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Abstract 

Background/Objectives 

Overactive bladder (OAB) and urge urinary incontinence (UUI) are conditions that affect 12 – 18% of 

Canadians and that grow increasingly common with age. Patterns of use and comparative safety of six 

anticholinergic medications used to treat OAB and UUI were examined. Two of these medications 

(oxybutynin, tolterodine) have been included for many years on the provincial drug formulary, while the 

other four (solifenacin, darifenacin, trospium chloride, fesoterodine) have only recently been listed with 

conditions as “limited use” (LU) products. Acute urinary retention is a possible adverse outcome 

associated with these medications and was the outcome selected for the analysis of comparative safety.  

 

Study Design 

Participants were patients from Ontario between 66 and 105 years of age who received a new prescription 

for one of the bladder anticholinergic medications listed on the formulary between December 15, 2011 

and December 31, 2013. A retrospective cohort design was used.  

 

Measurements 

Patients who were new users of any of the six bladder anticholinergic medications were identified from 

ODB program data. Descriptive statistics were used to assess physician adherence to the LU criteria. 

These patients were assigned to groups based on the bladder anticholinergic medication they received and 

the risk of acute urinary retention in new users of each medication was compared. Cox Proportional 

Hazards models were used to calculate hazard ratios to compare the risk of acute urinary retention among 

new users of each of the newer medications as compared to new users of oxybutynin. Analyses were 

stratified by sex, as men are known to be at greater risk of urinary retention than women. 

 

Results 
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Only 10% of patients met the LU criteria for a prior trial of oxybutynin. Among men (but not women), 

new use of solifenacin, darifenacin, or tolterodine was associated with a reduced risk of acute urinary 

retention as compared to oxybutynin.  

 

Conclusion 

The LU criteria for newer bladder anticholinergic medications do not appear to serve as an effective 

means of regulating their prescription. Exposure to these medications appears to confer a lower risk of 

acute urinary retention than oxybutynin in male patients. Further research into other potential adverse 

effects of these medication is needed. 

 



 

iv 

 

Co-Authorship 

This thesis describes the work done by Randall Boyes under the direction of Dr. Sudeep Gill and Dr. 

Hélène Ouellette-Kuntz. Data linkage for both manuscripts was completed by Ms. Marlo Whitehead, 

Institute for Clinical Evaluative Sciences Senior Programmer and Biostatistician. 

 

Manuscript 1: Patterns of Use. The idea of describing the patterns of use of these bladder anticholinergic 

medications was Dr. Gill’s. The writing of the manuscript, statistical analysis, and interpretation of results 

were prepared by Randall Boyes, with editorial feedback provided by Dr. Gill and Dr. Ouellette-Kuntz. 

 

Manuscript 2: Comparative Safety. The idea of comparing the safety of these medications and the choice 

of acute urinary retention as the endpoint were Dr. Gill’s. The writing of the manuscript, statistical 

analysis, and interpretation of results were prepared by Randall Boyes, with editorial feedback provided 

by Dr. Gill and Dr. Ouellette-Kuntz. 

 

All other chapters were written by Randall Boyes, with feedback and advice provided by Dr. Gill and Dr. 

Ouellette-Kuntz. 



 

v 

  

Acknowledgments 

This study was supported by the Institute for Clinical Evaluative Sciences (ICES), which is 

funded by an annual grant from the Ontario Ministry of Health and Long-Term Care (MOHLTC). 

Funding for this project was received from the Queen’s University Department of Medicine (DOM) 

Innovation Fund, without which this project would not have been possible. The opinions, results and 

conclusions reported in this paper are those of the authors and are independent from the funding sources. 

No endorsement by ICES, the Ontario MOHLTC or the DOM is intended or should be inferred. 

The authors wish to acknowledge the contributions of the staff at the Institute for Clinical 

Evaluative Sciences at Queen’s University, especially Marlo Whitehead for assistance in programming 

and database management. 

  



 

vi 

 

 

Table of Contents 

Abstract ......................................................................................................................................................... ii	  
Background/Objectives ......................................................................................................................... ii	  
Study Design ......................................................................................................................................... ii	  
Measurements ........................................................................................................................................ ii	  
Results ................................................................................................................................................... ii	  
Conclusion ............................................................................................................................................ iii	  

Co-Authorship .............................................................................................................................................. iv	  
Acknowledgments ......................................................................................................................................... v	  
List of Figures ............................................................................................................................................ viii	  
List of Tables ............................................................................................................................................... iix	  
List of Abbreviations ..................................................................................................................................... x	  
Chapter 1 : Introduction ................................................................................................................................ 1	  

Rationale and Purpose ............................................................................................................................... 1	  
Overview of Study Design ........................................................................................................................ 3	  
Study Objectives ....................................................................................................................................... 4	  
Thesis Outline ........................................................................................................................................... 5 

    References..................................................................................................................................................6 

Chapter 2 : Literature Review ....................................................................................................................... 7	  
Previous Comparative Studies .................................................................................................................. 7	  
Other Causes of Acute Urinary Retention ................................................................................................. 9	  
Limited Use Criteria ................................................................................................................................ 11	  
Biological Mechanisms of Action ........................................................................................................... 12	  
References ............................................................................................................................................... 14	  

Chapter 3 ..................................................................................................................................................... 19	  
Abstract ................................................................................................................................................... 20	  
Objectives ................................................................................................................................................ 25	  
Methods ................................................................................................................................................... 26	  
Results ..................................................................................................................................................... 29	  
Discussion ............................................................................................................................................... 34	  
Conclusion ............................................................................................................................................... 36	  
References ............................................................................................................................................... 37	  
Financial Disclosure ................................................................................................................................ 39	  
Conflict of Interest .................................................................................................................................. 39	  



 

vii 

 

Chapter 4 ..................................................................................................................................................... 40	  
Abstract ................................................................................................................................................... 41	  
Introduction and Background .................................................................................................................. 44	  
Methods ................................................................................................................................................... 47	  
Results ..................................................................................................................................................... 52	  
Discussion ............................................................................................................................................... 63	  
Conclusion ............................................................................................................................................... 65	  
References ............................................................................................................................................... 66	  
Financial Disclosure ................................................................................................................................ 69	  
Conflict of Interest .................................................................................................................................. 69	  

Chapter 5 : Discussion ................................................................................................................................. 70	  
Summary of Key Findings ...................................................................................................................... 70	  
Strengths and Limitations of the Thesis .................................................................................................. 70	  
Large Sample Population-Based Study ................................................................................................... 71	  
Biases and Confounding .......................................................................................................................... 71	  
Data Quality ............................................................................................................................................ 74	  
Power ....................................................................................................................................................... 75	  
Generalizability of Results ...................................................................................................................... 76	  
Future Research Directions ..................................................................................................................... 77	  
Economic and Public Health Impact ....................................................................................................... 78	  
References ............................................................................................................................................... 80	  

Appendix A: Biological Information .......................................................................................................... 82	  
Appendix B: Dates of Availability .............................................................................................................. 83	  
Appendix C: Supplementary Methods ........................................................................................................ 85	  
Appendix D: Ethics Approval ..................................................................................................................... 88 

Appendix E. Variable Definitions ............................................................................................................... 89 

Appendix F. Notes on Model Selection ...................................................................................................... 93 

Appendix G. Informative Censoring ........................................................................................................... 96 

Appendix H. Calculations ........................................................................................................................... 97 

Appendix I. Proportional Hazards Assumption .......................................................................................... 99 

Appendix J. Time to Event by Group ....................................................................................................... 102 

Appendix K. Depletion of Susceptibles .................................................................................................... 103 

 



 

viii 

 

List of Figures 

Figure 3.1. Number of patients in Ontario aged 66 years and older receiving a prescription for select 

anticholinergic medications (by month) from December 2010 to March 2014. ......................................... 30 

Figure I.1. Kaplan meier survival curves for men ....................................................................................... 99 

Figure I.1. Kaplan meier survival curves for women ................................................................................ 100 

 

 

 

 



 

ix 

 

List of Tables 

Table 3.1. Characteristics of new users of each bladder anticholinergic and percentages for whom 

physicians observed select limited use (LU) criteria. ................................................................................. 31	  

Table 3.2. Proportion of patients beginning the study on select anticholinergic medications (Index Drug) 

who were switched to an alternate medication (drug switched to) within 12 weeks. ................................. 32	  

Table 3.3. Percentage of patients who received a trial of oxybutynin in select lookback windows by index 

date. ............................................................................................................................................................. 33	  
Table 4.1. Baseline characteristics of male patients without a history of AUR across the six study groups 

at index date. ............................................................................................................................................... 53	  

Table 4.2. Baseline characteristics of male patients with prior history of AUR across the six study groups 

at index date. ............................................................................................................................................... 54	  

Table 4.3. Baseline characteristics of female patients without history of AUR across the six study groups 

at index date. ............................................................................................................................................... 55	  
Table 4.4. Baseline characteristics of female patients with a history of AUR across the six study groups at 

index date. ................................................................................................................................................... 56 

Table 4.5. Hazard ratios for occurrence of acute urinary retention for select bladder anticholinergics 

compared to oxybutynin……………………………………………………………………………….…..57 

Table 4.6. Event rates in each group calculated using the first 12 weeks of follow up time and all follow 

up time. ........................................................................................................................................................ 60	  
Table 4.7. Effect of different definitions of continuous use on the estimated hazard ratio. ....................... 62	  

Table 5.1. Power of the study to detect Hazard Ratios (vs. Oxybuynin) at alpha = 0.05. .......................... 76 

Table A.1. Affinity of antimuscarinics for human muscarinic receptor subtypes ...................................... 82 

Table B.1. List of bladder anticholinergic medications with dates of availability. ..................................... 83 

Table F.1. Clinically relevant risk factors for acute urinary retention ........................................................ 94 

Table G.1. Reasons for censoring follow up for users of each medication ................................................. 76 

Table G.2. Average length of follow up for users of each medication ....................................................... 76 

Table I.1. Results of the testing the proportional hazards assumption with cumulative martingale residuals

 ................................................................................................................................................................... 101 

Table J.1. Mean and median time to event for each medication group ..................................................... 102 

Table K.1. Event rates in patients with and without oxybutynin trials in the 5 years prior to index date. 
 ................................................................................................................................................................... 104 

 

 



 

x 

  

List of Abbreviations 

 
 
AUR Acute Urinary Retention 

BPH Benign Prostate Hyperplasia 

CIHI Canadian Institute for Health Information 

DAD Discharge Abstract Database 

ICES Institute for Clinical Evaluative Sciences 

LU Limited Use 

MOHLTC Ministry of Health and Long-Term Care 

NACRS National Ambulatory Care Reporting System 

NNT Number Needed to Treat 

NNH Number Needed to Harm 

NSAIDs Non-Steroidal Anti-Inflammatory Drugs 

OAB Overactive Bladder 

ODB Ontario Drug Benefit 

ODD Ontario Diabetes Database 

OHIP Ontario Health Insurance Plan 

RCT Randomized Controlled Trial 

SAA Serum Anticholinergic Activity 

SDS Same Day Surgery 

UUI Urge Urinary Incontinence 



 

 

 

1 

Chapter 1: Introduction 

Rationale and Purpose 

 

Overactive bladder (OAB) is a chronic condition that typically presents with one or more of the 

following symptoms: urgency, which is a need to urinate that is difficult to defer; frequency, which is 

defined as the need to urinate more than 8 times per 24 hours; nocturia, which is the complaint that a 

patient must wake during the night to urinate; or urge urinary incontinence (UUI), which is a strong, 

sudden need to urinate accompanied by involuntary loss of urine.  

An estimated 12-18% of all Canadians are affected by OAB and/or UUI1–3. These conditions can 

increase health care utilization (by increasing the number of physician visits or prompting earlier 

admission to long-term care) while negatively impacting the patient by causing embarrassment and 

increasing the risk of anxiety and depression4,5. The causes of OAB are still largely unknown, although 

there is evidence for both neurogenic and myogenic contributions. The incidence of OAB and UUI 

increase with age and the number of comorbidities6. As the population ages, the absolute number of 

people with OAB will continue to increase, which will increase the costs associated with its treatment. 

OAB can be treated by behavioral therapies such as pelvic floor exercise or by pharmaceutical 

therapy. The first line pharmaceutical treatments for overactive bladder are bladder anticholinergic agents, 

which include oxybutynin, tolterodine, fesoterodine, solifenacin, darifenacin, and trospium chloride. 

Clinical trials of these anticholinergic medications have not consistently demonstrated a significant 

difference in effectiveness between the older medications and the more expensive newer ones7. 

Administrative data collected by the province of Ontario and held at the Institute for Clinical 

Evaluative Sciences (ICES) were used to examine the patterns of use of these six anticholinergic 

medications used to treat overactive bladder. Three of these medications (solifenacin, darifenacin, and 

trospium chloride) were listed on the Ontario Drug Benefit (ODB) formulary on December 15, 2011. The 

ODB program covers most of the cost of these prescription medications for Ontario residents aged 65 
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years or older. Fesoterodine was added to the ODB formulary on April 30, 2013. The two other bladder 

anticholinergic medications (oxybutynin and tolterodine) have been on the market for many years.  All 

bladder anticholinergic medications (with the exception of oxybutynin) are subject to limited use (LU) 

criteria which state that that these medications should only be prescribed to patients who have failed to 

respond to behavioral techniques, and for whom “an adequate trial of oxybutynin with gradual dose 

escalation has shown to be either ineffective or resulted in unacceptable side effects”. The LU criteria also 

caution that “anti-muscarinic agents should be avoided in older adults with pre-existing cognitive 

impairment (e.g. dementia) and those who are already using other drugs with significant anticholinergic 

effects (e.g. tricyclic antidepressants) in order to avoid a high overall anticholinergic drug burden”8.These 

limited use criteria are in place to reduce the risk that patients will experience one of the serious adverse 

events that can be caused by these medications, which include confusion, psychosis, constipation, and 

acute urinary retention. 

Acute urinary retention (AUR) is the loss of the ability to void and empty the bladder. It is a 

possible adverse outcome of bladder anticholinergic medications and an emergency requiring urgent 

medical attention. If untreated, AUR can lead to urinary tract infections, bladder damage including 

bladder rupture, and worsening kidney function.  AUR is more common in men than women due to 

bladder outlet obstruction resulting from benign prostatic hyperplasia (BPH), which commonly develops 

in older men. BPH has a prevalence of 50 - 60% in men 60 – 69 years of age and over 80% in men 70 

years of age and older9.  However, AUR can also be provoked by other causes of urinary tract blockage 

(e.g. urethral strictures), urinary tract infections, neurological conditions that interfere with the connection 

between brain and bladder (e.g. multiple sclerosis, spinal cord lesions), and constipation. In most cases, 

the cause of acute urinary retention will not be any one of these conditions on its own, but the combined 

effect of multiple conditions and medications, including bladder anticholinergic agents as well as 

antipsychotics, antidepressants, opioids, anesthetic agents, benzodiazepines, non-steroidal anti-

inflammatory drugs (NSAIDs), calcium channel antagonists, and alpha-adrenoreceptor agonists10,11. 
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Although bladder anticholinergic medications are known to increase the risk of AUR, the comparative 

safety of the newer agents relative to oxybutynin in routine clinical practice remains unclear. We 

therefore undertook a postmarketing pharmacosurveillance study to examine this question. 

In the first manuscript, patterns of use of these medications will be examined. Physician 

adherence to the LU criteria will be assessed. This descriptive analysis was required to inform the second 

analysis. It was important to determine whether there would be enough new users of each medication to 

create a cohort to compare the safety of the medications. Switching behaviors were also monitored to 

determine if sample size would suffer because of changes in medication among these users. In the second 

manuscript, cohorts of new users of each of the bladder anticholinergics are created to evaluate the risk of 

AUR for each agent and compare it to the risk of AUR with oxybutynin use.  

 

Overview of Study Design 

This study was carried out in two distinct stages, which are reported in the two manuscripts 

included in this thesis. The first part is a descriptive study of the characteristics of the population and a 

report on the adherence to the LU criteria. The “limited use” (LU) classification signifies that the ODB 

only permits publicly subsidized funding in limited circumstances typically characterized by clinical 

conditions that reflect the conditions used in premarketing clinical trials that were used to evaluate 

medications. LU criteria are sometimes used as a means to promote older and less expensive established 

treatments rather than newer and more costly drug treatment alternatives.  There are common LU criteria 

in place for all bladder anticholinergic agents except oxybutynin (i.e. tolterodine, solifenacin, darifenacin, 

trospium chloride, and fesoterodine). The second part of this thesis compares new users of these 

medications on their risk of an uncommon but serious adverse outcome, acute urinary retention (AUR). 

 

A descriptive study of the data was undertaken first in order to answer questions about the 

patterns of use of the medications and to determine the suitability of the population for a time-to-event 
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analysis on new users. There was concern originally that if the LU criteria were being followed by the 

majority of prescribers, then most new users of the bladder anticholinergic medications would have prior 

exposure to oxybutynin, which might influence their susceptibility to developing the adverse outcome of 

acute urinary retention. In other words, most individuals receiving the newer bladder anticholinergic 

medications would have been exposed to a trial of oxybutynin prior to their current medication and would 

have opportunity to develop this acute outcome on oxybutynin first. We also examined the population for 

evidence of switching between bladder anticholinergics. Adherence to other LU criteria was also 

evaluated and reported.  

