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ABSTRACT

Purpose: We aimed to determine the differences of the urodynamic findings of mix
urinary incontinence (MUI), urge urinary incontinence (UUI), and stress urinary incon-
tinence (SUI), and to evaluate the urodynamic findings in different groups by using
bladder sensitivity index (BSI).

Materials and Methods: The data of 99 patients who underwent urodynamic testing
related to the suspicion of SUI, UUI or MUI were analysed. This analysis included a
retrospective evaluation of patients’ cards, voiding diaries, and urodynamic reports.
At filling cystometry, the parameters of first sensation of bladder filling (FSBF), first
desire to void (FDV), strong desire to void (SDV), and bladder capacity (V ), which
were related to the bladder sensation, were determined. Subsequently, uroflowmetric
findings were recorded during bladder emptying. BSI was defined as the ratio of V__ /
FDV. These results were statistically compared among the goups.

Results: The sample included 35(35.5%) MUI, 33(33.3%) UUI and 31 (31.1%) SUL The
mean ages were similar in all groups (P = 0.868). The mean FSBF, FDV, SDV and Vmax
values were significantly different among groups (p = 0.004, p < 0.001, p < 0.001, p
< 0.001 respectively). Nevertheless, there was no statistically significant difference
among the mean daily voiding accounts (P = 0.005). Although the mean maximum
flow rate (Q,_, ) values were similar (P = 0.428), the mean maximum detrusor pressure
(Pdet_ ) values were significantly different (P = 0.021). The mean BSI values showed
no significant differences (P = 0.097).

Conclusions: It was concluded that while the use of urodynamic testing could contribu-
te to the management of urinary incontinence, the indexes including BSI requere more
detailed and comprehensive studies.
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INTRODUCTION

Urinary incontinence (UI) is a disorder
with various symptoms of different severities and
influences the women in all ages. Although it is
not a life-threatening disorder, it can significantly
affect the physical, psychological and social con-
ditions of patients (1). While a great deal of atten-
tion has been given to possible treatment options

for incontinence, the clinicians have also made a
great effort to standardize the evaluation of these
patients. The determination of the type and seve-
rity of Ul, and its impact on patients’ quality of
life is an important issue, which affects the results
of the treatment. Thus, it is a fact that the patients
with Ul must be evaluated by some diagnostic to-
ols before treatment. Generally, these patients are
evaluated by an initial detailed hystory, physical
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examination, routine urine test, and voiding dia-
ry. If required, non-invasive urodynamic testing
and postvoiding residual urine measurement are
performed. A multichannel urodynamic study is
used in patients who are not diagnosed by pre-
vious analyses (2).

Ul can be groupped according to ethiolo-
gical factors, as stress urinary incontinence (SUI),
urge urinary incontinence (UUI) and mixed urina-
ry incontinence (MUI). Although the routinely use
of urodynamic testing at initial evaluation of Ul is
not suggested by the current guidelines, it is sup-
posed that urodynamic testing will provide some
contributions to the clinicians to understand these
disorders (3). Currently, the index values associa-
ted with bladder filling phase are still on debate,
and bladder sensitivity index (BSI) is one of the
most important (4).

In this study, we aimed to analyze the pre-
sence of possible differences among the urodyna-
mic findings of MUI, UUI and SUI, and to evaluate
the urodynamic characteristics in these groups by
using BSI.

MATERIAL AND METHODS

The data of 99 patients who underwent
urodynamic testing between October 2009 and
March 2011 as a result of the suspicion of SUI,
UUI or MUI in Celal Bayar University, Faculty of
Medicine, Department of Urology were analysed.
This analysis included a retrospective evaluation
of patients’ cards (that was completed previously
to urodynamics), voiding diaries and urodynamic
reports. The study protocol was approved by the
Local Ethical Committee of Celal Bayar University,
Faculty of Medicine.

