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SUMMARY

The mainstay of pharmacological treatment of overactive bladder (OAB) is anticholiner-

gic therapy using muscarinic receptor antagonists (tertiary or quaternary amines). Mus-

carinic receptors in the brain play an important role in cognitive function, and there is

growing awareness that antimuscarinic OAB drugs may have adverse central nervous sys-

tem (CNS) effects, ranging from headache to cognitive impairment and episodes of psy-

chosis. This review discusses the physicochemical and pharmacokinetic properties of OAB

antimuscarinics that affect their propensity to cause adverse CNS effects, as observed in

phase III clinical trials and in specific investigations on cognitive function and sleep archi-

tecture. PubMed/MEDLINE was searched for “OAB” plus “muscarinic antagonists” or “anti-

cholinergic drug.” Additional relevant literature was identified by examining the reference

lists of papers identified through the search. Preclinical and clinical trials in adults were as-

sessed, focusing on the OAB antimuscarinics approved in the United States. The blood–brain

barrier (BBB) plays a key role in protecting the CNS, but it is penetrable. The lipophilic ter-

tiary amines, particularly oxybutynin, are more likely to cross the BBB than the hydrophilic

quaternary amine trospium chloride, for which there are very few reports of adverse CNS

effects. In fact, in 2008 the US product labels for oral oxybutynin were modified to include

the potential for anticholinergic CNS events and a warning to monitor patients for adverse

CNS effects. Even modest cognitive impairment in the elderly may negatively affect inde-

pendence; therefore, selection of an antimuscarinic OAB drug with reduced potential for

CNS effects is advisable.

Introduction

Overactive bladder (OAB) is a chronic condition characterized by

the lower urinary tract symptoms of urinary urgency, with or

without urge incontinence, usually with urinary frequency and

nocturia [1]. OAB affects approximately 17% of US adults, and

there is a marked increase in prevalence with increasing age [2].

Although the prevalence among men and women in the United

States is similar (16.0% vs. 16.9%, respectively), the severity and

nature of symptom expression does differ, with women demon-

strating a higher incidence of urge incontinence [2]. OAB has a sig-

nificant impact on the health-related quality of life, mental health,

and quality of sleep of affected individuals whether or not they

display the symptom of urge incontinence [2,3]. The economic

burden of OAB is also significant, estimated at approximately $12

billion per annum in the United States alone [4].

Symptoms of OAB are usually attributed to detrusor muscle

overactivity during the bladder filling/urine storage phase, and

may be neurogenic, myogenic, or idiopathic in nature [5,6]. De-

trusor smooth muscle activity is predominantly under the con-

trol of the parasympathetic system and involves acetylcholine

acting on muscarinic receptors. Consequently, the mainstay of

pharmacological treatment for OAB is anticholinergic therapy us-

ing muscarinic receptor antagonists, which have proven efficacy

compared with placebo in relieving the symptoms of OAB [7,8].

However, Herbison et al. [9] have suggested that the benefits are

of limited clinical significance, with the extent of improvement

versus placebo being similar to that achieved by nonpharmaco-

logical bladder retraining. A Cochrane database review that in-

cluded 13 clinical trials comparing anticholinergic drugs with be-

havioral therapy for OAB found that there was more symptomatic

improvement seen with anticholinergics compared with bladder

training alone, and that combination treatment (anticholinergic

drugs plus bladder training) was more effective than either modal-

ity alone [10]. Another recent study concluded that the addition

of behavioral training to drug therapy may reduce incontinence
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Table 1 Factors contributing to the pharmacokinetic profiles of antimuscarinic drugs for OAB [6,16–34].

Property Oxybutynin Tolterodine Trospium Darifenacin Solifenacin Fesoterodine ER

Molecular weight 393.9 (chloride) 475.6 427.97 507.5 480.55 527.66

Octanol:water/buffer

distribution/partition

coefficient at pH 7.4,

LogD/LogPa

>3.3 1.83 −1.22 2.7 1.69 0.74b

Charge Neutral Positive Positive (highly

polar)

Positive NA Positive

Metabolites contributing to

clinical effect

Desethyl-

oxybutynin

5-hydroxymethyl-

tolterodine

None None None 5-hydroxymethyl-

tolterodine

Metabolizing enzymes CYP3A4 CYP2D6, CYP3A4 Non-CYP450

mechanism

CYP2D6, CYP3A4 CYP3A4 CYP2D6, CYP3A4

Half-life (h) IR: 2–3; ER: 12–13;

patch: 7–8; gel:

