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Abstract An analysis has been conducted of the predic-

tors of the fesoterodine treatment response for female

patients with overactive bladder (OAB) syndrome. Eighty-

seven women diagnosed with OAB and who had under-

gone 12 weeks of treatment with fesoterodine (4 mg/day)

were involved. Prior to treatment, the patients were eval-

uated through their medical history, physical examinations,

urine analysis, urine cultures, voiding diaries and urody-

namic studies. The voiding diaries and personal interviews

concerning urinary symptoms were analyzed 12 weeks

after treatment. Seventy-nine (82.3%) women experienced

improvement of OAB symptoms (Improvement group),

and for seventeen (17.7%) women the symptoms remained

unchanged or worsened (Persistence group) after treatment.

In the urodynamic studies, detrusor overactivity was noted

in 37 (46.8%) patients of the improvement group and 3

(17.6%) of the persistence group. The number of patients

who showed detrusor overactivity in urodynamic studies

before the treatment was significantly larger in the

improvement group. Maximum detrusor pressure and

detrusor pressure at maximum flow were higher in the

persistence group but not to statistically significant levels.

In pre-treatment voiding diaries, the number of urgencies

per day was significantly larger in the improvement group.

The efficacy of fesoterodine treatment for female OAB

problems was found to be be associated with the frequency

of urgency and detrusor overactivity. Thus, both voiding

diaries and urgency/detrusor symptom records may aid in

predicting the efficacy of fesoterodine treatment.
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Introduction

Accurate terminology for the description of voiding diffi-

culty in female patients has yet to be established. Thus, to

this date, systematic classification and analysis could not be

performed. The initial definition of overactive bladder

(OAB) syndrome was made in cases in which one of the

three symptoms of frequency, urgency and incontinence

was present in the absence of local lesions or metabolic

diseases [1]. According to the definition due to the Inter-

national Continence Society (ICS) in 2002, it is described

as urgency, with or without incontinence, usually with

frequency and nocturia [2].

Varying definitions of OAB syndrome, coupled to dif-

ferences in symptom diagnosis and methods of data col-

lection have led to considerable uncertainty as to its actual

distribution [3]. Bladder overactivity may occur in all age

groups, although its incidence tends to increase with age

[4]. According to previous large-scale epidemiological

studies its prevalence has been reported to be 9–16% of the

population [3]. European studies of patients aged 40 or

older have shown approximately 16.6% (male patients:

15.6%, female patients: 17.4%) to suffer from bladder

overactivity [5]. Similar results were obtained in the USA

[6]. In parallel, the Korean Continence Society (KCS)

examined the prevalence of lower urinary tract symptoms

including bladder overactivity in 2000 people (male and

female subjects) aged 18 years or older using the ICS 2002

definition. According to this study, the overall frequency of
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overactive bladder syndrome was shown to be 12.2% (male

patients: 10.0%, female patients: 14.3%). Given, however,

that most patients regard bladder overactivity as a normal

sign of aging and do not consider it as a problem requiring

medical treatment, it is likely that the actual incidence is

higher.

Bladder overactivity frequently occurs in women, and

it is often characterized by chronic progression because

women are either unwilling to disclose their problem or

are unaware that treatment is possible. In fact, it has been

shown that bladder overactivity has had an effect on the

quality of life to a greater extent than diabetes mellitus

[7–9].

The management of OAB symptoms has relied primar-

ily on pharmacological therapy with or without behavioral

therapy or a change of lifestyle [10]. Antimuscarinic agents

are the first-line pharmacological treatment for OAB

symptoms [11]. Fesoterodine is a nonselective oral an-

timuscarinic agent for their treatment which is available as

a sustained-release formulation in 4- and 8-mg once-daily

doses [11]. Fesoterodine itself is inactive and is rapidly and

extensively hydrolyzed by nonspecific esterases to its

principal active metabolite, 5-hydroxymethyl tolterodine

(5-HMT) [12]. 5-HMT is also formed via CYP 2D6 med-

iated oxidation [12]. The conversion of FESO to 5-HMT

bypasses the hepatic CYP pathway, although CYP3A4 and

CYP2D6 isozymes are involved in the further inactivation

of 5-HMT [3]. Figure 1 shows the chemical structures of

antimuscarinic agents.