The inclusion criteria to the study were:

1. The data of patients who un-
derwent urodynamic investiga-
tion related to only the suspicion
of SUI, UUI, or MUI.

2. The data of only the optimally
performed urodynamic testing.

3. The previously recorded data of
patients’ cards, voiding diaries,
and urodynamic reports without
any lacks.
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The exclusion criteria to the study included:

1. The history of previous inconti-
nence surgery.

2. The history of previous or on-
going anticholinergic treatment.

3. The patients with different types
of urinary incontinence, such as
overflow incontinence, except for
Sul, UUI and MUL

4. The data of patients who un-
derwent urodynamic investiga-
tion related to other reasons than
Sul, UUI and MUL

5. The presence of an illness that
can cause urinary system dys-
function, such as multiple sclero-
sis, spinal tumor.

6. The presence of urinary tract in-
fection.

7. The presence of an urinary fistula
or diverticulum.

The data of age, medical history, the com-
plaint at the time of the application, the findings
of physical examination, voiding diary and uro-
dynamic testing were determined. All of the uro-
dynamic studies have been peformed by using an
“Aymed” model, multichannel urodynamic devi-
ce. To avoid false urodynamic evaluation, all pa-
tients micturated before the urodynamic investi-
gation to empty the bladder. If the residual urine
was present, it was emptied after the insertion of
the urodynamic catheter. Subsequently, a pressu-
re-flow study was performed. Eight Fr, three-way
cystometry catheter that measured the bladder
pressure and rectal balloon catheter that measured
the abdominal pressure were placed in. During the
filling phase, the infusion rate of isotonic NACI
solution was 40mL/sec. By filling of the bladder
with isotonic NACI solution, the terms of first sen-
sation of bladder filling (defined as the initially
recognization of bladder filling, FSBF, mL), first
desire to void (the time of voiding desire that can
be voluntarily retarded, FDV, mL), strong desire to
void (defined as the time of the presence of strong
desire to void without any urges, SDV, mL), and
maximum bladder capacity (V ) were determi-
ned. Subsequently, the findings were recorded
during bladder emptying (5,6). The suggestions of
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International Continence Society (ICS) were used
for technique and terminology of urodynamics (7).
At filling phase, the presence of an increased bla-
dder pressure > 15cmH,0 and uninhibited detrusor
contractions (DO) were noted. BSI was defined as
the ratio of maximum bladder capacity and the
bladder capacity during the occurrence of FDV
(V__[FDV).

All statistical analyses were performed by
using SPSS 11.0. A p- value < 0.05 was accepted as
significant. A simplex variance analysis was used
in tripple group comparisons. The double group
comparisons were done by using independent
sample t-test for large sample and Mann- Withney
U test for small sample. Pearson correlation analy-
sis was used for the correlation of parameters.

max’

RESULTS

The study included the data of 99 patients:
33 (33.3%) patients with UUI, 31 (31.1%) patients
with SUI and 35 (35.5%) patients with MUI. The
mean age was 49.06 + 15.9, 50.6 + 11.1 and 50.3
+ 11.3 years, respectively. The mean ages were
similar in all groups (P = 0.868) (Figure-1). The
mean FSBF values of patients with MUI, UUI and
SUI were 134.4 + 31.7, 136.8 + 33.8 and 112.9
+ 24.5mL, respectively. The mean FSBF values
were significantly different (p = 0.004). While the
mean FDV values were 232.6 + 44.5, 195.2 + 36.5
and 247.2 + 56.5mL, the mean SDV values were
334.02 + 64.8, 273.3 + 61.5, and 340.8 + 68.8mL,
respectively. The mean FSBF and FDV values in

Figure 1 - The distribution of age according to the inconti-
nence type.
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all groups were statistically significantly different
(p < 0.001 in all). The mean bladder capacity was
420.4 + 58.6mL in MUI group, 331.7 + 59.7mL
in UUI group, and 453.9 + 62.3mL in SUI group.
These results were also significantly different (p
< 0.001). Nevertheless, no statistically significant
difference was found among the mean voiding ac-
counts (10.9 + 4.06, 12.2 + 4.02, 9.1 + 2.6) (p =
0.005). The emptying phase showed that the mean
maximum flow rate (Q_, ) was 25.3 + 7.65mL in
MUI group, 24.1 + 5.49mL in UUI group, and 26.6
+ 9.3mL in SUI group. The mean value of maxi-
mum detrusor pressure (Pdet ) was 33.5 + 18.7,
32.6 + 7.5, and 25.03 + 9.9, respectively. Although
no statistically significant difference was found
in the mean Q__ values (p = 0.428), the mean
Pdet max values were significantly different (p =
0.021). The mean BSI values were 1.8 + 0.3 in MUI
group, 1.7 + 0.2 in UUI group, and 1.9 + 0.4 in SUI
group. It was determined that there were no signi-
ficant differences between the mean BSI values of
3 groups (p = 0.097). A detailed demonstration of
these analyses is presented in Table-1.

