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ABSTR ACT: Overactive bladder (OAB) is a highly prevalent disorder among elderly and frail elderly patients, who are frequently polymedicated, suffer 
from kidney and liver failure and are susceptible to adverse events. Particular attention is, therefore, being given to efficacy and side effects of the treatment 
in patients older than 75 years. The introduction of newly developed drugs specifically designed for the treatment of OAB is opening new frontiers on this 
respect. The authors summarize the most recent evidence on this topic.
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Introduction
According to the International Continence Society, overactive 
bladder (OAB) is a symptom syndrome defined by the presence 
of urgency, with or without urgency urinary incontinence (UUI), 
usually accompanied by frequency and nocturia, in the absence 
of infections or other obvious pathology.1 Urgency, a sudden 
desire to void that is difficult to defer, is the pivotal symptom, 
but it is very often accompanied by increased daytime mictu-
rition frequency (8 times/day) and nocturia (1 time/night). 
OAB is associated with UUI in up to 30%–50% of cases.2,3 
OAB frequently progresses over time, therefore many patients 
who initially suffer from “dry” OAB (without UUI) will develop 
“wet” OAB, with subsequently increased difficulty.4 OAB’s 
symptoms often lead to a significant decrease in patient’s qual-
ity of life (QoL), and specifically in older population, it has been 
associated with a higher risk of falls and fractures, functional 
impairment, institutionalization, and depression.5–7

The prevalence of OAB in adults ranges from 12% to 17% 
in Europe, the USA, Canada, and Japan,8,9 and it increases 
with age (up to 25% of people aged  65  years). In the 
European Prospective Investigation into Cancer and Nutri-
tion (EPIC) study,8 the prevalence of urgency in men younger 
than 40 years old was 7.1% and reached 19.1% for those older 
than 70 years, and in women, it was reported 9.7% for those 
younger than 40 years and 18.3% for those older than 70 years. 
With the increase in life expectancy, burden and costs of OAB 
are expected to increase in the next years. The first-line treat-
ment for OAB is nonpharmacological measures.10 If these 

therapies fail, then the next step is to use antimuscarinic drugs 
or mirabegron, the first β3-receptor agonist approved world-
wide recently.

In the literature, we can find different definitions for 
elderly patients which are as follows:

•	 Elderly patients: the most common definition is “individ-
uals older than 65 years old,”11,12 although some authors 
also consider patients between 61 and 65 years old;13

•	 Frail elderly patients: individuals older than 65  years 
old with a clinical presentation or phenotype combin-
ing impaired physical activity, mobility, balance, mus-
cle strength, motor processing, cognition, nutrition, 
and endurance (including the feeling of fatigue and 
exhaustion);14 patients with multiple comorbidities, 
functional impairments such as walking or dressing dif-
ficulties, and any degree of cognitive impairment;15

•	 Vulnerable elderly patients: individuals with a score of 3 
on the Vulnerable Elders Survey-13 who have 4 times 
the risk of death or functional decline over a two-year 
period versus those with scores 3.16

Given that OAB’s incidence increases with age, there is 
a growing interest in the evaluation of the efficacy and safety 
of the treatment in elderly and frail elderly patients. We can 
find different opinions on this aspect, ranging from signifi-
cant reductions in OAB symptoms17 to a small effect on uri-
nary leakage in the elderly with UUI.18 There are also some 
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concerns about the use of antimuscarinics in the elderly due 
to the possibility of precipitating adverse effects (AEs) such as 
dry mouth, constipation, increased postvoid residual (PVR) 
urine, falls, or cognitive impairment.19,20 Some authors even 
theorize that OAB in the elderly may be more severe, more 
likely to be refractory to treatment, or fundamentally different 
to OAB in younger patients.21

In addition, we also have to take into account that 
elderly patients frequently take many concomitant medica-
tions such as antiparkinsonian agents, antihistamines, anti-
emetics, antipsychotics, antivertigo, cardiovascular (CVS), 
antidepressants, muscle relaxants, and gastrointestinal drugs 
with anticholinergic activity.22 Also, aging is associated 
with a reduction in first-pass metabolism that can influence 
the bioavailability of many of these drugs, probably due to a 
progressive reduction in liver volume and liver blood flow.23 
In contrast, some authors report that there are no significant 
differences in CYP3A4 activity between young and old popu-
lations in in vitro and in vivo studies and that the differences 
on pharmacokinetics depend more on the genetics than on the 
age of the patients.24,25

The aim of this study was to perform a narrative review 
summarizing the most recent evidence regarding the treat-
ment of OAB in elderly patients (65 years or older).

Conservative Treatment
The National Institute for Health and Care Excellence (NICE) 
clinical guideline (CG) 171 recommends giving patients OAB 
drugs only when the condition has not improved with con-
servative management alone.15,26 This guideline is specially 
addressed at women. Weight loss (if overweight), manag-
ing constipation, reducing caffeine intake, bladder train-
ing, timed/prompted voiding, pelvic muscle exercises, and 
biofeedback are all intended to improve bladder control by 
changing the patient’s voiding habits and teaching skills for 
preventing urine loss with the least risk of harm. This may be 
challenging to implement effectively in elderly patients with 
cognitive impairment, mobility disorders, or other debilitat-
ing conditions.27

Urinary incontinence, especially in the elderly, can be 
worsened or caused by cardiac failure, chronic renal failure, 
neurological diseases, obesity, etc., which cause polyuria, noc-
turia, increased abdominal pressure, or central nervous system 
(CNS) disturbances.10 It is possible that the correction of the 
underlying disease may reduce the severity of urinary symp-
toms, although little evidence has been published.

Antimuscarinic Treatment
There are five different subtypes of muscarinic receptors in the 
organism which are as follows28:

•	 M1: These have been found in salivary glands, heart, 
brain, and eye;

•	 M2: bladder, gastrointestinal tract, heart, brain, and eye;

•	 M3: bladder, gastrointestinal tract, salivary glands, heart, 
brain, and eye;

•	 M4: brain and eye;
•	 M5: heart, brain, and eye.

M2 and M3 receptors can be found in the urinary tract 
with a 3:1 ratio, but M3 receptors are believed to be responsi-
ble for detrusor muscle contraction and consequently the most 
important from a functional perspective.

Antimuscarinic (anticholinergic) drugs are considered the 
mainstay of treatment for UUI, with several drugs that differ 
in their pharmacological profiles, pharmacokinetic properties, 
and formulation. It is recommended to review the therapy after 
four weeks after the start of each OAB drug treatment (through 
a telephone interview or face-to-face consultation).15,26

Cognition and antimuscarinic treatment. As previously 
mentioned, all five muscarinic receptor subtypes are present in 
the brain, and they are involved in higher cognitive processes 
such as learning and memory (M1 receptors play an impor-
tant functional role in this regard).28 M2 receptors are located 
throughout the brain, and the levels of M3 receptors are low. 
Muscarinic cholinergic receptor (mAChR) neurotransmission 
in the CNS is involved in human cognitive function including 
attention and working memory.29 The affinity of the different 
anticholinergic drugs for the muscarinic receptors will influ-
ence the possible adverse events appearing in the patients.