 

A time-to-event analysis of the cohort with acute urinary retention (AUR) as the outcome was 

then conducted based on the knowledge obtained from the patterns of use analysis. Patients from Ontario 

who were between 66 and 105 years of age were identified for inclusion into a retrospective cohort study 

when they received a new prescription of one of the medications of interest (solifenacin, darifenacin, 

tropium chloride, fesoterodine, tolterodine) as reported in the ODB program database. These patients 

were compared on their risk of developing acute urinary retention relative to oxybutynin using Cox 

Proportional Hazards models.  

 

Study Objectives 

Manuscript 1 

1. To determine the incidence rates of new prescriptions for new versus old bladder anticholinergic 

medications in Ontario to patients over the age of 65 years between December 15, 2011(i.e., date of first 

availability of solifenacin, darifenacin, and trospium chloride on the Ontario provincial formulary) and 

December 31, 2013. 

2.  To examine patterns of use by focusing on three LU criteria. The following questions were examined: 

2a. Are patients receiving a trial prescription of oxybutynin before being prescribed one of the 

newer anticholinergic medications (as stipulated in the LU criteria)? 
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2b. Are the newer bladder anticholinergic medications being used in patients who have dementia 

(a condition that the LU criteria highlights as being known to increase vulnerability to 

anticholinergic drug adverse effects)?  

2c. Are the newer bladder anticholinergic medications being used in patients currently receiving 

other anticholinergic medications (i.e. patients with a high anticholinergic burden)?  

 

Manuscript 2 

To compare the risk of hospital visit for acute urinary retention (AUR) in new users of the different 

bladder anticholinergic drugs: oxybutynin versus newer agents including tolterodine, fesoterodine, 

solifenacin, darifenacin, and trospium chloride. 

 

 

Thesis Outline 

 

This thesis is organized according to the guidelines for a manuscript based thesis given by the 

Queen’s University School of Graduate Studies. Prior to the manuscripts are this introduction and a 

review of the relevant literature in Chapter 2. “Manuscript 1: Patterns of Use of Bladder Anticholinergic 

Agents for the Treatment of Overactive Bladder” and “Manuscript 2: Comparative Risk of Acute Urinary 

Retention for Users of Six Anticholinergic Agents Used in the Treatment of Overactive Bladder” are 

Chapters 3 and 4, respectively. Finally, a general discussion of the results of the study can be found in 

Chapter 5. Eleven additional appendices provide supporting documentation including biological 

information, additional information on the medications, further methods information, the ethics certificate 

for the study obtained from the Queen’s Health Sciences Research Ethics Board (ROMEO #6013609), 

variable definitions, notes on model selection, a discussion of the possibility of informative censoring, a 

description of calculations, tests of the proportional hazards assumption, a summary of the mean time to 

event for each group, and a discussion of the possibility of depletion of susceptibles. 
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Chapter 2: Literature Review 

Previous Comparative Studies 

Most of the previous work investigating the safety of bladder anticholinergic medications has 

focused on the more common adverse effects, including dry mouth, headache, and constipation. These 

adverse effects occur in more than 10% of users and differences in their rate of occurrence between study 

groups can be detected in the sample sizes normally associated with premarketing randomized controlled 

trials (RCTs) more easily than differences in rates of less common but more serious adverse outcomes 

such as acute urinary retention (AUR). Multiple RCTs have been conducted to determine the efficacy and 

safety of oxybutynin. The problem with these RCTs is that they lack the sample size to detect differences 

in the rate of AUR. A recently published meta-analysis of seven RCTs comparing the use of a bladder 

anticholinergic (including solifenacin, darifenacin, oxybutynin, and fesoterodine) combined with an 

alpha-blocker compared to the alpha-blocker alone reported a significant increase in the rate of AUR 

(Odds Ratio, 3.05; 95% CI 1.54 - 6.02) but noted that since AUR was uncommon (occurring in only 1.4% 

of those taking combination therapy), this represents an absolute risk increase of only 1.0% (equivalent to 

an NNH of 101)1. All seven of the trials that were included in this meta-analysis assessed endpoints after 

12 weeks of therapy, while the duration of use of these drugs in clinical practice is typically much longer. 

 

Another systematic review summarized the results of four RCTs that examined the efficacy and 

safety of tolterodine as compared to a placebo. In these trials, the incidence of AUR was not found to be 

significantly higher for patients on tolterodine2. Since the publication of that review, another RCT by 

Kaplan et al. has been published. A total of 879 patients were randomly assigned to receive 12 weeks of 

tolterodine, tamsulosin, a combination of the two, or a placebo. The differences in incidence rates of AUR 

between the groups were not statistically significant (tolterodine extended release plus tamsulosin, 0.4%; 

tolterodine extended release, 0.5%; tamsulosin, 0%; and placebo, 0%, p > 0.05)3; however, this study may 
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not have been adequately powered to detect a difference in this adverse outcome (i.e. type II error). 

Further RCTs have even smaller sample sizes and do not have the power to detect a difference in 

incidence of AUR4–6. 

 

An observational study evaluated voiding difficulties and AUR in older Korean men using either 

an alpha-blocker alone, an alpha-blocker plus tolterodine 2 mg, or an alpha-blocker plus tolterodine 4 mg 

for 12 weeks. This study (N = 1094) found no statistically significant difference in incidence of AUR 

between the three groups (0.6% versus 0.3% for 2 mg tolterodine group versus 0.5% for 4 mg tolterodine 

group, p > 0.05), but did note more patients on tolterodine experienced voiding difficulty (0% versus 

2.1% for 2 mg tolterodine group versus 10.8% for 4 mg tolterodine group). These results from clinical 

practice again suggest AUR is relatively uncommon and the study was underpowered to detect 

differences in risk of AUR but the less severe precursor to AUR, “voiding difficulty” appeared to increase 

with the anticipated dose-response gradient7. 

 

Published observational studies and RCTs that have examined the relationship between the newer 

anticholinergic medications and acute urinary retention have similar problems with sample size. An 

observational study examining the safety profile of solifenacin (N = 799) had no cases of AUR in either 

the treatment or comparison group8. RCTs suggest increases in AUR with increasing dose but lack the 

sample size to show a statistically significant difference9. Another important issue is that many of the 

RCTs and observational studies published so far have recruited relatively young men (average ages 

between 61 and 701) with relatively little comorbid disease, and these patients have a low baseline risk of 

AUR versus older men, who likely constitute a large portion of the people receiving these medications in 

practice. 
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Other Causes of Acute Urinary Retention 

Cases of AUR in the general population are not usually the result of one single cause, but rather, 

multiple contributors acting together. Previous studies have established risk factors for acute urinary 

retention. These risk factors include age, sex, benign prostate hyperplasia, hypertension, history of stroke, 

and prescriptions of calcium blockers, beta-blockers, and medications with anticholinergic properties10–13. 

 

Increasing age in men is associated with an increased risk of acute urinary retention. The health 

professionals follow up study, which followed male health professionals from 1992 to 1995 estimated that 

the risk of acute urinary retention in this population was only 0.7 (95% CI, 0.1 – 2.3) per 1000 person 

years for those aged 45 to 49 years, but that that risk increased to 3.2 (95% CI, 1.9 – 5.0) per 1000 for 

those 50 to 59 years, 7.4 (95% CI, 5.3 – 10.0) per 1000 in those aged 60 to 69 years, 9.3 (95% CI, 6.0 – 

13.6) per 1000 in those aged 70 to 79 years, and 12.2 (95% CI, 2.2 – 35.7) in the oldest health 

professionals in the study who were between the ages of 80 and 83 years10. Men are at significantly 

increased risk of acute urinary retention, at least in part because of benign prostate hyperplasia. The rate 

of AUR in women is very low - approximately 0.7 cases per 100 females though few studies have 

investigated the risks exclusively in women. In women, one of the most frequent causes of acute urinary 

retention is childbirth – the cumulative incidence of postpartum urinary retention is between 0.2% and 

17.9% of all deliveries14,15. Because of this, incidence of acute urinary retention is at its lowest directly 

after the age when women would typically have children. While acute urinary retention most commonly 

develops secondary to childbirth14,15, it can also result from surgery, cystitis, or impaired detrusor 

function. Neurogenic and psychiatric disorders may also be causes of acute urinary retention in women16.  

 

Benign prostatic hyperplasia (BPH) is the enlargement of the prostate gland in men. This gland 

surrounds the internal urethral sphincter and bladder outlet. The condition results from the hyperplasia of 

the prostatic stromal and epithelial cells, which in turn cause large discrete nodules in the transition zone 
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of the prostate. These nodules can restrict the flow or urine through the urethra once they have reached a 

sufficiently large size. Presence of this condition in men causes a dramatic increase in risk for acute 

urinary retention, with studies estimating a relative risk of between 1.8 and 4.6, depending on the 

population17–19 

 

Drugs with anticholinergic (or more specifically, antimuscarinic) properties have been linked to 

acute urinary retention20–25. These drugs inhibit the parasympathethic pathway, which can impair the 

contraction of the detrusor muscle. There are many medications in general use which have either specific 

or non-specific anticholinergic properties, including antipsychotics, tricyclic and tetracyclic 

antidepressants, antiarrythmics, antispasmodics, antiparkinsonian agents, atropine, histamine H1 receptor 

antagonists, treatments for COPD and asthma, and bladder anticholinergic agents26. Because these drugs 

all affect the risk of acute urinary retention via a similar mechanism, it can be helpful to group them into a 

single cumulative measure. The Carnahan Anticholinergic Drug Scale was developed to estimate the 

serum anticholinergic activity (SAA) of a patient based on the medications they are currently receiving; it 

has been shown to be significantly associated with SAA in multiple studies27,28. The Carnahan 

Anticholinergic Drug Scale assigns a score to each medication ranging from zero (no anticholinergic 

activity) to three (strong anticholinergic activity). An individual’s Carnahan score is the sum of the scores 

for all medications that he or she has been prescribed. 

 

Other medications impact bladder function through different pathways. Calcium channel 

antagonists can cause acute urinary retention by inhibiting calcium influx in bladder smooth muscle, 

which reduces contractibility29. Beta-blockers interfere with the binding of endogenous catecholamines to 

adrenergic beta receptors on smooth muscle, also reducing contractibility30. In the health professionals 

cohort study, patients taking calcium channel antagonists and beta-blockers were 2.2 and 1.9 times more 

likely, respectively, to experience acute urinary retention than those who were not10.  Medications used in 
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the treatment of dementia interact with acute urinary retention risk in a completely different way. These 

medications are acetylcholinesterase inhibitors, meaning they work in the opposite direction of 

anticholinergic medications and can have a protective effect against acute urinary retention31. 

 

Limited Use Criteria 

The Ontario Ministry of Health and Long-Term Care (MOHLTC) decided to list the newer 

bladder anticholinergic medications as “limited use” (LU) products on the publicly funded provincial 

formulary in December 2011 (solifenacin, darifenacin, trospium chloride) and April 2013 (fesoterodine). 

These medications are approved conditional on the LU criteria, which include the following clinical 

criteria:  

“For patients with urinary frequency, urgency or urge incontinence who have: 

Failed to respond to behavioral techniques AND an adequate trial of oxybutynin with gradual dose 

escalation has shown to be either ineffective or resulted in unacceptable side effects. 

NOTE: If after a trial of 2 weeks patients continue to experience similar side effects and no greater 

efficacy than oxybutynin, continued therapy with this more costly agent should be reassessed. 

Antimuscarinic agents should be used with caution in the elderly due to potentially serious adverse 

effects (e.g. confusion, psychosis, acute urinary retention, constipation). Antimuscarinic agents 

should be avoided in older adults with pre-existing cognitive impairment (e.g. dementia) and those 

who are already using other drugs with significant anticholinergic effects (e.g. tricyclic 

antidepressants) in order to avoid a high overall anticholinergic drug burden.32” 

Even with these safeguards in place, however, evidence suggests LU criteria status is relatively 

ineffective in curbing inappropriate prescribing33. In a study which compared uptake of new NSAIDs, 

coxib, and gastroprotective agents in Ontario, where these medications were listed as LU products, and 

Quebec (where they were unrestricted) Marshall et al. found that there was no difference in the uptake 

rate due to the LU criteria33. A study was conducted which aimed to determine if antibiotics that were 
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classified as LU in Ontario had different population level resistance and if the resistance of the population 

changed differently over time as compared to unrestricted antibiotics. Again, no statistically significant 

effect of LU criteria was observed (No measures of effect were reported)34. Studies of other medications 

with LU criteria have shown varying results, with as few as 19% and as many as 78% of patients who are 

prescribed medications meeting the LU criteria35. One study which described the adherence to LU criteria 

in prescriptions of omeprazole in patients 66 years of age and older found that only 19% of patients met 

all LU criteria36. 

 

Biological Mechanisms of Action 

Bladder anticholinergic medications treat OAB by competitively antagonizing the muscarinic 

receptors on the detrusor. The muscarinic receptors for acetylcholine that are found in the human body 

can be classified into five subtypes, which are usually denoted as M1 through M537,38. The subtypes that 

are primarily responsible for the control of bladder function are M2 and M339. Some M1 and M4 

muscarinic receptors are found in the parasympathetic nerves innervating the bladder40,41. Control of the 

bladder is maintained by the detrusor muscle, which receives signals from the sympathetic nervous 

system via the sympathetic chain (thoracolumbar spinal cord) and the parasympathetic nervous system 

(via the sacral nerve roots). The contractile response of the detrusor muscle in response to signals from 

the autonomic nervous system is mediated mostly through M3 receptors, but some studies suggest that 

M2 receptors play a supporting role in contraction as well42. M3-mediated contraction of the detrusor 

occurs via the entry of calcium into the muscle cells through L-type calcium channels to activate a rho 

kinase43. The mechanism of M2 receptors effect is thought to be mediation of an indirect contractile 

response achieved by reversing beta-adrenoreceptor-mediated relaxation through a cAMP-dependent 

mechanism44. 
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Each of the bladder anticholinergic medications currently available targets the different receptors 

with differing affinities. Oxybutynin and solifenacin have high affinity for M1, M3, and M4 as compared 

to M2 and M5; tolterodine, fesoterodine, and trospium chloride have approximately equal affinity for all 

muscarinic receptors; and darifenacin has a high affinity for M3 receptors, a moderate affinity for M1 and 

M5 receptors, and a low affinity for M2 and M4 receptors37,45 (See Appendix A for further information) 

This variance in affinity is one of the reasons for the potential difference in side effect profile and 

effectiveness for each different medication. This study will use the large sample size available through 

ICES databases to more accurately assess the safety of these bladder anticholinergic medications and 

describe their use in practice in Ontario. 
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Abstract 

 

Background/Objectives 

Since 2011, the Ontario government has listed four new medications used to treat overactive bladder on 

the provincial formulary. These medications are listed as “limited use” (LU) as little is known about their 

efficacy and safety. Changes in prescription volume over time and adherence to limited use criteria for 

these medications were examined. 

 

Design 

A retrospective cohort design was used. 

 

Setting 

All patients in this study are residents of the province of Ontario, Canada. 

 

Participants 

Participants were patients between 66 and 105 years of age who received a new prescription for one of the 

bladder anticholinergic medications funded by the Ontario Drug Benefit Program between December 15, 

2011 and December 31, 2013. 

 

Measurements 

These patients’ prescriptions were assessed for compliance to LU criteria. 
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Results 

49,361 patients comprised the cohort. The mean age of the cohort was 77.12 years. Total prescriptions of 

bladder anticholinergic agents have increased gradually since the introduction of the new medications 

while the older medications have seen a steady decline in use. Evidence of having received the 

oxybutynin trial required by the LU criteria was only present for  6 – 12% of patients prescribed newer 

bladder anticholinergic medications. In addition, 17 – 30% of patients receiving bladder anticholinergic 

medications had diagnosed dementia, which is highlighted as a condition in the LU criteria in which to 

avoid these medications. Furthermore, 30 – 45% of patients were taking at least one other moderate 

anticholinergic medication.  

 

Conclusion 

Adherence to the LU criteria was low, which is concerning because of uncertainty about the comparative 

efficacy and safety of these agents and their relative costs. The methods used to communicate these 

criteria to physicians and promote their adherence should be evaluated. 
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Introduction 

Since 2011, the Ontario government has listed four new medications used to treat overactive 

bladder on the provincial formulary. These medications are listed as “limited use” (LU) as little is known 

about their efficacy and safety.  

 

Overactive bladder (OAB) and urge urinary incontinence (UUI) are conditions that affect 12 – 

18% of Canadians. OAB is a chronic condition that is characterized by urgency (a sudden, compelling 

need to urinate), high urinary frequency (greater than 8 urinations per 24 hours), nocturia, and/or urge 

urinary incontinence (UUI). Studies suggest that as many as 40% of patients who have OAB also have 

UUI1. Urge urinary incontinence is the sudden, compelling need to urinate. Both of these conditions 

increase in prevalence with increasing age2–4. Both of these conditions can negatively impact patients by 

causing embarrassment in the short term and can lead to an increased risk of anxiety and depression in the 

long term5.  