64c

IR: 2c,d; ER: 8c,d IR: 18; ER: 36 ER: 12c,d 45–68 ER: 7–9c,d

Relative muscarinic receptor selectivitye

M3 versus M1 1.5 0.9 1.5 9.2 2.5 1.1

M3 versus M2 10.0 1.1 1.3 58.2 12.5 1.0

ER, extended release; IR; immediate release; NA, not available; OAB, overactive bladder.
aOctanol: water logD values are presented for all agents except trospium chloride (octanol: buffer logP). Lower values indicate lower lipophilicity; a negative

value indicates higher aqueous solubility and low lipophilicity.
bValue for active metabolite 5-hydroxymethyl tolterodine.
cTerminal elimination half-life.
dIn extensive metabolizers.
eRatios calculated from receptor-binding affinity estimates (K i ) [6,31].

Adapted from Abrams and Andersson, 2007 with permission from Drs Abrams and Andersson, and Wiley-Blackwell.

frequency during active treatment but does not improve the ability

to discontinue drug therapy and maintain improvement in urinary

incontinence [11]. The following anticholinergic agents have been

approved by the US Food and Drug Administration for the treat-

ment of OAB; the tertiary amines oxybutynin, tolterodine, dar-

ifenacin, solifenacin, and fesoterodine, and the quaternary amine

trospium chloride [6,12].

All five muscarinic receptor subtypes have been identified in

brain tissue, and adverse effects of anticholinergics on the cen-

tral nervous system (CNS) may have important consequences for

patients, particularly the elderly [13,14], who are more likely to

have impairment in the blood–brain barrier (BBB). Structural dif-

ferences between the anticholinergics affect their pharmacokinet-

ics, pharmacodynamics, and propensity to cause adverse effects,

including those associated with the CNS [6,12,14,15]. This article

will review the pharmacological parameters that underlie the ob-

served differences between antimuscarinic drugs in their propen-

sity to adversely affect cognitive function, and data on CNS effects

observed with the OAB antimuscarinics, based on both adverse

event data from clinical trials and studies specifically designed to

assess CNS effects. PubMed/MEDLINE was searched for records

using the terms “OAB” plus “muscarinic antagonists” or “anti-

cholinergic drug.” Additional relevant literature was identified by

examining the reference lists of papers identified through the liter-

ature search. Preclinical and clinical trials in adults were assessed,

with focus on the antimuscarinic drugs approved for treatment of

OAB in the United States (darifenacin, fesoterodine, oxybutynin,

solifenacin, tolterodine, and trospium chloride).

Pharmacology of Differing CNS Effects

A number of factors influence the CNS effects of anticholinergic

agents, including their ability to penetrate the CNS and, once past

the BBB, their affinity for muscarinic receptors in the CNS. These

factors are detailed in Table 1 [6,16–34].

Crossing the BBB

The BBB, formed by the endothelial cells that line cerebral cap-

illaries, plays an important role in maintaining the microenvi-

ronment for reliable neuronal signaling. In contrast to peripheral

capillary beds, the brain endothelial cells have contiguous tight

junctions between cells, lack fenestrations, and exhibit very low

levels of endocytosis/transcytosis (reviewed by Abbott et al.) [35].

In addition, brain endothelial cells are surrounded by a basal mem-

brane and extracellular matrix, and associated pericytes and astro-

cyte feet-ends also form part of the BBB, contributing to its barrier

function (Figure 1) [36].

The tight junctions effectively restrict paracellular passage of

molecules between adjacent endothelial cells, including small ions

such as Na+ and Cl−, resulting in high electrical resistance that

may further restrict the entry of polar and ionic substances. Con-

sequently, molecular transport across the BBB is forced to take a

transcellular route. Small gaseous molecules such as O2 and CO2

can diffuse freely across the lipid membranes of the endothelium,

as can small, lipophilic agents such as ethanol. Selective transport
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Figure 1 Schematic diagram of a brain capillary [36]. The BBB is formed

by capillary endothelial cells, surrounded by a basal membrane and astro-

cyte foot processes. Tight junctions severely restrict the passage of water-

soluble, polar drugs across the BBB.Multiple drug efflux transporters (inset)

further restrict the transcellular passage of certain lipid-soluble drugs. MRP,

multidrug resistance family of transporters; P-gp, P-glycoprotein; ABCG2,

breast cancer resistance protein; Oatp, organic anion-transporting polypep-

tide subfamily of anion transporters; OAT, organic anion and cation trans-

porter. Arrows indicate the direction of translocation. Adapted fromDeeken

and Löscher, 2007 with permission from Drs Deeken and Löscher, and the

American Association for Cancer Research, Inc.

of required nutrients is mediated by specific transport systems on

the luminal and abluminal endothelial membranes, and numer-

ous efflux transporters have been identified within the BBB that

serve to extrude any unwanted substrates back into the circulation

that have managed to enter into the epithelial cell (Figure 1) [37].