It has also been described that the antagonism of musca-
rinic M1 and M2 receptors in the brain is also dependent on 
the drug concentration within the CNS, which is determined 
by the balance between drug penetration through the blood–
brain barrier (BBB) and efflux.30 Elderly patients are believed 
to be especially vulnerable due to age-related changes in drug 
elimination, increased BBB permeability, and reductions in 
muscarinic receptor density. The available evidence suggests 
that the use of drugs with a low affinity toward M1 receptors 
minimizes cognitive adverse events.28,31

A study by Fox et al included patients of a prospective 
community-based epidemiological study of random samples 
of people aged 65 years and older. They collected sociodemo-
graphic data, cognitive measures (including the Mini-Mental 
State Examination [MMSE]), medication, and activities of 
daily living of each participant, hypothesizing that the use of 
medications with possible and definite anticholinergic activ-
ity could increase the risk of cognitive impairment and death 
in older people. The study showed a dose-response relation-
ship between greater total Anticholinergic Cognitive Burden 
(ACB) score, MMSE decline and death at 2 years, even after 
adjusting for age, sex, baseline MMSE score, education, social 
class, the number of non-anticholinergic medications, and the 
number of health conditions.32

The Aging Brain Care (ABC) is a team-based medi-
cal home dementia care model that supports and supple-
ments the work of the primary care team and helps primary 
care providers achieve the recommended standard of care.33  
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They have developed the ABC Anticholinergic Cognitive 
Burden Scale in order to help physicians to identify those 
medications taken by the patients which can impair their cog-
nition and state the severity of their anticholinergic effect.34 
These drugs with documented anticholinergic activity were 
identified through a systematic review of the literature before 
they were included in the scale. These tools can be found at 
http://www.agingbraincare.org.

Cardiovascular side effects. M2 receptors located in 
the heart modulate the pacemaker activity and atrioventric-
ular conduction. Their blockage increases the heart rate.35 
However, several studies have shown a positive relationship 
between resting heart rate and all-cause and CVS mortality, 
pointing that even small increases in hearth rate sustained 
for prolonged periods and increase mortality risk,36 particu-
larly in patients with CVS disease. The prolongation of QT 
interval and development of serious tachyarrhythmias such as 
polymorphic ventricular tachycardia (torsade de pointes) have 
also been reported.37 Some antimuscarinics (tolterodine, fes-
oterodine, propiverine, trospium) have been demonstrated in 
randomized controlled trials to increase heart rate,38,39 but 
its clinical relevance is not yet determined. Does this suggest 
that we may be exposing patients to hidden cardiac risk due to 
the intake of antimuscarinic drugs prescribed for a “benign” 
disease such as OAB? Although CVS safety of antimusca-
rinics seems to be high, studies specifically evaluating CVS 
side effects of antimuscarinics, especially in the long term, are 
lacking. Antimuscarinics such as darifenacin, solifenacin, and 
oxybutynin with the highest selectivity for M3 receptors over 
M2 do not appear to affect heart rate.39,40

Oxybutynin. Oxybutynin is a relatively nonselec-
tive muscarinic receptor antagonist which has been used 
for ~30  years for the management of OAB. But in in vitro 
binding analyses, however, oxybutynin shows a three-, sixfold 
higher affinity for M3 than for M1 receptors.41 It is available in 
three formulations: immediate release (IR, taken twice daily), 
extended release (ER, taken once daily), and transdermal 
(applied once every three days), allowing the treatment to be 
tailored to the patient’s needs.27 Oxybutynin ER is better tol-
erated than oxybutynin IR, having lower incidence and sever-
ity of dry mouth. Oxybutynin ER has the widest US Food 
and Drug Administration-approved dosing range (5–30 mg), 
which may facilitate the achievement of the optimum balance 
between efficacy and tolerability. The recommended starting 
dose is 5 or 10 mg/day.

Oxybutynin is also available in a transdermal formula-
tion,42 which may be considered for patients who are unlikely 
to adhere to oral therapy or who dislike multiple-dose daily 
regimens. Because transdermal oxybutynin does not undergo 
the first-pass metabolism in the liver, much lower concentra-
tions of N-desethyloxybutynin (the responsible active metabo-
lite for the anticholinergic side effects) are observed. In clinical 
studies, transdermal oxybutynin has been associated with a 
relatively low risk of side effects, the most frequent being 

application-site reactions that can be minimized by the appli-
cation of local topical corticosteroid or antihistamine.

Lower cognitive AEs due to the transdermal application 
of oxybutynin have also been reported. Kay et al43 showed, in 
a randomized, double-blind, placebo- and active-controlled 
study on 152 patients, that the transdermal application of oxy-
butynin chloride leads to no clinically significant cognitive or 
recent memory-related impairment compared with placebo and 
has fewer side effects (whereas there was a decline from base-
line in one memory test [misplaced objects test] in the control 
group). It should also be mentioned that this trial was carried 
out only for seven days and that the study population includes 
not only the elderly patients with the age ranged 60–79 years 
but also the patients with the mean age of 68 years who meet 
the definition of elderly patients which is used in our review.

For the orally administered, oxybutynin IR, there is evi-
dence that it can cause/worsen cognitive dysfunction in elderly 
patients.44–46 At the NICE CG 171, it is stated that oxybu-
tynin IR should not be prescribed to frail older women.15 
It has also been hypothesized that more rapid functional dete-
rioration might result from the combined use of cholinesterase 
inhibitors with antimuscarinic agents in elderly patients with 
cognitive dysfunction.47

Trospium chloride. Trospium chloride, a quaternary 
ammonium compound, has the efficacy equivalent to twice-
daily oxybutynin IR and a lower incidence of dry mouth.48 
Trospium is not metabolized by the cytochrome P450 (CYP) 
system and has a low propensity to cross the BBB.49 Thus, 
despite a limited dose range and twice-daily dosing, this agent 
may be theoretically considered favorable in patients who 
are elderly and receiving multiple concomitant medications, 
although no evidence is available as to the comparative efficacy 
and side effect profiles of trospium in different age groups. 
Sand et al50 reported a post hoc subgroup analysis of pooled 
data including 143 patients 75 years from two randomized 
clinical trials, concluding good efficacy and tolerability.

Tolterodine. Tolterodine was the first antimuscarinic 
drug specifically developed for OAB, and both the parent drug 
and its metabolite 5-hydroxymethyl tolterodine (5-HMT) are 
equally active. The formation of this metabolite is mediated by 
the CYP isoenzyme CYP2D6, which leads to a interpersonal 
variation of the plasma concentration (130-fold) based on the 
patient’s CYP2D6 genotype (ranging from extensive to poor 
metabolizer).51

In a randomized, double-blind trial performed by 
Malone-Lee et al,52 tolterodine and oxybutynin were equally 
effective for improving baseline urinary symptoms in OAB 
patients aged 50 years; patients taking tolterodine showed 
significantly lower rates of adverse events compared with those 
taking oxybutynin (22/190 patients on the tolterodine group 
and 28/188 on the oxybutynin group withdrew the study), and 
also they required fewer dose reduction. Mean ages in the tolt-
erodine and oxybutynin groups were 65.4 years (range 49–87) 
and 64.8 years (range 50–90), respectively.
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Fesoterodine. Fesoterodine, the isobutyric acid ester 
of 5-HMT, acts as a prodrug which undergoes hydrolysis 
by ubiquitous esterases to its active metabolite without the 
involvement of CYP2D6,53 but 5-HMT is metabolized in 
the liver by isoenzymes CYP2D6 and CYP3A4 to nonactive 
metabolites. No dosing adjustment is recommended in sub-
jects with mild or moderate renal impairment,54 nor in patients 
with moderate hepatic impairment (hepatic cirrhosis Child–
Pugh class B).55 Concerning drug interactions, no dose adjust-
ment is necessary in the presence of CYP3A4 inducers,56 and 
it did not affect the pharmacokinetics or anticoagulant activity 
of warfarin in healthy adults.57

Chapple et al performed a systematic review of clinical 
efficacy and safety of fesoterodine.17 They included articles 
reporting results in elderly patients with OAB, the most rel-
evant study being the Study of Fesoterodine In an Aged popu-
lation (SOFIA) trial. They also highlighted a study by Kay 
et al investigating the influence of fesoterodine on cognition.

