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Abstract
This randomized controlled crossover trial evaluated the efficacy of nimodipine for
geriatric urge incontinence. Eighty-six participants with irreversible geriatric urge incontinence,
who met inclusion criteria were randomized to receive nimodipine, or placebo during the first
treatment period. Participants received 30 milligrams of nimodipine twice daily for three weeks,
and matched placebo twice daily for three weeks, separated by a two week washout period. The
primary outcome was number of incontinent episodes, as measured by self completion of a five
day voiding record. Secondary outcomes included questionnaires assessing other urinary
symptoms, and the psychosocial impact of urinary incontinence.
Seventy-six participants completed the study. There was no significant difference in
nurnber of incontinent episodes with nimodipine versus placebo (.O3 fewer incontinent episodes
with placebo, p =.965, 95% confidence intervals -2.7 to 2.7 incontinent episodes over the five day
voiding record). Scores on the Incontinence Impact Questionnaire and the Arnerican Urologic
Association Benign Prostatic Hypertrophy Symptom Score were not significantly different with
nimodipine versus placebo (P=.068, and .215, respectively).
Based upon the lack of a signficant improvement in voiding records, urinary symptom
scores, or psychosocial impact of urinary incontinence, nimodipine is ineffective for the treatment
of genatric urge incontinence.
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1 Introduction

1.1 Brief Summary:

The purpose of this randomized controlled double-blind crossover clinical trial was t o
determine the efficacy of the calcium channel blocker nimodipine, at a dose of 30 mg twice daily,
in treating urinary urge incontinence in a geriatric outpatient population. Participants were 65
years of age and older with history, physical examination and urodynamic findings consistent with
urge incontinence, The pnmary outcome measure was the change in the number of incontinent
episodes, as measured by a voiding record completed by the patient. Secondary outcome
measures include the documentation of adverse effects attributable to nimodipine, and the effect
of nimodipine upon other unnary symptoms, and disease specific quality of life.
My role in this clinical trial consisted of
1)development of the protocol, including literature review, study design, sample size calculation,
choice of statistics for data analysis, choice and development of outcome measures and
development of data collection forms;
2)provision of some of the training of the research assistant, who collected most of the data and
performed data entry;
3)participation in the setup and initiation of the clinical trial;
4)data analysis.

1.2Urinary incontinence - types and significance

Urinary incontinence is a common condition, affecting 15 to 30% of al1 cornmunity
dwelling persons over the age of 60, and 50% of al1 nursing home residents.
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It is a disabling

condition, causing shame, embarassment, social isolation, decreased activity and loss of
independence, and is a major factor in the institutionalization of frai1 elderly. In addition, urinary
incontinence can lead to major medical complications, including pressure sores, the need for
indwelling urinary catheters, urinary tract infections, and death. The direct cost of urinary
incontinence in adults in the United States in 1987 was over 10 billion dollars, exceeding the
budgets for coronary artery bypass grafting and hemodialysis combineda4
Urinary incontinence in community-dwelling elderly is most cornmonly due to urge
incontinence (UI),stress incontinence, or overfiow incontinence. Stress incontinence refers to the
predictable leakage of small urine volumes with laughing, sneezing, or coughing, and is the second
most common cause of incontinence in elderly women. Overflow incontinence refers to the
unpredictable leakage of variable amounts of urine secondary to an obstruction to the outflow of
urine, usually due to an enlarged prostate gland, and is the second most common cause of
incontinence in elderly men. Urge incontinence is defined as urinary incontinence associated with
a strong urge to void (urgency), with evidence of detrusor muscle instability or hyperreflexia
documented by urodynamic testing. UI can occur either aloiie or in combination with bladder
outlet obstruction in elderly men or bladder outlet incompetence (stress incontinence) in wornen5
Correction of concomitant bladder outIet obstruction or incompetence will frequently lead to
resolution of

There are many reversible causes of UI, including fecal impaction and local

u
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bladder irritation due to tumor, infection or Stones. However, the majority of cases of UI are
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nonreversible, and are felt to be due to the Ioss of tonic inhibition of detrusor contractions. This
loss of inhibition can occur secondary to a wide variety of neurologie conditions, including
Parkinson's disease, stroke, dementia, delirium, autonomic neuropathy, or spinal cord injuries.
For many patients with established geriatric urge incontinence, no underlying cause can be
identified. Urge incontinence is the most common cause of incontinence in both elderly men and
women. It causes the leakage of large volumes of urine, and hence has a major impact upon
quality of life in the elderly; urge incontinence is a common contributor to decreased activity,
social isolation, depression, and long-term care placement in the elderly."