The best characterized of these efflux pumps is P-glycoprotein, a

member of the multidrug resistance protein family [38]. Finally,

various enzymes are found in the cytoplasm of endothelial cells,

such as monoamine oxidase and cytochrome P450 (CYP1A and

CYP2B), that can inactivate many neuroactive and toxic com-

pounds [39]. These latter two mechanisms may, in part, explain

why some small, lipophilic drugs demonstrate lower CNS perme-

ability than would be expected from their physicochemical prop-

erties alone [35,36].

Based on the physicochemical properties (molecular size, lipid

solubility, and charge/polarity) of each of the antimuscarinic

agents approved in the United States for use in the treatment of

OAB (Table 1), one would predict that the tertiary amines have

a higher propensity to cross the BBB than the quaternary amine

trospium chloride. With its high lipophilicity, neutral charge, and

low molecular weight, oxybutynin can readily penetrate the BBB.

Furthermore, both oxybutynin and tolterodine are metabolized

to produce molecules that contribute to the clinical effects of

these drugs (Table 2) [16–23], and CNS penetration of these ac-

tive metabolites must also be considered. Although darifenacin is

highly lipophilic, this molecule is a substrate for P-glycoprotein ef-

flux removal from the CNS [40].

Pharmacokinetic properties may also influence the propensity

for CNS penetration, including serum levels and half-lives of

active metabolites, which, if high, may promote passive diffu-

sion across the BBB. All of the tertiary amine OAB drugs are

metabolized by the hepatic cytochrome P450 enzymes CYP2D6

and/or CYP3A4 [6]. Approximately 7% to 10% of Caucasians

and 1% to 3% of African Americans and Asians are deficient in
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Table 2 CNS adverse events occurring in clinical studies as reported in product prescribing informationa [16–23].

Percentage of patients

Oxybutynin
Trospium

Adverse CNS

event

Oral ER

5−30 mg/day

Transdermal

3.9 mg/day

Gel

100 mg/day

Tolterodine

ER 4 mg/day

chloride ER

60 mg/day

Darifenacin

7.5 mg/day

Solifenacin

5−10 mg/day

Fesoterodine

4–8 mg/day

Headache 10.0 NR NR 6.0 NR 6.7 NR NR

Dizziness 6.0 NR 2.8 2.0 NR 0.9 1.8–1.9 NR

Somnolence 12.0 NR NR 3.0 <1.0 NR NR NR

Anxiety/

nervousness

<5.0b NR NR 1.0 NR NR NR NR

Other <5.0b,c NR NR NR NR NR 0.8–1.2d 0.4–1.3e

CNS, central nervous system; ER, extended release; NR, not reported.
aData summarized from respective Prescribing Information.
bAdverse events occurring in ≥1% to <5% of patients.
cConfusional state, dysgeusia, depression, insomnia.
dDepression.
eInsomnia.

CYP2D6, which can lead to elevated serum levels of drugs that

are metabolized, at least in part, by CYP2D6 (darifenacin, fes-

oterodine, and tolterodine) [17,19,21,25]. Similarly, coadminis-

tration of drugs that inhibit CYP3A4 activity, such as macrolide

antibiotics and azole antifungal agents, or inhibit CYP2D6 activ-

ity, such as fluoxetine, may also lead to elevated serum levels

of the tertiary amines [16,17,19–21,25]. Furthermore, oxidative

metabolism via the CYP450 system declines with increasing age

[41], which may contribute to the observed higher serum levels

and/or prolonged elimination half-life of some of these drugs in

the elderly [16,17,19,20,25]. Nevertheless, although there are no

data thus far to definitively indicate that such interactions influ-

ence CNS penetration and associated adverse effects in patients

with OAB, it is worth noting that transdermal delivery of oxybu-

tynin via patch or gel, which provides lower, more stable serum

levels, is associated with lower rates of CNS adverse events than

oral oxybutynin [15,22,23].