The SOFIA trial, funded by Pfizer, had a 12-week, ran-
domized, double-blind, placebo-controlled phase, followed 
by a 12-week, open-label phase in elderly (aged  65 years) 
patients (47% men) with OAB symptoms for 3  months, 
including 8 micturitions/24  hours and 3 urgency epi-
sodes/24 hours, and an MMSE score of 20.58 During the 
double-blind treatment, patients received fesoterodine 4 mg or 
placebo once daily, with stratification according to age (75 
or 75 years) and dosing time (morning or evening), and they 
had the option to increase the dosage to fesoterodine 8 mg. 
At week 12, fesoterodine significantly improved urgency epi-
sodes/24 hours and health-related QoL (HRQoL) versus pla-
cebo regardless of age group or dosing time. The most common 
adverse events reported were dry mouth (fesoterodine, 34%; 
placebo, 5%) and constipation (fesoterodine, 9%; placebo, 3%). 
No change in mean MMSE score was observed from baseline 
to week 12 in either the treatment group. During the open-
label treatment with fesoterodine, improvements in OAB 
symptoms and HRQoL were maintained for patients who 
received double-blind fesoterodine, whereas patients treated 
with double-blind placebo followed by open-label fesotero-
dine achieved similar improvements in efficacy end points at 
week 24. Flexible-dose fesoterodine was generally well toler-
ated in both elderly and very elderly (aged  75 years) patients 
with OAB symptoms.58

A double-blind, four-way crossover study performed 
by Kay et al assessed the effects of fesoterodine on cognitive 
function in 20 healthy older adults aged 65–85 years with an 
MMSE score of 26 at baseline.59 Each subject received the 
following dosage: fesoterodine 4 mg for six days with placebo 
on day 6; fesoterodine 4 mg for three days followed by fes-
oterodine 8 mg for three days with placebo on day 6; placebo 
for six days; and placebo for six days with alprazolam 1 mg on 
day 6, with a three-to-six-day washout period between treat-
ments. The changes from baseline to day 6 in computer-based 
cognitive test battery (CogState) and Rey Auditory Verbal 

Learning Test scores were not significantly different between 
fesoterodine 4 or 8 mg and placebo. There was a significant 
decline in cognitive function with alprazolam 1 mg versus pla-
cebo. The most common adverse events for fesoterodine were 
dry mouth (4 mg, 10%; 8 mg, 32%) and dizziness (4 mg, 10%), 
and sedation (53%) for alprazolam 1 mg.

A systematic review of drugs in regular use by elderly 
patients, which aimed to classify appropriate and inappropri-
ate drugs based on efficacy, safety, and tolerability following 
the FORTA (Fit fOR The Aged) classification60 found fes-
oterodine is beneficial in older persons or frail elderly people 
(FORTA B: drugs with proven or obvious efficacy in older 
people, but limited extent of effect or safety concerns), hav-
ing beneficial outcomes in HRQoL and few cognitive adverse 
events.61

Solifenacin. Solifenacin succinate is a once-daily oral 
antimuscarinic with moderate selectivity for the M3 receptors.62 
In doses of 5 or 10 mg/day, it has demonstrated statistically 
significant reductions in urgency and urgency incontinence 
episodes, as well as in number of micturitions/24 hours and 
the mean volume/micturition.63,64 In these trials, solifenacin 
also allowed restoration of continence in ~50% of previously 
urgency incontinent patients.

Solifenacin is extensively metabolized in the liver by the 
way of CYP3A4 and is partly excreted by the kidneys. Reduc-
ing doses to 5  mg/day is recommended if renal function is 
impaired (CrCl  30 mL/min) and also in moderate hepatic 
function impairment (Child–Pugh B), being contraindicated 
in patients with severe hepatic failure (Child–Pugh C).65

In 2006, Adrian Wagg et al published a retrospective 
analysis of pooled data from four studies, to analyze the effi-
cacy and tolerability of solifenacin succinate specifically in the 
older population (aged  65 years).66 They found 1,045 subjects 
in four double-blind, placebo-controlled studies of 12 weeks 
with solifenacin 5 and 10 mg;64 509 of the subjects who com-
pleted two of these double-blind studies accepted to enroll on 
a 40-week, open-label, flexible-dose extension trial.67 Their 
statistical analysis shows that solifenacin 5 and 10 mg signifi-
cantly improves all symptoms of OAB in the elderly popula-
tion (urgency episodes per day, incontinence episodes per day, 
micturitions per day, and also volume voided/micturition) 
with an acceptable profile of secondary effects that further-
more are dose related. Most AEs were mild to moderate and 
did not result in discontinuation of treatment. It seems to be 
reasonable to begin with 5  mg/24  hours and then evaluate 
efficacy and tolerability, especially in older population. The 
same authors developed a randomized, double-blind, placebo-
controlled, triple crossover study—the SENIOR study—to 
assess the cognitive effects of solifenacin and oxybutynin 
in subjects older than 75  years with mild cognitive impair-
ment.45 They evaluate extensively short-term cognitive effects 
of once-daily solifenacin 5  mg and twice-daily oxybutynin 
5  mg. Subjects were randomized in six groups, with differ-
ent sequences to receive solifenacin, oxybutynin, and placebo. 
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All subjects received each treatment during 21  days, fol-
lowed by 21 days of washout. Cognitive function was assessed 
at baseline and at the end of each period using a standard-
ized tool (cognitive drug research) to evaluate five cognitive 
domains: power of attention, continuity of attention, quality 
of working memory, quality of episodic working memory, and 
speed of memory. Solifenacin showed no effect on these five 
cognitive domains in elderly subjects with baseline mild cog-
nitive impairment, whereas oxybutynin was associated with a 
statistically significant decrease in both power and continuity 
of attention at 1–2 hours after administration.

Darifenacin. Chapple et al designed a preplanned study 
of efficacy, tolerability, and safety of darifenacin compared 
with placebo in patients aged 65 years which failed to reach 
the statistical significance on its primary outcome (UUI epi-
sodes), but they did note that the proportion of people who 
derived benefit from active treatment was greater than those 
who received placebo treatment.68 The cognitive safety of dari-
fenacin has also been extensively tested in a series of chronic 
dosing studies in cognitively intact older people.69 The NICE 
CG 171 recommends to use the daily preparation of darifena-
cin as a first option in women with OAB, although they do 
not make any special remark on patients older than 65 years.15

An international consensus following the FORTA clas-
sification labeled darifenacin as being associated with CVS 
notes of caution, significant anticholinergic reactions, with 
frequent constipation in elderly patients, and mental dete-
rioration not unequivocally shown, but used as argument of 
caution.61

Imidafenacin. This antimuscarinic drug is commer-
cially available only in Japan since 2007 and is administered 
0.1–0.2 mg once daily. Its short half-life is supposed to mini-
mize the development of adverse reactions. Some authors report 
an improvement in nocturia and a reduction in nocturnal urine 
production, leading to a higher sleep quality and lower daytime 
sleepiness in patients older than 50 years and up to 90 years.70,71 
It has also been used in combination therapy with a-blockers in 
patients with benign prostatic hyperplasia (BPH) and urgency/
urge urinary incontinence.72 De novo or worsening of cognitive 
impairment has been described in elderly patients when taking 
imidafenacin, although it is reversible.73

An experimental study by Yamamoto74 was designed 
to assess the quantitative relationship between the central 
mAChR occupancy and cognitive impairment by oxybutynin 
and imidafenacin in Macaca mulatta monkeys using N-[11C]
methyl-3-piperidyl benzilate and the Titration version of 
delayed matching to sample (T–DMS) task. They found that 
monkeys that were given oxybutynin at therapeutic doses 
developed cognitive impairment, and the occupation of the 
central mAChR was demonstrated. In contrast, although the 
oral administration of imidafenacin at therapeutic doses occu-
pied the central mAChR to some extent, it did not induce 
cognitive impairment at all, suggesting that there is a thresh-
old above which this side effect appears.

