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Purpose: Overactive bladder (OAB) is characterized by a series of highly prevalent Received: 18 November, 2020
symptoms among older adults. This study used the Overactive Bladder Symptom ~ Revised: 28 December, 2020
Score (OABSS) and Patient Perception of Bladder Condition (PPBC) tools to Accepted: 31 March, 2021
evaluate the efficacy and stability of solifenacin fumarate in the treatment of OAB.

Materials and Methods: This was a prospective, multicenter, single-arm, 12-week

study that enrolled 163 OAB patients. The patients received 5 mg/day of solifenacin

fumarate. The changes in the OABSS, symptoms, and PPBC scores were evaluated

at 0, 4, and 12 weeks. Subgroup analysis of the OABSS and PPBC scores based on

sex, diabetes mellitus (DM) status, and body mass index (BMI) were also evaluated.

Results: At the baseline (week 0), the mean OABSS for all patients was 8.45+2.38

(p=0.199). Subsequently, the mean OABSS declined to 5.41%2.69 (p=0.255) at

four weeks and 4.21+2.61 (p=0.240) at 12 weeks. The OABSS subscore and PPBC

score decreased significantly during the study (p <0.01). After cases were stratified

according to sex, DM status, and BMI, the mean OABSS (mean and subscore) and

PPBC score at four and 12 weeks were also improved significantly relative to the

baseline scores (both p <0.05). The overall incidence of adverse events was 7.36%

(12 cases), and three patients (1.82%) permanently discontinued solifenacin

fumarate because of the adverse events.

Conclusions: Solifenacin fumarate is a safe and effective treatment alternative for

relieving OAB symptoms, considering the balance between the efficacy, patients’

well-being, and tolerability.
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INTRODUCTION with or without urge incontinence, with no urinary tract
infection or other apparent causes, accompanied mainly by
In 2002, the International Continence Society (ICS) defined frequency and nocturia [1].
irritable bladder as a group of symptoms, including urgency, Few estimates of the prevalence of irritable bladder using
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the ICS definition have been published, but an irritable
bladder can occur in all age groups. The incidence shows
similar frequencies among male and female and tends to
increase with age. A study of adults over 40 years old in
Europe revealed 16.6% (males: 15.6%, females: 16.4%) to have
experienced overactive bladder symptoms, and similar
results were reported in the United States [2]. The Korea
Urinary Incontinence Society investigated the prevalence of
overactive bladder and lower urinary tract symptoms in 2000
male and female over 18 years of age using the 2002 ICS
definition. In contrast to the above studies, the overall
prevalence of irritable bladder was 12.2%, with similar rates
among male and female (male: 10.0%, female: 14.3%) [3].
This was similar to the prevalence observed in three
European countries and Canada in 2006 (total: 11.8%, male:
10.8, female: 12.8%) [4], where the prevalence also increased
with age. The overall prevalence in those over 40 years old
was 14.9% (male: 11.2%, female: 18.4%) [3]. Based on this,
and considering the adult population in Korea, 6 million
people are estimated to have overactive bladder symptom.

Patients with irritable bladder symptoms tend to be
isolated from social activity and interpersonal relationships.
Moreover, the effect of irritable bladder on the quality of
life is greater than that of diabetes mellitus (DM). Several
studies have reported a high risk of depression associated
with overactive bladder [5,6]. Furthermore, the risk of falling
among individuals with urge incontinence is approximately
30% higher than those without urge incontinence and the
risk of fracture is 3% higher [7].

The Overactive Bladder Symptom Score (OABSS) is used
in the diagnosis of OAB [8]. OABSS is the most widely used
questionnaire that is very useful for diagnosis and evaluating
the subsequent treatment responses. The questionnaire
consists of four questions (frequency [Q1], nocturia [Q2],
urgency [Q3], incontinence [Q4]) that assess the symptoms
from the patient’s perspective. The diagnosis of OAB is
defined as OABSS urgency sub-score has more than 2 points
and the total score is three or more. Severity of symptom
was categorized as mild (OABSS: <5), moderate (OABSS: 6-
11), and severe (OABSS: >12). Total scores of <5, 6-11,
and =12 are considered mild, less severe, and severe,
respectively [9]. The Patient Perception of Bladder Condition
(PPBC) score is that the patient’s bladder condition is divided
into six items, from no problems to a severe problem.