A number of factors contribute to the very low propensity

for the quaternary amine trospium chloride to cross the BBB

[27,33,42]. The fourth substitution on the nitrogen atom of tro-

spium chloride gives the nitrogen a positive charge across all phys-

iological pHs and increased hydrophilicity (decreased lipophilic-

ity) compared with the tertiary amines (Table 1). Studies in mice

suggest that the drug efflux transporter P-glycoprotein is also in-

volved in restricting the entry of trospium chloride, but not oxy-

butynin, into the brain [43,44]. Furthermore, trospium chloride is

not metabolized by the CYP450 system in the liver, thus minimiz-

ing the potential for elevated serum concentrations arising from

drug–drug interactions and age- and genetic-related impairment

of the CYP450 system [27,45,46]. Indeed, trospium chloride is not

extensively metabolized at all. Rather, 60% to 80% of the ab-

sorbed dose is excreted via the kidneys as unchanged compound

[27,45,46]. Although trospium chloride has the potential to inter-

act with other drugs that are eliminated by active tubular excretion

[18], this is unlikely due to the large capacity for tubular secretion,

except in those patients with severely impaired renal function.

A recent summary assessment of preclinical CNS access of the

antimuscarinics exists [47]. Lipophilicity (octanol: water distribu-

tion test), permeability coefficient across porcine brain endothe-

lial cell monolayers, and P-glycoprotein substrate studies support

a low propensity for the quaternary and a high propensity for the

tertiary amines to cross the BBB.

CNS Accumulation and Receptor Selectivity

The permeability of the BBB is not uniform or stable throughout

life and a number of conditions can impair its functionality includ-

ing increasing age, use of certain medications, stress, and various

comorbid diseases such as Alzheimer’s and Parkinson’s diseases,

and type 2 diabetes mellitus [14,48,49]. Increased CNS penetra-

tion of otherwise excluded molecules may result from a number of

dysfunctions including physical damage to the vascular basement

membrane or extracellular matrix and disruption of tight junc-

tions. Consequently, all the antimuscarinic OAB agents should be

considered to have the potential to cross the compromised BBB

and gain access to the CNS.

The bladder detrusor muscle contains predominantly M2 and

M3 muscarinic receptors, although the M3 receptors are consid-

ered to be the most important for detrusor contraction; however,

the afferent receptors are primarily M2�M3. All five of the mus-

carinic receptors (M1−M5) are expressed in the brain, with vary-

ing distribution and abundance [14]. In particular, M1 receptors

are abundant in the neocortex, hippocampus, and neostriatum,

and, along with M2 receptors (present throughout the brain), are

considered to play a major role in memory and cognitive func-

tion [14]. M3 receptors have relatively low expression in the brain.

Drugs selective for the M3 receptor might be expected to have clin-

ical efficacy in the treatment of OAB, while showing a reduced
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potential for adverse effects related to the blockade of other mus-

carinic receptor subtypes, such as CNS adverse effects [50].

CNS Effects of OAB Antimuscarinics

The adverse events most commonly associated with the use of an-

timuscarinic OAB drugs are the expected side effects of anticholin-

ergics, such as dry mouth and constipation. CNS adverse events

were generally observed in fewer than 10% of patients in phase

III clinical trials, and were highest in patients receiving oral oxybu-

tynin (Table 2) [16–21], as would be expected from its propensity

to cross the BBB. It should be noted that in 2008 the United States

product labels for oral oxybutynin were modified to include the

potential for anticholinergic CNS events and a warning to moni-

tor patients for adverse CNS effects. Few CNS adverse events were

observed for trospium chloride, the transdermal delivery forms of

oxybutynin (patch and gel), and fesoterodine (Table 2).

The most commonly observed CNS adverse effects in patients

receiving OAB drugs are headache, somnolence, and dizziness (Ta-

ble 2); however, the spectrum of effects may also include cognitive

impairment, confusion, fatigue, psychotic behavior, and insomnia

[15,51], and may range from mild symptoms such as drowsiness

to severe intoxication manifested by hallucinations, severe cogni-

tive impairment, and even coma. Hallucinations and episodes of

psychosis following oral oxybutynin or tolterodine use have been

reported [52–54]; several of the cases involving oral oxybutynin

were reported in elderly patients with Parkinson’s disease being

treated for OAB [55], and case reports exist describing memory

loss and impaired cognitive function associated with tolterodine

use [56,57]. Confusion and hallucinations have also been reported

in association with solifenacin use in worldwide postmarketing ex-

perience, while in pivotal clinical trials, visual blurring (a marker

of CNS penetration) was reported in up to 5% of subjects receiving

solifenacin [20].