Central muscarinic receptors are involved in higher 
cognitive processes such as learning and memory. It is gener-
ally accepted that M1 receptors play an important functional 
role in this regard.

β3-Adrenoceptor Agonist: Mirabegron
Mirabegron is the first β3-adrenoceptor agonist approved 
for the treatment of OAB in Europe, the USA, Canada, 
Australia, and Japan. It is the first drug in this class, act-
ing through stimulation of β3-adrenoceptors located in the 
human detrusor muscle, leading to an active relaxation dur-
ing the filling phase. Clinical effects are reductions in uri-
nary frequency, urgency episodes per day, and incontinence 
episodes per day, as well as mean voided volume/micturition, 
number of nocturia/episodes, and patient-reported outcomes 
compared to placebo.75,76

Mirabegron’s efficacy and tolerability specifically in older 
population (65 and 75 years) was analyzed by extracting 
data from three 12-week, randomized, Phase III trials and 
from a one-year safety trial in this subgroup of patients.77 
With regard to efficacy, mirabegron at doses of 25 and 
50 mg/day reduced the mean number of incontinence episodes 
and the mean micturition frequency. In one of these 12-week 
studies as well as in the one-year trial, an active control drug 
(tolterodine ER 4 mg/day) was included, showing less effect 
than either dose of mirabegron in the subgroup of patients 
older than 65 and 75 years. A slight decrease in the efficacy of 
tolterodine with advancing age was also observed in a previ-
ous study.78 Patients who reported zero incontinence episodes 
reached 43.4% with mirabegron 50 mg. Dry mouth and con-
stipation, AEs of particular interest in the older population 
typically associated with antimuscarinics, are found similar 
to placebo in these studies (four- to sixfold higher incidence 
with tolterodine than with mirabegron 25 or 50 mg) Hyper-
tension, headache, urinary tract infection, and nasopharyngi-
tis occurred with an incidence of 3% in the one-year study. 
Small increases were also observed in pulse rate (~1 bpm from 
baseline) and systolic and diastolic blood pressure. These were, 
however, lower than observed with tolterodine. Serious AEs 
leading to the discontinuation of therapy were higher with 
tolterodine than with mirabegron or placebo (hypertension, 
constipation, dry mouth). The authors concluded that mirabe-
gron was effective and safe in the older population, suggesting 
that it could be a more suitable first-line option than antimus-
carinics for OAB in community-dwelling older patients.77 But 
it is important to emphasize that these conclusions are derived 
from a single study. CVS and cognitive side effects, which are 
of major concern in older people, have not been extensively 
studied.61

Recently (July 2015), the European Medicines Agency 
recommended some variations to the terms of the market-
ing authorization and the summary of product characteristics 
based upon post-commercialization reports. Several cases of 
hypertensive crisis have been reported, such as cerebrovascular 
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and cardiac events that were associated with hypertension. 
They, therefore, recommend not to use mirabegron in patients 
with systolic blood pressure  180  mmHg and/or diastolic 
blood pressure 110 mmHg.79 Several cases of urinary reten-
tion with a plausible temporary relationship have also been 
reported with a frequency between 1/1,000 and 10,000 (clas-
sified as “rare” AE). Other secondary effects such as insomnia 
have also been reported, although at this time its frequency 
has not been determined.80

Other Drugs and Combination Therapies for OAB
In addition to antimuscarinics and the β3-adrenoceptor ago-
nist mirabegron, there are further substances or combinations 
of common urological drugs that are assumed to influence 
OAB symptoms. We focus, in particular, on two monother-
apies and two promising combinations of substances which 
are widely used in elderly urological patients. Unfortunately, 
the literature of in vivo studies or reviews about the specific 
action, the efficiency, or the AEs of drugs in addition to anti-
muscarinics or mirabegron regarding the OAB symptoms, in 
general, in elderly male population, in particular, is very poor. 
This lack of reliable data led us to consider the following selec-
tion of drugs/combinations.

Monotherapies: a-blockers and phosphodiesterase-5 
inhibitors. In 2013, Kim et al investigated the suppressive 
effects of tamsulosin and sildenafil on the afferent path-
ways of micturition in female rats, which were divided into 
four groups: one tamsulosin-receiving group, one sildenafil-
receiving group, one vehicle group, and one control group. 
Cystometric parameters as well as the expression of c-Fos 
and nerve growth factor in different micturition-related brain 
regions and the spinal cord as an indicator for neuronal activ-
ity in the central micturition regions and bladder overactivity 
were measured. The cystometric findings were significantly 
reduced basal pressure, duration of bladder contractions, and 
intercontraction intervals in the tamsulosin and sildenafil 
groups, with a stronger effect for tamsulosin. They also found 
a significant decrease in the neuronal activity in all investi-
gated regions of the tamsulosin and sildenafil groups. They 
concluded that tamsulosin and sildenafil may have a positive 
effect in improving OAB symptoms due to an inhibition of 
afferent pathways of micturition, while there was shown a 
stronger effect for tamsulosin as for sildenafil.81 But further 
studies are needed to corroborate these findings.

Another in vivo analysis of the functional responses of 
phosphodiesterase (PDE) isoenzyme inhibitors in isolated 
normal human detrusor cells with carbachol-induced tension 
was performed by Ückert et al in 2001. They showed that the 
PDE-5 inhibitor morpholinosulfonylpyrazolopyrimidine was 
most efficient in the reversion of tissue tension induced by car-
bachol among all tested substances.82 It was, therefore, assumed 
that PDE inhibitors could play a role in UUI treatment.

A randomized, double-blind, placebo-controlled study  
on PDE-1 inhibitor vinpocetine in urgency and urge 

incontinence patients nonresponding to standard pharmaco-
logical therapy was also undertaken by Ückert et al in 2001. 
The study population includes both genders and a wide range 
of age distribution (18–85  years) with no statement of the 
mean patient age. Vinpocetine versus placebo was given for a 
four-week period; male patients taking vinpocetine showed a 
statistically significant decrease in the micturition frequency, 
while the other clinical outcome parameters such as bladder 
volume at first sensation, bladder volume at voiding desire, 
maximum detrusor pressure, and voided volume did not show 
a significant superiority to placebo.83

Another randomized, placebo-controlled study was car-
ried out by Gacci et al in 2012 to assess the safety and efficacy 
of a 12-week vardenafil plus tamsulosin versus tamsulosin 
alone treatment of lower urinary tract symptoms secondary to 
BPH. The Over Active Bladder Questionnaire (OABq) was 
used to record any changes regarding urgency and urge incon-
tinence. Even though the age distribution of the 60 random-
ized males ranged from 40 to 80  years, the mean was 68.4 
and 65.8 years in the tamsulosin plus placebo and tamsulosin 
plus vardenafil group, respectively. Consequently, the major-
ity of the observed patients will be elderly according to our 
underlying definition. The study revealed that there was a sig-
nificant improvement according to the OABq in both groups 
after the 12-week testing period. The substantial increase in 
the improvement of the OABq in the vardenafil group was not 
shown in the between-group ANOVA analysis, so it cannot 
be clearly deduced whether the benefit results only from tam-
sulosin. The treatment was revealed to be save, and the main 
AE was headache that was noticeably higher in the vardenafil 
group (11/30 versus 2/30).84

Combination therapy: solifenacin and mirabegron. In 
2014, Abrams et al released a 12-week randomized, double-
blind, parallel-group, placebo- and monotherapy-controlled 
trial in 20 European countries, where the combination of 
solifenacin and mirabegron was compared with solifenacin 
monotherapy in 1,306 male and female patients 18  years 
with OAB symptoms. They demonstrated that in compari-
son with the monotherapy the combination of solifenacin and 
mirabegron leads to a significant improvement in the OAB 
symptoms such as mean volume voided per micturition, mic-
turition frequency, and urgency without showing considerable 
additional harms.85

Due to the relative low mean age of the randomized 
groups (mean age within the groups 53.4–56.5  years), this 
study does not comply with our definition of elderly patients. 
But given the promising results, we think this approach is 
worth mentioning, even though we recognize a strong need 
for further studies to establish efficacy in elderly patients.