 

Traditionally, these conditions have been treated by the anticholinergic medications oxybutynin 

(Ditropan) and tolterodine (Detrol). Because these medications work by non-selectively blocking 

muscarinic activity, they can increase risk for adverse effects such as dry mouth, headache, constipation, 

and blurred vision as well as more serious conditions such as acute urinary retention6. These effects can 

occur even at therapeutic doses in older patients7. In the last decade, four new anticholinergic medications 

- solifenacin succinate (Vesicare), fesoterodine (Toviaz), darifenacin (Enablex), and trospium chloride 

(Trosec)1,5 - have become available (See Appendix B for dates of availability). Clinical trials of these 

anticholinergic medications have not consistently demonstrated a significant difference in effectiveness or 

safety between the older medications and the newer ones8. To date, there has been limited postmarketing 

research on the prescribing patterns for these newer bladder anticholinergic medications in routine clinical 

practice. Concerns persist about comparative efficacy and safety, as well as cost effectiveness relative to 
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older agents, as the newer medications have a significantly increased cost relative to oxybutynin (see 

Appendix B). 

 

The Ontario Ministry of Health and Long-Term Care (MOHLTC) has decided to list these newer 

bladder anticholinergic medications as “limited use” (LU) products on the publicly funded provincial 

formulary despite these concerns. The limited use designation normally means one of the following 

things: that the increase in effectiveness over currently available therapies is relatively small, that the cost 

compared to currently available therapies is high, that the effectiveness of the therapy has not been 

convincingly demonstrated, or that the medication is only believed to be cost effective in a certain subset 

of patients9. In this case, the increase in effectiveness of the newer medications has not been conclusively 

demonstrated and there is a significant increase in cost associated with these newer medications as 

compared to oxybutynin10. The limited use classification places certain restrictions on the prescription of 

these medications; specifically that they are 

“for patients with urinary frequency, urgency or urge incontinence who have: 

Failed to respond to behavioral techniques AND an adequate trial of oxybutynin with gradual dose 

escalation has shown to be either ineffective or resulted in unacceptable side effects. 

NOTE: If after a trial of 2 weeks patients continue to experience similar side effects and no greater 

efficacy than oxybutynin, continued therapy with this more costly agent should be reassessed. 

Antimuscarinic agents should be used with caution in the elderly due to potentially serious adverse 

effects (e.g. confusion, psychosis, acute urinary retention, constipation). Antimuscarinic agents 

should be avoided in older adults with pre-existing cognitive impairment (e.g. dementia) and those 

who are already using other drugs with significant anticholinergic effects (e.g. tricyclic 

antidepressants) in order to avoid a high overall anticholinergic drug burden.10”  

In practice, the LU designation does not necessarily control the use of new medications11. Studies of other 

medications with limited use criteria have shown varying results, with as few as 19% and as many as 78% 
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of patients who are prescribed medications meeting the limited use criteria12. As these medications are not 

yet available in a generic form, the cost of supplying them to patients is much higher than that of 

oxybutynin. Careful monitoring of patterns of use is important both to conserve health care resources and 

to ensure patient safety.   

 

Objectives 

 

1. To determine the incidence of prescription of new versus old anticholinergic medications in 

Ontario to patients 66 years of age and older between December 15, 2011(i.e., date of first 

availability of solifenacin, darifenacin, and trospium chloride on the Ontario provincial 

formulary) and December 31, 2013. 

2. To examine patterns of use by focusing on two limited use criteria. The following questions were 

examined: 

a. As part of current practice, are patients receiving prescriptions of oxybutynin before 

being prescribed one of the newer anticholinergic medications? 

b. Are the newer bladder anticholinergic medications being used in patients who are at 

serious risk of adverse reactions based on known criteria: 

i. Do they have dementia, which is known to be a condition that increases 

vulnerability to anticholinergic drug adverse effects? 

ii. Are they currently receiving other anticholinergic medications which could 

negatively interact with bladder anticholinergic medications (as measured by the 

Carnahan Anticholinergic Drug Scale)? 
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Methods 

 

Health administrative data collected by the government of Ontario  were used to answer the 

above questions. Four datasets, the Registered Persons Database (RPDB), the Ontario Health Insurance 

Plan Database (OHIP), the Discharge Abstract Database (CIHI-DAD), and the Ontario Drug Benefit 

(ODB) database, were linked using unique encoded identifies and analyzed at the Institute for Clinical 

Evaluative Sciences (ICES) (See Appendix C for further information about these databases). This study 

was approved by the institutional review board at Sunnybrook Health Sciences Centre, Toronto, Canada 

and by the Queen’s Health Sciences Research Ethics Board (ROMEO #6013609, Appendix D). First, 

patients filling prescriptions for each of the drugs in question were identified between December 2010 

(one year prior to the introduction of solifenacin, darifenacin, and trospium chloride in order to assess 

prescribing patterns of tolterodine and oxybutynin prior to the newer drugs’ availability on the ODB 

formulary) and March 2014 (the most recently available data) to determine the extent to which each of the 

medications was prescribed and to examine the number of overall number of prescriptions for drugs in 

this class. 

 

From these patients, a cohort of patients who had received their first prescription of one of the 

bladder anticholinergic mediations (not including oxybutynin) between December 15, 2011 and 

December 31, 2013 was established. The date that this prescription was given was defined as the index 

date (date of cohort entry) for the patient. The medication that they were prescribed on this date assigned 

them to a group consisting of all other patients who received that same medication. Since the ODB only 

generally covers patients who are over 65 years of age and a one year long look back was desired to 

determine “new use”, this study only included patients who were 66 years of age or older on their index 

date. Patients with a prescription for any bladder anticholinergic in the year prior to their index date were 

excluded. Other exclusion criteria included lack of a valid ICES key number or a record of death prior to 
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the beginning of the study. Patients over 105 years of age were excluded as well as these individuals are 

likely to be already deceased and left in the system due to a clerical error.  

 

Three different look back windows were used for assessing compliance with the requirement for 

an oxybutynin trial. A six-month long look back window was used to assess whether oxybutynin trials 

were being conducted immediately prior to prescriptions of the newer medications being given. The 

longest prescriptions possible in Ontario are 100 days in length, so anyone who had not filled a 

prescription for oxybutynin in the 6 months prior to their index date was assumed to not have been taking 

oxybutynin directly before their new prescription. A one-year long look back was also tested to allow us 

to account for people to have had a trial in the recent past when the medications were listed on the 

formulary. A more relaxed definition of what constitutes a trial of oxybutynin was also tested which 

allows any oxybutynin use in the five years prior to the index date. This definition is most likely to catch 

any oxybutynin use that could have been counted as a trial, but sacrifices sample size because five years 

of data was only available for people over 70 years of age. In addition, a trial of oxybutynin more than a 

year prior is likely not in keeping with the spirit of the LU criteria. To examine the cohort for differences 

in the percentage of people receiving oxybutynin trials by index date, the cohort was split into four groups 

according to index date and the frequency of oxybutynin trials were reported in each group.  

 

The presence of dementia was determined by examining for either a physician diagnosis of 

dementia as recorded in the Discharge Abstract Database or the OHIP database within the five years prior 

to their index date or a prescription of a cholinesterase inhibitor (medications used to treat dementia) 

within the past year. (See Appendix E for further detail) 

 

A Carnahan Anticholinergic Drug Scale score was calculated for the each patient using 

prescription records from the Ontario Drug Benefit database13,14. The Carnahan score quantifies the 
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cumulative anticholinergic drug burden by characterizing the anticholinergic drug potency of all of the 

medications an individual patient receives. Medications are rated on a scale between 0 (no or negligible 

anticholinergic activity) and 3 (high anticholinergic activity). An individual patient’s score on the 

Carnahan scale is the sum of the scores of all medications that he or she is currently taking, regardless of 

dose. For our purposes, we modified the Carnahan score so that it was calculated without including the 

effects of the bladder anticholinergic medications that defined the new user groups in this study. Some, 

but not all, of the bladder anticholinergic agents are included in the Carnahan scale. The proportion of 

patients in each group with a Carnahan score of 2 or less (people who are taking no more than one 

moderate anticholinergic or two mild anticholinergics) was reported. For the purposes of this study, we 

included prescriptions that had been filled in the 120 days prior to index date in order to only capture 

medications that the patient could have been currently taking (the maximum length of a prescription in 

Ontario is 100 days). The average Carnahan score across patients in each group was also calculated. (See 

Appendix E for further detail). 

Finally, the proportion of people who switched medications in the 12 weeks after their index date 

was determined for each group and medication switch patterns were described. 12 weeks was chosen as a 

cut off so that all patients would have the required amount of data to determine whether or not they 

switched. 

All analyses were conducted using SAS® v. 9.4. 
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Results 

 

The cohort consisted of 49,361 individuals. The groups were between 35% and 45% male. Mean 

age of the groups was between 77 and 79 years of age. These characteristics and others are summarized in 

Table 3.1. 

The introduction of a new drug can cause an increase in the overall prescription of drugs in that 

class. Such a pattern was observed in this cohort: Figure 3.1 shows the number of  patients receiving 

prescriptions for the study medications from December 2010 to the end of the study (March 2014). Prior 

to the introduction of solifenacin, darifenacin, and trospium chloride, prescriptions of oxybutynin and 

tolterodine remain stable. After the new drugs are introduced in December 2011, prescriptions of the 

older drugs begin to decline, but the total number of prescriptions in the class rises. This could be due to 

the introduction of the new medications or it could be caused by an external factor such as the increase in 

the number of people over the age of 65 in Ontario. Fesoterodine also shows a rapid increase in 

prescriptions after its introduction. The number of people receiving prescriptions for darifenacin and 

trospium chloride did not increase as quickly as the number of people receiving prescriptions for 

solifenacin and fesoterodine. 
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Figure 3.1. Number of patients in Ontario aged 66 years and older receiving a prescription for 

select anticholinergic medications (by month) from December 2010 to March 2014.  

The vertical lines indicate the introduction of the new anticholinergic medications to the provincial 

formulary. Solifenacin, darifenacin, and trospium chloride were introduced in December 2011 (the first 

line) and fesoterodine was introduced in April 2013 (the second line). 

Table 3.1 displays adherence to the limited use criteria was prepared. The compliance to the 

requirement for a prior oxybutynin trial was very low, ranging from 6.6% for fesoterodine users to 11.6% 

for tolterodine users. Tolterodine, solifenacin, and fesoterodine users had comparable proportions of 

prescriptions to patients without dementia (80 – 83%), while fewer patients prescribed darifenacin 

(75.4%) and patients prescribed trospium chloride (69.9%) did not have dementia. Tolterodine users have 

a significantly lower average Carnahan score than the rest of the drug users (p < 0.001). 
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Table 3.1. Characteristics of new users of each bladder anticholinergic and percentages for whom 

physicians observed select limited use (LU) criteria. 

 Tolterodine Solifenacin Darifenacin Trospium  Fesoterodine 

Number of New Users  16742 23640 4824 760 3395 

Mean Age (Years) 77.19 76.83 78.06 79.47 77.35 

Sex (% Male) 37.8% 37.59% 35.95% 41.97% 45.83% 

Percentage with trial in the 6 

months prior to index date 

11.6% 8.1% 8.4% 10.1% 6.6% 

Percentage with trial in the 12 

months prior to index date 

13.0% 10.1% 10.6% 12.4% 7.7% 

Percentage with an trial in the 

5 years prior to index date 

19.4% 20.0% 20.4% 25.5% 17.0% 

Percentage of new users without 

a dementia drug prescription or 

diagnosis 

82.3% 83.0% 75.4% 69.9% 80.4% 

Percentage of new users  with 

Carnahan Score <= 2 

70.2% 60.9% 58.6% 55.0% 62.6% 

Average Carnahan Score§ 1.16 1.58 1.68 1.72 1.53 
§ The score reported in this table is a average modified Carnahan score (number of additional 
anticholinergic medications with weighting) which does not include any of the bladder anticholinergic 
medications of interest in this study (i.e. tolterodine, oxybutynin, solifenacin, darifenacin, trospium 
chloride, and fesoterodine), some of which would have contributed to the score. 

 

 

A summary of the switching behavior of the patients in this study can be found in Table 3.2. The 

majority of users (~95% or more for all medications except trospium chloride) of any medication stayed 

on their original medication for the 12 week period that was tested. If patients were switched from one 

medication to another, they were most commonly switched to solifenacin and they were least commonly 

switched to trospium chloride.  
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Table 3.2. Proportion of patients beginning the study on select anticholinergic medications (Index 

Drug) who were switched to an alternate medication (drug switched to) within 12 weeks. 

 
Drug Switched to 

No Switch Tolterodine Solifenacin Darifenacin Trospium 
Chloride Fesoterodine 

In
de

x 
D

ru
g 

Tolterodine 95.5%  3.47% 0.67% ~0% 0.36% 

Solifenacin 97.4% 0.81%  1.13% 0.22% 0.49% 

Darifenacin 94.7% 0.93% 3.28%  0.60% 0.48% 

Trospium 
Chloride 89.8% ~0% 6.87% 2.51%  0.79% 

 Fesoterodine 97.0% 0.38% 2.24% 0.41% ~0%  

Cells listed as “~0%” had cell sizes less than 6 and were suppressed to protect patient confidentiality. 

 

 In order to test whether date of entry affected the likelihood of receiving an oxybutynin trial, 

patients were stratified based on which quarter of the study their index date was in and a percentage with 

a trial was reported. The results of this can be seen in Table 3.3.  
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Table 3.3. Percentage of patients who received a trial of oxybutynin in select lookback windows by index date. 

Date of Entry Lookback Window Tolterodine Solifenacin Darifenacin Trospium Fesoterodine 
December 15, 2011 - June 15, 2012 6 Month 12.53% 7.06% 7.77% 10.7% . 

 
12 Month 13.88% 9.96% 10.85% 14.39% . 

 
60 Month 21.6% 22.99% 22.7% 36.55% . 

June 16, 2012 - December 15, 2012 6 Month 10.6% 7.84% 8.39% 9.43% . 

 
12 Month 11.96% 10.01% 10.21% 10.69% . 

 
60 Month 18.37% 20.97% 20.92% 25.37% . 

December 16, 2012 - June 15, 2013 6 Month 11.41% 8.46% 7.11% 12.27% 6.57% 

 
12 Month 12.59% 9.98% 8.25% 15.34% 8.06% 

 
60 Month 18.3% 17.98% 18.12% 24.83% 20.07% 

After June 16, 2013 6 Month 11.56% 8.96% 10.41% 7.78% 6.6% 

 
12 Month 13.13% 10.38% 11.89% 10.18% 7.45% 

 
60 Month 18.84% 17.7% 19.17% 16.23% 15.21% 
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Discussion 

 

Overall prescriptions of bladder anticholinergic medications increased after the introduction of 

the new bladder anticholinergics. The adherence to the limited use criteria outlined for these medications 

is low. Some of the patients who are receiving prescriptions for these medications are at risk for serious 

adverse events due to other prescriptions they have received (especially anticholinergic medications) or 

comorbidities that they have (i.e. dementia). 

 

It is unclear what causes the remarkably low adherence to the requirement for a prior oxybutynin 

trial. It is possible, though unlikely, that patients may have had a trial of oxybutynin longer than 5 years 

prior to their prescription of their new bladder anticholinergic agent. For these patients, the introduction 

of the new medications may have prompted them to try a new bladder anticholinergic and skip the trial. 

While this would be understandable, it is unlikely to have occurred in many cases. If we separate the 

patients by year of entry into the study, there is minimal difference in the frequency of oxybutynin trials 

(See Table 3.3). It is also possible that physicians believe that the newer medications are safer for at-risk 

patients to use than oxybutynin and are skipping the trial to protect their patients. Evidence for this 

possibility can be seen in the average Carnahan score of users of the newer medications as compared to 

tolterodine. Tolterodine users have a lower score than any of the other groups, suggesting that sicker 

patients (those who are on more medications) may be preferentially given newer medications. Such an 

effect has been observed in other drug classes14,15. 

 

Even the prevalence of dementia in patients receiving a new prescription of these medications is 

higher than would be ideal, ranging from 17.0% in solifenacin users to 30.1% in trospium chloride users. 

Generally, the prevalence of dementia in patients over the age of 65 is approximately 22%16. Tolterodine, 

solifenacin, and fesoterodine users are less likely to have a dementia diagnosis than the average Ontarian 

over the age of 65, but darifenacin and trospium chloride users are actually more likely to have dementia 
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than average. Previous studies have suggested that the occurence of dementia in those with urinary 

incontinence is higher than those without 17–19. The degree to which people with dementia are being 

protected from the potentially harmful side effects of these medications is difficult to determine with the 

available data as the only reliable method to identify patients with OAB is via the prescriptions they 

receive. Thus we have no reliable way to find untreated cases of OAB to determine if they have a higher 

rate of dementia. 

 

The inability to obtain data on patients with OAB/UUI who are not treated with medications is 

one of the drawbacks of using administrative databases to obtain the data for this study. By using these 

databases, we are unable to assess certain aspects of the LU criteria. Specifically, we are unable to assess 

the adherence to the requirement that physicians try behavioral therapy prior to starting a prescription of 

one of the LU medications. There are, however, notable advantages to the approach used in this study. 