1.3 Effective therapies for urge incontinence

Both behavioural and pharmacological interventions have proved effective in the
management of urge incontinence, while surgical approaches have been generally unsuccessfuI.
Bladder training and peivic muscle rehabilitation are the two best studied behavioural
interventions for UI. Bladder training requires the patient to suppress the urge to urinate, voiding
instead according to a timetable at progressively longer and longer intervals; it has been shown to
reduce incontinent episodes in over 80% of patients with UI in one randomized trial, with similar
effectiveness in several uncontrolled trial^.^^^^' Pelvic muscle rehabilitation teaches the patient to
inhibit detrusor and abdominal contraction and to enhance pelvic muscle contraction when
detrusor contraction occurs; it has resulted in a 75% or greater reduction in incontinent episodes

in 6 uncontrolled trials." However, in cognitively impaired patients, behavioural training is less
effective, with only an 11% reduction in incontinent episodes noted in two studies of nursing
home patient^.'^^" Prompted voiding every two hours, wherein the cognitively impaired patient is
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asked if helshe needs to void, and is assisted to the bathroorn if necessary, reduced incontinent
episodes 48% in a randomized controlled trial (RCT) involving 46 nursing home patients.''
A wide variety of pharmacoIogic agents have shown efficacy in at least one RCT for the
treatment of UI. These agents can be classified as primarily anticholinergic (propantheline,
tricyclic antidepressants), primarily smooth muscle relaxant (calcium channel blockers such as
flunarazine), or possessing both properties (oxybutynin, terodiline, dicyclomine). Five RCTs
evaluating propantheline (three in nursing home patients) have shown rnodest (mostly less than
20%) reductions in incontinence frequency, with only occasional cure ( l e s than 15%).14"'8The

results of three RCTs performed with tricyclic antidepressants have shown significant decline only
in nocturnal incontinen~e.'~*'~*~~
Flunarizine significantly reduced the number of incontinent
episodes in one RCT involving 14 patients in a crossover trial, although this effect was diminished
in a follow-up

Five of the seven RCTs involving terodiline have demonstrated a

significant reduction in incontinence frequency (range 14 to 50%), as have 5 of 6 RCTs involving
oxybutynin (range 15 to 56%). 189U-34 In two RCTs evaluating dicyclomine, reduction in
incontinence fiequency averaged 44%.'5*35
Higher cure rates have generally been noted in trials
involving predominantly younger patients at higher doses. Of the six RCTs showing no eficacy
of dmg treatment (involving oxybutynin, propantheline, terodiline, and imipramine), three were
restricted to geriatric populations.'3~'7*30
Average reduction in incontinence frequency, based on
the 12 RCTs which exclusively evaluated either younger (less than 65 years of age) or older (over
65 years of age) subjects, were 24% and 11%, respectively.t3716~'8123'25"0*33 U rodynamic studies in

subjects who were taking medications which proved to be effective have shown that involuntary
contractions are only rarely abolished by drug therapy.19127928
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1.4 Shortcomings of currently available therapies in a geriatric population