Antimuscarinic agents are the primary treatment option

for overactive bladder. This is because the mechanism under-
lying the development of urgency is sensory hyperreactivity
of the bladder and detrusor muscle; acetylcholine is involved
in both mechanisms. The detrusor muscle and sensory nerve
receptors for acetylcholine are the muscarinic receptors.
Local detrusor muscle contraction is caused by acetylcholine
acting on the M3 muscarinic receptors, which antimuscarinic
agents can effectively block. On the other hand, as acetylcho-
line secretion is upregulated during urination, normal
urination is possible because a competitive antagonist, an
antimuscarinic agent, does not block detrusor muscle
contraction. Antimuscarinic drugs increase the bladder
volume and ameliorate the urgency, overactive bladder,
frequency, and nocturia associated with overactive bladder
[10].

Solifenacin fumarate is an antimuscarinic agent that
effectively blocks the M1 and M3 muscarinic receptors and
has high bladder selectivity, making it useful for improving
the symptoms of an irritable bladder [11]. The adverse effects
of solifenacin fumarate include dry mouth and constipation.
Rare but serious adverse events include increased intraocular
pressure and acute glaucoma (0.06%) [11].

The population of Korea is rapidly aging. As a result, the
number of patients with irritable bladder and taking
antimuscarinic drugs is expected to increase. This study
examined patients with various underlying diseases to
confirm the infrequency of uncommon adverse events, such
as acute glaucoma. The effects of solifenacin fumarate on

irritable bladder symptoms were also investigated.

MATERIALS AND METHODS

1. Study Patients
From January 1, 2018 to December 31, 2018, 163 patients

who received solifenacin fumarate from the urology
outpatient department of the study institution were enrolled
in this study. The medical records of patients who completed
questionnaires on the OABSS and PPBC score before and
after administration were analyzed.

This study was a retrospective multi-institutional obser-
vation study that evaluated the medical records. This study
was approved by the Institutional Review Board of the
Chung-Ang University Hospital (No. 1907-007-16272).
Consent from the patients was impossible because the patient

did not visit the institution for this study. Furthermore, there

www.euti.org
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was no reason to estimate the rejection of consent, and there
was no risk to the patients in this study. For this reason,

consent from the patients was not required.

2. Specific Procedures
Patients who met the selection/exclusion criteria were

admitted to the urology outpatient clinic and administered
solifenacin fumarate 5 mg. They were given a questionnaire
on the self-reported bladder symptoms (using the PPBC).
They self-evaluated their OABSSs before and after solifenacin
fumarate 5 mg intake. The patients’ medical records and
questionnaire responses were analyzed to evaluate the
effectiveness and safety.

The exclusion criteria were as follows: patients who were
pregnant or planning to become pregnant (within 12 months)
and patients with a history of hypersensitivity to solifenacin
fumarate; urinary obstructive symptoms; glaucoma; myasthenia
gravis; pyloric, duodenal, or other intestinal obstruction or
paralytic intestinal obstruction; gastric atrophy or intestinal

dilatation; addictive giant colon; severe heart disease; and

Table 1. General characteristics of the subjects

Characteristic Value (n=163)

Age (y) 58.6+17.1
Male 68 (41.7)
Height (cm) 161.4+8.7
Weight (kg) 61.3+10.5
Body mass index (kg/mz) 23.4%3.0
Diabetes mellitus 21 (12.8)
Intake of o-blocker 12 (7.3)
Onset duration (mo) 26.4+29.1

Values are presented as mean=standard deviation or number (%).
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severe liver failure. The patients’ age, sex, height, weight,
body mass index (BMI), DM and hypertension status,
alpha-blocker use, and onset duration (months) were
evaluated.

