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Abstract
The sudden urge to urinate and the uncontrolled feeling of having to go 
frequently describes the life of an individual with an overactive bladder. As 
many as 30 percent of men and 40 percent of women in the United States 
live with an overactive bladder.1 Many people feel embarrassed, don’t ask 
for help, don't know how to talk with their health care provider about their 
symptoms, or think there are not treatments that can help. Symptoms 
can severely impact the physical and social life of an individual with an 
overactive bladder. In this article, we will explore the disease state and 
investigate the role of novel vibegron and of a combination of mirabegron/
solifenacin in patients with overactive bladder.

O veractive bladder (OAB) 
is a syndrome classified 
by the compelling desire 
to pass urine, which 
presents with or without 

urinary incontinence and nocturia. OAB 
affects a significant proportion of the U.S. 
population, with an overall prevalence of 
23.3%. Nearly twice as many women as 
men have OAB (30% of women and 16.4% 
of men).2 Relative to race, 45.9% of Black, 
43.4% of White, 42% of Hispanic, and 
26.6% of Asian women have OAB, while 
for men the percentages are 33.3%, 28.0%, 
27.0%, and 26.6%, respectively. 

In healthy patients, normal bladder 
function is defined as a bladder free 
of bacterial infections or tremors 
and having the ability to store urine 
without discomfort.3 Conversely, the 
pathophysiology of OAB has either 
neurogenic factors or non-neurogenic 
factors, which encompass myogenic and 
urotheliogenic factors.4 Neurogenic factors 
include damage to the central inhibitory 
pathways of the brain or spinal cord, or 
sensitization of peripheral afferent terminals, 
leading to OAB. Non-neurogenic, myogenic 
factors involve unstable increases in the 
intravesical pressure leading to damage of 
the bladder wall, and secondary changes 
to the smooth wall muscles of the bladder. 
Meanwhile, urotheliogenic factors include 
damage to the urothelium that leads to 
an increase in urinary frequency and a 
decrease in storage of urine. The etiology 
of OAB consists of a multitude of factors, 
including weak pelvic muscles, nerve 
damage, urinary tract infection, excess 
weight, menopause, and intake of alcohol 
or caffeine.5 The significant risk factors for 
OAB are increasing age, current smoking, 
hyperlipidemia, cardiovascular disease, and 
renal disease.6

Typical clinical presentations of OAB 
involve a sudden urge to urinate that 
is difficult to control, urinary urgency 
incontinence, urinating frequently (eight or 
more times in 24 hours), or waking up one 

to two times in the night due to urination.6 
Diagnosis of OAB includes an initial 
assessment of symptom history and fluid 
intake, and a urinalysis to rule out infection 
or hematuria. However, if a patient reports 
bothersome symptoms of urgency with 
or without urinary incontinence, and 
absence of a urinary tract infection, an 
OAB diagnosis may be made.7 After a 
diagnosis is made, there are many healthcare 
professionals involved in the care of patients 
with OAB, including family practice 
physicians, urologists, nephrologists, 
gynecologists, and pharmacists, who 
optimize the care for these patients.

Treatment Modalities and 
Approach

The American Urological Association 
(AUA) and the Society of Urodynamic, 
Female Pelvic Medicine and Urogenital 
Reconstruction (SUFU) are the two 
organizations that co-publish the treatment 
guidelines for OAB.8,9 The “Diagnosis and 
Treatment of Non-Neurogenic Overactive 
Bladder in Adults: an AUA/SUFU 
Guideline” outlines non-pharmacological 
and pharmacological treatment options for 
OAB.

Non-pharmacological treatments 
are considered first-line treatment 
options.8,9 They include education and the 
implementation of behavioral therapies. 

