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O
veractive bladder is a clinical syndrome consist-
ing of four key symptoms: urgency, frequency, 
nocturia, and urgency incontinence. The 
International Continence Society (ICS) defines 

OAB as the presence of “urinary urgency, usually accompa-
nied by frequency and nocturia, with or without urgency 
urinary incontinence, in the absence of UTI or other obvi-
ous pathology.”1 Management of patients suffering from 
overactive bladder (OAB) and associated urinary urge 
incontinence (UUI) continues to challenge physicians 
worldwide, as they represent a complex spectrum of a 
highly prevalent condition affecting up to 27 percent of 
men and 43 percent women of the global population.2-9 
In the US alone, 33 million adults have OAB and urge 
incontinence. This condition is more prevalent than other 
chronic health disorders, such as diabetes, heart disease, 
and asthma.  

From the individual patient’s perspective, OAB can have 
a substantial and multidimensional impact on a person’s 
life, since participation in social and occupational activities 
can be greatly limited by lack of bladder control and incon-
tinence. Furthermore, OAB is associated with high rates of 
anxiety and depression and comorbidities, especially among 
older adults greater than 65 years of age.10 From a global 
economic standpoint, the cost burden of OAB diagnosis 

and treatment is staggering; the total cost of urinary inconti-
nence and OAB was estimated to be $19.5 and $12.6 billion 
in year 2000, and has been expected to rise rapidly due to 
the aging population.11 Unfortunately, these figures may be 
underestimated since only 40–50 percent of patients with 
OAB sought medical treatment.12 Thus, it is paramount to 
improve understanding of OAB among healthcare providers 
in order to optimize therapy and minimize morbidity. This 
article will review the key points in pathophysiology, diag-
nosis, and treatment of overactive bladder and urge urinary 
incontinence. 
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An expert overview of the step-wise approach to management of this common and costly condition.

BY JA-HONG KIM, MD

OAB and associated incontinence is a highly prevalent 
condition with significant psychosocial, medical, and 
economic burden. It is crucial to accurately distinguish 
OAB symptoms from other associated disease entities, 
such as infection, malignancy, neurologic disease, and 
anatomic defects, which must be addressed as part of a 
comprehensive treatment algorithm. Optimal manage-
ment of this complex syndrome is aimed as relieving 
symptoms to improve quality of life with clinically effec-
tive and minimally invasive treatments.
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PATHOPHYSIOLOGY OF OAB 
The main task of urinary storage and voiding is performed 

by the bladder, a muscular reservoir that distends to store 
urine at a low pressure without leakage and pumps to expel 
urine efficiently and voluntarily. Histologically, it is made up 
of three layers: the outer adventitial connective tissue layer, 
a middle smooth muscle layer comprising the functional 
detrusor, and an innermost urothelial lining that provides an 
elastic and impervious barrier.

Although the bladder function of urine storage and void-
ing may be conceptually simple, the process of micturition 
involves a sophisticated integration of peripheral auto-
nomic, somatic, and central nervous systems on the smooth 
and striated musculature of the lower urinary tract, which 
includes the bladder and urethra. Failure to coordinate these 
neural pathways can manifest in various degrees of void-
ing dysfunction, including detrusor overactivity and urinary 
incontinence. 

The pontine micturition center in the brainstem coordi-
nates urinary storage function of the bladder via the spinal 
reflex pathways. As the bladder fills with urine, it leads to 
increased wall tension that activates bladder afferent nerves, 
which then reflexively activate sympathetic outflow to the 
lower urinary tract from the lumbosacral spinal cord.13,14 
This results in internal sphincter contraction via the hypo-
gastric nerve, as well as external sphincter and pelvic floor 
striated musculature contraction via the pudendal nerve. At 
the same time, there is inhibition of sacral parasympathetic 
outflow to the detrusor muscle, which results in bladder 
relaxation. These coordinated pathways of detrusor inhibi-
tion and bladder outlet excitation maintain continent, low-
pressure storage of urine.