The investigation was conducted three times. The
observation period for each research subject was 12+4
weeks. Investigation 1 was defined as the baseline (w0), with
solifenacin fumarate taken on the first day of the study.
Investigation 2 was defined as 4+1 week (w4) from the start
date, and Investigation 3 was defined as 12+2 weeks (w12)
from the start date.

There were three types of survey items: the OABSS, PPBC
score, and abnormal cases. The OABSS captured the number
of times that a person passed urine each day (Q1) and each
night (Q2), urgency (Q3), and urinary incontinence due to
urgency (Q4). A higher number indicated worse symptoms.
The PPBC score, with outcomes ranging from 1 to 6, indicates
the bladder condition in terms of the degree of discomfort
in everyday life. Like the OABSS, a higher number indicated
poorer symptoms. Some questionnaire items aimed to
capture adverse events in terms of type, date of onset, date
of resolution, severity, outcome, causality, related action,
and whether there was corrective treatment. The severity
of drug-related adverse events was classified using the

National Cancer Institute’s common terminology criteria.

3. Statistical Analysis
IBM SPSS Statistics version 21.0 (IBM Co., Armonk, NY,

USA) was used for all statistical analysis. The statistical
significance was verified using paired t-tests comparing the

findings among the designated time points. The adverse

PPBC score
N w
1 1
A
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Fig. 1. (A) Variation of the Overactive Bladder Symptom Score (OABSS) total score. (B) Variation of Patient Perception of Bladder Condition (PPBC)

score. “Statistically significant.
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events were classified according to the timing of the adverse

events and their severity.

RESULTS

This study surveyed 163, 140, and 117 patients at the
baseline w0, w4, and w12, respectively. The mean age was
58.6+17.1 years, and 68 patients (41.7%) were male. The
mean height, weight, and BMI were 161.4+8.7 cm, 61.3+£10.5
kg, and 23.4+3.0 kg/m® respectively. Twenty-one patients
(12.8%) were diagnosed with DM. Twelve patients (7.3%) were
on alpha-blocker treatment, and the mean duration from
the onset of symptoms to the start of administration was
26.4+29.1 months (Table 1).

The more solifenacin fumarate a patient took, the more
all of the outcome measures decreased. The mean OABSS
score (total) decreased from 8.45+2.38 (p=0.199) at w0, to
5.41+2.69 (p=0.255) at w4, and 4.21+2.61 (p=0.240) at w12

(Fig. 1A). In the mean of the bladder self-assessment score
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showed a decreasing trend: 4.55+0.81 (p=0.068) at w0,
3.1940.78 (p=0.087) at w4, 2.34+0.87 (p=0.080) at w12 (Fig.
1B). Looking at each question, the mean OABSS scores for
Q1 at w0, w4, and w12 were 1.19+0.61 (p=0.051), 0.86+0.62
(p=0.052), and 0.76+0.57 (p=0.053), respectively (Fig. 2A).
The mean OABSS scores for Q2 at w0, w4, and w12 were

Table 2. Side effects after each intervention
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Side effect 4 weeks (n=140) 12 weeks (n=117)
Dry mouth
Grade 1 3(2.1) 5 (4.2)
Grade 2 3(2.1) 1(0.8)
Grade 3 0 (0) 0 (0)
Constipation
Grade 1 1(0.7) 2 (1.6
Grade 2 3(2.1) 3(2.5
Grade 3 0 (0) 0 (0)
Hydroblepharon
Mild 0 (0) 1(0)
Moderate 0 (0) 0(0)
Severe 0 (0) 0(0)
Values are presented as number (%).
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Fig. 2. Changes in the Overactive Bladder Symptom Score (OABSS) over time. (A) OABSS score (Q1). (B) OABSS score (Q2). (C) OABSS score (Q3).
(D) OABSS score (Q4). Q1: frequency, Q2: nocturia, Q3: urgency, Q4: incontinence. “Statistically significant.
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2.19+0.93 (p=0.078), 1.63+0.95 (p=0.080), and 1.42+0.95
(p=0.087), respectively (Fig. 2B). The mean OABSS scores
for Q3 at w0, w4, and w12 were 3.34+1.05 (p=0.088),
2.00%1.28 (p=0.108), and 1.35+1.06 (p=0.098), respectively
(Fig. 2C). The mean OABSS scores for Q4 at w0, w4, and
w12 were 1.74+1.50 (p=0.126), 0.98+1.12 (p=0.094), and
0.66%£0.92 (p=0.085), respectively (Fig. 2D).