The administrative databases are population-based, and the large sample size allows for very high 

precision in results and much better characterization of relatively uncommon outcomes such as AUR than 

is possible in RCTs or smaller clinic-based observational studies. Because the databases capture actual 

drug dispensation and health system contact and do not rely on self-report data, recall bias is avoided. The 

accuracy and completeness of the databases is supported by abstraction-reabstraction studies20. 
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Conclusion 

 

After the introduction of the new bladder anticholinergic medications, overall use of bladder 

anticholinergic medications increased. Adherence to the LU criteria for new users of bladder 

anticholinergic medications was observed to be low. Many patients who are receiving prescriptions for 

these medications are at risk for serious adverse events due to other prescriptions they have received 

(especially for anticholinergic medications) or comorbidities that they have. Future studies should 

investigate the methods used to communicate these criteria to physicians and promote adherence with 

them. 

  



 

 

 

37 

References 

 

1. Epstein, B. J., Gums, J. G. & Molina, E. Newer agents for the management of overactive bladder. 

Am. Fam. Physician 74, 2061 (2006) 

2. Stewart, W. F. et al. Prevalence and burden of overactive bladder in the United States. World J. Urol. 

20, 327 (2003) 

3. Irwin, D. E. 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. 50, 1306 (2006) 

4. Milsom, I. et al. How widespread are the symptoms of an overactive bladder and how are they 

managed? A population-based prevalence study. BJU Int. 87, 760 (2001) 

5. Therapeutics Initiative. Is newer better? New drugs for treatment of overactive bladder. (2007) 

6. Madersbacher, H., Halaska, M., Voigt, R., Alloussi, S. & Hofner, K. A placebo-controlled, 

multicentre study comparing the tolerability and efficacy of propiverine and oxybutynin in patients 

with urgency and urge incontinence. BJU Int. 84, 646 (1999) 

7. Mintzer, J. & Burns, A. Anticholinergic side-effects of drugs in elderly people. J. R. Soc. Med. 93, 

457 (2000) 

8. Shamliyan, T., Wyman, J. F., Ramakrishnan, R., Sainfort, F. & Kane, R. L. Benefits and harms of 

pharmacologic treatment for urinary incontinence in women: a systematic review. Ann. Intern. Med. 

156, 861 (2012) 

9. Laupacis, A. Inclusion of drugs in provincial drug benefit programs: who is making these decisions, 

and are they the right ones? CMAJ Can. Med. Assoc. J. J. Assoc. Medicale Can. 166, 44, Can. Med. 

(2002)  

10. Ministry of Health. Formulary Search. (2014). https://www.healthinfo.moh.gov.on.ca/formulary/ 

11. Marshall, D. A. et al. The effects of coxib formulary restrictions on analgesic use and cost: regional 

evidence from Canada. Health Policy Amst. Neth. 84, 1 (2006) 



 

 

 

38 

12. LeLorier, J., Fitzsimon, C., Keresteci, M., Stewart, D. & Lavoie, F. Drug utilization review of 

celecoxib in Ontario. Rheumatol. Oxf. Engl. 42 Suppl 3, iii (2003) 

13. Carnahan, R. M., Lund, B. C., Perry, P. J., Pollock, B. G. & Culp, K. R. The Anticholinergic Drug 

Scale as a measure of drug-related anticholinergic burden: associations with serum anticholinergic 

activity. J. Clin. Pharmacol. 46, 1481 (2006) 

14. Carnahan, R. M., Lund, B. C., Perry, P. J., Culp, K. R. & Pollock, B. G. The relationship of an 

anticholinergic rating scale with serum anticholinergic activity in elderly nursing home residents. 

Psychopharmacol. Bull. 36, 14 (2002) 

15. Petri, H. & Urquhart, J. Channeling bias in the interpretation of drug effects. Stat. Med. 10, 577. 

(1991) 

16. Vu, M. et al. A comprehensive profile of the sociodemographic, psychosocial and health 

characteristics of Ontario home care clients with dementia. Chronic Dis. Inj. Can. 34, 132 (2014) 

17. Skelly, J. & Flint, A. J. Urinary incontinence associated with dementia. J. Am. Geriatr. Soc. (1995) 

18. Ouslander, J. G., Uman, G. C., Urman, H. N. & Rubenstein, L. Z. Incontinence among nursing home 

patients: clinical and functional correlates. J. Am. Geriatr. Soc. (1987) 

19. Ouslander, J. G. et al. Clinical, functional, and psychosocial characteristics of an incontinent nursing 

home population. J. Gerontol. 42, 631 (1987) 

20. Juurlink, D. et al. Canadian Institute for Health Information Discharge Abstract Database: A 

Validation Study. (Institute for Clinical Evaluative Sciences, 2006). at 

http://www.ices.on.ca/~/media/Files/Atlases-Reports/2006/CIHI-DAD-a-validation-

study/Full%20report.ashx (2006) 

 

 

  



 

 

 

39 

Financial Disclosure 

Funding for this study was received from the Queen’s University Department of Medicine (DOM) 

Innovation Fund. Randall Boyes received a Queen’s Graduate Award through the Department of Public 

Health Sciences at Queen’s University. 

 

 

Conflict of Interest 

None declared. 

 

 

 

 
 

 
 

 



 

 

 

40 

 
Chapter 4 

Comparative Risk of Acute Urinary Retention for Users of Six Anticholinergic Agents Used in the 

Treatment of Overactive Bladder. 

Randall D. Boyes, B.ScH M.Sc (Candidate); Hélène Ouellette-Kuntz, Ph.D; Sudeep Gill, M.Sc. M.D. 

Formatted for the Journal of the American Geriatric Society (Full Report) 

 

  



 

 

 

41 

Abstract 

 

Background/Objectives 

Administrative data collected by the province of Ontario and held at the Institute for Clinical Evaluation 

Sciences (ICES) were used to examine the safety of six anticholinergic medications used to treat 

overactive bladder. Two of these medications have been funded for some time, while the other four have 

recently become available and are listed as limited use. There is concern about providing these 

medications due to their higher cost and uncertain difference in safety and efficacy.  

 

Study Design 

A retrospective cohort design was used. 

 

Setting 

All patients in this study are residents of Ontario, Canada. 

 

Participants 

Participants were patients between 66 and 105 years of age who received a new prescription for one of the 

bladder anticholinergic medications funded by the Ontario Drug Benefit program between December 15, 

2011 and December 31, 2013.  

 

Measurements 

49,709 patients comprised the cohort. These patients were assigned to groups based on the bladder 

anticholinergic medication they received. The risk of acute urinary retention for each group of new users 

was compared. Groups were stratified by sex and history of acute urinary retention. 
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Results 

Among men, solifenacin [HR 0.49 (0.36 - 0.65)], darifenacin [HR 0.36 (0.21 - 0.62)], and tolterodine [HR 

0.59 (0.44 - 0.78)] were found have a reduced risk of acute urinary retention compared to oxybutynin. In 

men with prior history of acute urinary retention, solifenacin [HR 0.66 (0.46 – 0.96)], darifenacin [HR 

0.22 (0.07 – 0.69)], tolterodine [HR 0.58 (0.40 – 0.84)], and fesoterodine [HR 0.17 (0.05 – 0.53)] were 

protective against acute urinary retention as compared to oxybutynin. No statistically significant 

differences were observed between the medications in women with or without prior history of acute 

urinary retention.  

 

Conclusion 

Solifenacin, darifenacin, and tolterodine appear to be safer than oxybutynin in terms of the potential for 

AUR in male patients. Too few patients were taking trospium chloride or fesoterodine to comment on the 

comparative safety of these agents; further data will be needed to characterize their safety profile. 
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Introduction and Background 

 

Overactive bladder (OAB) is a chronic condition characterized by urgency (a sudden, compelling 

need to urinate), high urinary frequency (greater than 8 urinations per 24 hours), nocturia, and/or urge 

urinary incontinence (UUI). Up to 40% of OAB patients have UUI1. An estimated 12-18% of all 

Canadians are affected by OAB and/or UUI and these conditions are even more common among older 

adults2–4. These conditions increase health care utilization while negatively impacting the patient by 

causing embarrassment and increasing the risk of anxiety and depression5.  

 

 Since their introductions in 1996 and 2004, oxybutynin and tolterodine have been the preferred 

treatment in Ontario for OAB. In the last few years, however, four new bladder anticholinergic 

medications have been introduced. These medications - solifenacin succinate (Vesicare), darifenacin 

(Enablex), trospium chloride (Trosec)  and fesoterodine (Toviaz)1,5 – have been aggressively marketed as 

new, safer alternatives to the older medications. Clinical trials that have tested these claims have not been 

conclusive6. All bladder anticholinergic medications work by blocking muscarinic activity, which can 

increase the risk of dry mouth, headache, constipation and blurred vision as well as more serious 

conditions such as acute urinary retention7.These effects can occur even at therapeutic doses in older 

patients 8. To date, there has been limited postmarketing research on the prescribing patterns, safety, and 

efficacy of these newer bladder anticholinergic medications in routine clinical practice. 

 

 The muscarinic receptors that are found in the human body can be classified into five subtypes, 

which are usually denoted as M1 through M59,10. M2 and M3 receptors are thought to be primarily 

responsible for the control of bladder function, although some M1 and M4 muscarinic receptors are found 

in the parasympathetic nerves innervating the bladder11-13. Both the sympathethic and parasympathetic 

nervous systems innervate the detrusor muscle. When the detrusor muscle is relaxed, it allows the bladder 

to store urine. During urination, the detrusor muscle contracts to release urine. The contractile response of 
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the detrusor muscle in response to signals from the autonomic nervous system is mediated through M2 

and M3 receptors14. M3-mediated contraction of the detrusor occurs via the entry of calcium into the 

muscle cells through L-type calcium channels to activate a rho kinase15. The mechanism of M2 receptors’ 

effect is thought to be mediation of an indirect contractile response achieved by reversing beta-

adrenoreceptor-mediated relaxation through a cAMP-dependent mechanism16. 

 

Bladder anticholinergic medications treat OAB by competitively antagonizing these muscarinic 

receptors. Each of the medications currently available targets the different receptors with differing 

affinities. Oxybutynin and solifenacin have high affinity for M1, M3, and M4 as compared to M2 and 

M5; tolterodine and trospium have approximately equal affinity for all muscarinic receptors; and 

darifenacin has a high affinity for M3 receptors, a moderate affinity for M1 and M5 receptors, and a low 

affinity for M2 and M4 receptors9. This variance in affinities is one of the reasons for the potential 

differences in adverse effect profile and effectiveness for each different medication. 

 

Acute Urinary Retention 

Acute urinary retention (AUR) is one of the most common serious adverse events associated with 

the use of bladder anticholinergic medications. AUR is the inability to empty the bladder and is an 

emergency requiring immediate medical attention. If untreated, AUR can lead to urinary tract infections, 

bladder damage, and kidney disease. AUR can be provoked by causes of urinary tract blockage (e.g. 

urethral strictures, benign prostatic hyperplasia), urinary tract infections, neurological conditions that 

interfere with the connection between brain and bladder (e.g. multiple sclerosis, spinal cord lesions), and 

constipation. These precipitants are present in approximately 90% of all cases of AUR. The remaining 

10% of cases are caused by medications, including bladder anticholinergic medications and other agents 

such as antipsychotics, antidepressants, opioids, anesthetics, benzodiazepines, NSAIDs, calcium channel 

antagonists, and alpha-adrenoreceptor agonists17,18. Acute urinary retention occurs with greater frequency 
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in the elderly and in patients with comorbid conditions such as benign prostate hyperplasia (BPH). BPH 

commonly develops in older men (BPH has a prevalence of 50 - 60% in men 60 – 69 years of age and 

over 80% in men 70 years of age and older19. As a result, AUR is more common in men than in women 

(according to previous studies, the incidence rate in men is approximately 5 per 1,000 person years 

compared to 0.7 per 1,000 person years in females) 20–22. The incidence rate increases with increasing age; 

men aged 70 years or older have an incidence of approximately 10 cases per 1,000 person years 21. 

 

The purpose of this study was to determine the risk of acute urinary retention for new users of the 

five newer bladder anticholinergic medications as compared to new users of oxybutynin. 

 

Rationale 

Aggressive marketing of the newer anticholinergic medications has led to their widespread use in 

many patient groups. Furthermore, there is concern that the results of the trials supporting the efficacy of 

these medications are not generalizable to real world patients, who often have comorbid conditions that 

the patients in a trial would not23. There are biological and epidemiological reasons to suspect that the 

different bladder anticholinergic medications currently available in Canada do not have identical adverse 

effect profiles. However, the rarity of some of these adverse effects makes it difficult to assess the relative 

safety of these medications from the data in RCTs. This study will use population-based data to examine 

the potential for a serious adverse effect of bladder anticholinergic medications, namely AUR, in the real 

world populations to whom they are prescribed. This safety information will inform policy decisions and 

provide physicians with information that may be used to decrease occurrence of the adverse effects of 

these medications in susceptible individuals. 
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Methods 

 

Overview 

A population based retrospective cohort study design was used. A cohort of patients 66 years of 

age and older residing in Ontario, Canada was used to test the relationship between bladder 

anticholinergic drug exposure and acute urinary retention. Data analysis was conducted at the Institute for 

Clinical Evaluative Sciences (ICES), Queen’s University, Kingston. The study was approved by the 

Queen’s Health Sciences Research Ethics Board (ROMEO #6013609, Appendix D) and the institutional 

review board at Sunnybrook Health Sciences Center, Toronto, Canada. 

 

Data Sources 

A total of seven databases held at ICES linked using unique encoded identifiers and analyzed at 

the Institute for Clinical Evaluative Sciences (ICES). Medication records for each patient were obtained 

from the Ontario Drug Benefit (ODB) database, which keeps a record of all prescriptions. The ODB also 

has a record of whether the patient receiving the medication is in long term care. The coding accuracy of 

the ODB has been shown to be excellent, with an error rate of 0.7%24. The Canadian Institute for Health 

Information maintains three databases that were used to assess the outcome events (i.e. episodes of acute 

urinary retention). These databases are the Same Day Surgery (SDS) database, the National Ambulatory 

Care Reporting System (NACRS), and the Discharge Abstract Database (DAD). The Ontario Diabetes 

Database (ODD) was used to identify patients with diabetes. Other comorbid conditions were identified 

from the Ontario Health Insurance Plan (OHIP) database and from the DAD. Demographic information 

was included from the Registered Persons Database (RPDB).  

 

Cohort 

The cohort for this study included residents of Ontario, Canada who were over the age of 66 on 

the date of a new prescription of one of the study drugs (i.e. oxybutynin, tolterodine, solifenacin, 
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darifenacin, fesoterodine, or trospium chloride) between December 15, 2011 and December 31, 2013. 

This date was defined as the index date. A new prescription for the purposes of this study means that the 

patient had not received a prescription for any of the study drugs in the 365 days prior to this prescription. 

Patients over the age of 105 years were excluded from the cohort. Additionally, 58 of 49,797 (0.1%) 

patients identified started prescriptions of two different medications on the same day and were excluded 

for this reason. Patients with a history of acute urinary retention (i.e. a record in OHIP with ICD-10 code 

R33 in the five years prior to their index date) were analyzed separately. 

 

Exposure 

 Patients were considered to have maintained continuous use of a prescription drug for the 

purposes of this study if their prescription was refilled within 1.5 times the number of days the 

prescription was originally issued for plus an additional 7 days to account for the possibility of very short 

prescriptions - such as blister packages - that are typically dispensed one week at a time. An alternate 

definition of continuous use was tested that only allowed 1.2 times + 7 days for a refill. Patients were 

considered exposed for as long as they maintained continuous use of the drug plus an additional 2 weeks 

to allow for the drug to completely leave the patient’s body. Bladder anticholinergic medications have 

half-lives between 1 and 2 days. 

 

Outcome 

The outcome of interest in this study was an episode of acute urinary retention (ICD-10 code 

R33) as reported in any of the three CIHI databases (DAD, SDS, or NACRS). This method has been used 

in previous studies to assess this outcome25,26.  
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Covariates 

Analyses were stratified by sex due to the known differential risk for acute urinary retention 

among men and women17,25. Other known risk factors for acute urinary retention and suspected 

confounders were identified from the literature; these included age, use of other anticholinergic drugs, 

calcium and beta-blockers as well as comorbid conditions17,21. A modified version of the Carnahan 

Anticholinergic Drug Scale which excluded bladder anticholinergic medications (i.e. the drugs which 

defined our study groups) was used as a covariate as many of the risk factors for acute urinary retention 

that were identified were drugs that increased the risk via their anticholinergic effects. The Carnahan 

Anticholinergic Drug Scale rates medications on their anticholinergic properties, with 0 being no 

anticholinergic activity and 3 being high anticholinergic activity. The sum of the scores for all drugs that a 

patient was taking at their index date was used. Additionally, calcium blockers and beta-blockers were 

identified as pharmaceutical risk factors for acute urinary retention that did not appear to influence risk 

via anticholinergic activity. If a patient had received one of the medications in question in the one year 

prior to their index date, they were considered exposed for the duration of their participation in the study. 

The comorbid conditions that were considered as potential risk factors for acute urinary retention were 

hypertension, diabetes, history of recent stroke, and dementia. Hypertension was assessed using the OHIP 

database, based on the presence of any of the diagnosis codes 401, 402, 403, 427, or 362 in the year prior 

to their index date. Patients’ diabetes status was assessed using their presence or lack thereof in the ODD. 