Pathologic bladder conditions such as OAB are often 
associated with detrusor overactivity (DO), characterized 
by involuntary detrusor contractions observed during 
urodynamic testing.1,15 Multiple factors may influence 
DO, such as hormonal changes, bladder outlet obstruc-
tion (BOO), aging, ischemia, and concomitant neurologic 
conditions.16 There are multiple theories on the develop-
ment of OAB and DO. Traditionally, DO was thought to 
result from abnormal central processing of bladder affer-
ent signaling, which can be due to decreased capacity to 
handle increased afferent information or from a decrease 
in tonic inhibition of afferent impulses.17 Bladder contrac-
tions often seen during normal bladder filling may be sup-
pressed by increase in suprapontine inhibition; however, 
suprapontine inhibition may be impaired in conditions 
such as stroke. As a result, this type of neurologic insult 
can lead to involuntary detrusor contractions and sensory 
urgency and frequency from low-intensity afferent input 
and at lower bladder volumes. 

The myogenic hypothesis is another popular theory on 
OAB genesis, which purports that uninhibited detrusor 
contractions results from progressive denervation and blad-
der wall hypertrophy caused by chronic conditions such 
as BOO, normal aging, and neurogenic insult.16,18-20 These 
morphologic changes can lead to upregulated, spontaneous, 
or involuntary bladder contractions associated with motor 
urgency symptoms of OAB. More recent findings have 
focused on urothelial and suburothelial dysfunction as the 
root pathogenesis of OAB. It has been proposed that there 
is an increased amount of acetylcholine (Ach) released from 
the urothelium during bladder filling, above and beyond 
the typical basal Ach release in OAB patients. The increase 
in Ach release from neuronal and nonneuronal (urothelial) 
sources heightens the bladder sensitivity to neurotransmit-
ters, which subsequently leads to increased afferent signaling 
in the suburothelium and detrusor that is perceived as “sen-
sory urgency.”21 It is this latter mechanism that is increasing-
ly thought to be the target for the actions of antimuscarinic 
medications.

DIAGNOSIS
Proper management of patients with OAB begins with 

comprehensive evaluation, which entails complete his-
tory and physical, three day voiding diary, urinalysis, and 
post-void residual (PVR) check. The main focus during the 
initial assessment is to accurately depict the symptomo-
tology, determine the severity, and detect any underlying 
and/or co-existing conditions that may be correctable, 
since OAB frequently overlaps with other lower urinary 
tract dysfunction. 

• Diuretics

• Antidepressants

• Antihypertensives

• Hypotics

• Analgesics

• Narcotics

• Sedatives

• Cold medications

• Over the counter sleep aids

• Antipsychotics

• Herbal Remedies

TABLE 1. MEDICATIONS THAT MAY INFLUENCE 
BLADDER FUNCTION
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Detailed history can uncover crucial information such as 
neurologic symptoms, radiation exposure, prior urologic 
surgery, traumatic injury, and use of diuretics, which can 
affect bladder and sphincteric function. Voiding diary can 
help distinguish nocturnal polyuria, polydipsia, and diabetes 
insipidius from OAB. Special consideration must be given to 
the elderly and debilitated patients who are at high risk for 
polypharmacy (See Table 1), baseline dementia, and other 
conditions that may complicate evaluation and manage-
ment. Thorough physical exam may demonstrate enlarged 
prostate, high grade pelvic organ prolapse, decreased rectal 
tone, subtle dimpling in the lower back, anterior vaginal 
mass, and other positive findings that give valuable insight 
and can direct the treatment plan.  

Adjunctive tests such as cystoscopy and multi-channel 
videourodynamics would be indicated for those patients 
who have elevated PVR, mixed urinary incontinence, prior 
anti-incontinence surgery, or any suspicion for neuro-
genic etiology in order to further investigate any possible 
obstruction, degree of sphincteric incompetence, and cys-
tometric parameters which will need to be considered as 

part of the overall treatment plan. Use of disease specific 
validated quality of life questionnaires should be utilized 
to document baseline function and follow therapy out-
comes.  