Some adverse events were encountered (Table 2). Dry
mouth was most common, followed by constipation and
eyelid edema. None of the patients in the study had any
other side effects. Grade 1 and 2 dry mouth occurred in
three patients each (2.1%) at w4 and in five patients (4.2%)
and one person (0.8%), respectively, at wl2. The drug dose
was reduced for one patient in response to a dry mouth.
One patient permanently stopped taking solifenacin fumarate.
No patients received medical treatment for dry mouth. Grade
1 and 2 constipation occurred in one person (0.7%) and three
patients (2.1%), respectively, at w4, and in two patients (1.7%)
and three patients (2.5%), respectively, at wl2. Regarding
constipation, four, one, five, and two patients were
maintained on the drug, had their dosage reduced, restarted
the drug after initially stopping, and permanently stopped
taking solifenacin fumarate, respectively. The corrective
treatments for constipation included one patient taking
lactobacillus, two patients taking laxatives, and one patient
taking medical treatment. One person had eyelid edema after
taking solifenacin fumarate. The drug was discontinued, but
corrective treatment was not performed. The above side
effects took approximately two to four weeks from when

the symptoms occurred to the time they disappeared.

DISCUSSION

The pathogenetic mechanism of overactive bladder is
unclear, but it is believed to arise from hyperactivity of the
sensory bladder function and detrusor muscle. Bladder
fullness was thought to be sensed at the ends of the sensory
nerves distributed on the bladder wall, but it was recently
discovered that the bladder mucosa and submucosal
interstitial cells play important roles in the bladder sensory
mechanisms [8]. The sensory innervation of the bladder is
distributed throughout the detrusor muscle, bladder mucosa,
submucosal tissue, and submucosal interstitial cells. As the
bladder elongates, the bladder mucosa secretes more

acetylcholine, adenosine triphosphate, and prostaglandin.

The receptors for these ligands are distributed in the
submucosal interstitial cells and sensory nerves. The activity
of the sensory nerves is regulated according to the
concentration of these substances. Aging, irritable bladder,
outlet obstruction, and central nerve damage are associated
with the increased secretion of these compounds from the
bladder mucosa, and they stimulate the sensory nerve
endings under the bladder mucosa, leading to urgency.
Detrusor muscle hyperactivity arises from neurogenic and
myogenic factors. Cerebral and spinal processes regulate
detrusor muscle contractions. The detrusor muscle causes
denervation and changes in intercellular binding associated
with aging, neurological disease, bladder outlet obstruction,
and ischemia. Denervation causes hyperreactivity of the
detrusor muscle to acetylcholine, causing autonomically
mediated contraction. Increased intercellular binding delivers
the autonomic contraction of the detrusor muscle to the
surrounding detrusor muscle, resulting in the contraction of
the detrusor muscle over a wide area.

Solifenacin fumarate is a product in which the salt
component of solifenacin succinate is changed. In terms
of the median lethal dose (LDso), fumarate is four times safer
than succinate. Solifenacin fumarate intake improves the
symptoms of bladder hypersensitivity, which were confirmed
by the PPBC and OBASS outcomes. Side effects, including
dry mouth, constipation, and eyelid edema, affected less
than 10 (n=16) of the study patients, and no grade 3 adverse
events were reported, supporting the safety of the drug.

Dry mouth and constipation have been reported as the
most common side effects of solifenacin and tolterodine in
review papers and randomized controlled trials comparing
solifenacin and tolterodine [12]. In the case of dry mouth
as a side effect, one study found no significant difference
in the standard mean differences (SMDs) between the design-
ated time points: 0.66 (p=0.060) at w4 and 0.84 (p=0.350)
at wl2. For constipation, the SMDs were 0.63 (p=0.180) at
w4 and 2.96 (p=0.006) at w12. Constipation occurred less
frequently in association with tolterodine than with
solifenacin. In the present study, constipation occurred in
six out of 151 (3.97%) patients at w4 and six out of 118
(5.08%) at wl2.