Stroke was assessed using OHIP diagnosis code 436 in the 1 year prior to their index date. A patient was 

considered to have physician diagnosed dementia if any one of the following was true: they had one or 

more physician visits with a diagnosis of dementia in OHIP in the five years prior to their index date, they 

had one or more Discharge Abstract Database records with dementia recorded in any field in the five 

years prior to index, or they had a prescription for a cholinesterase inhibitor used for treatment of 

dementia recorded in ODB in the year prior to their index date. Residence in a Long Term Care facility 
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was assessed using the LTC flag variable in the ODB (see Appendix E for further details on variable 

selection and Appendix F for model selection).  

 

Statistical Analysis 

Descriptive statistics were used to summarize key characteristics of the cohort at the index date 

according to which bladder anticholinergic was dispensed. Cox proportional hazards regression models 

were used to assess the relationship between bladder anticholinergic medication prescription and 

incidence of acute urinary retention after controlling for potential confounders and stratifying by sex and 

history of acute urinary retention. Patients who were prescribed oxybutynin served as the reference group 

in all analyses. Although patients with a history of acute urinary retention were excluded in the main 

analysis, they are still being treated in Ontario with these medications.  We sought to determine how often 

patients with prior AUR received these medications, and to describe the comparative safety in this 

subgroup. An additional Cox proportional hazards regression was used to assess the difference in risk 

between the medication groups in this high-risk subgroup.  The proportional hazards assumption was 

tested using the method proposed by Lin et al27. Following this method, cumulative Martingale residuals 

were used to evaluate the proportional hazards assumption. A Kolmogorov-type supremum test (a non-

parametric test of goodness of fit implemented in SAS through the resample option) was used to 

determine whether the residuals followed the assumption or not. All statistical analyses were conducted 

using SAS 9.4. See Appendix G for a discussion of the possibility of informative censoring. 

 

Follow up 

 For the purposes of the main analysis, only a maximum of 12 weeks of follow up time were used 

for each patient. This restriction was implemented to attempt to focus the study on outcome events that 

were the direct result of a new use of these medications. The event is acute and is likely to occur within 
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this window. This 12 week window is also consistent with prior work that has compared the risk of this 

event in patients taking these bladder anticholinergic medications28-30.  

 

Sensitivity Analyses 

A stricter definition of continuous use, which required patients to renew within 1.2 times the 

original prescription duration plus seven days, was tested. In addition, an analysis was conducted which 

did not truncate follow-up after 12 weeks. 

  

Estimation of Absolute Risk/Benefit 

The number needed to treat (NNT) is a measure of how many patients need to be treated with a 

given alternative treatment before one person benefits. In the case of this study, “benefit” means that one 

additional person who would have experienced an episode of acute urinary retention before 12 weeks 

elapses does not experience that event. This measure is used to give an indication of the absolute risk or 

benefit of a treatment. To estimate the NNT, a method proposed by Austin for calculating NNTs from 

time to event data was used (See Appendix H for explanation)31. Event rates were calculated using the 

number of events divided by the amount of follow up time for each group. 
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Results 

 

We identified 49,709 patients 66 years of age and older in Ontario who received a new 

prescription of one on the study medications between December 15, 2011 and December 31, 2013. A total 

of 1,614 (3.25%) patients had prior acute urinary retention and were analyzed separately as a high-risk 

subgroup. The mean (SD) age of the cohort was 77 (7.2). 63.65% of patients in the cohort were female. 

43% of patients has physician-diagnosed hypertension. 33.8% of patients had diabetes. 38.9% of men in 

the cohort had BPH. 33.9% of patients were prescribed tolterodine, 47.8% solifenacin, 9.7% darifenacin, 

1.5% trospium chloride, and 6.9% fesoterodine. During the study period, 183 women and 734 men 

developed acute urinary retention. Median time to outcome in those that experienced AUR in the study 

window was 19 days. 

 

The characteristics of the patients in each group are summarized in Tables 4.1 to 4.4. The most 

notable differences observed between the patients were that new users of oxybutynin were more likely to 

be female, especially as compared to new users of fesoterodine. Prevalence of dementia is higher in new 

users of darifenacin and trospium chloride than in the other groups. Male oxybutynin users were 

significantly less likely to have a diagnosis of benign prostate hyperplasia (BPH). 
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Table 4.1. Baseline characteristics of male patients without a history of acute urinary retention across the six study groups at index date. 

  

Oxybutynin  
(N = 2884) 

Darifenacin  
(N = 1131) 

Fesoterodine  
(N = 1056) 

Solifenacin  
(N = 5954) 

Tolterodine  
(N =5470) 

Trospium 
Chloride  
(N = 188) 

Age 66 - 69 581 (20.1%) 140 (12.4%) 184 (17.4%) 1185 (19.9%) 1102 (20.1%) 18 (9.6%) 

 
70 - 74 691 (24%) 246 (21.8%) 254 (24.1%) 1450 (24.4%) 1345 (24.6%) 28 (14.9%) 

 
75 - 79 689 (23.9%) 288 (25.5%) 250 (23.7%) 1460 (24.5%) 1267 (23.2%) 39 (20.7%) 

 
80 - 84 530 (18.4%) 239 (21.1%) 210 (19.9%) 1114 (18.7%) 1005 (18.4%) 48 (25.5%) 

 
85 - 89 273 (9.5%) 163 (14.4%) 113 (10.7%) 560 (9.4%) 563 (10.3%) 35 (18.6%) 

 
90 +  120 (4.2%) 55 (4.9%) 45 (4.3%) 185 (3.1%) 188 (3.4%) 20 (10.6%) 

 
Mean (s.d.) in years  76.31 (6.97) 77.94 (6.84) 76.76 (6.84) 76.17 (6.71) 76.27 (6.88) 80.01 (7.25) 

Drugs Calcium Blockers 1020 (35.37%) 456 (40.32%) 349 (33.05%) 2110 (35.44%) 1957 (35.78%) 73 (38.83%) 
Beta-blockers 1050 (36.41%) 416 (36.78%) 389 (36.84%) 2179 (36.6%) 1995 (36.47%) 73 (38.83%) 
Mean Carnahan Sc. 0.99 0.94 0.94 0.93 0.98 1.19 
Carnahan Score >2 367 (12.73%) 119 (10.52%) 133 (12.59%) 677 (11.37%) 660 (12.07%) 35 (18.62%) 

Comorbidities  Dementia 391 (13.56%) 299 (26.44%) 199 (18.84%) 939 (15.77%) 856 (15.65%) 54 (28.72%) 

 
Hypertension  1192 (41.33%) 492 (43.5%) 450 (42.61%) 2594 (43.57%) 2343 (42.83%) 79 (42.02%) 

 
Previous Stroke 115 (3.99%) 64 (5.66%) 36 (3.41%) 224 (3.76%) 208 (3.8%) 9 (4.79%) 

 
Diabetes 1195 (41.44%) 443 (39.17%) 410 (38.83%) 2400 (40.31%) 2208 (40.37%) 80 (42.55%) 

 BPH* 751 (26.04%) 550 (48.63%) 444 (42.05%) 2497 (41.94%) 2148 (39.27%) 79 (42.02%) 
Other Long Term Care 137 (4.75%) 48 (4.24%) 46 (4.36%) 147 (2.47%) 195 (3.56%) 12 (6.38%) 
* Benign Prostatic Hyperplasia (BPH)
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Table 4.2. Baseline characteristics of male patients with prior history of acute urinary retention across the six study groups at index date. 

  

Oxybutynin  
(N = 501) 

Darifenacin 
(N = 99) 

Fesoterodine  
(N = 119) 

Solifenacin (N 
= 678) 

Tolterodine  
(N = 706) 

Trospium 
Chloride  
(N = 34) 

Age 66 - 69 76 (15.2%) Inc. below 17 (14.3%) 94 (13.9%) 110 (15.6%) - 

 70 - 74 119 (23.8%) 15 (15.2%) 24 (20.2%) 111 (16.4%) 131 (18.6%) - 

 75 - 79 106 (21.2%) 31 (31.3%) 22 (18.5%) 168 (24.8%) 140 (19.8%) - 

 80 - 84 94 (18.8%) 23 (23.2%) 29 (24.4%) 162 (23.9%) 167 (23.7%) 11 (32.4%) 

 85 - 89 77 (15.4%) 21 (21.2%) 27 (22.7%) 98 (14.5%) 110 (15.6%) 9 (26.5%) 

 90 + 29 (5.8%) 9 (9.1%) Inc. above 45 (6.6%) 48 (6.8%) - 

 Mean (s.d.) in years 77.7 (7.3) 80.4 (6.4) 78.1 (7.2) 78.5 (7.1) 78.3 (7.4) 80.8 (7.3) 
Medications Calcium Blockers 179 (35.73%) 31 (31.31%) 39 (32.77%) 227 (33.48%) 266 (37.68%) 17 (50%) 
 Beta-blockers 213 (42.51%) 36 (36.36%) 42 (35.29%) 275 (40.56%) 297 (42.07%) 16 (47.06%) 
 Mean Carnahan Score 1.42 1.44 1.02 1.28 1.13 1.26 
 Carnahan Score >2 91 (18.16%) 21 (21.21%) 13 (10.92%) 120 (17.7%) 105 (14.87%) 7 (20.59%) 
Comorbidities Dementia 86 (17.17%) 32 (32.32%) 23 (19.33%) 127 (18.73%) 112 (15.86%) 14 (41.18%) 

 Hypertension  230 (45.91%) 42 (42.42%) 53 (44.54%) 292 (43.07%) 306 (43.34%) 16 (47.06%) 
 Previous Stroke 40 (7.98%) 8 (8.08%) 8 (6.72%) 51 (7.52%) 43 (6.09%) 6 (17.65%) 
 Diabetes 118 (23.55%) 23 (23.23%) 39 (32.77%) 158 (23.3%) 192 (27.2%) 7 (20.59%) 
 BPH 200 (39.92%) 56 (56.57%) 66 (55.46%) 358 (52.8%) 340 (48.16%) 16 (47.06%) 

Other Long Term Care 17 (3.39%) - - 16 (2.36%) 17 (2.41%) - 
Observations marked with a “-“ had sample sizes lower than 5 and were suppressed to protect patient confidentiality. 

Observations stating “Inc. above” or “Inc. below” had sample sizes that were too small and were included in the above or below category to 

preserve patient confidentiality.  

* Benign Prostatic Hyperplasia (BPH) 
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Table 4.3. Baseline characteristics of female patients without history of acute urinary retention across the six study groups at index date. 

  

Oxybutynin  
(N = 7855) 

Darifenacin  
(N = 1968) 

Fesoterodine  
(N = 1208) 

Solifenacin  
(N = 9585) 

Tolterodine  
(N = 9439) 

Trospium 
Chloride 

 (N = 257) 
Age 66 - 69 1512 (19.2%) 321 (16.3%) 249 (20.6%) 2008 (20.9%) 1746 (18.5%) 34 (13.2%) 

 
70 - 74 1713 (21.8%) 420 (21.3%) 255 (21.1%) 2312 (24.1%) 2014 (21.3%) 50 (19.5%) 

 
75 - 79 1637 (20.8%) 437 (22.2%) 259 (21.4%) 1990 (20.8%) 2024 (21.4%) 47 (18.3%) 

 
80 - 84 1428 (18.2%) 392 (19.9%) 207 (17.1%) 1687 (17.6%) 1669 (17.7%) 58 (22.6%) 

 
85 - 89 1019 (13%) 269 (13.7%) 161 (13.3%) 1099 (11.5%) 1294 (13.7%) 43 (16.7%) 

 
90 +  546 (7%) 129 (6.6%) 77 (6.4%) 489 (5.1%) 692 (7.3%) 25 (9.7%) 

 
Mean (s.d.) in years  77.29 (7.4) 77.7 (7.4) 77.1 (7.7) 76.54 (7.3) 77.5 (7.7) 79.1 (7.8) 

Drugs Calcium Blockers 3061 (38.97%) 762 (38.72%) 422 (34.93%) 3500 (36.52%) 3766 (39.9%) 107 (41.63%) 

 
Beta-blockers 2683 (34.16%) 712 (36.18%) 400 (33.11%) 3082 (32.15%) 3200 (33.9%) 76 (29.57%) 

 
Mean Carnahan Sc. 1.21 1.25 1.13 1.21 1.22 1.39 

 
Carnahan Score >2 1347 (17.15%) 353 (17.94%) 181 (14.98%) 1642 (17.13%) 1611 (17.07%) 56 (21.79%) 

Comorbidities Dementia 1155 (14.7%) 413 (20.99%) 204 (16.89%) 1517 (15.83%) 1611 (17.07%) 71 (27.63%) 

 
Hypertension  3464 (44.1%) 864 (43.9%) 494 (40.89%) 4120 (42.98%) 4177 (44.25%) 102 (39.69%) 

 
Previous Stroke 253 (3.22%) 64 (3.25%) 23 (1.9%) 257 (2.68%) 362 (3.84%) 8 (3.11%) 

 
Diabetes 2457 (31.28%) 619 (31.45%) 412 (34.11%) 2974 (31.03%) 2982 (31.59%) 80 (31.13%) 

Other Long Term Care 420 (5.35%) 118 (6%) 85 (7.04%) 415 (4.33%) 647 (6.85%) 21 (8.17%) 
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Table 4.4. Baseline characteristics of female patients with a history of acute urinary retention across the six study groups at index date. 

  

Oxybutynin 
(N = 157) 

Darifenacin 
(N = 38) 

Fesoterodine  
(N = 26) 

Solifenacin  
(N = 192) 

Tolterodine  
(N= 157) 

Trospium 
Chloride  
(N = 7) 

Age 66 - 69 27 (17.2%) - - 25 (13%) 17 (10.8%) - 

 
70 - 74 24 (15.3%) 8 (21.1%) - 35 (18.2%) 34 (21.7%) - 

 
75 - 79 36 (22.9%) 10 (26.3%) 6 (23.1%) 39 (20.3%) 32 (20.4%) - 

 
80 - 84 25 (15.9%) 9 (23.7%) 6 (23.1%) 30 (15.6%) 48 (30.6%) - 

 
85 - 89 26 (16.6%) 6 (15.8%) - 45 (23.4%) 26 (16.6%) - 

 
90 +  19 (12.1%) - - 18 (9.4%) Inc. above - 

 
Mean (s.d.) in years 78.8 (6.8) 79.8 (6.8) 80.3 (8.11) 79.4 (8.0) 78.4 (6.7) 82 (4.6) 

Drugs Calcium Blockers 70 (44.59%) 16 (42.11%) 13 (50%) 92 (47.92%) 81 (51.59%) - 

 
Beta-blockers 70 (44.59%) 17 (44.74%) 11 (42.31%) 80 (41.67%) 76 (48.41%) 6 (85.71%) 

 
Mean Carnahan Score 1.92 1.68 1.77 1.71 2.01 1.43 

 
Carnahan Score >2 55 (35.03%) 12 (31.58%) 6 (23.08%) 50 (26.04%) 57 (36.31%) - 

Comorbidities Dementia 43 (27.39%) 11 (28.95%) 6 (23.08%) 44 (22.92%) 42 (26.75%) - 

 
Hypertension  70 (44.59%) 21 (55.26%) 10 (38.46%) 88 (45.83%) 83 (52.87%) 6 (85.71%) 

 
Previous Stroke 12 (7.64%) - - 9 (4.69%) 11 (7.01%) - 

 
Diabetes 28 (17.83%) - - 35 (18.23%) 26 (16.56%) - 

Other Long Term Care 14 (8.92%) - - 8 (4.17%) - - 
Observations marked with a “-“ had sample sizes lower than 6 and were suppressed to protect patient confidentiality. 

Observations stating “Inc. above” or “Inc. below” had sample sizes that were too small and were included in the above or below category to 

preserve patient confidentiality.  
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Comparison of Risk Between Groups by Sex in Patients without Prior Acute Urinary Retention 

Among men, there were statistically significant differences between the drugs in the risk for acute 

urinary retention. However, no statistically significant differences in risk of AUR were observed in 

women. Compared to male oxybutynin users, male darifenacin users (adjusted HR, 0.36 (0.21 - 0.62)), 

male solifenacin users (adjusted HR, 0.49 (0.36 - 0.65)), and male tolterodine users (adjusted HR, 0.59 

(0.44 - 0.78)) had a lower risk of developing acute urinary retention. Male trospium chloride users 

(adjusted HR, 1.17 (0.59 – 2.34)) and male fesoterodine users (adjusted HR, 0.86 (0.57 – 1.29) did not 

show a significantly different risk from the oxybutynin comparison group. In females, no significant 

differences were observed between the oxybutynin group and any of the alternative treatment groups. 

These results are summarized in Table 4.5. The proportional hazards assumption was tested and found to 

be satisfied in all cases except solifenacin vs. oxybutynin in men and trospium chloride vs. oxybutynin in 

both men and women. In the case of solifenacin, the curves appear to be slightly different in shape but do 

not cross. Trospium chloride has a very small sample size and the survival curve for trospium visibly 

crosses the survival curve for oxybutynin. There is a real possibility that the proportional hazards 

assumption is not met for trospium chloride (see Appendix I). 