FIRST LINE TREATMENT:  
BEHAVIORAL MODIFICATION 

Behavioral modification is offered as the first-line treat-
ment because it is effective in reducing OAB symptoms and 
relatively non-invasive. It can be tailored to address the indi-
vidual patient’s needs and capacities by utilizing the various 
components of behavioral treatments, which include void-
ing diary, timed voiding, pelvic floor muscle training, and 
urge suppression techniques (distraction, self-assertions), 
biofeedback, electrical stimulation, fluid management, caf-
feine reduction, dietary changes (avoiding bladder irritants), 
weight loss and other life style changes. In addition, behav-
ioral therapies have the advantage that they can be com-
bined with all other therapeutic techniques. 

The literature provides clear support for the efficacy of 
bladder training (incremental voiding schedules done with 
distraction and self-assertions)22, 23 and behavioral training 
(pelvic floor muscle training with urge suppression tech-
niques).24 Frequency as well as incontinence episodes can 
be reduced by 50 to 80 percent in both men women.22,25-27  
With strict adherence, behavioral treatment can be generally 
either equivalent to26, 28,29 or superior to23, 27, 30 medications 
in terms of reducing incontinence episodes, improving void-
ing parameters such as frequency24, 31, 32 and nocturia,33 and 
improving quality of life.

SECOND LINE TREATMENT: 
PHARMACOTHERAPY

Second-line treatment with oral or transdermal anti-
muscarinics or β3-adrenoceptor agonists is offered to 
patients who have not achieved satisfactory improvement 
on behavioral modification alone. Pharmacotherapy can 
be effective but commonly associated with non-life-
threatening side effects, which can compromise quality 
of life. Antimuscarinic medications are the foundation 
of pharmacologic therapy for symptoms associated with 
OAB. The currently available drugs in this class (oxybu-
tynin, tolterodine, solifenacin, darifenacin, trospium, and 
fesoterodine) have similar mechanism of action by musca-
rinic receptor blockade but with few notable differences. 
Although most of the agents are tertiary amines, trospium 
is a quaternary amine and does not cross the blood–brain 
barrier. This drug may be better suited for elderly patients 
who are at higher risk for CNS side effects. Of these drugs, 
oxybutynin is the only one with transdermal patch and 
transdermal gel applications. This application bypasses 

Sacral neuromodulation (SNS): The procedure involves staged 

placement of an electrode into the third sacral nerve foramen 

during the test phase of 1 – 2 weeks, followed by implantation of 

the pulse generator.
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liver metabolism that results in 
less dry mouth and constipa-
tion. All of the medications are 
available in extended-release 
(ER), once-daily preparations. 
Only oxybutynin, tolterodine, 
and trospium are available in 
immediate-release (IR) prepara-
tions, which allow flexibility in 
dosing. 

The main side effects of 
antimuscarinics are dry mouth, 
constipation, dry or itchy eyes, 
blurred vision, dyspepsia, UTI, 
urinary retention, and impaired 
cognitive function.  Rarely, life-
threatening side effects such as arrhythmias have been 
reported. An extensive review of the randomized trials that 
evaluated pharmacologic therapies for OAB (including tri-
als with placebo control groups as well as trials with active 
treatment comparison groups) revealed no compelling evi-
dence for differential efficacy across medications.26,28-31,34-39 

For those patients who do not respond to or cannot tol-
erate antimuscarinics, beta 3 adrenoreceptor agonists mira-
begron may be offered. There is a growing body of evidence 
suggest that mirabegron has similar efficacy to antimusacrin-
ics, and is relatively safe, albeit limited to 12 weeks.40-42

Behavioral and drug therapies are often used in combi-
nation in clinical practice to optimize patient symptom 
control and QoL. A limited literature indicates that initiating 
behavioral and drug therapy simultaneously may improve 
outcomes, including frequency, voided volume, inconti-
nence and symptom distress.27,31,43-45 In patients who are not 
adequately improved on behavioral or drug therapy alone, 
there also is evidence that continuing the initial therapy and 
adding the alternate therapy using a stepped approach can 
produce additional benefit.46

THIRD LINE TREATMENT: BOTULINUM TOXIN 
A, TIBIAL NERVE STIMULATION, AND SACRAL 
NEUROMODULATION

The refractory OAB group of patients present with unen-
durably bothersome urinary urgency with or without incon-
tinence that has failed initial trial of behavioral modification 
and/or pharmacotherapy due to poor efficacy or intolerable 
side effects. Current treatment options for refractory OAB 
patients who fail adequate trial of conservative therapy—
usually a combination of behavioral modification, pelvic floor 
rehabilitation, and pharmacotherapy for at least four to eight 
weeks—include botulinum toxin A therapy, percutaneous 
tibial nerve stimulation (PTNS), and neuromodulation.