Combination therapy: solifenacin and tamsulosin. In 
2013, Van Kerrebroeck et al published the results of a double-
blind, 12-week study comparing a combination of solifena-
cin and tamsulosin with tamsulosin monotherapy and with 
placebo in 1,334 men (mean age    65  years) with storage 
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and voiding symptoms. Significant reductions in the Total 
Urgency and Frequency Score were observed in the combi-
nation group compared with placebo and tamsulosin mono-
therapy. Furthermore, the combination therapy revealed to be 
well tolerated with a low incidence of acute urinary retention 
(AUR; seven cases of drug-related AUR in total) and improved 
QoL measures.86 Studies reporting a longer follow-up are still 
needed to confirm the benefit in relieving OAB symptoms by 
the combination of solifenacin and tamsulosin and the good 
tolerance of this association.

In summary, there is evidence that OAB symptoms are 
reduced by a-blockers and PDE inhibitors as monotherapy or 
the combined therapy of the antimuscarinic solifenacin with 
mirabegron as well as solifenacin with tamsulosin. There is a 
need for further studies with long-term follow-up to system-
atically evaluate the therapeutic and the AEs of these medica-
tions and combinations, particularly in consideration of the 
growing population of elderly patients.

Botulinum Toxin
Onabotulinum toxin A (OnabotA; BOTOX®) 100  U dis-
solved in 10  mL of saline and injected in 20 points of the 
bladder wall above the trigone (0.5 mL per injection site) is 
licensed in Europe to treat OAB with persistent or refrac-
tory UUI in adults.10 It is also a valid treatment option in 
select elderly patients with refractory detrusor overactivity,87 
since its tolerability is excellent and side effects are minimal. 
Common adverse events are urinary tract infections and tran-
sient PVR urine increase that may need clean intermittent 
catheterization.10

It is well known that the efficacy of OnabotA lasts for 
nine months on average, and repeated injections are required 
also in the elderly population. The continued efficacy of repeat 
injections is the rule, but discontinuation rate may be high.10

Neuromodulation
Posterior tibial nerve stimulation. Percutaneous tibial 

nerve stimulation (PTNS) is a technique of neuromodulation 
of the lower urinary tract performed through the stimulation 
of the posterior tibial nerve (L4-S3) over the medial malleo-
lus, just 3–5 cm above the ankle. It has been proposed as a 
treatment option for OAB, non-obstructive urinary retention, 
and chronic pelvic pain/painful bladder syndrome. Although 
there are no specific data in older population, two recent sys-
tematic reviews have shown success rates between 37% and 
100% in nonresponders to first-line therapy of OAB, with no 
major complications reported.88,89 Only temporal effects such 
as mild–moderate pain in the site of the puncture, bleeding 
at insertion site, leg cramp, or numbness/pain at the sole of 
the foot have been reported in about 8.5% of treated patients. 
Establishing whether these promising results can be expected 
in the older population is a matter of study. Certainly, its 
favorable complication profile, combined with its nonphar-
macological and almost noninvasive nature, makes PTNS 

a very attractive option for the treatment of OAB in elderly 
patients.

Sacral roots neuromodulation. Sacral neuromodula-
tion (SNM) is considered a third-line treatment for refrac-
tory OAB, urge incontinence, and non-obstructive urinary 
retention.

Although SNM is not contraindicated in older individu-
als, it is typically used in younger patients due to some con-
cerns about cost-effectiveness, life expectancy, and the report 
of some authors who achieved inferior outcomes in patients 
older than 55 years old.90 We have to take into account the 
costs of the device, the expected results, and the performance 
status in elderly patients before performing the implanta-
tion.91 On the one hand, Amundsen and Webster found 48% 
of responders with 2/12 patients remaining completely dry.92 
On the other hand, White et al performed a prospective lon-
gitudinal study in which they tested 17/19 elderly patients 
undergoing definitive implant and 11/17 patients with func-
tional implanted devices at a mean follow-up of 49.16 months 
and achieved better results.91 With a mean follow-up of 
48  months, their results in older patients (70  years) were 
comparable with younger patients treated during the same 
period (2001–2008), therefore they concluded that sacral 
nerve stimulation was safe and effective in older population. 
Probably in the elderly, SNM is a viable option when there 
is an acceptable life expectancy, the patient is community 
dwelling and mobile, and also he/she is able to accurately 
report his/her symptoms.93

Conclusions
OAB in elderly and frail elderly patients is a challenging 
disorder, since antimuscarinics may have different phar-
macokinetic properties in this age group and are frequently 
associated with other drugs with anticholinergic activity. 
A greater permeability of the BBB and a lower threshold in 
these patients are possibly the most important factors leading 
to adverse events.

In addition to the well-established therapies, there are 
some promising newer substances, application forms, or drug 
combinations which have been shown to be beneficial for 
(elderly) OAB patients. Recently developed antimuscarinics 
and b3-agonists have a more bladder-selective action and can 
reduce adverse events such as cognitive deterioration, consti-
pation, and cardiac events.

More studies specifically addressed to patients older than 
65 years old are still needed to give more accurate recommen-
dations in elderly patients.

Author Contributions
Wrote the first draft of the manuscript: BPF, DHH. Con-
tributed to the writing of the manuscript: SCM. Agree with 
the review and conclusions: DMCD, TCM. Made critical 
revisions and approved final version: DMCD. All authors 
reviewed and approved of the final manuscript.

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-geriatrics-journal-j73



Padilla-Fernández et al

18 Clinical Medicine Insights: Geriatrics 2015:8

REFERENCES
	 1.	 Abrams P, Cardozo L, Fall M, et al. The standardisation of terminology of lower 

urinary tract function: report from the standardisation sub-committee of the 
international continence society. Neurourol Urodyn. 2002;21(2):167–178.

	 2.	 Milsom I, Abrams P, Cardozo L, Roberts RG, Thüroff J, Wein AJ. How wide-
spread are the symptoms of an overactive bladder and how are they managed? 
A population-based prevalence study. BJU Int. 2001;87(9):760–766.

	 3.	 Hartmann KE, McPheeters ML, Biller DH, et al. Treatment of overactive blad-
der in women. Evid Rep Technol Assess (FullRep). 2009;187:1–120,v.

	 4.	 Irwin DE, Milsom I, Chancellor MB, Kopp Z, Guan Z. Dynamic progression 
of overactive bladder and urinary incontinence symptoms: a systematic review. 
Eur Urol. 2010;58(4):532–543.

	 5.	 Brown JS, Vittinghoff E, Wyman JF, et al. Urinary incontinence: does it increase 
risk for falls and fractures? Study of osteoporotic fractures research group. J Am 
Geriatr Soc. 2000;48(7):721–725.

	 6.	 Nuotio M, Jylha M, Luukkaala T, Tammela TL. Urinary incontinence in a 
Finnish population aged 70 and over. Prevalence of types, associated factors and 
self-reported treatments. Scand J Prim Health Care. 2003;21(3):182–187.