Previous studies have demonstrated that administering

fesoterodine can reduce the distressing symptoms of OAB

[13, 14]. Moreover, some studies have shown that the

efficacy of fesoterodine is superior to that of tolterodine,

which is the first-line pharmacological treatment [13, 15].

The aim of our study was to identify predictors of

improved OAB symptoms after administering fesoterodine.

Methods

We selected 109 women aged C18 years with OAB symp-

toms (self assessed), such as urinary frequency, urgency, and

urge urinary incontinence (UUI) for C3 months before

screening and a mean of C8 voids/24 h with urgency or UUI

reported in 3-day bladder diaries completed at baseline from

patients who visited our hospital between January 2010 and

December 2010. Patients were excluded if they had: clini-

cally significant hepatic or renal disease; lower genitouri-

nary pathology or surgical treatment responsible for voiding

dysfunction; neurological conditions such as stroke, multi-

ple sclerosis, spinal cord injury, or Parkinson’s disease;

previous history of acute urinary retention requiring cathe-

terization; symptoms of incontinence being predominantly

stress UI in the opinion of the investigator; treatment with

antimuscarinic OAB medication within 2 weeks before

screening; or use of any electrostimulation, bladder training,

or pelvic floor exercises within 4 weeks of screening.

Patients of childbearing potential who were heterosexually

active without using an adequate form of contraception, or

who were pregnant, nursing, or with a positive urine preg-

nancy test were also excluded. We excluded 13 patients due

to various reasons, including incomplete medical records

(n = 7) and current use of anti-muscarinic drugs (n = 6)

and the remaining 96 patients participated in the study. 4 mg

of fesoterodine (Toviaz 4 mg, Pfizer, USA) once a day was

administered daily to these patients for 12 weeks.

Patients underwent urinalysis, 3-day bladder diary

recording and a personal interview to identify how they

were bothered by urinary symptoms on a scale of 0 to 5

(0 = not at all; 1 = a little bit; 2 = somewhat; 3 = quite a

bit; 4 = a great deal; 5 = a very great deal) with a stan-

dardized OAB V8 questionnaire [16] before and 12 weeks

after the medication. OAB was defined as ‘‘the presence of

urgency with or without incontinence and usually with

frequency and nocturia’’ [17]. During the first visit, the

diagnosis of OAB was made when the patient answered

‘‘somewhat’’ or more to any one of the three urge questions

in OAB V8 questionnaire (question 2, An uncomfortable

urge to urinate?; question 3, A sudden urge to urinate with

little or no warning?; question 7, An uncontrollable urge to

urinate?), once we had excluded any obvious etiology. The

contents of 3-day voiding diary, including maximum voi-

ded volume, micturition numbers per day, urgency and

incontinence episodes per day, were recorded prior to the

second visit. Therefore, the baseline of OAB symptoms

came from the OAB V8 questionnaires and 3-day voiding

a b cFig. 1 Chemical structures

of antimuscarinic agents
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diaries. Following the 12 weeks of medication, women

reporting a lower score to any one of the three urge

questions were placed into the ‘‘Improvement’’ group.

Those who answered the same or greater scale were clas-

sified into the ‘‘Persistence’’ group.

Urodynamic studies, including spontaneous uroflow-

metry, filling and voiding cystometry were measured

before the starting of medication and were performed

according to the recommendations by the International

Continence Society [18] with a Dantec Duet� urodynamics

unit (Dantec Medical, Denmark).

The statistical analysis was performed using Student’s

t test and the difference was considered statistically sig-

nificant when P \ 0.05.

Results

The demographic characteristics, such as age, parity, body

mass index, occurrence of menopause and duration of

symptoms in both groups did not show any statistically

significant differences. These are all summarized in

Table 1.