In our sample, it was determined that 35
patients presented DO and 33 patients had no DO
at urodynamic testing. When we looked at the dis-
tribution of these accounts according to the in-
continence subgroups, it is observed that DO was
present in 15 patients in MUI group and 20 pa-
tients in UUI group. However, 20 patients in MUI
group and 13 patients in UUI group had no DO.
We have not determined a significant correlation
between the patient accounts with and without DO
in MUI and UUI groups (P = 0.143). These results
are clearly shown in Table-2. It has been deter-
mined that no significant difference was present
among the BSI values in all three groups. Howe-
ver, we analyzed the relation between the BSI va-
lues of patients with and without DO in MUI and
UUI groups. When we compared the BSI scores of
patiets with DO with the scores of patients without
DO in MUI and UUI groups, it was also found that
BSI scores had no statistically significant diffe-
rences (p = 0.923, p = 0.686; respectively). The
presence of DO had no impacts on the BSI sco-
res of patients in MUI and UUI groups (Table-3).
When the data were analyzed in paired groups,
the comparison of daily voiding accounts between
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Table 1 - A detailed demonstration of the analysis of the parameters in all groups.

MUl uul Sul
n=235 n=33 n =31 Pivalile
Mean (= SD) Mean (+ SD) Mean (+ SD)

Age 50.3 (11.3) 49.06 (15.9) 50.6 (11.1) 0.868
Daily voiding account 10.9 (4.06) 12.2 (4.02) 9.1 (2.6) 0.005
First sensation of bladder filling 134.4 (31.7) 136.8 (33.8) 112.9 (24.5) 0.004
First desire to void 232.6 (44.5) 195.2 (36.5) 247.2 (56.5) <0.001
Strong desire to void 334.02 (64.8) 273.3 (61.5) 340.8 (68.8) <0.001
Bladder capacity 420.4 (58.6) 331.7 (59.7) 453.9 (62.3) <0.001
Q,, 25.3 (7.6) 241 (5.4) 26.6 (9.3) 0.428
Pdet max 33,5 (18.7) 32.6 (7.5) 25.03 (9.9) 0.021
BSI 1.8 (0.3) 1.7(0.2) 1.91 (0.4) 0.097

Table 2 - The distribution of patient accounts according to the presence of uninhibited detrusor contraction at urodynamic testing.

Incontinence Type

MUl % uul % Total p - value
No DO 20 60.6 13 39.4 33 0.143
DO DO present 15 42.9 20 571 35
QOverall 35 515 33 485 68

Table 3 - The comparison of bladder sensitivity index scores of the patients in mix and urge urinary incontinence groups
according to the presence of uninhibited detrusor contraction.

DO N Mean SD p - value
MUI BSI no 20 1.8 0.3
0.923
present 15 1.8 0.3
uul BSI no 13 1.7 0.3
0.686
present 20 1.7 0.2
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MUI and UUI groups revealed that there were no
statistically significant differences (p = 0.201). Ho-
wever, the comparison between SUI group and the
groups of MUI and UUI showed that the daily voi-
ding accounts in MUI and UUI groups were signi-
ficantly higher than in SUI group (p = 0.037, p =
0.001; respectively). Although it was not determi-
ned a significant difference between the volumes
of FSBF in MUI and UUI groups (p = 0.768), FSBF
occurred in higher volumes in SUI group than in
other two groups. The patients in SUI groups felt
the FSBF in later volumes (p = 0.003, p = 0.002;
respectively). Moreover, FDV and SDV values in
SUI group were significantly lower than in SUI
and MUI groups (p < 0.001 in all). Nevertheless, no
significant difference was found between the FDV
and SDV values of MUI and SUI groups (P, =
0.248, P = 0.679; respectively). The comparison
results of Vmax values among all groups showed
that the V__ in SUI group was the highest ( 453.9
+ 62.3mL), and V_ . in UUI group was the lowest
(331.7 + 5.7mL). The V__ values were significan-
tly different in each other (p < 0.001, p = 0.028, p
< 0.001; respectively). The results of the compari-
son of all parameters in paired groups are clearly
shown in Table-4.