	 7.	 Nuotio M, Tammela TL, Luukkaala T, Jylhä M. Predictors of institutionaliza-
tion in an older population during a 13-year period: the effect of urge inconti-
nence. J Gerontol A Biol Sci Med Sci. 2003;58(8):756–762.

	 8.	 Irwin DE, Milsom I, Hunskaar S, et al. Population-based survey of urinary 
incontinence, overactive bladder, and other lower urinary tract symptoms in five 
countries: results of the EPIC study. Eur Urol. 2006;50(6):1314–1315.

	 9.	 Stewart WF, Van Rooyen JB, Cundiff GW, et al. Prevalence and burden of over-
active bladder in the United States. World J Urol. 2003;20(6):327–336.

	 10.	 Lucas MG, Bedretdinova D, Berghmans LC, et al. Guidelines on urinary 
incontinence. European Urology. 2015. Available at: http://www.uroweb.org/
guidelines/online-guidelines/

	 11.	 Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J Geri-
atr Pharmacother. 2007;5(4):345–351.

	 12.	 Mateos-Nozal J, García-Cabrera L, Montero Errasquín B, Cruz-Jentoft AJ, 
Rexach Cano L. Analysis of palliative sedation in hospitalised elderly patients: 
effectiveness of a protocol. Rev Esp Geriatr Gerontol. 2015;pii:140–147.

	 13.	 Caspi D, Lubart E, Graff E, Habot B, Yaron M, Segal R. The effect of mini-
dose aspirin on renal function and uric acid handling in elderly patients. Arthritis 
Rheum. 2000;43(1):103–108.

	 14.	 Wagg AS, Chen LK, Kirschner-Hermanns R. Incontinence in the frail elderly. 
In: Abrams P, Cardozo L, Khoury S, Wein A, eds. Incontinence 5th International 
Consultation on Incontinence. Paris: ICUD-EAU; 2013:1003–1099.

	 15.	 National Institute for Health and Care Excellence. NICE Guidelines [CG171]—
Urinary Incontinence in Women. London: National Institute for Health and Care 
Excellence; 2013.

	 16.	 Saliba D, Elliott M, Rubenstein LZ, et al. The vulnerable elders survey: a tool 
for identifying vulnerable older people in the community. J Am Geriatr Soc. 2001; 
49(12):1691–1699.

	 17.	 Chapple C, Oelke M, Kaplan SA, Scholfield D, Arumi D, Wagg AS. Fesotero-
dine clinical efficacy and safety for the treatment of overactive bladder in relation 
to patient profiles: a systematic review. Curr Med Res Opin. 2015;31(6):1201–1243.

	 18.	 Samuelsson E, Odeberg J, Stenzelius K, et al. Effect of pharmacological treat-
ment for urinary incontinence in the elderly and frail elderly: a systematic review. 
Geriatr Gerontol Int. 2015;15(5):521–534.

	 19.	 Wagg AS. Antimuscarinic treatment in overactive bladder: special consider-
ations in elderly patients. Drugs Aging. 2012;29(7):539–548.

	 20.	 Gomes T, Juurlink DN, Ho JM, Schneeweiss S, Mamdani MM. Risk of serious 
falls associated with oxybutynin and tolterodine: a population based study. J Urol. 
2011;186(4):1340–1344.

	 21.	 Kraus SR, Bavendam T, Brake T, Griebling TL. Vulnerable elderly patients and 
overactive bladder syndrome. Drugs Aging. 2010;27(9):697–713.

	 22.	 Ancelin ML, Artero S, Portet F, Dupuy AM, Touchon J, Ritchie K. Non-
degenerative mild cognitive impairment in elderly people and use of anticholin-
ergic drugs: longitudinal cohort study. BMJ. 2006;332(7539):455–459.

	 23.	 Mangoni AA, Jackson SHD. Age-related changes in pharmacokinetics and 
pharmacodynamics: basic principles and practical applications. Br J Clin Phar-
macol. 2004;57(1):6–14.

	 24.	 Klotz U. Pharmacokinetics and drug metabolism in the elderly. Drug Metab Rev. 
2009;41(2):67–76.

	 25.	 Shi S, Klotz U. Age-related changes in pharmacokinetics. Curr Drug Metab. 
2011;12(7):601–610.

	 26.	 Hunjan A, Smith K. B58. Drugs for Urinary Frequency, Enuresis and Incontinence 
2.0. 2014. Available at: http://www.prescqipp.info/resources/viewcategory/224- 
urinary-incontinence

	 27.	 Erdem N, Chu FM. Management of overactive bladder and urge urinary incon-
tinence in the elderly patient. Am J Med. 2006;119(3A):29S–36S.

	 28.	 Abrams P, Andersson KE, Buccafusco JJ, et al. Muscarinic receptors: their dis-
tribution and function in body systems, and the implications for treating overac-
tive bladder. Br J Pharmacol. 2006;148(5):565–578.

	 29.	 Sellin AK, Shad M, Tamminga C. Muscarinic agonists for the treatment of cog-
nition in schizophrenia. CNS Spectr. 2008;13:985–996.

	 30.	 Ballabh P, Braun A, Nedergaard M. The blood–brain barrier: an overview: struc-
ture, regulation, and clinical implications. Neurobiol Dis. 2004;16(1):1–13.

	 31.	 Womack KB, Heilman KM. Tolterodine and memory: dry but forgetful. Arch 
Neurol. 2003;60(5):771–773.

	 32.	 Fox C, Richardson K, Maidment ID, et al. Anticholinergic medication use and 
cognitive impairment in the older population: the medical research council cog-
nitive function and ageing study. J Am Geriatr Soc. 2011;59(8):1477–1483.

Current available medical treatments for OAB in elderly patients

Antimuscarinics

Oxybutynin Not recommended in frail elderly women,15 cognitive adverse events also reported with the transdermal 
application43

Trospium chloride Low propensity to cross the normal BBB.49 Good efficacy and tolerability50

Tolterodine Lower rates of adverse events than oxybutynin52

Fesoterodine Unique drug having studies specifically designed for elderly patients.58 Proven efficacy in older people, but 
limited extent of effect or safety concerns61

Solifenacin Good symptoms’ relief and good safety profile.66 Patients with mild cognitive impairment do not worsen45

Darifenacin Has not shown statistically significant improvements in elderly patients68

Imidafenacin Commercially available only in Japan. De novo or worsening of cognitive impairment (reversible) has been 
reported73

β3-adrenoceptor agonist

Mirabegron Avoids cholinergic side effects. Good tolerability and efficacy.76,77 Do not use if systolic blood 
pressure 180 mmHg and/or diastolic blood pressure 110 mmHg79

Other treatments

α-blockers and
PDE-5 inhibitors

Studies not specifically addressed on elderly patients nor on OAB symptoms. Significant symptoms’ relief84

Combination therapy

Solifenacin + mirabegron Significant improvement in mean volume voided per micturition, frequency, and urgency85

Solifenacin + tamsulosin Good results in patients with voiding and storage symptoms86

 

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-geriatrics-journal-j73

http://www.prescqipp.info/resources/viewcategory/224-urinary-incontinence
http://www.prescqipp.info/resources/viewcategory/224-urinary-incontinence


Treatment of overactive bladder in elderly patients 

19Clinical Medicine Insights: Geriatrics 2015:8

	 33.	 Aging Brain Care. Aging Brain Care Lowers the Cost of Dementia Care. 2015. 
Available at: http://www.agingbraincare.org/

	 34.	 Boustani M, Campbell N, Munger S, Maidment I, Fox C. Impact of anticho-
linergics on the aging brain: a review and practical application. Aging Health. 
2008;4:311–320.