After 12 weeks of fesoterodine administration, 79

(82.3%) women experienced absence or improvement of

OAB symptoms (improvement group), and 17 (17.7%)

women remained unchanged or worsened (persistence

group).

We performed a univariate analysis of patients’ char-

acteristics and pre-treatment urodynamic parameters to

identify potential predictors of OAB improvement after

12 weeks of fesoterodine administration. There were no

difference between the two groups with regards to 24-h and

nocturnal voiding numbers, UUI numbers and functional

bladder capacity (P [ 0.05; Table 2). There were also no

differences in most of pre-treatment urodynamic parame-

ters such as free maximum flow (Free Qmax), maximum

detrusor pressure (Pdet.max), detrusor pressure at maxi-

mum flow (Pdet Qmax), maximal cytometric capacity

(MCC), post void residual (PVR) and volume of first

voiding sensation (FS) (P [ 0.05; Table 3). However,

significant differences were found in 24-h urgency numbers

(P \ 0.05), in voiding diary and detrusor overactivity

(P \ 0.05) and in urodynamic studies from which we

suggested that these two parameters could be the predictors

of post-treatment OAB improvement.

The women with OAB improvement were more likely to

have frequent 24-h urgency numbers in their pre-treatment

voiding diary and detrusor overactivity during the pre-

treatment urodynamics. We found that 24-h urgency

numbers and detrusor overactivity were the significant

predictors of relief in OAB symptoms after 12 weeks of

medication.

Discussion

The first line therapies of OAB are behavioral therapy,

medical therapy or a combination of both therapies, with

about a 70% success rate [19], although in many cases the

results were unsatisfactory. Up till now, there have been no

reported studies of the relationship between the patient’s

characteristics and the effectiveness of the therapy. Thus,

clinicians had no specific clinical method of predicting the

effectiveness of medical treatments in patients with OAB.

Our study has proved that the factors such as urgency

numbers, detrusor overactivity and increased detrusor

pressure do enable prediction of the improvement of OAB

symptoms after treating with an anti-muscarinic agent.

Abrams et al. [20] divided OAB patients into two

groups, moderate and severe, depending on symptoms such

as frequency, numbers of UUI, and bladder capacity before

treatment, and compared the effects after the treatment.

They reported that in the moderate group, a higher fraction

of patients felt subjectively that they were cured. In con-

trast, a smaller fraction of patients in the severe group felt

subjectively that they were cured, despite the fact that the

objective variables were improved more significantly

compared to those of the moderate group. In our study,

comparative studies between the two groups are difficult

because the occurrence of urgency in the improvement

group was greater than in the other group and the pre-

treatment voiding diaries showed that differences in fre-

quency of urination and bladder capacity were not statis-

tically significant. However, the incidence of frequency,

nocturia and urgency showed decreases and functional

bladder capacity was increased, leading to improvement in

objective variables, especially the improvement of

Table 1 Analysis of clinical

features in both groups

BMI body mass index

Improvement (n = 79) Persistence (n = 17) P value

Age (years) 51.4 ± 12.1 53.3 ± 11.2 [0.05

Parity (times) 2.6 ± 1.1 2.7 ± 1.2 [0.05

BMI (kg/m2) 23.9 ± 2.9 24.1 ± 3.1 [0.05

Menopause (n) 42 (58.2%) 12 (70.6) [0.05

Duration of symptoms (years) 5.2 ± 5.1 5.3 ± 5.2 [0.05
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urgency, though the post-treatment voiding diary data is

not included in the present study. It means that a diminu-

tion in urgency is a principle factor in patient satisfaction.