DISCUSSION

Since the demonstration of the anatomy
of female pelvis and its contents, the impact of the
structure of female pelvic organs and the anato-
mical supplies on the continence mechanism have
been discussed. It is currently possible to explain
Ul by urodynamic testing. In current practice, it
is important to determine the changes in the ana-
tomical structures with their functional interac-
tions in the diagnosis and treatment planning of
UI (8). The measurement of the intensity of desire
for micturition has attracted great interest for the
determination of the severity of symptoms and the
evaluation of treatment results in many of lower
urinary tract disorders (9). In patients with overac-
tive bladder (OAB), the developement of an asses-
sment scale and the evaluation of urgency, which
is the most common complaint of OAB patients, is
particularly important (10,11). Urodynamic study
is the standard technique used for the evaluation

of bladder sensation (7,12). Moreover, the voiding
diaries, which are reliable and repeatable tests,
can be used for the assessment of bladder sen-
sation (13,14). In this study, we aimed to evalua-
te the presence of possible differences among the
urodynamic findings of MUI, UUI and SUI, and to
analyze the urodynamic findings in these groups
by using BSI.

When Wiskind et al. compared the urodynamic
findings of patients with MUI and UUI, they found that
the V. was 308mL in UUI group and 396mL in MUL The
cystometric Vmax was significantly higher in patients with
MUI (15). In another study, it was reported that the compa-
rison of urodynamic findings between healthy volunteers
and UUI patients showed that the patients with UUI felt the
FSBF, FDV and SDV in lower volumes and earlier than con-
trol group (5). In our study, we analyzed the urodynamic
findings in three subgroups of incontinence including MUI,
UUI and SUI with the aim of finding possible alterations in
bladder sensation related to the type of incontinence. Some
significant differences were determined in terms of FSBF,
FDV, SDV and Vmax among all three groups. Our study re-
vealed that while the lowest FDV (195.2 + 36.5mL) and SDV
(273.3 + 61.5mL) values were in UUI group, the highest FDV
(247.2 + 56.5mL) and SDV (340.8 + 68.8mL) values were
observed in SUI group. However, while UUI group showed
the lowest V_ (331.7 + 59.7), SUI group had the highest
V, .. value (453.9 + 62.3). These results are similar to the
literature (5,16). Nevertheless, contrary to the expectations,
while the patients in UUI group had the highest FSBF value
(136.8 + 33.8mlL), the lowest FSBF value (112.9 + 24.5mL)
was observed in SUI group. We thought that the sensitivity
of FSBF was insufficient in the evaluation of bladder sen-
sation. Thus, this unit should be analyzed by more detailed
and prospective studies.

The comparison of the data in bladder
diaries showed that daily voiding accounts in
MUI, UUI, and SUI groups were significantly di-
fferent. It was determined that the daily voiding
account in UUI group had the highest result (12.2
+ 4.02). Nevertheless, the daily voiding account
in SUI group was the lowest (9.1 + 2.6). In a pre-
vious study, Chieh and et al. analyzed the uro-
dynamic characteristics in patients with MUI and
UUL They reported that no significant difference
was found between the daily voiding accounts of
MUI and UUI groups (3). Furthermore, additio-
nal studies are present in the previous literature
(9,17). On the other hand, when we looked at the
urodynamic findings regarding the frequency of DO
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Table 4 - The demostration of the comparison results of all parameters in paired groups.

Incontinence Type N Mean value (mL) SD P-value
MUI 35 10.9 4.06

Daily voiding account 0.201
uul 33 12.2 4.02
MUl 35 10.9 4.06

Daily voiding account 0.037
Sul 31 9.1 2.6
uul 33 12.2 4.02

Daily voiding account 0.001
Sul 31 9.1 2.6
MUl 35 1344 317

First sensation of bladder filling 0.768
uul 33 136.8 33.8
MUI 35 1344 31.7

First sensation of bladder filling 0.003
Sul 31 112.9 24.5
uul 33 136.8 33.8 0.002