	 35.	 Harvey RD, Belevych AE. Muscarinic regulation of cardiac ion channels. Br J 
Pharmacol. 2003;139:1074–1084.

	 36.	 Hozawa A, Ohkubo T, Kikuya M, et al. Prognostic value of home heart rate for 
cardiovascular mortality in the general population: the Ohasama study. Am J 
Hypertens. 2004;17(11 pt 1):1005–1010.

	 37.	 Asajima H, Sekiguchi Y, Matsushima S, Saito N, Saito T. QT prolongation and 
torsade de pointes associated with solifenacin in an 81-year-old woman. Br J Clin 
Pharmacol. 2008;66:896–897.

	 38.	 Olshansky B, Ebinger U, Brum J, Egermark M, Viegas A, Rekeda L. Differ-
ential pharmacological effects of antimuscarinic drugs on heart rate: a random-
ized, placebo-controlled, double-blind, crossover study with tolterodine and 
darifenacin in healthy participants  or = 50 years. J Cardiovasc Pharmacol Ther. 
2008;13:241–251.

	 39.	 Olshansky B, Spierings ELH, Brum J, Mongay L, Egermark M, Seifu Y. Valida-
tion of the differential cardiovascular effects of the antimuscarinic agents dari-
fenacin and tolterodine in a randomized, placebo-controlled, 3-way crossover 
study. Uro Today Int J. 2009;2:4.

	 40.	 Michel MC, Wetterauer U, Vogel M, de la Rosette JJ. Cardiovascular safety and 
overall tolerability of solifenacin in routine clinical use: a 12-week, open-label, 
post-marketing surveillance study. Drug Saf. 2008;31:505–514.

	 41.	 Chapple CR. Muscarinic receptor antagonists in the treatment of overactive 
bladder. Urology. 2000;55(5A suppl):33–46.

	 42.	 Dmochowski RR, Sand PK, Zinner NR, Gittelman MC, Davila GW, 
Sanders SW. Comparative efficacy and safety of transdermal oxybutynin and 
oral tolterodine versus placebo in previously treated patients with urge and mixed 
urinary incontinence. Urology. 2003;62(2):237–242.

	 43.	 Kay GG, Staskin DR, MacDiarmid S, McIlwain M, Dahl NV. Cognitive effects 
of oxybutynin chloride topical gel in older healthy subjects: a 1-week, random-
ized, double-blind, placebo- and active-controlled study. Clin Drug Investig. 
2012;32(10):707–714.

	 44.	 Kessler TM, Bachmann LM, Minder C, et al. Adverse event assessment of anti-
muscarinics for treating overactive bladder: a network metaanalytic approach. 
PLoS One. 2011;6(2):e16718.

	 45.	 Wagg A, Dale M, Tretter R, Stow B, Compion G. Randomised, multicentre, 
placebo-controlled, double-blind crossover study investigating the effect of soli-
fenacin and oxybutynin in elderly people with mild cognitive impairment: the 
SENIOR study. Eur Urol. 2013;64(1):74–81.

	 46.	 Lackner TE, Wyman JF, McCarthy TC, Monigold M, Davey C. Random-
ized, placebo-controlled trial of the cognitive effect, safety, and tolerability of 
oral extended-release oxybutynin in cognitively impaired nursing home residents 
with urge urinary incontinence. J Am Geriatr Soc. 2008;56(5):862–870.

	 47.	 Sink KM, Thomas J, Xu H, Craig B, Kritchevsky S, Sands LP. Dual use of blad-
der anticholinergics and cholinesterase inhibitors: long-term functional and cog-
nitive outcomes. J Am Geriatr Soc. 2008;56(5):847–853.

	 48.	 Halaska M, Ralph G, Wiedemann A, et al. Controlled, double-blind, multi-
centre clinical trial to investigate long-term tolerability and efficacy of tro-
spium chloride in patients with detrusor instability. World J Urol. 2003;20(6): 
392–399.

	 49.	 Doroshyenko O, Jetter A, Odenthal KP, Fuhr U. Clinical pharmacokinetics of 
trospium chloride. Clin Pharmacokinet. 2005;44(7):701–720.

	 50.	 Sand PK, Johnson Ii TM, Rovner ES, Ellsworth PI, Oefelein MG, Staskin DR.  
Trospium chloride once daily extended release is efficacious and tolerated in 
elderly subjects (aged  75 years) with overactive bladder syndrome. BJU Int. 
2011;107(4):612–620.

	 51.	 Olsson B, Szamosi J. Multiple dose pharmacokinetics of a new once daily 
extended release tolterodine formulation versus immediate release tolterodine. 
Clin Pharmacokinet. 2001;40(3):227–235.

	 52.	 Malone-Lee J, Shaffu B, Anand C, Powell C. Tolterodine: superior toler-
ability than and comparable efficacy to oxybutynin in individuals 50 years 
old or older with overactive bladder: a randomized controlled trial. J Urol. 
2001;165(5):1452–1456.

	 53.	 Malhotra B, Gandelman K, Sachse R, Wood N, Michel MC. The design 
and development of fesoterodine as a prodrug of 5-hydroxymethyl toltero-
dine (5-HMT), the active metabolite of tolterodine. Curr Med Chem. 2009; 
16(33):4481–4489.

	 54.	 Malhotra BK, Crownover PH, LaBadie R, Glue P, MacDiarmid SA. The phar-
macokinetic profile of fesoterodine 8 mg with daytime or nighttime dosing. Eur J 
Clin Pharmacol. 2010;66(2):171–176.

	 55.	 Malhotra B, Sachse R, Wood N. Evaluation of drug–drug interactions with fes-
oterodine. Eur J Clin Pharmacol. 2009;65(6):551–560.

	 56.	 Toviaz. Toviaz (Fesoterodine Fumarate). Prescribing Information. New York, NY: 
Pfizer Inc; 2014.

	 57.	 Malhotra B, Darsey E, Crownover P, Fang J, Glue P. Comparison of phar-
macokinetic variability of fesoterodine vs. tolterodine extended release in 
cytochrome P450 2D6 extensive and poor metabolizers. Br J Clin Pharmacol. 
2011;72(2):226–234.

	 58.	 Wagg AS, Khullar V, Michel MC, Oelke M, Darekar A, Bitoun CE. Long-term 
safety, tolerability and efficacy of flexible-dose fesoterodine in elderly patients 
with overactive bladder: open-label extension of the SOFIA trial. Neurourol Uro-
dyn. 2014;33(1):106–114.

	 59.	 Kay GG, Maruff P, Scholfield D, et al. Evaluation of cognitive function in 
healthy older subjects treated with fesoterodine. Postgrad Med. 2012;142(3): 
7–15.

	 60.	 Wehling M. Multimorbidity and polypharmacy: how to reduce the harmful drug 
load and yet add needed drugs in the elderly? Proposal of a new drug classifica-
tion: fit for the aged. J Am Geriatr Soc. 2009;57(3):560–561.

	 61.	 Oelke M, Becher K, Castro-Diaz D, et al. Appropriateness of oral drugs for 
long-term treatment of lower urinary tract symptoms in older persons: results 
of a systematic literature review and international consensus validation process 
(LUTS-FORTA 2014). Age Ageing. 2015;44(5):745–755.

	 62.	 Ohtake A, Saitoh C, Yuyama H, et al. Pharmacological characterization of a new 
antimuscarinic agent, solifenacin succinate, in comparison with other antimus-
carinic agents. Biol Pharm Bull. 2007;30(1):54–58.

	 63.	 Cardozo L, Lisec M, Millard R, et al. Randomized, double-blind placebo 
controlled trial of the once daily antimuscarinic agent solifenacin succinate in 
patients with overactive bladder. J Urol. 2004;172(5 pt 1):1919–1924.