Some key points to emphasize during 
patient education are: the benefits versus 
risks of treatment options; that multiple 
treatment options may be needed; and 
that not all symptoms may be resolved.  
Behavioral therapies include bladder 
training, pelvic floor training, and fluid 
management.8 Bladder training allows 
patients to train their bladders to urinate 
on a fixed schedule in order to increase the 
amount of urine held in the bladder by 
urinating first thing in the morning, then 
urinating again after a set interval, such as 
15 minutes. Over time, the patient should 
be able to increase their interval time in 
order to decrease urinary incontinence.10 
Pelvic floor muscle training, also known 
as Kegels, involves contracting and then 
relaxing the pelvic floor muscles, typically 
repeated in several sets throughout the 
day. This training provides patients with 
the ability to strengthen the  muscles that 
control urination. Lastly, fluid management 
can be implemented as a behavioral therapy 
to manage urinary incontinence. Educating 
the patient on drinking smaller amounts 
of liquid throughout the day, drinking 
more fluids earlier in the day, or skipping 
the fluids that increase urine production, 
such as alcohol and caffeine, are methods 
that can help manage fluid for those with 
OAB.11 The main goals of the education and 
behavioral therapies for OAB are to change 
voiding habits and improve the control of 
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TABLE 1.  Clinical Trials of Blood Pressure Lowering Strategies in Patients with Diabetes

Generic/Brand Dosing & Modifications Important Drug Interac-
tions Patient Education

Antimuscarinic Antagonists30-35

Mechanism of Action: competitively antagonizes the muscarinic receptor on urinary bladder smooth muscle, resulting in reduced contractions
Class Adverse Drug Reactions: dry mouth, constipation, diarrhea, headache, somnolence, and dizziness
Class Contraindications: urinary retention, gastric retention, uncontrolled narrow angle glaucoma

Oxybutynin/Ditropan XL® 30

Dosing: 5 mg, 10 mg or 15 mg extended-release tablets by 
mouth daily

Modifications:
• Adults: Start with 5 mg or 10 mg, once daily. Dose 

should not exceed 30 mg per day
• Pediatric patients (6 years of age or older): Start with 5 

mg, once daily. Dose should not exceed 20 mg per day

• Potent CYP3A4 
inhibitors

• Other anticholinergic 
drugs

• Take at approximately 
the same time each day. 
Should be swallowed 
whole with the aid of 
liquids. Patients should 
not chew, divide, or crush 
tablets.

• May produce angioedema.

Tolterodine/Detrol® LA31

Dosing: 2 mg or 4 mg extended-release capsule by mouth 
daily

Modifications:
• Mild to moderate hepatic impairment, Creatinine 

Clearance 10-30 mL/min, and drugs that are potent 
CYP3A4 inhibitors: 2 mg by mouth daily

• Severe renal and hepatic Impairment: Not 
recommended

• Potent CYP3A4 
inhibitors

• Other anticholinergic 
drugs

• Take with or without food 
and at the same time 
each day.

Trospium/Sanctura®32

Dosing: 20 mg tablets by mouth twice daily

Modifications:
• Creatinine clearance less than 30 mL/min): 20 mg once 

daily at bedtime
• Geriatric patients greater than or equal to 75 years of 

age, dose may be titrated down to 20 mg once daily 
based upon tolerability

• Drugs elimination by 
active tubular secretion

• Metformin immediate 
release tablets

• Other anticholinergic 
drugs

• Should be taken with 
water on an empty 
stomach at least one hour 
before a meal.

Darifenacin/Enablex®33

Dosing: Extended-release tablets 7.5 mg or 15 mg by 
mouth daily

Modifications: 
• Patients with moderate hepatic impairment and patients 

taking potent CYP3A4 inhibitors: daily dose should not 
exceed 7.5 mg daily

• Severe hepatic impairment: Not recommended

• CYP3A4 inhibitors 
• CYP2D6 substrates 
• Other anticholinergic 

drugs

• May be taken with or 
without food. The tablet 
should be swallowed 
whole with water and 
not chewed, divided or 
crushed.

Solifenacin/Vesicare®34

Dosing: 5 mg or 10 mg tablets by mouth daily 

Modifications: 
• CrCl <30 ml/min, moderate hepatic impairment, 

concomitant use of potent CYP3A4 inhibitors: do not 
exceed 5 mg tablet once daily

• Inhibitors and inducers 
of CYP3A4 enzyme

• Other anticholinergic 
drugs

• Take with water and 
swallow the tablet whole, 
can take with or without 
food.