Botulinum toxin A
Clinicians may offer intradetrusor botulinum toxinA 

(100U) as third-line treatment in the carefully selected 
and thoroughly-counseled patient who has been refrac-
tory to first- and second-line OAB treatments. The patient 
must be able and willing to return for frequent post-void 
residual evaluation and able and willing to perform self-
catheterization if necessary. Botulinum toxin A is one of 
seven serotypes of neurotoxin derived from Clostridium 
botulinum and inhibits acetylcholine and adenosine-
5’-triphosphate (ATP) release at the parasympathetic pre-
synaptic nerve terminal, resulting in reversible chemode-
nervation and flaccid muscle paralysis.56 Botulinum toxin 
A is typically injected into the detrusor in 10–30 sites with 
a total dose of 100–300U. Optimal dose for botulinum 
toxin A was defined in a Phase II, multicenter, 12-week, 
randomized, double blind study where 313 patients with 
idiopathic, refractory OAB (wet) received 50, 100, 150, 200, 
or 300U of intradetrusor  botulinum toxin A or placebo.55  
Durable efficacy was observed for all onabotulinumtoxin  
A dose groups of at least 100U. Furthermore, doses at least 
150U contributed minimal additional or clinically relevant 
improvement in symptoms. This study also noted dose-
dependent increases in post void residual (PVR), and use 
of clean intermittent catheterization was observed. Urinary 
tract infection and urinary retention were the only adverse 
events significantly greater with botulinum toxin A com-
pared to placebo. 

Botulinum toxin A has best emerging data in non-neu-
rogenic OAB patients, as evidenced by recent double-blind, 
placebo-controlled trial showing significantly increased 
mean cystometric bladder capacity and decreased fre-
quency and urge incontinence at 12 weeks using 200U of 
trigone-sparing intramuscular injection.47 Patients must be 
cautioned about increased post void residual and infection 

Table 2. Sacral nerve response
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rates, despite the significant improvement in subjective 
outcomes.48 Other disadvantages with this modality are the 
need for repeat treatment at six to nine months and the 
added costs of the drug, which is covered by some insurance 
companies for non-neurogenic group of patients. 

Percutaneous tibial nerve stimulation 
Percutaneous tibial nerve stimulation (PTNS) was devel-

oped in the late 1990s to stimulate sacral nerve roots 
through less invasive, peripheral pathways.49 This therapy 
consists of temporarily implanting a small, disposable nee-
dle near the medial malleolus of the ankle and undergoing 
stimulation of the underlying tibial nerve during 12 weekly 
30-min sessions. Several recent studies have focused on the 
efficacy in treating patients with OAB refractory to medical 
therapy. In a recent randomized, multicenter, controlled 
study comparing PTNS to tolterodine extended-release,  
the authors noted comparable decrease in urgency, fre-
quency, incontinence episodes, nocturia. Voided volume 
also improved.  

A follow-up study looked at durability of PTNS and 
concluded that patients completing 12 weekly treatments 
maintained benefits at 12 months of follow-up.51 Recent 
study assessed PTNS with sham treatment and found 
significant difference between the groups: 54.5 percent 
of patients reported moderate or marked improvement 
in their symptoms after PTNS, compared with 20.9 per-
cent after sham therapy.52 Another group also observed 
a 71 percent responder rate in patients completing 12 
weekly PTNS sessions, with at least 50 percent reduction in 
urgency incontinence episodes, compared to 0 percent of 
patients in the sham group.53 