	 64.	 Chapple CR, Rechberger T, Al-Shukri S, et al. Randomized, double-blind 
placebo- and tolterodine-controlled trial of the once-daily antimuscarinic 
agent solifenacin in patients with symptomatic overactive bladder. BJU Int. 
2004;93(3):303–310.

	 65.	 VESIcare. VESIcare (Solifenacin Succinate) Tablets. Prescribing Information. 
2012. Available at: http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/ 
021518s014lbl.pdf

	 66.	 Wagg A, Wyndaelle JJ, Sieber P. Efficacy and tolerability of solifenacin in elderly 
subjects with overactive bladder syndrome: a pooled analysis. Am J Geriatric 
Pharmacother. 2006;4(1):14–24.

	 67.	 Haab F, Cardozo L, Chapple C, Ridder AM, SSG. Long-term open-label solif-
enacin treatment associated with persistence with therapy in patients with over-
active bladder syndrome. Eur Urol. 2005;47(3):376–384.

	 68.	 Chapple C, DuBeau C, Ebinger U, Rekeda L, Viegas A. Darifenacin treatment 
of patients  or = 65 years with overactive bladder: results of a randomized, 
controlled, 12-week trial. Curr Med Res Opin. 2007;23:2347–2358.

	 69.	 Kay G, Crook T, Rekeda L, et al. Differential effects of the antimuscarinic agents 
darifenacin and oxybutynin ER on memory in older subjects. Eur Urol. 2006; 
50(2):317–326.

	 70.	 Takeda M, Takahashi S, Nishizawa O, et al. Imidafenacin, a novel anticholin-
ergic, significantly improves nocturia, sleep disorders and quality of life in OAB 
patients—EVOLUTION study. Jpn J Urol Surg. 2010;23:1443–1452.

	 71.	 Yokoyama O, Homma Y, Yamaguchi O. Imidafenacin, an antimuscarinic agent, 
improves nocturia and reduces nocturnal urine volume. Urology. 2013;82(3): 
515–520.

	 72.	 Takeda M, Nishizawa O, Gotoh M, Yoshida M, Takahashi S, Masumori N. 
Clinical efficacy and safety of imidafenacin as add-on treatment for persistent 
overactive bladder symptoms despite α-blocker treatment in patients with BPH: 
the ADDITION study. Urology. 2013;82(4):887–893.

	 73.	 Shiota T, Torimoto K, Momose H, et al. Temporary cognitive impairment 
related to administration of newly developed anticholinergic medicines for over-
active bladder: two case reports. BMC Res Notes. 2014;7:672.

	 74.	 Yamamoto S, Maruyama S, Ito Y, et al. Effect of oxybutynin and imidafenacin 
on central muscarinic receptor occupancy and cognitive function: a monkey PET 
study with [11C](+)3-MPB. Neuroimage. 2011;58(1):1–9.

	 75.	 Khullar V, Amarenco G, Angulo JC, et al. Efficacy and tolerability of mira-
begron, a β3-adrenoceptor agonist, in patients with overactive bladder: results 
from a randomised European–Australian phase 3 trial. Eur Urol. 2013;63(2): 
283–295.

	 76.	 Nitti VW, Auerbach S, Martin N, Calhoun A, Lee M, Herschorn S. Results of 
a randomized phase III trial of mirabegron in patients with overactive bladder.  
J Urol. 2013;189(4):1388–1395.

	 77.	 Wagg A, Cardozo L, Nitti VW, et al. The efficacy and tolerability of the 
β3-adrenoceptor agonist mirabegron for the treatment of symptoms of overac-
tive bladder in older patients. Age Ageing. 2014;43(5):666–675.

	 78.	 Michel MC, Schneider T, Krege S, Goepel M. Does gender or age affect the 
efficacy and safety of tolterodine? J Urol. 2002;168(3):1027–1031.

	 79.	 European Medicines Agency. Mirabegron—scientific conclusions and grounds 
recommending the variation to the terms of the marketing authorisation. 
(CHMP) CfMPfHU. London: European Medicines Agency; 2015.

	 80.	 European Medicines Agency. Betmiga: EPAR—Product Information. 2015. Avail-
able at: http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/
medicines/002388/human_med_001605.jsp&mid=WC0b01ac058001d124

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-geriatrics-journal-j73

http://www.agingbraincare.org/
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021518s014lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021518s014lbl.pdf
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002388/human_med_001605.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002388/human_med_001605.jsp&mid=WC0b01ac058001d124


Padilla-Fernández et al

20 Clinical Medicine Insights: Geriatrics 2015:8

	 81.	 Kim SE, Ko IG, Hwang L, et al. An animal study to compare the degree of the 
suppressive effects on the afferent pathways of micturition between tamsulosin 
and sildenafil. J Biomed Sci. 2013;20:81.

	 82.	 Ückert S, Hedlund P, Andersson KE, Truss MC, Jonas U, Stief CG. Update on 
phosphodiesterase (PDE) isoenzymes as pharmacologic targets in urology: pres-
ent and future. Eur Urol. 2006;50(6):1194–1207.

	 83.	 Truss MC, Stief CG, Uckert S, et al. Phosphodiesterase 1 inhibition in the treat-
ment of lower urinary tract dysfunction: from bench to bedside. World J Urol. 
2001;19(5):344–350.

	 84.	 Gacci M, Vittori G, Tosi N, et al. A randomized, double blind, placebo-
controlled study to assess safety and efficacy of vardenafil 10 mg and tamsulosin 
0.4 mg vs. tamsulosin 0.4 mg alone in the treatment of lower urinary tract symp-
toms secondary to benign prostatic hyperplasia. J Sex Med. 2012;9(6):1624–1633.

	 85.	 Abrams P, Kelleher C, Staskin D, et al. Combination treatment with mirabegron 
and solifenacin in patients with overactive bladder: efficacy and safety results 
from a randomised, double-blind, dose-ranging, phase 2 study (symphony). Eur 
Urol. 2015;67(3):577–588.

	 86.	 van Kerrebroeck P, Chapple C, Drogendijk T, et al. Combination therapy with soli-
fenacin and tamsulosin oral controlled absorption system in a single tablet for lower 
urinary tract symptoms in men: efficacy and safety results from the randomised 
controlled NEPTUNE trial. Eur Urol. 2013;64(6):1003–1012.

	 87.	 White WM, Pickens RB, Doggweiler R, Klein FA. Short-term efficacy of botu-
linum toxin A for refractory overactive bladder in the elderly population. J Urol. 
2008;180(6):2522–2526.

	 88.	 Gaziev G, Topazio L, Iacovelli V, et al. Percutaneous tibial nerve stimulation 
(PTNS) efficacy in the treatment of lower urinary tract dysfunctions: a system-
atic review. BMC Urol. 2013;13(1):61.

	 89.	 Burton C, Sajja A, Latthe PM. Effectiveness of percutaneous posterior tibial 
nerve stimulation for overactive bladder: a systematic review and meta-analysis. 
Neurourol Urodyn. 2012;31:1206–1216.

	 90.	 Amundsen CL, Romero AA, Jamison MG, Webster GD. Sacral neuromodu-
lation for intractable urge incontinence: are there factors associated with cure? 
Urology. 2005;66(4):746–750.

	 91.	 White WM, Mobley JD, Doggweiler R, Dobmeyer-Dittrich C, Klein FA. 
Sacral nerve stimulation for refractory overactive bladder in the elderly popula-
tion. J Urol. 2009;182:1449–1452.

	 92.	 Amundsen CL, Webster GD. Sacral neuromodulation in an older, urge-
incontinent population. Am J Obstet Gynecol. 2002;187(6):1462–1465.

	 93.	 McAchran SE, Daneshgari F. Sacral neuromodulation in the older woman. Clin 
Obstet Gynecol. 2007;50(3):735–744.

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-geriatrics-journal-j73