First sensation of bladder filling
Sul 31 112.9 24.5
MUl 35 232.6 445

First desire to void < 0.001
uul 33 195.2 36.5
MUI 35 232.6 445

First desire to void 0.248
Sul 31 247.2 56.5
uul 33 195.2 36.5

First desire to void < 0.001
Sul 31 247.2 56.5
MUI 35 334.03 64.8

Strong desire to void < 0.001
uul 33 273.3 61.5
MUl 35 334.03 64.8

Strong desire to void 0.679
Sul 31 340.8 68.8
uul 33 273.33 61.540

Strong desire to void < 0.001
Sul 31 340.87 68.8
MUl 35 420.4 58.6

Bladder capacity <0.001
uul 33 331.7 59.7
MUl 35 420.4 58.6

Bladder capacity 0.028
Sul 31 453.9 62.3
uul 33 331.7 59.7

Bladder capacity < 0.001
Sul 31 453.9 62.3
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in MUI and UUI groups, the frequency of DO in UUI
group (57.1%) was higher than it was in MUI group
(42.9%). But, this result was not found statistically
significant. Similar results are present in the litera-
ture (16,18). Yong-Yau lin et al. reported that the
parameters, which demonstrated the voiding func-
tion, such as maximum flow rate, average flow rate
and maximum detrusor pressure were similar in the
study groups (16). In our study, no significant di-
fference was found in terms of Q__among all three
groups (p = 0.428). Although Pdetmax values in 3
groups were significantly different (p = 0.021), the
comparison of Pdetmax values between MUI and
UUI groups showed no significant difference (p =
0.807). It was supposed that the presence of signifi-
cant difference in terms of Pdet  among all three
groups was due to voiding in lower pressures of pa-
tients with SUL

Currently, the nomograms such as Abram-
-Griffits and Schafer, and the indexes such as Blad-
der Outlet Obstruction Index and Bladder Contrac-
tility Index are used to objectively evaluate bladder
emptying (19). Some studies also evaluate the filling
phase of the bladder in an analytical plane. BSI,
which was created by Al-Shukri et al. (4), is one of
these studies. This index was proposed with the aim
of increasing the accuracy of urodynamic diagno-
sis of patients with OAB (4). This term is calculated
by the proportion of Vmax to the bladder volume
at the time of the occurrence of FSBF (V__ /FSBF).
This novel urodynamic parameter demonstrates the
severity of voiding desire from FSBF to the squeeze.
Low BSI value means that the duration from FSBF
toreach V__ is short. A previous study revealed that
BSI was lower in male patients than in female pa-
tients. It was also lower in patients with DO than in
patients without DO (p = 0.001). Moreover, it was
reported that this parameter was lower in patients
who had higher frequency of urgency (4). In our
study, the overall comparison of BSI values among
three groups and also the separate comparison of
BSI values only between MUI and UUI groups reve-
aled no significant differences.

CONCLUSIONS

Sensation is an essential prerequisite for
voluntary control of the bladder. Urodynamic
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studies are the standard technique in the evalua-
tion bladder sensation. At filling phase of cysto-
metry, it has been previously shown that various
groups of patients had voiding desire in diffe-
rent bladder volume and severity. In our study,
it was found that FSBF, FDV, SDV and V__, whi-
ch were associated with bladder sensation, were
significantly different in all three groups. Paired
groups comparisons revealed that while the lo-
west FDV and SDV values were observed in UUI
group, the highest FDV and SDV values were ob-
served in SUI group. The presence of premature
filling sensations and decreased bladder capacity
in patients with MUI and UUI were demonstrated.
Nevertheless, contrary to the expectations, while
the patients in UUI group had the highest FSBF,
the lowest FSBF value were seen in SUI group.
On the other hand, no statistically significant di-
fference was found among the BSI values and
urodynamic data of patients in all three groups.

ABBREVIATIONS

UI = Urinary incontinence

MUI = Mix urinary incontinence

UUI = Urge urinary incontinence

SUI = Stress urinary incontinence

BSI = Bladder sensitivity index

FSBF = First sensation of bladder filling
FDV = First desire to void

SDV = Strong desire to void

V. = Maximum bladder capacity

ICS = International Continence Socieity
DO = Uninhibited detrusor contractions
Pdet = Maximum detrusor pressure at maxi-
mum flow.

Q = Maximum flow rate

max

OAB = Overactive bladder
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