The currently available dmgs for treating UI al1 have significant side effects which severely
limit their use in a geriatric population. Anticholinergic side effects, most commonly dry mouth,
blurred vision, constipation, nausea, coniùsion, dry skin, and fatigue were reported by
approximately 30% of younger patients (less than 65 years of age) and 60% of older (more than
65 years of age) in RCTs of propantheline, tricyclic antidepressants, and oxybutynin." At six
month follow-up, Tapp et al found that less than half of 21 post-menopausal patients who had
responded to oxybutynin were still taking the medication, while al1 who continued to take
oxybutynin did so at reduced doses due to side e f f e ~ t s Oxybutynin
.~~
frequently causes confusion
and delirium in elderly patients, even at moderate doses.30 Terodiline has not been approved by
the Food and Dmg Administration, due to recent reports of its association with severe ventricular
arrhythmias." Flunarkine has been shown to have antidopaminergic properties in addition to
causing calcium channel bIockade, and has caused Parkinsonism in several elderly patients.36
The effectiveness of behavioural therapy has predominantly been demonstrated in younger
(aged 40 to 65), highly motivated individuals." It is a labor-intensive intervention, involving
approximately 20 hours of one-to-one teaching of the patient, and often takes several months to
acheive improvement.11~37
The training of nurses or other health care personnel such that they can
provide this therapy t o patients is similarly time-consurning. Elderly patients with UT frequently
have mild cognitive impairment, and are therefore less likely to benefit from behavioural therapy,
due t o poor carry-over.

1.5 Rationale for the use of nimodipine to treat geriatric urge incontinence

Nimodipine is a dihydropyridine calcium channel blocker which relaxes both vascular and
nonvascular smooth muscle. It has been extensively evaluated in patients with subarachnoid
hemorrhage, and has reduced mortality and improved neurologic outcome in this ~etting.~'
It is
postulated that nimodipine may enhance collateral circulation to underperfused areas of the brain
via dilation of small a r t e r i o l e ~ Nimodipine
. ~ ~ ~ ~ ~ is currently approved as a limited use product for
the treatment of subarachnoid hemorrhage in Ontario. Nimodipine has also been evaluated as a
cognitive enhancer, and has accelerated learning in older rabbits, improved memory in older rats,
and has significantly slowed functional decline in a short-term study in elderly humans with
primary degenerative dementia.41-43
Electroencephalographic (EEG) studies in 10 elderly patients
with minor cognitive impairment suggest that nirnodipine improves vigilance with a 40 mg oral
dose.44Other studies have shown nimodipine to be a potent smooth muscle relaxant within
temporal arteries and the lower esophageal s p h i n ~ t e r . ~Nimodipine
'>~~
may act centrally to
enhance cognition andlor vigilance, or may improve perfùsion to underperfused areas of the brain
which may play a role in inhibiting detrusor contractions. The central inhibitory control centre for
bladder contractions has been localized to the frontal lobes bilaterally, in the areas overlying the
lateral ventricle~.~'McCracken et al have demonstrated hypopoerfusion of this area by SPECT
scan in a large series of geriatric patients with urge in~ontinence.~'
Elliot et al have recently published the results of several experiments comparing the effects
of the calcium channel blockers nifedipine, nimodipine, and verapamil upon contraction of the
detmsor muscle in vivo, using rat and human bladder ti~sue.~'
In their studies, nimodipine was a
far more potent inhibitor of detmsor contractions than either nifedipine or verapamil, in both rat
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and human bladder tissue. The concentrations of nimodipine in vivo that inhibited detmsor
contractions in human bIadder tissue (.1 umol/L) are far less than the peak serum levels acheived
in volunteers who took a single 30 mg oral dose (.6-1.5 u r n ~ l / L ) The
. ~ ~ elimination half life for
nimodipine is approximately 8 h o ~ r s . 'It~ is therefore highly plausible that nimodipine at a dose of
30 mg twice daily rnay have a beneficial effect in UI. Nifedipine, a dihydropyridine calcium