The contraction of detrusor muscle is mainly mediated

by muscarinic receptors and 2 of 5 subtypes such as M2,

M3 are distributed throughout the bladder in the ratio of 3:1

[21]. Therefore, the majority of antimuscarinic agents pri-

marily acts on the M3 subtype. Propiverine, one of the

commonly used antimuscarinic agents, has smooth muscle

relaxation and anticholinergic effects simultaneously and is

used for currently treating OAB. Dorschner et al. [22]

reported that in OAB patients who were treated with pro-

piverine, frequency was decreased and incontinence was

improved in 54% of them. Malone-Lee et al. [23] con-

ducted urodynamic studies in 356 OAB females and 266

(76.1%) appeared to have detrusor overactivity. They

reported that invasive procedures such as urodynamic

studies were unnecessary because the remedial value of

administrating 2.5 mg of oxybutynin twice a day for

6–8 weeks proved to be equal between the detrusor over-

activity and non-detrusor overactivity groups.

Detrusor overactivity, the involuntary contraction of the

detrusor muscle due to the loss of inhibition within the

central or peripheral nerve system, may develop in OAB

patients and diagnosis of this symptom is possible by

urodynamic studies. Detrusor overactivity is not found in

the urodynamic studies of many OAB patients and they are

counted as having just ‘sensory urgency’ according to

International Continence Society. This indicates that OAB

can be developed from not only the involuntary contraction

of the detrusor muscle due to loss of inhibition at the

central or peripheral nerve system, but also from increasing

afferent stimulation of the central nerve system. Detrusor

muscle contractility which gives rise to detrusor overac-

tivity is due to muscarinic receptors of efferent nerves and

satisfactory effects can be obtained by administering anti-

cholinergic agents for this condition. In patients with

‘sensory urgency’, it is thought that the distribution of

afferent neuron receptors and the incidence of subtypes in

the mucosal and submucosal layers are different from that

of efferent nerves [24]. Therefore, to treat patients showing

no detrusor overactivity and minimal reactions to existing

anti-muscarinic agents, purinic [25, 26] or nicotinic ace-

tylcholine receptors [27, 28] which are currently being

actively investigated, and development of agents acting on

various receptors and neurotransmitters [29, 30] of the

uroepithelium are seen to be needed. For women with

bladder outlet obstruction (BOO), a decrease of peak uri-

nary flow velocity and an increase of detrusor power

occurs. Recently, Blaivas and Groutz [31] described no-

mograms of female BOO using peak urinary flow velocity

and maximum detrusor power, although different defini-

tions of BOO have been presented by numerous research-

ers. In our study, maximum detrusor power and detrusor

power at peak urinary flow velocity were greater in the

persistence group, and even though it was not statistically

significant when patients were grouped according to the

above-mentioned nomogram, many BOO sufferers were

found in the persistence group. The most common causes

of BOO in females, found in more than half of the patients,

are anatomical factors such as previous urinary inconti-

nence surgery and severe pelvic organ prolapse. However,

Table 2 Pre-treatment voiding

diary for both groups

UUI urge urinary incontinence,

FBC functional bladder capacity

Improvement

(n = 79)

Persistence

(n = 17)

P value

Number of patients (n) 79 (82.3%) 17 (17.7%)

Frequency (/day) 11.3 ± 2.9 11.0 ± 3.0 [0.05

Nocturia (/night) 2.3 ± 1.5 1.9 ± 1.2 [0.05

Urgency numbers/day 5.6 ± 3.4 3.3 ± 3.0 \0.05

UUI numbers/day 3.1 ± 2.8 2.9 ± 2.9 [0.05

FBC (mL) 298.6 ± 82.9 354.3 ± 148.6 [0.05

Table 3 Pre-treatment

urodynamic findings for both

groups

Free Qmax free maximum flow,

Pdet.max maximum detrusor

pressure, Pdet Qmax detrusor

pressure at maximum flow,

MCC maximal cytometric

capacity, PVR post void

residual, FS first sensation

Improvement

(n = 79)

Persistence

(n = 17)