 

Comparison of Risk in Patients with Prior Acute Urinary Retention 

In male patients with a prior history of acute urinary retention, a statistically significant lower risk 

of AUR was observed with darifenacin (adjusted HR, 0.215 (0.067 - 0.691)), fesoterodine (adjusted HR, 

0.166 (0.052 - 0.534)),  tolterodine (Adjusted HR, 0.578 (0.397 - 0.843)), and solifenacin (adjusted HR, 

0.663 (0.457 - 0.96)) as compared to oxybutynin. Similar to findings in the groups without a history of 

acute urinary retention, new use of trospium chloride (adjusted HR, 0.60; 95% CI, 0.18 - 1.94) was not 

associated with any statistically significant difference from oxybutynin in this subgroup with prior AUR. 

Women with a history of acute urinary retention who started a new prescription of solifenacin, 

darifenacin, tolderodine, fesoterodine, or trospium chloride were not found to be more likely to 
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experience AUR as compared to patients who were prescribed oxybutynin. A hazard ratio was also 

calculated using all available covariates. These results are summarized in Table 4.5. 

Table 4.5. Hazard ratios for occurrence of acute urinary retention for select bladder 

anticholinergics compared to oxybutynin. 

 Crude Hazard Ratio 
(95% Confidence 

Interval) 

Adjusted Hazard Ratio 
(95% Confidence 

Interval) 

Adjusted Hazard Ratio 
Men  (Final Model) (All Variables) 
Oxybutynin Reference Reference Reference 
Tolterodine 0.61 (0.46 – 0.80) 0.59 (0.45 - 0.79) 

 
0.55 (0.42 - 0.72) 

 Solifenacin 0.52 (0.36 - 0.58) 0.50 (0.37 - 0.66) 
 

0.46 (0.35 - 0.61) 

 
Darifenacin 0.40 (0.16 - 0.43) 0.36 (0.21 - 0.64) 0.33 (0.19 - 0.56) 

 Fesoterodine 0.92 (0.62 – 1.34) 0.87 (0.58 - 1.31) 
 

0.78 (0.52 - 1.15) 

 Trospium Chloride 1.48 (0.48 - 1.56) 1.19 (0.60 - 2.37) 
 

1.08 (0.55 - 2.15) 

 Women    
Oxybutynin Reference Reference Reference 
Tolterodine 0.70 (0.42 - 1.17) 0.70 (0.42 - 1.17) 

 
0.72 (0.43 - 1.21) 

 Solifenacin 0.65 (0.39 - 1.09) 0.66 (0.39 - 1.11) 
 

0.79 (0.48 - 1.31) 

 Darifenacin 0.47 (0.17 - 1.33) 0.47 (0.16 - 1.33) 
 

0.60 (0.23 - 1.53) 

 Fesoterodine 0.20 (0.03 - 1.46) 0.20 (0.03 - 1.49) 
 

0.21 (0.03 - 1.56) 

 Trospium Chloride ♮ ♮  
Prior Acute Urinary Retention - Men   
Oxybutynin Reference Reference Reference 
Tolterodine 0.58 (0.40 – 0.85) 0.58 (0.40 - 0.84) 

 
0.62 (0.43 - 0.90) 

 Solifenacin 0.69 (0.48 - 1.00) 0.66 (0.46 - 0.96) 
 

0.72 (0.50 - 1.04) 

 Darifenacin 0.21 (0.07 – 0.67) 0.22 (0.07 - 0.69) 
 

0.23 (0.07 - 0.74) 

 Fesoterodine 0.17 (0.05 – 0.55) 0.17 (0.05 - 0.53) 
 

0.17 (0.05 - 0.54) 

 Trospium Chloride 0.57 (0.18 – 1.83) 0.60 (0.18 - 1.94) 
 

0.71 (0.22 - 2.31) 

 Prior Acute Urinary Retention - Women   
Oxybutynin Reference Reference Reference 
Tolterodine ♮ ♮ ♮ 
Solifenacin 0.47 (0.11 – 1.94) 0.43 (0.10 - 1.87) 

 
♮ 

Darifenacin 0.17 (0.02 – 1.57) 0.16 (0.02 - 1.50) 
 

♮ 
Fesoterodine ♮ ♮ ♮ 
Trospium Chloride ♮ ♮ ♮ 

 
♮Insufficient data for a meaningful estimate 

Adjusted hazard ratios are (Final) adjusted for age, Carnahan score, dementia, diagnosis of BPH, and 
history of stroke. 
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Absolute Risk of Acute Urinary Retention 

NNTs were calculated using the method outlined in Appendix H for groups with a hazard ratio 

that was found to be significantly different than 1.0. The lowest number needed to treat was darifenacin 

(NNT, 52.7 (33.2 - 126)), followed by solifenacin (NNT, 53.5 (39.1 - 118.5)), and tolterodine (NNT, 67.2 

(42 - 149)). Trospium chloride and fesoterodine did not have meaningful NNT because their hazard ratio 

was not different than 1.0 at α = 0.05. Men with previous acute urinary retention had lower NNTs. The 

lowest number needed to treat in this group was for fesoterodine (NNT, 5.6 (4.1 – 8.7)), followed by 

darifenacin (NNT, 6.6 (4.4 – 11.5)) , tolterodine (NNT, 11.6 (6.5 – 31.1)), and solifenacin (NNT, 15.8 

(7.1 – 143.9)). These measures are reported in Table 4.6. Event rates for each group were also calculated 

and are displayed in Table 4.7. 

 

 

Table 4.6. Number of male patients needed to treat with select medications compared to oxybutynin 

to prevent one case of acute urinary retention per 12 weeks. 

Medication Number Needed to Treat 
(No Prior AUR) 

Number Needed to Treat 
(Prior AUR) 

 Oxybutynin Reference Reference 

 Tolterodine 67.2 (42.0 – 149.0) 11.6 (6.5 - 31.1) 

 Solifenacin 53.5 (39.1 - 118.5) 15.8 (7.1 - 143.9) 

 Darifenacin 52.7 (33.2 – 126.0) 6.6 (4.4 – 15.0) 

 Fesoterodine - 5.6 (4.1 - 8.7) 

 Trospium Chloride - - 

Number Needed to Treat was only calculated for groups with hazard ratios significantly different from 0. 
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Table 4.7. Event rates in each medication group calculated using the first 12 weeks of follow up 

time and all follow up time. 

 

 
 

 
Event Rate (12 Week Follow up) 

(per 100 person-years) 
Event Rate (All Follow up) 

(per 100 person-years) 

Male   
Oxybutynin 19.67 11.63 
Darifenacin 6.93 5.44 
Fesoterodine 16.25 9.43 
Solifenacin 9.06 4.83 
Tolterodine 10.79 5.73 
Trospium Chloride 26.65 12.44 

   Male - Prior Acute Urinary Retention 
 Oxybutynin 171.19 105.94 

Darifenacin 28.87 15.62 
Fesoterodine 23.51 15.85 
Solifenacin 96.44 43.72 
Tolterodine 81.87 39.50 
Trospium Chloride 79.52 29.69 

   Female 
  Oxybutynin 2.56 1.51 

Darifenacin 1.09 0.89 
Fesoterodine 0.48 0.25 
Solifenacin 1.50 1.06 
Tolterodine 1.67 1.16 
Trospium Chloride - 1.22 

   Female - Prior Acute Urinary Retention 
 Oxybutynin 46.63 29.94 

Darifenacin 0.00 0.00 
Fesoterodine 0.00 0.00 
Solifenacin 21.05 10.93 
Tolterodine 7.80 4.50 
Trospium Chloride 0.00 0.00 
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Sensitivity Analysis 

In the first sensitivity analysis, we examined the effect that changing the definition of continuous 

use would have on the relationship between the bladder anticholinergic the patient was prescribed and the 

risk of acute urinary retention. We determined that using the stricter definition of acute urinary retention 

reduced the number of events used in the analysis by 25 in men and 7 in women (32 in total). The results 

for tolterodine, solifenacin, and trospium chloride were essentially the same in all cases, but when using 

the strict definition of continuous use, darifenacin was not significantly different from oxybutynin. In 

women, no significant difference was observed between the original and strict definitions of continuous 

use. 

For the second sensitivity analysis, all available follow up time was used instead of censoring at 

12 weeks. 199 additional events in men and 83 events in women were included in this analysis. The 

different definitions had minimal effect on the hazard ratios found in men, with the exception of an 

increase in the HR of darifenacin. When using this definition, patients taking fesoterodine were not at 

significantly different risk of developing acute urinary retention compared to patients taking oxybutynin. 

In women, no significant hazard ratios were observed regardless of the duration of follow up or the 

definition of continuous use. 
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Table 4.8. Effect of the sensitivity analyses on the estimated hazard ratio. 

Men Main (n = 535) § Strict (n = 510) § None (n = 734) § 
Tolterodine 0.59 (0.44 - 0.78)* 0.568 (0.424 - 0.759)* 0.628 (0.49 - 0.803)* 
Solifenacin 0.49 (0.36 - 0.65)* 0.472 (0.351 - 0.635)* 0.544 (0.425 - 0.697)* 
Darifenacin 0.36 (0.21 - 0.62)* 0.295 (0.161 - 0.541)* 0.613 (0.423 - 0.888)* 
Fesoterodine 0.86 (0.57 - 1.29) 0.879 (0.583 - 1.325) 0.793 (0.542 - 1.161) 
Trospium Chloride 1.17 (0.59 - 2.34) 0.949 (0.437 - 2.061) 1.051 (0.563 - 1.962) 

    
Women Main (n = 100) § Strict (n = 93) § None (n = 183) § 
Tolterodine 0.7 (0.42 - 1.17) 0.686 (0.404 - 1.167) 0.888 (0.585 – 1.349) 
Solifenacin 0.66 (0.39 - 1.11) 0.669 (0.392 - 1.143) 0.905 (0.602 - 1.362) 
Darifenacin 0.47 (0.16 - 1.33) 0.37 (0.112 - 1.218) 0.708 (0.36 - 1.395) 
Fesoterodine 0.2 (0.03 - 1.49) 0.216 (0.029 - 1.591) 0.158 (0.022 - 1.154) 
Trospium Chloride ♮ ♮ 0.919 (0.221 - 3.827) 

  
§ Main: Patient is considered to have continuously used the medication if prescription renewal occurred 
within 1.5 times the original prescription length plus 7 days. Strict: Only allows 1.2 times the original 
prescription length plus 7 days. None: Patients are considered exposed for as long as continuous use lasts 
(no 12 week limit). The number of events that occurred in each group under each definition is reported in 
parentheses after their name. 
* Indicates a 95% CI that does not cross 1.0 (Significant result at α = 0.05) 
♮Insufficient data was available for a meaningful estimate 
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Discussion 

Our study demonstrated a statistically significant reduction in the risk of acute urinary retention in 

male patients taking solifenacin, tolterodine, or darifenacin as compared to oxybutynin. Men beginning a 

treatment regimen with one of these medications had a 40 – 50% reduction in the hazard of acute urinary 

retention over the 12 weeks immediately after their new prescription of one of these medications. 

 

In the cohort, the median time between beginning a treatment with bladder anticholinergic 

medications and experiencing an outcome of acute urinary retention was 19 days. Darifenacin users had 

the longest median time to event (19.5 days), which could help to explain the increase in hazard ratio 

when the 12 week maximum follow up restriction was removed (See Appendix J). This represents an 

acute onset of urinary retention, strengthening the plausibility of a causal relationship between the 

treatment and the outcome. With many adverse events occurring just after a new prescription of one of 

these medications, perhaps patients could benefit from increased monitoring in these first few weeks. 

These patients are also excellent targets for educational interventions to ensure that they will be able to 

recognize the symptoms of acute urinary retention should they experience it. The potential causal link 

between the exposure and outcome is further supported by the existence of a difference in the receptor 

affinities of these medications9. 

 

The lack of a different risk profile for women taking each of these medications could be partly 

because of the lower number of events observed in the female population, which results in decreased 

power to detect a relationship even if one does exist. Previous studies have indicated that the risk of acute 

urinary is significantly lower in women32,33, which we found to be the case in our cohort in every group 

(See table 4.7). It is possible that anatomical differences in the urinary tract between men in women 

account for the difference in effect observed, or that both diagnosed and undiagnosed benign prostate 
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hypertension in men are component causes that allow the bladder medications, which are not sufficient on 

their own, to cause acute urinary retention. 

 

There are some limitations to this study design that are worth considering. By using a database 

instead of a questionnaire to assess exposure, we lose the ability to assess dosage and determine how 

people are using the medications once the prescription is filled. We also almost certainly overestimate the 

length of time that people will be actually taking the medication in our definition of continuous use by 

assuming that everyone finishes the medication that is prescribed to them. Another possible concern is 

that stopping a treatment is not likely to be a random event. Signs that an adverse event is about to occur 

could, in theory, cause the cessation of a treatment. Informative censoring of this nature could bias the 

time to event analysis. If, for example, patients taking solifenacin who were susceptible to acute urinary 

retention discontinued treatment due to early headaches that were not caused by any other medication, 

solifenacin would appear safer. However, since the event is acute, the patients have a very short time to 

develop preliminary signs and be discontinued as compared to an outcome that relies on cumulative 

exposure (See Appendix K for further information). There is also the possibility that people could obtain 

the bladder anticholinergic medications via other channels than the provincial formulary (purchasing them 

themselves, free trials, etc.) which could result in misclassification of exposure.   

 

No formal validation study exists for the specific outcome measure that is used in this study. 

However, the coding for AUR is likely to be accurate as the endpoint of the study because it is typically 

an acute condition resulting in pain (due to loss of the ability to void) and therefore requires immediate 

care from a physician. A high percentage of patients who experience this event will present to hospital 

and a high percentage of those will be immediately diagnosed (the patient would present with inability to 

pass urine and a tender, distended bladder) and treated (using alpha blockers and catheterization)34. 

Validation studies that have examined similar databases have found good agreement between urinary tract 
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outcome codes in administrative databases and diagnoses (κ = .91)35. Other published studies have used 

this specific endpoint from ICES databases17,25,34. 

 

There are also strengths to be considered. Having access to the large sample of vulnerable 

patients available in the ODB gives power to detect rare side effects such as acute urinary retention that is 

not possible in randomized controlled trials. Using acute urinary retention as the endpoint in this study 

offers benefits over a milder adverse effect like headache or dry mouth in that we are less likely to miss 

cases because the outcome is severe and requires medical attention.  

 
Conclusion 

The results of this study indicate that high risk patients (i.e. men and patients with a history of 

acute urinary retention) who are prescribed the newer bladder anticholinergic medications, specifically 

solifenacin, darifenacin, tolterodine, and fesoterodine, are at reduced risk of acute urinary retention as 

compared to the older treatment, oxybutynin. While the reduction in absolute risk is small compared to 

what some have suggested as the guideline for a clinically relevant intervention (an NNT less than 5), the 

intervention in question is so simple and inexpensive to implement that it may warrant consideration 

anyway36. Replacing oxybutynin with a newer medication can help reduce the number of patients who 

experience this uncomfortable outcome. 
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Chapter 5: Discussion 

Summary of Key Findings 

The purpose of this thesis was to describe the usage of six specific bladder anticholinergic 

medications (oxybutynin, tolterodine, solifenacin, darifenacin, fesoterodine, and trospium chloride) and 

examine the difference in risk of one specific adverse effect, acute urinary retention, among seniors. The 

first manuscript reports descriptive information about prescription patterns in a cohort of 49,361 adults 

(66 to 105 years old) living in Ontario who filled a new prescription for one of the bladder anticholinergic 

medications between December 15, 2011 and December 31, 2013.  New oxybutynin users were not 

directly included, but past oxybutynin use was assessed for users of the other medications. We observed 

that the overall number of people receiving these medications is increasing over time and that there was 

very low adherence to the limited use criteria.  

 

The second manuscript details a survival analysis with acute urinary retention as the outcome 

among a slightly different cohort of 49,709 adults (66 to 105 years old) living in Ontario who filled a new 

prescription of one of the bladder anticholinergic medications between December 15, 2011 and December 

31, 2013. In males, all medications except trospium chloride were found to have a reduced risk of 

developing acute urinary retention compared to oxybutinin. No such relationship was observed for 

females.    

 

Strengths and Limitations of the Thesis 

All analyses relied on ICES data and as such, they were subject to very similar limitations and 

had many of the same strengths. The design used allows for a large sample of patients, but introduced 

potential biases and data quality concerns. These will be discussed below. 
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Large Sample Population-Based Study 

Having access to the large sample of patients at risk of developing acute urinary retention 

available in the ODB program database gives power to detect rare adverse effects such as acute urinary 

retention that would not be economically feasible with a clinical trial. Clinical trials can be overly 

selective with their inclusion criteria, resulting in a study that only includes idealized patients with few 

comorbidities or specific symptom profiles1. While clinical trials provide the gold standard of evidence 

for the safety of medications like the ones examined in this study, population-based studies provide 

evidence of effectiveness of the intervention in clinical practice. Such studies are critical in understanding 

the extent to which recommended practice is implemented and how this affects outcomes in patients2–6.   

 

Biases and Confounding 

 Confounding can occur in when a variable that is not a part of the causal pathway is related to 

both the exposure and the outcome of a study. Bias can be introduced into studies in many different ways. 