Level 1 evidence indicates that agents that prolong the pres-

ence of the neurotransmitter acetylcholine (e.g., donepezil, galan-

tamine, and rivastigmine) demonstrate improvements in mem-

ory and cognition in patients with dementia [58–61]. Agents that

block the muscarinic receptor (e.g., oxybutynin and other OAB

antimuscarinics) may, in effect, result in a pharmacodynamically

induced Alzheimer’s disease state.

Although adverse CNS effects can occur in patients of any

age, the elderly are particularly vulnerable for a number of rea-

sons, including an increased anticholinergic load and potential

drug−drug interactions resulting from polypharmacy; age- and co-

morbid disease-related decline in cholinergic function; impaired

metabolic clearance of drugs; and impaired function of the BBB

[15,62–65]. The cumulative anticholinergic clinical burden is not

simple to measure and the clinical impact has not been well un-

derstood/characterized. In phase III randomized trials, there did

not appear to be any increase in reports of CNS adverse events in

elderly populations; this has been further demonstrated in studies

of patients aged ≥65 years with tolterodine ER [66] and darife-

nacin [67], and in patients aged ≥75 years with trospium chloride

ER [68].

However, caution is required when interpreting data from clin-

ical studies. The incidence of CNS effects may be underreported

because data are usually based on unsolicited reporting during

protocol visits rather than formal neurological testing, and clini-

cal studies often exclude those at higher risk such as elderly pa-

tients and those with cognitive impairment, or an existing anti-

cholinergic drug load. Furthermore, it is recognized that patients

may fail to report CNS symptoms because they may be unaware

of cognitive impairment or changes in memory, or may assume it

is related to aging, and not a drug effect [69]. Thus, it is impor-

tant to consider data derived from clinical trials together with the

results of studies specifically designed to investigate the CNS in-

fluence of antimuscarinic OAB drugs. A number of such studies

have been conducted, using objective measures such as electroen-

cephalographic (EEG) determination of CNS electrical activity and

polysomnography. It should be noted that while neurocognitive

measurements of memory have the benefit of being noninvasive,

a potential limitation is that they may lack sensitivity. A new stan-

dard has been introduced in the form of studies measuring drug

concentrations in the CNS and simultaneously performing clini-

cal measurement of neurocognition and memory, such as the re-

cently completed trospium chloride SMART (Sanctura Muscarinic

Receptor Antagonist Resists Transport) trial.

Electroencephalographic Changes

EEG changes can serve as a marker for the effects of drugs on the

CNS. Using quantitative EEG (qEEG), Pietzko et al. [70] demon-

strated that oxybutynin induced significant power density de-

creases in the alpha1 and alpha2 frequency ranges and, to a lesser

extent, in beta1 frequency in healthy volunteers. In contrast, there

were no significant changes in any frequency range following

oral trospium chloride. This work was confirmed and extended

by Todorova et al. [71] who demonstrated that tolterodine, like

trospium chloride, had negligible qEEG effects in healthy volun-

teers. The profound effects of oral oxybutynin were maintained

throughout the observation period (at least 4 hours) [70,71], and

a clear cumulative effect was observed following multiple dose ad-

ministration [71].

Cognitive Function, Memory, and Learning

Several studies have demonstrated that oral oxybutynin has a sig-

nificant negative effect on cognitive function in healthy adults

>65 years of age [69,72,73]. In one study, oxybutynin admin-

istration over 3 weeks significantly impaired delayed recall per-

formance in the Name–Face Association Test, and the effect was

comparable to the decline in memory function that occurs over

10 years in the normal aging process [69]. Darifenacin, in con-

trast, had no significant effect on cognitive function in healthy

young [74] or elderly subjects [69,75]. Similarly, a single dose of

solifenacin did not significantly impair cognition compared with

placebo in elderly subjects [73]. In the SMART trial, following ad-

ministration of extended-release trospium chloride 60 mg to el-

derly patients (aged 65–75 years) with OAB to achieve steady-

state plasma concentrations, trospium chloride assay was unde-

tectable in the cerebrospinal fluid, and standardized memory test-

ing showed no significant changes from baseline [76,77].
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Sleep Disturbances

Polysomnography was used to objectively determine the effect

of single doses of antimuscarinic drugs on sleep architecture and

duration in healthy volunteers without sleep-related problems

[78,79]. Sleep architecture was influenced by some anticholiner-

gics, and effects differed between that seen in healthy young vol-

unteers (aged <36 years) [79] and older subjects (aged ≥50 years)

