MFR at 1 month postoperatively showed ＜25% de-
creases in the MFR at 5 years (Fig. 1).

2. Storage function
The mean micturition frequency per day value at 5 years 
postoperatively was lower than the mean preoperative val-
ue (7.1±1.8 vs. 6.5±1.7, p=0.004) (Table 2). Of the 43 pa-
tients with a preoperative micturition frequency per day 
of ≥8, 13 (30.2%) had a ＞30% decrease, 4 (9.3%) had an 
increase, and 26 (60.5%) had no change after 5 years. Of the 
patients with a preoperative micturition frequency per day 
of ＜8, 23 (34.3%) had a decrease and 18 (26.9%) had an in-
crease after 5 years. Surgery had no effect on the maximal 
voided volume (358.9±86.6 ml preoperatively, 324.9±69.7 
ml at 1 month, 305.7±57.4 ml at 1 year, and 343.7±91.3 ml 
at 5 years postoperatively; p=0.460) (Table 2).

Of the 30 patients (22.4%) with preoperative urgency, 
14 (46.7%) showed improvement at 5 years postopera-
tively. Of the patients who did not show preoperative ur-
gency, 16 (12.2%) developed de novo urgency postopera-
tively. Thus, the total number of patients with urgency re-
mained similar over the 5 years. Of the 25 (18.7%) patients 
with preoperative urgency incontinence, 12 (48%) showed 
improvement. Of the patients who did not have pre-
operative urgency incontinence, 12 (11.0%) developed de 
novo urgency incontinence postoperatively. The total num-
ber of patients with urgency incontinence at 5 years post-
operatively was 24 (17.9%), which was similar to the pre-
operative figure (Fig. 2).

3. Patient satisfaction
The proportion of patients reporting global satisfaction 
with the operation was 86.6% (116/134) at 5 years 
postoperatively. We analyzed the relationship between 
satisfaction rate and postoperative MFR at 5 years. The 
satisfaction rate was found to correlate with the MFR, with 
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a greater reduction in the MFR associated with greater dis-
satisfaction (p=0.030) (Table 3). In contrast, changes in the 
PVR over 5 years did not correlate with satisfaction. For 
the 43 patients with a preoperative micturition frequency 
per day of ≥8, the satisfaction rates for those showing in-
creased and decreased micturition frequency at 5 years 
postoperatively were 86.4% (19/22) and 93.6% (44/47), re-
spectively (p＞0.05). The satisfaction rates for patients 
who developed de novo urgency and de novo urge incon-
tinence were 68.8% (11/16) and 66.7% (8/12), respectively, 
whereas the satisfaction rates for those with preoperative 
urgency and urgency incontinence that improved post-
operatively were 78.6% (11/14) and 81.8% (9/11), respec-
tively.

Of the postoperative voiding parameters we examined, 
the most important factor affecting patient satisfaction 
was de novo urgency (p=0.008).

DISCUSSION

Although the TVT procedure is generally associated with 
universally excellent outcomes, concerns about post-
operative voiding have recently been raised.

Dietz et al examined long-term MFR, PVR, and voiding 
symptoms after the TVT procedure. They reported im-
provement in voiding as reflected in reduced residual urine 
volumes, normalized voided volumes, and an increased 
MFR [16].

The present study found that overall voiding function 
improved over time postoperatively, although it remained 
poor or worsened in some patients. Of the patients showing 
a ＞50% decrease in the MFR at 1 month postoperatively, 
14.3% sustained this decrease to 5 years. Thus, patients 
with a greatly reduced flow rate in the immediate post-
operative period are more likely to retain this reduction in 
the long term than are patients with smaller reductions in 
the immediate postoperative flow rate.

TVT procedures are known to have an obstructive effect 
on the urethra, which may affect voiding [17]. Our study 
showed that PVR increased during the follow-up period, 
which is consistent with previous reports [7,18]. Whereas 
the overall MFR was lower than preoperative levels at 1 
month after the TVT procedure, it had recovered to pre-
operative levels by 5 years postoperatively. One hypothesis 
for this improvement in voiding patterns is that chronic ob-
struction results in progressive detrusor hypertrophy, al-
lowing better emptying [19].

Others reported an increase in the prevalence of symp-
toms of urgency and urgency incontinence after the TVT 
procedure [20]. In contrast, the present data indicate no 
change in the number of patients showing these symptoms 
over 5 years. We found that some patients with pre-
operative urgency or urgency incontinence showed post-
operative improvement, whereas some patients developed 
de novo urgency or urgency incontinence. This may reflect 
overactive bladder with aging and postoperative lower uri-
nary tract obstruction. The prevalences of de novo urgency 

and urgency incontinence in our study (12.2% and 11.0%, 
respectively) were within the ranges reported in previous 
studies [7-10].

We previously reported that a decline in the MFR to 
＜10 ml/s can compromise patient satisfaction with the 
TVT procedure [11]. In the present study, we evaluated fac-
tors additional to the MFR to understand issues affecting 
global patient satisfaction in more detail. For patients with 
altered voiding patterns after surgery, satisfaction was im-
paired by a decreased MFR, de novo urgency, and de novo 
urgency incontinence. Patient satisfaction was not found 
to correlate with increased PVR, micturition frequency, 
improved urgency, or improved urgency incontinence. The 
major factor affecting patient satisfaction was the develop-
ment of de novo urgency (p=0.007). 0verall, 86.6% (116/ 
134) of patients were satisfied with the operation, whereas 
only 80.0% (20/25) of those who developed de novo urgency 
were satisfied.

A previous study reported on the assessment of 87 pa-
tients using a Patient Satisfaction Questionnaire (PSQ) at 
24 months postoperatively [21]. That study found that 
95.5% of patients were somewhat or completely satisfied 
with their progress, and that the majority of patients were 
satisfied despite the presence of irritating voiding symp-
toms. In contrast, the present study over 5 years showed 
that the development of de novo urgency reduced patient 
satisfaction. The present findings will likely assist clini-
cians in preoperative discussions with patients regarding 
potential changes in voiding patterns after surgery.

A limitation with the present study was the lack of fol-
low-up urodynamic data on patients who showed changed 
voiding patterns after the TVT procedure. A study by Lin 
et al [22] that included follow-up multi-channel urody-
namic studies found that the mean preoperative values for 
average flow rate, MFR, PVR, and detrusor pressure at 
peak flow during voiding cystometry were not different 
from the values obtained at 3, 6, and 12 months after TVT 
surgery.

CONCLUSIONS

Any obstructive effect of the TVT procedure diminished 
over time in most patients, although a decrease in the MFR 
was sustained in some patients. Concerning overactive 
bladder symptoms, some patients were cured and some pa-
tients complained of de novo symptoms. Therefore, the to-
tal number of patients with overactive bladder was main-
tained similarly during the 5 years. The most major factor 
affecting patient satisfaction was de novo urgency.
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