Some of the ways that bias could have affected this study are discussed below. 

 

Channeling bias is a type of allocation bias. It occurs when drugs with a similar therapeutic 

indication are prescribed to patients based on prognostic factors7. Channeling bias was avoided in this 

study by only including new users. If we had included people who first had a trial of oxybutynin or 

tolterodine but did not tolerate it well and were subsequently switched to a new anticholinergic, we would 

have potentially included people with a proven susceptibility to anticholinergic side effects in the new 

anticholinergic group. This would make the new drugs seem more dangerous than they really are.  

 

Channeling bias can also occur if physicians selectively prescribe some of the drugs to patients 

who are more likely to have side effects. The newer bladder anticholinergic medications are marketed as 

safer and it may be that patients who are prescribed these medications are sicker and have AUR more 
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frequently because of this. This study attempted to address this concern by comparing the users of each 

bladder anticholinergic on risk factors for AUR and controlling for differences. There were, however, 

some observed disparities between the groups on measured covariates. Most notably, oxybutynin users 

were more likely to be female, and trospium chloride users had higher Carnahan scores (i.e. they are 

taking more anticholinergic medications). 

 

 Unmeasured confounding is a possibility. While every effort was made to identify important risk 

factors for acute urinary retention and control for them in the analysis, it is possible that some of the 

confounding factors of this relationship were not measured. People taking different medications are 

similar on many of the factors measured, but there were some differences observed, for example male 

patients with an oxybutynin prescription were less likely to have BPH and both male and female 

darifenacin users were more likely to have dementia. Other important factors could not be measured due 

to the nature of the data source, including functional ability and whether or not the patient lives alone. If 

these are strongly associated with acute urinary retention and different across the groups, they could bias 

the results of the study. 

 

 By using administrative data from the Ontario Drug Benefit database to capture exposure and 

determine the amount of time that a patient engaged in continuous use of the medication, we are almost 

certainly overestimating the amount of time that the patients continue to take the medication (exposure 

misclassification). Our definition assumes that every patient takes all prescribed medication doses. 

Adherence to this type of self-administered oral dosing plan is typically low, with many patients leaving 

some portion of their prescriptions unused. Overestimation of continuous use is not likely to result in a 

differential misclassification unless the prognostic adverse effect profiles (less severe adverse effects that 

occur prior to the main outcome and result in the cessation of treatment prior to an event occurring) are 
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significantly different. Even if they are, this is an acute event that would likely occur before the patient 

could notice and cease treatment.  

 

 This study focused on only new users of each of the medications thereby avoiding prevalent user 

bias. If prevalent cases are included in the analysis, the results are susceptible to a number of biases that 

could potentially invalidate the study results. Survivor bias, also known as “depletion of susceptibles”, is 

introduced because prevalent users are patients who are not likely to have had an adverse reaction in the 

time immediately following their first prescription. Patients who experience an adverse reaction to the 

drug will be more likely to discontinue their medication. This potential bias is especially relevant when 

the risk of adverse events is highest in the first few weeks of taking a drug, as it is for acute urinary 

retention8 . (See Appendix G for further information) 

 

 In order for a time to event analysis to be conducted in an unbiased manner, it is essential that we 

be able to assume that whether or not an observation is censored has no relationship to the patient having 

the outcome. This will, of course, not always be the case for all outcome measures. Stopping a treatment 

is not likely to be a random event. Preliminary signs that an adverse event is about to occur could, in 

theory, cause the cessation of a treatment. In the case of this study, it is possible that people who were 

more susceptible to the effects of these anticholinergic medications noticed this through other symptoms 

typical of this drug class, such as dry mouth. Informative censoring of this nature would bias the time to 

event analysis, leading us to miss outcome events that would have occurred. This would be especially 

problematic if the different medications had different effects on these prognostic signs. However, since 

the event is acute, the patient had a very short time to develop preliminary signs and have their 

medication discontinued as compared to an outcome that relies on cumulative exposure. 
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Data Quality 

 There are some aspects of the study question that cannot be reliably answered with administrative 

data. The limited use guidelines state that patients should have behavioral therapy before they are 

permitted to start treatment with one of the new bladder anticholinergic agents. Data on these behavioral 

treatments are not available for use in ICES-held databases. In addition, not all over the counter 

medications that patients are taking are captured in ODB.  

 

 Using administrative data collected by other institutions at the provincial and federal levels 

causes some uncertainty in the accuracy of the coding of the variables used in this thesis. If severe, 

inaccuracies in coding could impact the validity of the results presented in this thesis. Therefore, it is 

important to acknowledge the potential for such errors when conducting a study such as this one. 

Fortunately, the Canadian Institute for Health Information monitors these databases for accuracy in an 

attempt to continuously improve them. Yearly reports on the quality of the Discharge Abstract Database 

and the National Ambulatory Care Reporting System have been published since 2005, with the most 

recently released report published in 2012 examining 2009-2010 data9. These re-abstraction studies, 

where a separate team recodes the original charts and the similarity of their final product is compared 

with that of the original team, have been increasing in agreement. The agreement is better for 

interventions (85% agreement in 2005, 96% agreement in 2010) than for diagnoses (64% in 2005, 76% in 

2010).  

 

 Some of the data that is obtained from these databases is more accurate than other data. 

Demographic variables such as date of birth and gender and date variables such as date of admission and 

date of discharge are recorded with near 100% accuracy10, while diagnostic information is more 

unreliable. For urinary outcomes in particular, the proportion of diagnoses that were present in the DAD 
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that were also confirmed by the chart review was 89%. The proportion of diagnoses that were recorded in 

the chart review that were also present in the DAD was 80%. Both of these accuracy numbers are lower 

than the average agreement among all conditions10.  

 

 While there is a possibility of inaccuracy in the coding of the data used for the study, it is unlikely 

that the errors were systematic and therefore any bias to the study would be towards the null. Factors that 

could increase error rate of the coding include newer staff or busier hospitals but there is no reason to 

believe that there would be an association between sites that have these factors and the type of bladder 

anticholinergic that was prescribed to the patients who end up at these facilities. 

 

Hard Endpoint 

Using acute urinary retention as the endpoint in this study offers benefits over a milder adverse 

effect like headache or dry mouth in that we are less likely to miss cases because the outcome is severe 

and requires medical attention. Although validation studies have suggested only a moderate agreement 

between urinary tract outcome codes in administrative databases and diagnoses (Ranging from κ = .79 to 

κ = 0.91)10,11, this particular outcome presents in a more severe way than many other urinary tract 

outcomes and is likely to be more reliably coded. The validation studies also examined agreement 

between the assessment of “Most responsible diagnosis”, which is the diagnosis that most contributed to 

the length of stay in the hospital. The outcome measure used in this study allowed for the acute urinary 

retention episode to be present in any capacity, not just the most responsible diagnosis. This likely 

increases the reliability of the measure. Other published studies have used this endpoint from ICES 

databases or other comparable databases12–14. 

 

Power 

 The power of the study to detect differences in the groups at an alpha level of 0.05 was calculated 

prior to the study using many variables that were, at the time, unknown and therefore had to be estimated. 
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Using the sample sizes that were available after the data was obtained, new estimates were prepared. 

These new power estimates matched the originals closely except in two cases. The study’s power to 

detect differences between oxybutynin and solifenacin was higher than expected and its power to detect 

the difference between trospium chloride and oxybutynin was greatly reduced. This is most likely 

explained by the inaccurate sample size estimates for these categories. There were actually 16,409 

patients enrolled in the study taking solifenacin compared to the estimate of 10,000. The number of 

patients who would be taking trospium chloride in the sample was originally overestimated, resulting in 

the opposite effect (the original estimate was 4,000 and the actual number of people in the study was 

486). The a priori and post-hoc power estimates at an alpha level of 0.05 are shown in Table 5.1. All 

power calculations were peformed in SAS using proc power’s two sample survival log rank test. 

 

Table 5.1. Power of the study to detect hazard ratios (vs. oxybuynin) at alpha = 0.05. 

 Original Estimate Post Hoc 

 
N HR = 0.5 HR = 0.625 N HR = 0.5 HR = 0.625 

Tolterodine 46,000 >.999 0.936 15,772 >.999 0.978 
Solifenacin 10,000 0.984 0.665 16,409 >.999 0.980 
Darifenacin 6,000 0.930 0.489 3,236 0.866 0.513 
Fesoterodine N/A N/A N/A 2,409 0.767 0.513 
Trospium Chloride 4,000 0.999 0.936 486 0.242 0.156 
 

 

Generalizability of Results 

 The results obtained in Manuscript 1 may be generalizable to the population as a whole. While 

the specific limited use criteria that are in place in Ontario do not exist anywhere else, similar strategies 

are in place to restrict access in other countries and provinces. The attitude of both physicians and patients 

could vary from one jurisdiction to another based on the marketing of the different medications as well as 

the culture of that province or country’s residents. Other health care systems may not publically fund 

these medications for seniors. A privately funded health care system would likely result in different 
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patterns of use. However, Ontario has a large and culturally diverse population and the perception of these 

medications is not likely to be much different in other North American settings.  

 

Generalizing the results of Manuscript 2 to the population as a whole may be possible. However, 

since any person under the age of 66 was excluded from the cohort, generalizability is limited. However, 

acute urinary retention is significantly more prevalent in people over the age of 66 and many people who 

will be treated for overactive bladder will be over this age limit15. A more significant concern is the effect 

of these medications in the long term. The cohort was only followed for a maximum of 12 weeks. It is 

likely that patients’ risk of acute urinary retention after these 12 weeks is reduced significantly and that 

the protective effect of these new medications will not persist at the same strength. Table 4.8 shows event 

rates calculated using the main analysis criteria (only 12 weeks of follow up used) and, alternatively,  

using all available follow up. Event rates are lower for all groups if all available follow up is used, 

indicating decreasing risk of developing acute urinary retention over time. 

 

Future Research Directions 

 To follow up on the results obtained in Manuscript 1, it is important to attempt to understand the 

reasons physicians are disregarding the limited use criteria. Qualitative research involving interviews with 

physicians and pharmacists could begin to illuminate these. Previous work in this area has suggested that 

lack of education on the restrictions may be a major reason for non-compliance16. 

 

While the risk of acute urinary retention is an important consideration when comparing the safety 

of these bladder anticholinergic medications, it is not the only outcome of importance. Bladder 

anticholinergic medications have been linked to other rare adverse reactions, including increased risk of 

delirium and acute angle closure glaucoma17,18. Future studies can explore the comparative safety of these 
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bladder medications with respect to these outcomes and allow an informed decision to be made about the 

safest treatment. 

 

Future studies could also explore the difference in risk for acute urinary retention between these 

medications in other high risk groups, such patients with high Carnahan Anticholinergic Drug Scale score 

or patients with Benign Prostatic Hyperplasia. 

 

Economic and Public Health Impact 

 Using costing data provided by the Ontario Ministry of Health and Long-term Care, the cost to 

prevent one episode of acute urinary retention by switching users of oxybutynin to each of the other drugs 

found to be significantly safer than oxybutynin for the 12 weeks after a new prescription can be 

calculated. In men, the least expensive medication to use to prevent one case of acute urinary retention 

per 12 weeks as compared to oxybutynin is darifenacin $6698.42 ($4216.96 - $16018.93), followed by 

solifenacin ($7151.3 ($5224.02 - $15826.69), and finally, tolterodine $10533.07 ($6581.16 - $23346.09) 

(See Appendix H for details). Darefenacin’s low cost is the result of the combination of its lower price 

and lower NNT compared to the other new bladder anticholinergics. Royal College of Physicians 

estimates the cost of treating a male patient diagnosed with acute urinary retention was to be between 

£2,000 and £3,000 ($3,800 to $5,700 CAD) depending on the treatment method19. By this metric, 

solifenacin, darifenacin, and tolterodine would have an expected cost to prevent one case of acute urinary 

retention that is approximately two to three times what it would cost to treat that case. Whether this is 

worthwhile or not depends on the other adverse effects that can be prevented or caused by the change. 

Further research is required to determine this. In addition, the cost comparison here only takes into 

account the first three months after a new prescription. The risk is significantly reduced after this time 

period (as can be seen in Table 4.8) and therefore the cost to prevent one case will increase in later 12 

week blocks. It is unlikely that patients could be switched away from their prescription of the newer 

medication after this period of high risk and the long term cost of switching oxybutynin patients to a 



 

 

 

79 

newer medication may be higher than this estimate suggests. Furthermore, other health risks of the 

various medications need to be considered as well before a decision can be made regarding which of the 

medications should be the recommended first line treatment for men. The results of this study do not 

conclusively support the notion that newer medications have a lower risk of acute urinary retention than 

older medications in women and therefore no recommendation can be made for them. 

  

Establishing a new standard treatment for overactive bladder that reduces the risk of multiple 

adverse events can result in both reduced cost and increased health in people who suffer from overactive 

bladder. Policies regarding medication prescribing for this condition should be designed such that they are 

both followed by physicians and are the safest and most cost-effective for patients when they are 

followed. The results of this thesis suggest that the policies currently in place meet none of these criteria, 

but perhaps simple changes to the guidelines, such as increased oversight or auditing of the LU criteria or 

a change in the recommended first-line treatments for OAB, could promote meaningful change in patient 

outcomes.  
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Appendix A. Receptor affinity of each bladder anticholinergic agent 

Table A.1. Affinity of antimuscarinics for human muscarinic receptor subtypes1. 

Molecule M1 M2 M3 M4 M5 

Oxtbutynin 1.0 6.7 0.67 2.0 11.0 

Tolterodine 3.0 3.8 3.40 5.0 3.4 

Darifenacin 7.3 46.0 0.79 46.0 9.6 

Solifenacin 25.0 125.0 10.0 NR NR 

Trospium 0.75 0.65 0.50 1.0 2.3 

All values represent binding affinity estimates (Ki, nm) at human recombinant muscarinic 
receptors. The pharmacology of the active metabolites of tolterodine (5-hydroxymethyl 
metabolite) and oxybutynin (N-desthyl oxybutynin) is similar to that of the corresponding parent 
molecules.  
NR: not reported. 
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Appendix B. Dates of Availability 

Table B.1. List of bladder anticholinergic medications with dates of availability 
Generic Name DIN Trade Name Dose Manufacturer Date Available1 Date Added2  Cost2 

Oxybutynin 01924753  Ditropan 1mg/mL O/L Janssen-Ortho, Inc.  1993-12-31 1996-10-01 N/A 

  02223376  PMS-Oxybutynin 1mg/mL O/L Pharmascience, Inc.  1996-09-04 1998-12-31 $0.0444 

  02163543  Apo-Oxybutynin 5mg Tab Apotex, Inc. 1995-12-31 1996-10-01 $0.0986 

  01924761  Ditropan 5mg Tab Proctor & Gamble 1993-12-31 1996-10-01 N/A 

  02230800  Mylan-Oxybutynin 5mg Tab Mylan Pharmaceuticals 
ULC 

1997-04-24 1998-12-31 $0.0986 

  02230394  Novo-Oxybutynin 5mg Tab Novapharm Limited 1997-02-24 1998-12-31 $0.0986 

  02240550  PMS-Oxybutynin 5mg Tab Pharmascience, Inc. 1999-11-22 2000-07-17 $0.0986 

Tolterdine 02244612  Detrol LA 2mg SR Cap Pfizer Canada Inc. 2002-03-26 2004-04-06 $1.9643 

  02244613  Detrol LA 4mg SR Cap Pfizer Canada Inc. 1998-11-23 2004-04-06 $1.9643 

  02239064  Detrol 1mg Tab Pfizer Canada Inc. 1998-11-26 1999-09-15 $0.9820 

  02239065  Detrol 2mg Tab Pfizer Canada Inc. 1998-11-23 1999-09-15 $0.9820 

Solifenacin 02277271  Vesicare 10mg Tab Astellas Pharma Canada 
Inc. 

2006-06-23 2011-12-15 $1.6892 

  02277263  Vesicare 5mg Tab Astellas Pharma Canada 
Inc. 

2006-06-23 2011-12-15 $1.6892 

Darifenacin 02273225  Enablex 15mg ER Tab Merus Labs Inc. 2006-04-06 2011-12-15 $1.6116 

  02273217  Enablex 7.5mg ER 
Tab 

Merus Labs Inc. 2006-04-06 2011-12-15 $1.6116 

Trospium Chl 02275066  Trosec 20mg Tab Sunovion 
Pharmaceuticals Canada 
Inc. 

2006-04-04 2011-12-15 $0.8063 

Fesoterodine 
Fumarate 
 

02380021 
 
02380048 

Toviaz 
 
Toviaz 

4 mg Tab 
 
8 mg Tab 

Pfizer Canada Inc. 
 

2012-04-19 2013-04-30 
 
2013-04-30 

$1.5000 
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Appendix C. Supplemental Methods Section 

ICES Databases 
 
Ontario Drug Benefit (ODB) 

The ODB was used to assess exposure information by looking for prescriptions of the bladder 

anticholinergic medications in patients 66 years of age and older in Ontario. The ODB is an 

administrative database used to keep track of prescriptions of medications that are listed on the 

provincial formulary and therefore subsidized by the government of Ontario. The use of this 

database gives access to many patients taking these medications, but using it to create the cohort 

does have some drawbacks. Patients who are under the 66 years of age cannot be studied. Patients 

who receive these medications through other means were not captured in this study. 