P value

Detrusor overactivity (n) 37 (46.8%) 3 (17.6%) \0.05

Free Qmax (mL/s) 22.8 ± 10.5 20.9 ± 8.8 [0.05

Pdet.max (cm H2O) 42.7 ± 21.2 47.1 ± 21.5 [0.05

Pdet.Qmax (cm H2O) 30.9 ± 17.2 32.5 ± 14.1 [0.05

MCC (mL) 355.4 ± 97.2 321.7 ± 104.4 [0.05

PVR (mL) 28.0 ± 30.8 37.8 ± 52.0 [0.05

FS (mL) 143.9 ± 71.8 127.2 ± 93.4 [0.05
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the patients included in our study appeared to have func-

tional BOO excluding apparent structural or anatomical

disorders such as primary bladder neck obstruction, pre-

vious urinary incontinence surgery or pelvic organ pro-

lapse. Hypertrophy of detrusor muscle is one of the

changes due to BOO. Braverman and Ruggieri [32]

reported that bladder contraction, which usually is acti-

vated by subtype M3, switches to M2 with advancing age

or existence of BOO. Also, BOO leads to various func-

tional changes of the bladder with detrusor muscle hyper-

trophy and these changes trigger involuntary contraction of

the bladder and thus to instability with clinical symptoms

of OAB, such as urgency and urge incontinence. OAB

symptoms may occur with increased afferent stimulation

which is associated with BOO and changes in the uroepi-

thelium, and various receptors and neurotransmitters are

involved in this mechanism. This affects the voiding pro-

cess which leads to bladder irritation symptoms such as

frequency and urgency. Therefore, we conclude that the

existing behavioral therapy and use of anti-muscarinic

agents may be insufficient for OAB due to BOO, and that

what may be necessary is the normalization of the hyper-

trophied detrusor muscle by relieving BOO, thus decreas-

ing voiding pressure and enabling normalization of

alterations in various receptors and neurotransmitters.

These functional alterations of the bladder are slight in

patients with low detrusor pressure and absent BOO, who are

thus responsive to behavioral therapy and anti-muscarinic

agents. Consequently, in our study, it is thought that the

number of BOO patients was small in the satisfactory group.

Administering anti-muscarinic agents may induce

adverse events such as dry mouth and constipation. Med-

ication may need to be stopped in some cases when these

symptoms are severe and these events may influence the

patients’ satisfaction with the treatment. In our study, the

incidence of adverse events was higher in the unsatisfac-

tory group but there were no significant differences com-

pared with other groups. Also, there were no cases where it

was necessary to stop the medication due to severe adverse

effects. The small size of the unsatisfactory group made it

difficult to apply any useful statistical analysis of its

results. Further studies with analysis of larger subject

groups are needed for definite confirmation of the effects of

anti-muscarinic agents in OAB treatment.

Conclusions

The results of our study suggest that women with OAB can

expect significant resolution of symptoms with daily

administration of fesoterodine. Frequency of urge symptoms

and detrusor overactivity were 2 significant predictors of

symptom relief. However, all women taking fesoterodine

still need to be informed that OAB symptoms might persist

after short-term medication. Larger subject groups and

longer-term studies, concerned in particular with determi-

nation of the optimum dosage of fesoterodine, are needed to

identify more predictors and confirm our findings.
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Appendix: OAB Screener

This questionnaire concerns how much you have been bothered by

selected bladder symptoms during the past 4 weeks. Please circle the

number that best describes the extent to which you were bothered by

each symptom during the past 4 weeks. There are no right or wrong

answers. Please be sure to answer every question

During the past

4 weeks, how

bothered were you

by…

Not

at

all

A

little

bit

Some

what

Quite

a bit

A

great

deal

A

very

great

deal

1. Frequent

urination during

the daytime hours

0 1 2 3 4 5

2. An

uncomfortable

urge to urinate

0 1 2 3 4 5

3. A sudden urge to

urinate with little

or no warning

0 1 2 3 4 5

4. Accidental loss

of small amounts

of urine

0 1 2 3 4 5

5. Nighttime

urination

0 1 2 3 4 5

6. Waking up at

night because you

had to urinate

0 1 2 3 4 5

7. An

uncontrollable

urge to urinate

0 1 2 3 4 5

8. Urine loss

associated with a

strong desire to

urinate

0 1 2 3 4 5
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