[78]. In the study in younger volunteers, rapid eye movement

(REM) sleep (duration as a percentage of total sleep time) was sig-

nificantly reduced after oral oxybutynin compared with trospium

chloride (18.4% vs. 20.2%; P < 0.05), although the reduction af-

ter oxybutynin compared with placebo and tolterodine (20.1%

and 19.1%, respectively) did not reach significance [79]. In con-

trast, in the older volunteers, both oral oxybutynin and tolterodine

significantly reduced REM sleep compared with placebo, while

trospium chloride did not [78]. None of the study medications

resulted in sleep disturbances of significant magnitude to impair

cognitive function in younger or elderly volunteers [78,79]. Data

from these comparative studies show that oral oxybutynin re-

duced REM sleep in both younger and older volunteers, whereas

tolterodine only reduced REM sleep in older volunteers, and tro-

spium chloride did not affect REM sleep in either group. They sug-

gest that, even with the potentially compromised BBB in older

subjects, appreciable CNS changes are not seen with trospium

chloride.

Somnolence/Sleepiness

A study in patients with OAB (mean age, 61 years) indicated

that trospium chloride 20 mg twice daily did not increase day-

time sleepiness or affect alertness levels, as determined using the

self-reported Stanford Sleepiness Scale, after 12 weeks of use [80].

Further analysis by age group (<65 or >65 years and <75 or >75

years) produced similar results.

Traffic Safety and Driving Alertness

Two studies compared the anticholinergic agents used to treat

OAB in Germany in terms of safety issues related to driving. In

the first study, Herberg and Fusgen compared the effects of thera-

peutic doses of trospium chloride, oral oxybutynin, and propiver-

ine, a tertiary amine, on the ability to drive in traffic in 54 healthy

volunteers in a randomized double-blind trial [81]. After 7 days of

treatment, no impairment in fitness to drive in traffic was noted

with any of the agents. However, subjects treated with trospium

chloride scored significantly higher than those receiving oxybu-

tynin or propiverine on an assessment of vigilance, the readiness

to react to changes seen on a computer monitor [81]. Overall,

fewer adverse events were reported among those receiving tro-

spium chloride compared with the other agents [81]. The results of

this study were combined with those from a second randomized,

double-blind study that evaluated the general safety of tolterodine

and trospium chloride compared with placebo in healthy volun-

teers treated for 8.5 days [82]. The combined analysis included a

total of 108 subjects aged 30 to 70 years. Deterioration in overall

traffic safety performance, measured by a battery of computer-

based performance tests, was not seen in any of the treatment

groups at the beginning of treatment or at the therapeutic steady

state [82]. However, paired comparisons evaluating the individual

performance aspects at the prescribed measuring times indicated

that tolterodine, propiverine, and oxybutynin led to impairment

in tests of accuracy of perception, concentration, and vigilance,

while trospium chloride did not [82]. The investigator concluded

that trospium chloride offered advantages for traffic and overall

safety over the other agents tested [82].

Implications for the Management of OAB

There is growing evidence from clinical studies and case reports to

suggest that antimuscarinic treatment of OAB has the potential to

cause clinically relevant impairment of CNS function—especially

in the elderly neurocognitively vulnerable population. However,

it is also clear that the antimuscarinic drugs used to treat OAB dif-

fer in their propensity to cause these effects, and the data support

the hypothesis that the extent of CNS adverse effects can be ex-

plained in part by the ability of these drugs to cross the BBB and/or

their muscarinic receptor specificity. Thus, the lipophilic tertiary

amines, particularly oxybutynin, are more likely to cross the BBB

than the quaternary amine trospium chloride, for which there are

very few reports of adverse CNS effects. Efflux transporters limit

CNS accumulation of both the tertiary amine darifenacin [40] and

the quaternary amine trospium chloride [43,44], which may ac-

count for the lower level of CNS effects for these drugs compared

with other tertiary amines.

Adverse CNS effects are of particular concern in the treatment

of OAB due to the high prevalence of OAB in the elderly. In

certain elderly patients, even modest cognitive adverse effects,

such as memory lapses and mild confusion, may lead to increased

functional dependence and the inability to live completely inde-

pendently [13,64]. Furthermore, medications that increase cog-

nitive impairment and cumulative anticholinergic load can ex-

acerbate the risk of falls in elderly patients [54,83,84], which

contribute a substantial component to the total cost burden of

OAB treatment [85,86]. Consequently, selection of an antimus-

carinic drug with reduced potential for adverse CNS effects seems

advisable, particularly for, but not limited to, elderly patients

with OAB.
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