Sacral neuromodulation
Sacral neuromodulation (SNS) has become the leading 

treatment option for patients with refractory OAB since 
the Food and Drug Administration (FDA) approved it in 
1997. There is growing body of evidence reporting on the 
safety and efficacy of this procedure which involves staged 
placement of an electrode into the third sacral nerve fora-
men during the test phase of  one to two weeks followed by 
implantation of the pulse generator (Figures). The electri-
cal stimulation delivered to the root of third sacral nerve 
is thought to modulate reflex pathways of the micturition 
cycle thus reducing urgency, frequency, and incontinence 
episodes. Recently, long-term durability of SNS has been 
reported with 64 percent of patients having at least 50 per-
cent improvement in daily incontinence episodes, daily pad 
use, number of daily voids, or an increase in voided volume 
at mean follow-up of 53 months.57 Another study found 
overall satisfaction with SNS was high at 90 percent and no 

correlations were found between the satisfaction rate and 
pretreatment age, sex, complaint type, sexual dysfunction, 
or therapy duration.59 Several studies have reported on high 
durable success rate from SNS.60-62 Most common adverse 
events of SNS include pain at the stimulator site (3.3 to 19.8 
percent of patients), pain at the lead site (4.5 to 19.1 percent 
of patients), lead migration (1.1 to 8.6 percent of patients), 
infection/irritation (2.2 to 14.30 percent of patients), electric 
shock (5.5 to 10.2 percent of patients) and need for surgical 
revision (6.25 to 39.5 percent of patients). In most studies, 
the need for surgical revision occurred in greater than 30 
percent of patients.58 There is some evidence that newer, 
less invasive surgical procedures and tined devices may be 
associated with fewer adverse events.  

Patients undergoing SNS should be carefully counseled 
on inability to undergo magnetic resonance testing with 
this device. There is also potential for periodic clinic visits 
for adjustment and replacement of the pulse generator.

ADDITIONAL TREATMENTS
Surgical intervention remains as the last resort for refrac-

tory OAB patients who have exhausted all other options. 
Augmenting a small functional bladder with a patch of 
intestine has shown to increase bladder volumes at low 
filling pressures with high satisfaction rate but may affect 
emptying ability, since the bladder may become defunc-
tionalized. A less invasive extraperitoneal approach to 
augmentation cystoplasty by making only a small incision 
in the peritoneum to harvest a small bowel segment via a 
Pfannanstiel incision minimizes bowel manipulation, hastens 
return of bowel function, and shortens hospital stay.54 For 
patients who have concomitant urinary incontinence, sling 
or bladder neck closure with catheteriazable stoma can be 
performed to provide continent mechanisms.

If all else fails, indwelling catheters (including transurethral 
and suprapubic types) may be an option for those patients 
who are severely debilitated with limited cognitive function 
whose quality of life is deeply affected by OAB and associ-
ated incontinence.  Indwelling catheters are associated with 
complex UTIs, skin infection, urethral erosion, gross hema-
turia, and other morbid conditions, which must be carefully 
managed.

CONCLUSION
OAB and associated incontinence is a highly prevalent 

condition with significant psychosocial, medical, and eco-
nomic burden. It is crucial to accurately distinguish OAB 
symptoms from other associated disease entities, such as 
infection, malignancy, neurologic disease, and anatomic 
defects, which must be addressed as part of a compre-
hensive treatment algorithm. Optimal management of 
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this complex syndrome is aimed as relieving symptoms to 
improve quality of life with clinically effective and minimally 
invasive treatments.  

In the past two decades, we have achieved better phar-
macologic understanding and technologic innovations to 
improve management of refractory OAB.  However, there 
remains a need for basic science and translational research 
to advance the pathophysiologic understanding of OAB.   
Increased awareness of OAB among clinicians can lead to 
earlier detection and therapy to improve overall quality of 
life. n

Ja-Hong Kim, MD is a physician in the Department of 
Urology at University of California, Los Angeles.