 

CIHI Databases – Same Day Surgery (SDS), Discharge Abstract Database (DAD), National 

Ambulatory Care Reporting System (NACRS).    

The Canadian Institute for Health Information maintains these databases which were used to 

assess the outcome. Diagnosic code R33 (Acute urinary retention), reported in any of these 

databases, was used as the outcome. By using these databases, we miss any events that occurred 

and did not result in a hospitalization. However, the event in question is quite serious and it is 

unlikely that a patient would fail to seek medical attention. 

 

Ontario Health Insurance Plan (OHIP) Claims Database  

The OHIP database is an administrative database used by the province of Ontario to track 

services provided by physicians for billing purposes. When a service is carried out, the physician 

records an associated diagnosis. This information was used to assess the presence of 
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comorbidities for this study. There is a possibility of misclassification introduced by using this 

information. Physicians may only record one condition that they feel is most responsible for the 

encounter, and patients who have less severe comorbidities may be missed.  

 

Ontario Diabetes Database (ODD) 

Presence of diabetes as a comorbidity was assessed using the ODD. This database is based on the 

CIHI and OHIP databases. Anyone with 2 or more records in the OHIP database or any record in 

the CIHI databases with diagnosis code 250.x is considered to have diabetes for the purposes of 

the ODD and this study. While restricting the definition of diabetes to only include people with 2 

or more OHIP claims introduces the possibility that patients with diabetes could be missed, this 

definition also helps minimize the potential for false positives. This method has been shown to 

provide a more accurate measure of diabetes than using only one code1. 

 

Registered Persons Database (RPDB) 

The registered persons database was used to monitor demographic characteristics of the patients 

in the cohort. The information is traditionally very accurately coded in administrative databases 

(see discussion of this in the Discussion chapter). 

 

Carnahan Anticholinergic Scale 

The Carnahan Anticholinergic Drug Scale was selected for use in this study because it is 

the most commonly used scale, which helps compare the results of this study with others, and 

because it has the best support for being linked to serum anticholinergic activity level2,3.  
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The Carnahan Anticholinergic Drug Scale assigns a score to each medication ranging 

from zero (no anticholinergic activity) to three (strong anticholinergic activity). It was developed 

as a way to estimate the serum anticholinergic activity (SAA) of a patient based on the 

medications they are currently receiving; it has been shown to be significantly associated with 

SAA in multiple studies2,3. An individual’s Carnahan score is the sum of the scores for all 

medications that he or she has been prescribed. The score does not take dosage into account.  
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Appendix D: Ethics Approval 

  

 
QUEEN'S UNIVERSITY HEALTH SCIENCES & AFFILIATED TEACHING HOSPITALS RESEARCH 
ETHICS BOARD-DELEGATED REVIEW 
September 22, 2014 
 
Mr. Randall Boyes 
Department of Public Health Sciences 
Queen’s University 
 
Dear Mr. Boyes 
Study Title: EPID-481-14 Patterns of Use and Comparative Safety of New and Old Anticholinergic 
Medications in Older Adults: A Population-Based Study 
File # 6013609 
Co-Investigators:  
 
I am writing to acknowledge receipt of your recent ethics submission. We have examined the protocol for your 
project (as stated above) and consider it to be ethically acceptable. This approval is valid for one year from the date 
of the Chair's signature below. This approval will be reported to the Research Ethics Board. Please attend carefully 
to the following listing of ethics requirements you must fulfill over the course of your study: 
 
Reporting of Amendments: If there are any changes to your study (e.g. consent, protocol, study procedures, etc.), 
you must submit an amendment to the Research Ethics Board for approval. Please use event form: HSREB Multi-
Use Amendment/Full Board Renewal Form associated with your post review file # 6013609 in your Researcher 
Portal (https://eservices.queensu.ca/romeo_researcher/) 
 
Reporting of Serious Adverse Events: Any unexpected serious adverse event occurring locally must be reported 
within 2 working days or earlier if required by the study sponsor. All other serious adverse events must be reported 
within 15 days after becoming aware of the information. Serious Adverse Event forms are located with your post-
review file 6013609 in your Researcher Portal (https://eservices.queensu.ca/romeo_researcher/) 
 
Reporting of Complaints: Any complaints made by participants or persons acting on behalf of participants must be 
reported to the Research Ethics Board within 7 days of becoming aware of the complaint. Note: All documents 
supplied to participants must have the contact information for the Research Ethics Board.  
 
Annual Renewal: Prior to the expiration of your approval (which is one year from the date of the Chair's signature 
below), you will be reminded to submit your renewal form along with any new changes or amendments you wish to 
make to your study. If there have been no major changes to your protocol, your approval may be renewed for 
another year.  
 
Yours sincerely, 
 

 
 
Chair, Health Sciences Research Ethics Board 
September 22, 2014 
 
Investigators please note that if your trial is registered by the sponsor, you must take responsibility to ensure 
that the registration information is accurate and complete 
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Appendix E: Variable Definitions 

Dementia 

The presence of physician-diagnosed dementia was be defined by any one of the following: one 

or more OHIP physician visits with a diagnosis of dementia within the past 5 years, OR one or 

more CIHI-DAD (hospitalization) records with any field diagnosis of dementia within the past 5 

years, OR one or more ODB records of prescriptions for a cholinesterase inhibitor within the past 

365 days. 

• OHIP dx codes: 290, 331, or 797 
• CIHI-DAD codes: ICD-9 (2900, 2901, 2903, 2904, 2908, 2909, 2941, 2948, 2949, 3310, 

3311, 3312, 7970), or ICD-10 (F000, F001, F002, F009, F010, F011, F012, F013, F018, 
F019, F020, F021, F022, F023, F024, F028, F03, F051, F065, F066, F068, F069, F09, 
G300, G301, G308, G309, G310, G311, R54) 

• ODB subclnam =: ‘CHOLINESTERASE INHIBITOR’ included the following: 
o Donepezil 
o Galantamine 
o Rivastigmine 
o Rivastigmine Tartrate 

 

Calcium Blocker List 

• Amylodipine Besylate 
• Amylodipine Besylate & Atorvastatin Calcium 
• Diltiazem 
• Diltiazem HCl 
• Felodipine 
• Flunarizine 
• Nifedipine 
• Nimodipine 
• Verapamil 
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Beta-blocker List 

• Acebutolol 
• Acebutolol Hcl 
• Atenolol 
• Atenolol & Chlorthalidone 
• Betaxolol 
• Betaxolol Hcl 
• Bisoprolol Fumarate 
• Brimonidine Tartrate & Timolol Maleate 
• Brinzolamide & Timolol Maleate 
• Carvedilol 
• Hydrochlorothiazide & Pindolol 
• Hydrochlorothiazide & Propranolol Hcl 
• Labetalol Hcl 
• Levobunolol 
• Levobunolol Hcl 
• Metoprolol 
• Metoprolol Succinate 
• Metoprolol Sulfate 
• Metoprolol Tartrate 
• Nadolol 
• Oxprenolol Hcl 
• Pindolol 
• Propranolol Hcl 
• Sotalol 
• Sotalol Hcl 
• Timolol 
• Timolol Maleate 
• Timolol Maleate & Travoprost 
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Carnahan Anticholinergic Scale 

The following drugs were excluded from the published scale1: 

• Oxybutynin 

• Tolterodine 

• Darifenacin 

• Solifenacin 

• Trospium Chloride 

• Fesoterodine 
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OHIP Derived Variables 

Hypertension 

• Equals 1 if the patient has an OHIP record at any time between 1 year prior to index date 
and March 31, 2014 with OHIP.DXCODE = 401,402,403,437, or 362. Else = 0 

Benign Prostatic Hyperplasia 

• Equals 1 if the patient has an OHIP record at any time between 1 year prior to index date 
and March 31, 2014 with OHIP.DXCODE = 600. Else = 0 

Stroke 

• Equals 1 if the patient has an OHIP record at any time between 1 year prior to index date 
and March 31, 2014 with OHIP.DXCODE = 436. Else = 0 

Overactive Bladder Diagnosis 

• Equals 1 if the patient has an OHIP record in the 1 year prior to index date with 
OHIP.DXCODE = 788. Else = 0. 

 
 
Long Term Care 
 
This variable was obtained directly from the ODB’s LTC variable. 
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Appendix F. Notes on Model Selection 

Model selection for the survival analysis was accomplished though the following process: 

1. Clinically relevant risk factors for acute urinary retention were identified in a literature 

review (See Table F.1).  

2. Measures of these risk factors were obtained for all patients using ICES databases. Some 

risk factors could not be adequately addressed and others were collected into one 

variable, Carnahan Anticholinergic Score, because their only link to acute urinary 

retention was through their anticholinergic activity. 

3. The analysis was stratified into multiple analysis based on biological differences (sex) 

and significant interaction effects (history of urinary retention). 

4. A time to event model was fit to the outcome with all of these variables included. 

5. Certain variables with high clinical relevance were included regardless of their statistical 

significance (age, Carnahan score, BPH) 

6. The remaining variables were either included or excluded in order to minimize AIC. This 

is similar to maximizing Log Likelihood but includes a penalty for number of variables 

included in the model. 

7. The final model included age, Carnahan score, dementia, diagnosis of BPH, and history 

of stroke. 
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Table F.1. Clinically relevant risk factors for acute urinary retention. 

Risk Factor Included? 

Demographic  

  Age1 Yes 

  Sex1 Stratified 

  Resident in long term care1 Yes 

  Lives alone2 No 

Medical  

  Hypertension2 Yes 

  Enlarged Prostate (>36g vs. <36g)3 Yes 

  Previous Stroke1 Yes 

  Diabetes2 Yes 

Drugs  

  Calcium Blockers2 Yes 

  Beta Blockers2 Yes 

  Antihypertensive (Other) 2 No 

  Antiarrhythmic2 No 

  Androgen Ablation4 No 

  Cumulative Anticholinergic Drug Burden1 Yes 

  Parkinson's Disease Treatments1 No 
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Appendix G. Informative Censoring 

 

The reasons for censoring and the average length of time were examined for differences 

between the groups (See Tables G.1 and G.2). 

Table G.1. Reasons for censoring follow up for users of each medication. 

 
Darifenacin Fesoterodine Oxybutynin Solifenacin Tolterodine Trospium C. 

Chloride 12 Weeks 60.6% 53.6% 34.9% 60.6% 53.6% 53.7% 

Death 0.5% 0.5% 1.0% 0.7% 1.1% 2.1% 

Discontinued 38.2% 44.4% 62.4% 37.4% 44.1% 41.8% 

Outcome 0.7% 1.5% 1.7% 1.3% 1.3% 2.5% 

 

Table G.2. Average length of follow up for users of each medication. 

Medication Mean Standard Deviation 
Darifenacin 72.96 15.12 
Fesoterodine 70.57 16.45 
Oxybutynin 62.93 19.21 
Solifenacin 72.75 15.72 
Tolterodine 70.46 16.69 
Trospium Chloride 70.65 16.65 
 

Oxybutynin users were the most likely to be discontinued out of all of the medication 

groups. This could be an indication of protopathic symptoms causing early discontinuation of the 

treatment. If this were the case, it would bias the analysis by making oxybutynin appear safer than 

it really is. 
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Appendix H: Calculation of Number Needed to Treat 

 

Number needed to treat (NNT) was calculated using a method proposed by Peter Austin1. The 

steps are as follows: 

1. Fit a Cox proportional hazards regression model that has exposure and baseline 
covariates as predictor variables.  

2. Compute the predicted probability of surviving for at least a specified duration of follow-
up for each subject in the population, assuming that each subject was untreated.  

3. Determine the probability of the event occurring within a specified duration of follow-up 
for each subject in the population, assuming that each subject was untreated (this is one 
minus the subject- specific predicted probability computed in step 2).  

4. Determine the mean probability of the event occurring within a specified duration of 
follow-up in the population, assuming that each subject in the population was untreated. 
This is obtained by computing the average subject-specific probability from step 3.  

5. Generate predicted probabilities of surviving for at least a specified duration of follow-up 
for each subject in the population, assuming that each subject was treated.  

6. Determine the probability of the event occurring within a specified duration of follow-up 
for each subject in the population, assuming that each subject was treated (this is one 
minus the subject-specific predicted probability computed in step 5).  

7. Determine the mean probability of the event occurring within a specified duration of 
follow-up in the population, assuming that each subject was treated. This is obtained by 
computing the average subject- specific probability from step 6.  

8. Compute the risk difference or absolute risk reduction as the difference between the mean 
probability determined in step 4 and the mean probability determined in step 7.  

9. Take the inverse of the ARR to obtain the NNT. 

Confidence intervals for the NNT were estimated using 1,000 bootstrap samples with 

replacement taken from the same sample used to calculate the original NNT.   

To adjust the estimate to center around the original estimated NNT, we first calculated the 

proportion of the bootstrap NNTs that were less than our original value.  We then adjusted the 

percentiles used to define our confidence interval based on how this proportion differs from 

0.5.  To accomplish this, we then found the probit of this proportion (defined as Z0)and the 

proportion associated with our alpha level (ZA). Next, we calculated the two percentiles that were 
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be used to find our confidence interval, p1 and p2, from these values using the following 

expressions: 

p1 = probnorm(2 * Z0 - ZA) * 100 
p2 = probnorm(2 * Z0 + ZA) * 100   

The appropriate values of the NNT were retrieved from the 1,000 NNTs calculated previously. 

Cost per patient was calculated using the cost of the medication taken daily for 12 weeks. Costs 

were obtained from the Provincial formulary search website7 and can be seen in Appendix B.  
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Appendix I: Tests of the proportional hazards assumption 

The proportional hazards assumption was tested for the groups by inspection of the 

survival curves (Figures D.1 and D.2), through use of time dependent covariates, and by 

examining the cumulative martingale residuals (Table D.1).   

 

 

Figure I.1.   Survival Curves for Men by medication group.  
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Figure I.2. Survival curves for women by medication group.  
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Table I.1. Results of the testing the proportional hazards assumption with cumulative 
martingale residuals. 

  
Men  
No Prior AUR 

  
Prior AUR 

Women   
No Prior AUR 

 
Prior AUR 

Darifenacin 0.86 0.19 0.54 0.32 
Fesoterodine 0.21 0.21 0.30 <.0001 
Solifenacin 0.01 0.17 0.60 0.95 
Tolterodine 0.91 0.28 0.38 0.32 
Trospium Chloride 0.53 0.41 <.0001 <.0001 
Age 0.01 0.01 0.63 0.13 
History of Stroke 0.56 0.05 0.34 <.0001 
Dementia 0.06 0.07 0.49 <.0001 
Carnahan Score 0.65 0.73 0.44 0.18 
Benign Prostatic Hyperplasia 0.19 0.48 - - 
Results lower than 0.05 indicate a possible violation of the proportional hazards assumption. 
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Appendix J. Mean and median time to event for each group 

Table J.1. Mean and Median time to event for each medication group. 

Medication Mean Median 
Darifenacin 25.0 19.5 
Fesoterodine 20.9 10.0 
Oxybutynin 15.7 9.5 
Solifenacin 25.0 19.0 
Tolterodine 21.6 15.5 
Trospium Chloride 29.0 21.5 
  



 

 

 

103 

Appendix K. Depletion of Susceptibles 

 

To attempt to determine whether depletion of susceptibles could explain the results of the 

study, a subcohort of patients over the age of 70 was prepared. The event rate in patients with an 

oxybutynin trial in the 5 years prior to index (but not in the 1 year prior to index, as all patients 

with use in the 1 year prior to index were excluded from the cohort) was calculated and compared 

to the event rate in people with no history at all of oxybutynin use.  

Amoung male oxybutynin users, the event rate of acute urinary retention in patients with 

no prior oxybutynin use is approximately double the event rate in patients with distant past use. 

The same effect was not observed in the other groups. This could have an effect on the hazard 

ratios that were reported in this study. If the oxybutynin group includes people who are unlikely 

to have the event, the safety of oxybutynin will be overestimated. The opposite is true for women, 

where the event rate in those with a prior trial is higher. The actual effect of including these 

patients is quite small, as there are not very many patients in the cohort who had a prescription of 

oxybutynin between 5 years and 1 year prior to index date that were not excluded for also having 

a prescription in the 1 year prior. When the primary analysis was conducted again excluding these 

5 year trial patients, the hazard ratios did not differ by more than 10%. 
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Table K.1. Event rates in patients with and without oxybutynin trials in the 5 years prior to 
index date. 

 

Event Rate in Patients with no trial 
(/1,000 person years) 

Event rate in patients with prior trial 
(/1,000 person years) 

Female n = 51 n = 14 

Oxybutynin 18.3 33.9 
Darifenacin 13.6 N/A 
Fesoterodine 5.9 N/A 

Solifenacin 18.4 5.6 
Tolterodine 16.7 33.2 
Trospium Chloride 0.0 N/A 

Male n = 225 n = 24 
Oxybutynin 210.4 131.2 
Darifenacin 68.0 71.7 

Fesoterodine 157.3 156.9 
Solifenacin 98.2 89.6 
Tolterodine 110.0 130.2 

Trospium Chloride 197.3 304.2 
Reported n values indicate the number of events. 

 

 