A meta-analysis conducted to analyze the efficacy and
safety of solifenacin (5 mg) and mirabegron (50 mg)
monotherapy for 12 weeks for overactive bladder found that

solifenacin and mirabegron had similar effects in terms of

Urogenit Tract Infect Vol. 16, No. 1, April 2021
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daily incontinence-associated leakage episodes, daily
micturition frequency, daily urgency episodes, and urine
volume during a single void. In terms of safety, the incidence
of drug-related treatment-emergent adverse events was
significantly higher in the solifenacin group, but there was
no significant difference in the overall side effects between
the groups. The mean post-voiding residual volume was
significantly higher in the solifenacin group. Similarly, dry
mouth was higher in the solifenacin group, but the two
groups did not differ significantly in terms of odd ratio for
visual field abnormalities and constipation [13].

A 12-month double-blind phase 3 study comparing
solifenacin and mirabegron combination therapy with
monotherapy regimens of each drug found that solifenacin
succinate (5 mg) and mirabegron (50 mg) combination
therapy had a significantly better effect on wurinary
incontinence and urination than either monotherapy. On
the other hand, the incidence of side effects was higher
in the combination therapy group (49%) than the mirabegron
group (41%) and solifenacin group (44%). Dry mouth was
the most common side effect associated with combination
therapy and monotherapy. Other side effects included
rhinitis (combination group, 3.6%; solifenacin group, 5.0%;
mirabegron group, 5.2%), urinary tract infection (combi-
nation group, 3.4%: solifenacin group, 4.0%; mirabegron
group, 3.6%), and constipation (combination group, 3.3%;
solifenacin group, 2.3%; mirabegron group, 1.3%) [14].
Mirabegron can be added to the regimen if symptoms do
not improve after solifenacin administration, but this may
increase the likelihood of adverse events compared to
solifenacin monotherapy.

Currently, there are many antimuscarinic agents as OAB
drugs. Among them, the effectiveness and tolerability of
propiverine and solifenacin were compared [15]. That study
was a prospective non-randomized crossover study of
propiverine 20 mg and solifenacin 5 mg for female OAB
patients. The patients were administered propiverine or
solifenacin for eight weeks. The propiverine group was
changed to solifenacin (group P-S), and the solifenacin group
was changed to propiverine (group S-P) for another eight
weeks. The OABSS was used to evaluate the OAB symptoms.
In both groups, the OABSS total score and each item score
were improved. In particular, in group P-S, the urgency score
at 16 weeks was improved significantly compared to that

at eight weeks. Therefore, solifenacin had better efficacy

than propiverine.

Muscarinic receptors play an important role in cognitive
functions, such as memory and learning [16]. Because the
muscarinic receptor is in the central nervous system, cognitive
impairment can occur as a side effect of anticholinergic
agents, particularly in older people. Solifenacin was reported
to be good at central nervous system penetration in an in
vivo study, but some clinical studies suggested that it is not
significantly related to cognitive function [17]. Rather, one
study suggested that patients taking donepezil for Alzheimer’s
disease can use it safely without deteriorating their cognitive
function [18].

This study had some limitations. Because the study was
not conducted with a control group, it was impossible to
compare the superiority or inferiority of solifenacin with
those of other drugs. Furthermore, because the follow-up
was limited to 12 weeks, the longer-term effects were not
investigated. Hence, future research is warranted in this
regard. Nevertheless, the number of study subjects was
sufficient, and solifenacin showed significant efficacy
without causing serious side effects. Therefore, a well-

designed study will be needed in the future.

CONCLUSIONS

Solifenacin fumarate is more stable as an active drug than
solifenacin succinate. Increased solifenacin fumarate intake
was associated with better self-assessed PPBC and OABSS
outcomes. Moreover, solifenacin was associated with a low
incidence of mild adverse events. The study findings support
the efficacy and safety of solifenacin as a treatment for

overactive bladder.
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