1. Haylen BT, de Ridder D, Freeman RM et al: An International Urogynecological Association (IUGA)/International Conti-
nence Society (ICS) joint report on the terminology for female pelvic floor dysfunction. Neurourol Urodyn 2010; 29: 4.
2. Choo MS, Ku JH, Lee JB et al: Cross-cultural differences for adapting overactive bladder symptoms: results of an 
epidemiologic survey in Korea. World J Uro 2007; 25: 505.
3. Corcos J and Schick E: Prevalence of overactive bladder and incontinence in Canada. Can J Urol 2004; 11: 2278.
4. Coyne KS, Sexton CC, Vats V et al: National community prevalence of overactive bladder in the United States stratified by 
sex and age. Urology 2011; 77: 1081.
5. Tikkinen, KA, Auvinen A, Tiitinen A. et al: Reproductive factors associated with nocturia and urinary urgency inin 
women: A population-based study in Finland. Am J Obstet Gynecol 2008: 199: 153 e1.
6. 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: 1306.
7. Stewart WF, Van Rooyen JB, Cundiff GW et al: Prevalence and burden of overactive bladder in the United States. World 
J Uro 2003; 20: 327.
8. Herschorn S, Gajewski J, Schulz J, et al: A population-based study of urinary symptoms and incontinence: The Canadian 
Urinary Bladder Survery. BJU Int 2008; 101; 52.
9.  Milsom I, Abrams P, Cardozo L et al: How widespread are the symptoms of an overactive bladder and how are they 
managed? A population-based prevalence study. BJU Intl 2001; 87: 760.
10. Sexton CC, Coyne KS, Thompson C et al: Prevalence and effect on health-related quality of life of overactive bladder in 
older Americans: results from the epidemiology of lower urinary tract symptoms study. J Am Geriatr Soc 2011; 59: 1465.
11. Brown JS, McGhan WF, Chokroverty S. Comorbidities associated with overactive bladder. Am J Manag Care. 
2000;6(Suppl 11):S574–S579.
12. Benner JS, Becker R, Fanning K, Jumadilova Z, Bavendam T, Brubaker L. Bother related to bladder control and health 
care seeking behavior in adults in the United States. J Urol. 2009;181(6):2591–2598.
13. de Groat WC, Theobald RJ. Reflex activation of sympathetic pathways to vesical smooth muscle and parasympathetic 
ganglia by electrical stimulation of vesical afferents. J Physiol. 1976;259(1):223–237. 
14. de Groat WC. Integrative control of the lower urinary tract: preclinical perspective. Br J Pharmacol. 2006;147(Suppl 
2):S25–S40.
15. Ouslander JG. Management of overactive bladder. N Engl J Med. 2004;350(8):786–799. 
16. Andersson KE. Storage and voiding symptoms: pathophysiological aspects. Urology. 2003;62(Suppl 5B):3–10. 
17. Andersson KE. Antimuscarinics for treatment of overactive bladder. Lancet Neurol. 2004;3(1):46–53. 
18. Brading AF. A myogenic basis for the overactive bladder. Urology. 1997;50(Suppl 6A):57–67. 
19. Levin RM, Longhurst PA, Monson FC, Kato K, Wein AJ. Effect of bladder outlet obstruction on the morphology, physiol-
ogy, and pharmacology of the bladder. Prostate Suppl. 1990;3:9–26. 
20. Gosling JA, Kung LS, Dixon JS, Horan P, Whitbeck C, Levin RM. Correlation between the structure and function of the 
rabbit urinary bladder following partial outlet obstruction. J Urol. 2000;163(4):1349–1356.
21. Sui GP, Wu C, Roosen A, et al. Modulation of bladder myofibroblast activity: Implications for bladder function. Am J 
Physiol Renal Physiol 2008; 295:F688–97.
22. Fantl JA, Wyman JF, McClish DK et al: Efficacy of bladder training in older women with urinary incontinence. JAMA 
1991; 265: 609.
23. Jarvis GJ: A controlled trial of bladder drill and drug therapy in the management of detrusor instability. BJU 1981; 53: 565.
24. Burgio KL, Locher JL, Goode PS et al: Behavioral vs drug treatment for urge urinary incontinence in older women: a 
randomized controlled trial. JAMA 1998; 280: 1995.
25. Burgio KL, Goode PS, Johnson TM 2nd et al: Behavioral versus drug treatment for overactive bladder in men: the male 
overactive bladder treatment in veterans (MOTIVE) trial. J Am Geriatr Soc 2011; 59: 2209.
26. Goode PS, Burgio KL, Locher JL et al: Urodynamic changes associated with behavioral and drug treatment of urge 
incontinence in older women. J Am Geriatr Soc 2002; 50: 808.
27. Kaya S, Akbayrak T and Beksac S: Comparison of different treatment protocols in the treatment of idiopathic detrusor 
overactivity: a randomized controlled trial. Clin Rehabil 2011; 25: 327.
28. Arruda RM, Castro RA, Sousa GC et al: Prospective randomized comparison of oxybutynin, functional electrostimulation, 