Beta-3 Adrenoreceptor Agonist35,36

Mechanism of Action: activates beta-3 receptors resulting in relaxation of the detrusor smooth muscle 
Class Adverse Drug Reaction: hypertension (Mirbegron only), nasopharyngitis, urinary tract infection and headache 
Class Contraindications: Hypersensitivity reaction

Mirabegron/Myrbetriq®35

Dosing: 25 mg or 50 mg extended-release tablets by mouth 
daily 

Modifications: 
• Severe renal impairment or patients with moderate 

hepatic impairment: maximum dose of 25 mg once 
daily

• End Stage Renal Disease and severe hepatic 
impairment: Not recommended

• Mirabegron is CYP2D6 
inhibitor; appropriate 
monitoring and possible 
dose adjustment of 
those CYP2D6 substrate 
drugs may be necessary 

• Digoxin: prescribe the 
lowest dose of digoxin 
when concomitant use 
of mirabegron

Swallow whole with water, 
do not chew, divide or crush 
tablets

Virbegron/GEMTESA®36

Dosing: 75 mg tablet once daily

Modifications: 
• End-stage Renal Disease with or without Hemodialysis: 

Not recommended. 
• Severe Hepatic Impairment: Not recommended

• Digoxin • May be taken with out 
without food but must be 
swallow whole with water

• May be crushed and 
mixed into applesauce
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urge suppressions.
Per the AUA/SUFU guidelines, 

pharmacological treatments options are 
considered as second-line therapies, which 
are to be added if behavior therapies alone 
are not sufficient  to treat the symptoms.8 
Antimuscarinics such as oxybutynin, 
tolterodine, trospium, darifenacin, and 
solifenacin are commonly used drug agents 
to treat OAB. Guidelines suggest that the 
extended-release form of the antimuscarinics 
should be used due to fewer side effects, 
specifically dry mouth.8,12,13 In addition 
to antimuscarinics, beta-3 adrenoreceptor 
agonists, such as mirabegron, are commonly 
used for overactive bladders, with vibegron 
being the most recently approved drug agent 
in this class.13 Table 1 describes available 
agents in detail. These medications can be 
used as monotherapy, or in a combination 
of the two different drug classes if the 
disease state becomes refractory, in order to 
achieve better clinical outcomes.8

Third- and fourth-line OAB therapies 
include the use of surgical and non-
surgical procedures.8 Intradetrusor 
onabotulinumtoxinA (100U) can be 
administered in order to cause bladder 
muscle contraction.14 Peripheral tibial nerve 
stimulation is a non-surgical procedure 
in which a needle is placed near the tibial 
nerve. When stimulated, electrical impulses 
block the nerve signals that cause unwanted 
muscle spasms.15 Sacral neuromodulation 
simulation is a surgical procedure that sends 
electrical impulses directly to the sacral 
nerve to alter the bladder function.16 In 
rare cases, patients may undergo bladder 
augmentation cystoplasty, in order to 
enlarge the bladder, or may undergo 
urinary diversion, in order to create a new 
pathway for voiding.17 These procedures are 
reserved for patients categorized with OAB 
refractory to previous therapies, patients not 
candidates for second-line therapies, and 
those who are willing to undergo surgery. 

Novel Pharmacologic 
Approaches 
Gemtesa® - vibegron

In December of 2020, a new beta-3 
adrenergic agonist, Gemtases®, emerged 
to treat overactive bladder with symptoms 
of urinary incontinence, urgency, and 
urinary frequency in adults. Gemtases® is 
also known by its generic name, vibegron, 
and was approved by the Food and Drug 

Administration (FDA). The drug comes in 
a 75 mg tablet and is generally administered 
once daily. Vibegron's common adverse 
reactions include headache, urinary tract 
infection, nausea and diarrhea; and it 
is contraindicated for those who have 
hypersensitivity to the drug. Also, vibegron 
has a potential to interact with digoxin 
by increasing the blood levels of digoxin. 
The approval was based on a randomized, 
double-blind, placebo and active controlled 
phase III trial called the EMPOWUR 
trial.18 This trial assessed the efficacy and 
safety of vibegron in OAB "wet" (urinary 
urgency with urge incontinence) and "dry" 
patients (urinary urgency without urge 
incontinence). It followed 1,518 eligible 
participants who were randomized to receive 
75 mg vibegron or matching placebo or 
tolterodine for 12 weeks. 

The trial primarily investigated the 
change in the average number of daily 
urge urinary incontinence (UUI) episodes 
in patients with one or more episodes 
per day, and the change in daily urinary 
micturitions.18 The average change of UUI 
episodes was statistically significant in the 
vibegron group by -2.0 episodes per day 
vs. -1.4 episodes for placebo (p <0.0001) 
and -1.8 episodes for tolterodine with 
a p-value of 0.0123. The mean change 
of urinary micturitions at week 12 was 
statistically significant by -1.8 episodes 
per day for vibegron vs. -1.3 for placebo 
(p <0.001) and -1.6 for tolterodine with 
a p-value of 0.0020. Vibegron exhibited a 
statistically significant improvement in the 
key secondary outcome measures, such as 
number of urgency episodes, volume per 
micturition, and proportion of incontinent 
patients with a ≥75% reduction in urge 
incontinence episodes (p <0.01).

In the vibegron group, the incidence 
of adverse events that were observed 
2% or more than in the placebo group 
were headache (4%), nasopharyngitis 
(2.8%), and diarrhea and nausea (2.2%).18 
Furthermore, other adverse events were 
consistent with cystitis and urinary tract 
infection. Safety measures also included 
vital signs assessments. The proportion of 
patients at week 12 that had an increase in 
blood pressure was 0.7% for vibegron, 0.9% 
for placebo, and 1.9% for tolterodine. The 
proportion of patients who experienced 
tachycardia in both the placebo and 
tolterodine groups was 0.2% while there 
was no tachycardia reported in the vibegron 

group.These results were not statistically 
significant.  Furthermore, based on the 
adverse effects observed during the study, 
vibegron was less associated with adverse 
events such as dry mouth and cognitive 
decline, which are commonly observed with 
anticholinergics agents used in the treatment 
of OAB. In conclusion, vibegron provided a 
significant improvement in OAB symptoms 
with a better safety profile.

Similar to the antimuscarinics, all beta-3 
adrenergic agonists are second-line agents 
after trialing first-line therapy of behavioral 
therapies.19 Vibegron's place in therapy 
falls as second-line among the other beta-3 
adrenergic agonists.20 Further, as vibegron is 
a relatively newer agent, it is unavailable in 
the generic formulation. This is the reason 
behind its limited insurance coverage and 
high cost.21 

Combined Use of Mirabegron and 
Solifenacin 

Mirabegron, a beta-3 adrenergic agonist, 
and solifenacin succinate, a muscarinic 
receptor antagonist, are two drugs approved 
by the FDA in 2012 and 2004 respectively 
as monotherapies for treatment of OAB.22,23 
More recently in 2018, the FDA approved 
the use of mirabegron in combination with 
solifenacin for treatment of OAB with 
evidence of increased efficacy over use as 
monotherapy.23

Mirabegron (Myrbetriq®) eases 
symptoms of OAB such as urinary urgency, 
urinary frequency, and urinary incontinence. 
It is a beta-3 adrenergic agonist that works 
by relaxing the bladder muscles to prevent 
symptoms of OAB. Mirabegron comes as 
an extended-release tablet with an initial 
dosage of 25 mg orally once daily and may 
be titrated up to 50 mg once daily after 4 to 
8 weeks as necessary.23 Mirabegron for OAB 
is recommended to be taken with food in 
children ages 8-18, and can be taken with 
or without food in adults. A max dose of 
25 mg daily is recommended in patients 
with renal or hepatic impairment. This 
medication is also indicated in children ages 
3 and older as a suspension in treatment for 
neurogenic detrusor overactivity (NDO), a 
bladder control condition caused by brain, 
spinal cord, or nerve problems. Mirabegron 
is a moderate CYP2D6 inhibitor and 
should be monitored in patients also taking 
medications such as digoxin and warfarin. 
Patients initiating treatment with digoxin 
and mirabegron should consider the lowest 
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digoxin dose initially and monitor serum 
digoxin concentrations when titrating up. 
While effects of mirabegron on multiple 
doses of warfarin have not fully been 
investigated and no effect was seen in the 
pharmacodynamic endpoints of a single 
dose of warfarin, prothrombin time should 
be monitored with concurrent use of 
both agents. The most common adverse 
effects reported with monotherapy include 
hypertension, nasopharyngitis, urinary tract 
infection, angioedema, and headache. Blood 
pressure should be monitored periodically, 
especially in patients with hypertension. 
Worsening of pre-existing hypertension has 
been reported infrequently with mirabegron 
in clinical trials and is not recommended 
for use in patients with severe uncontrolled 
hypertension (>180/110 mmHg). 
Mirabegron reportedly has lower incidences 
of dry mouth and constipation compared to 
antimuscarinic counterparts.29 