and pelvic floor training for treatment of detrusor overactivity in women. Int Urogynecol J Pelvic Floor Dysfunct 2008; 19: 1055.
29. Colombo M, Zanetta G, Scalambrino S et al: Oxybutynin and bladder training in the management of female urge 
urinary incontinence: a randomized study. Int Urogynecol J 1995; 6: 63.
30. Burgio KL, Locher JL, Goode PS et al: Behavioral vs drug treatment for urge urinary incontinence in older women: a 
randomized controlled trial. JAMA 1998; 280: 1995.
31. Song C, Park JT, Heo KO et al: Effects of bladder training and/or tolterodine in female patients with overactive bladder 
syndrome: a prospective, randomized study. J Korean Med Sci 2006; 21: 1060.
32. Kafri R, Langer R, Dvir Z et al: Rehabilitation vs drug therapy for urge urinary incontinence: short-term outcome Int. 
Urogynecol J Pelvic Floor Dysfunct 2007; 18: 407.
33. Johnson TM, Burgio KL, Goode PS et al: Effects of behavioral and drug therapy on nocturia in older incontinent women. 
J Am Geriatr Soc 2005; 53: 846.
34. Herschorn S, Stothers L, Carlson K et al: Tolerability of 5 mg solifenacin once daily versus 5 mg oxybutynin immediate 
release 3 times daily: Results of the VECTOR trial. J Urol 2010; 183: 1982.
35. Chapple CR, Martinez-Garcia R, Selvaggi L et al: A comparison of the efficacy and tolerability of solifenacin succinate and 
extended release tolterodine at treating overactive bladder syndrome: Results of the STAR trial. European Urol 2005; 48: 464.
36. Diokno AC, Appell RA, Sand PK et al: Prospective randomized, double-blind study of the efficacy and tolerabilitiy of the 
extended-release formulations for oxybutynin and tolterodine for overactive bladder: results of the OPERA trial. Mayo Clin 
Proc 2003: 78; 687
37. Chapple CR, Khullar V, Gabriel Z et al: The effects of antimuscarinic treatments in overactive bladder: an update of a 
systematic review and meta-analysis. Eur Urol 2008; 54: 543.
38. Khullar V, Chapple C, Gabriel Z et al: The effects of antimuscarinics on health-related quality of life in overactive blad-
der: a systematic review and meta-analysis. Urology 2006; 68: 38
39. Novara G, Galfano A, Secco S et al: A systematic review and meta-analysis of randomized controlled trials with 
antimuscarinic drugs for overactive bladder. Eur Urol 2008; 54: 740.
40. Nitti, V.W.;Khullar, V.;van Kerrebroeck, P.;Herschorn, S.;Cambronero, J.;Angulo, J.C.;Blauwet, M.B.;Dorrepaal, 
C.;Siddiqui, E.;Martin, N.E. Mirabegron for the treatment of overactive bladder: a prespecified pooled efficacy analysis and 
pooled safety analysis of three randomised, double-blind, placebo-controlled, phase III studies. Int J Clin Pract 2013; 67: 7.
41. Cui, Y.;Zong, H.;Yang, C.;Yan, H.;Zhang, Y. The efficacy and safety of mirabegron in treating OAB: a systematic review 
and meta-analysis of phase III trials. Int Urol Nephrol 2013; 46: 1.
42. National Institute for Health and Care Excellence (formerly National Institute for Health and Clinical Excellence): Guid-
ance. London: National Institute for Health and Care Excellence (UK); 2013.
43. Mattiasson A, Blaakaer J, Hoye K et al: Simplified bladder training augments the effectiveness of tolterodine in patients 
with an overactive bladder. BJU Intl 2003; 91: 54.
44. Mattiasson A, Masala A, Morton R et al: Efficacy of simplified bladder training in patients with overactive bladder 