Solifenacin succinate (Vesicare®) is a 
muscarinic receptor antagonist, selective 
for the M3 receptor to relax and reduce 
spasms of bladder muscles.22 Solifenacin, 
similar to mirabegron, is indicated for 
OAB and NDO in children ages 2 and 
older. The oral tablet is initially dosed at 5 
mg daily and can be titrated up to 10 mg 
daily. A max dose of 5 mg is recommended 
in patients with severe renal impairment 
or moderate hepatic impairment. It is not 
recommended for use in patients with 
severe hepatic impairment. Solifenacin is 
metabolized by CYP3A4 and should be used 
with caution in concurrent administration 
of CYP3A4 inhibitors. Grapefruit juice 
and St. John’s Wort should be avoided, and 
a maximum dose of 5 mg should be used 
with concomitant use of ketoconazole, an 
azole antifungal. Solifenacin should not be 
used in pregnant or breastfeeding women. 
It is contraindicated in patients with 
narrow-angle glaucoma, gastric retention, 
and urinary retention. Furthermore, 
anticholinergic CNS effects have been 
reported with monotherapy, including 
headache, confusion, somnolence, 
and hallucinations. Patients should be 
monitored for anticholinergic CNS effects, 
especially at initiation or dose titration, and 
be advised not to operate heavy machinery 
until they know how solifenacin affects 
them. Solifenacin should be discontinued or 
reduced in dose for patients who experience 
such CNS effects.

Combination therapy with these two 

agents have been shown to improve OAB 
symptoms compared to monotherapy with 
either agent. Most effects of combination 
therapy were seen by week 4 in clinical 
trials with effect sizes consistent with an 
additive effect and without any significant 
effect in the safety profile.24 Dual therapy 
improved number of incontinence episodes, 
number of micturition, and volume 
voided per micturition.24-26,28 Long-term 
data shows these results were maintained 
over the course of one year. The most 
current 2019 AUA/SUFU guidelines for 
diagnosis and treatment of OAB suggest 
combination therapy as a second-line 
treatment, refractory to monotherapy.8 
Guidelines were based on four major trials 
that compared combination mirabegron 
(25 to 50 mg) plus solifenacin (5 mg) with 
monotherapies and placebos over a period 
either 12 or 52 weeks.24-26,28 While these 
trials showed overall significant increased 
efficacy with combination therapy, there 
were increased reports of adverse effects.29 
Patient-assessed symptoms were measured 
in all four trials using the Patient Perception 
of Bladder Condition questionnaire 
(PPBC) and the OAB-q Symptom Bother 
score. Based on the SYNERGY and 
SYMPHONY trials showing significant 
reduction in OAB symptoms including 
urinary urgency, urinary frequency, and 
urinary incontinence, the combination 
therapy doses are mirabegron 50 mg and 
solifenacin 5 mg daily.24,28 Adverse effects 
seen in clinical trials were additive for dual 
therapy with increased rates of dry mouth, 
constipation, and dyspepsia compared to 
monotherapy. Additionally, more incidents 
of urinary retention were reported with 
the combination of mirabegron and 
solifenacin.24,25 Combination therapy is still 
a new concept with lack of robust data, 
and is currently considered secondary to 
monotherapy. 

Conclusion
OAB is a chronic condition with varying 

symptoms among patients that requires a 
treatment plan tailored to each patient’s 
needs. While a cure for this condition is 
rare, management of OAB through non-
pharmacologic and pharmacologic options 
greatly improves symptoms and increases 
patient satisfaction. Non-pharmacologic 
treatments are first-line, and are intended to 
help develop strategies to manage urge and 
urge incontinence. These options include 

bladder training, pelvic floor training, 
and fluid intake management. Patients 
should be educated on OAB and the 
consistency needed for non-pharmacologic 
options to see long-term improvements. 
Pharmacologic treatments are intended to 
be used as additional management if non-
pharmacologic options are not enough.
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