receiving a solifenacin flexible-dose regimen: results from a randomized study. BJU Int 2009; E-pub ahead of print.
45. Burgio KL, Kraus SR, Menefee S et al: Behavioral therapy to enable women with urge incontinence to discontinue drug 
treatment: a randomized trial. Ann Intern Med 2008; 149: 161.
46. Burgio KL, Locher JL and Goode PS: Combined behavioral and drug therapy for urge incontinence in older women. J 
Am Geriatr Soc 2000; 48: 370.
47. Sahai A, Khan MS, Dasgupta P.: Efficacy of botulinum toxin-A for treating idiopathic detrusor overactivity: results from 
a single center, randomized, double-blind, placebo controlled trial. J Urol 2007 Jun;177(6):2231-6.
48. Brubaker L, Richter HE, Visco A,: Refractory idiopathic urge urinary incontinence and botulinum A injection. J Urol. 
2008 Jul;180(1):217-22.
49. Stoller ML. Afferent nerve stimulation for pelvic floor dysfunction. Eur Urol1999; 35:132.
50. Peters KM, Macdiarmid SA, Wooldridge LS, et al. Randomized trial ofpercutaneous tibial nerve stimulation versus 
extended-release tolterodine: results from the Overactive Bladder Innovative Therapy trial. J Urol 1055; 182:.
51. MacDiarmid SA, Peters KM, Shobeiri SA, et al. Long-term durability of percutaneous tibial nerve stimulation for the 
treatment of overactive bladder. J Urol 2010; 183:234–240.
52. Peters KM, Carrico DJ, Perez-Marrero RA, et al. Randomized trial of percutaneoustibial nerve stimulation versus sham 
efficacy in the treatment ofoveractive bladder syndrome: results from the SUmiT trial. J Urol 2010; 183:1438.
53. Finazzi-Agro E, Petta F, Sciobica F, et al. Percutaneous tibial nerve stimulation effects on detrusor overactivity inconti-
nence are not due to a placebo effect: a randomized, double-blind, placebo controlled trial. J Urol 2010; 184:2001–2006.
54. Reyblat P, Chan KG, Josephson DY,: Comparison of extraperitoneal and intraperitoneal augmentation enterocystoplasty 
for neurogenic bladder in spinal cord injury patients. World J Urol. 2009 Feb;27(1):63-8.
55. Dmochowski R, Chapple C, Nitti VW, et al. Efficacy and safety of onabotulinumtoxin A for idiopathic overactive bladder: 
a double-blind, placebo controlled, randomized, dose ranging trial. J Urol 2010; 18:2416–2422.
56. Starkman JS, Smith CP, Staskin DR. Surgical options for drug-refractory overactive bladder patients. Rev Urol 2010; 
12:e97–e110.
57. Marcelissen TAT, Leong RK, de Bie RA, et al. Long-term results of sacral neuromodulation with the tined lead 
procedure. J Urol 2010; 184:1997–2000.
58. Sutherland SE, Lavers A, Carlson A et al: Sacral nerve stimulation for voiding dysfunction: 0ne institution’s 11-year 
experience. Neurourol Urodyn 2007; 26: 19.
59. Leong RK, Marcelissen TA, Nieman FH et al: Satisfaction and patient experience with sacral neuromodulation: results of 
a single center sample survey. J Urol 2011; 185: 588.
60.  van Kerrebroeck PE, van Voskuilen AC, Heesakkers JP et al: Results of sacral neuromodulation therapy for urinary 
voiding dysfunction: outcomes of a prospective, worldwide clinical study. J Urol 2007; 178: 2029.
61. Janknegt RA, Hassouna MM, Siegel SW et al: Long-term effectiveness of sacral nerve stimulation for refractory urge 
incontinence. Eur Urol 2001; 39: 101.
62. Siegel SW, Catanzaro F, Dijkema HE et al: Long-term results of a multicenter study on sacral nerve stimulation for 
treatment of urinary urge incontinence, urgency-frequency, and retention. Urology 2000; 56: 87.