channel blocker similar to nimodipine, has been shown to diminish detrusor contractions and
frequency of incontinence in one uncontrolled trial involving 10 women with urge incontinence.''
Nifedipine is a potent antihypertensive medication, in addition to causing frequent edema and
constipation in elderly patients; it is, therefore, useful only for treating geriatric incontinence in
hypertensive patients. Unlike nifedipine, nimodipine has minimal eEect on blood pressure.
Nimodipine has been remarkably Free of side effects in the trials cited above. A 5%
incidence of hypotension was noted in a meta-analysis of seven studies of nimodipine therapy for
subarachnoid hemorrhage (at doses from 360 to 540 mgfday, far higher than in the current study),
while no other adverse effects were noted more frequently than with placebo.38 In Tollefson's
study, no hypotension was noted in 70 demented elderly patients receiving 90 mglday, and no
other adverse events were noted in excess of pla~ebo.'~
There are two possible mechanisms whereby nimodipine rnay ameliorate UI in this
population. It rnay act directly on detrusor smooth muscle to diminish bladder tone andlor
decrease frequency and strength of uninhibited detrusor contractions. Alternatively, nimodipine
rnay act centrally t o enhance cognition andlor vigilance, or rnay improve perfusion to
underperfused areas of the brain which rnay play a role in inhibiting detrusor contractions. Given
the potential beneficial effects at both the level of the bladder and the brain, it is a reasonable
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agent to evaluate for efficacy in treating geriatric urge incontinence, which is a common, disabling
and expensive condition.

1.6 Outcome measures in assessing treatments for geriatric urge incontinence

The outcome measure most commonly used in assessing treatments for UI has been
simple, ie the single item subjective report by the patient that their urinary incontinence is better,
worse, or cured. As an outcome measure, such a report is not standardized, and may have poor
repr~ducibility.~~
Voiding records,(VRs) wherein patients record every continent and incontinent
episode over a specified length of time, usually one to seven days, are an alternative outcome
measure with greater face validity. VRs have been validated, and shown to have a test-retest
The VR has been recommended
reliability of .89 at one week in patients with urge in~ontinence.~~
by a recent clinical practice guideline panel as a usehl measure for determining incontinence
severity and treatment efficacy." Norton, however, has noted poor correlation between the
frequency of incontinence and the self-perceived effect of urinary incontinence upon mental wellbeing, day-to-day activities, and relationships with friends and family.*'
Wyman et al subsequently developed and validated the Incontinence Impact Questionnaire
(IIQ), which qualitatively and quantitatively describes the quality of life impact attributable to
incontinen~e.~~
Constmct and criterion validity for the IIQ have been demonstrated in a sample of
perimenopausal women predominantly suffering from a mix of stress and UI, by examining
correlations with various generic health-related quality of life and psychological measures, and by
examining correlations with number of incontinent episodes, respecti~ely.~*~~
The Arnerican Urological Association Benign Prostatic Hypertrophy syrnptom score (AS)
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has been shown to be reliable (1=.93on test-retest one week apart), with reasonable construct and
criterion validity , and sensitivity to change in elderly men receiving treatment for benign prostatic
hypertrophy.'' The AS has recently been shown to be valid and reliable in postmenopausal
women with stress and urge incontinence as ~ e l l . 'The
~ AS differs from both the IIQ and the VR,
in that it asks the patient to semiquantitatively describe a number of urinary symptoms, including
incontinence, The IIQ and the AS have never been compared to each other, and neither has been
used to measure responses to drug therapy for geriatric UI,hence their sensitivity for our usage is
unknown. Nevertheless, they represent the best currently available measures for UI. It is likely
that the VR,AS, and the IIQ are measuring distinct, but related and clinically important aspects of

UI, specifically the number of incontinent episodes, other urinary symptoms, and the impact of
both upon quality of life, respectively.
Although urodynamic evaluation is very helpfùl in differentiating UI from overflow or
stress incontinence, there is considerable debate regarding the correlation between urodynamic
and symptomatic response to pharrnacologic therapy." Reliance upon urodynamic testing as an
outcome measure may misrepresent the response to treatment in two ways. First, it is common
for symptomatically improved patients in incontinence drug trials to have persistent detrusor
overactivity on urodynamic testing; this would lead to an underestimation of response to therapy
in these ~atients." Second, urodynamic improvement can occur without a decrease in the number
of incontinent e p i s ~ d e sreliance
~ ~ ; upon urodynamic testing as an outcome measure would then
overestimate the benefit of the pharrnacologic intervention. For the above reasons, and a desire to
avoid invasive procedures where possible, urodynamic testing is not used as an outcome measure
in this study.

1.7 Study designs in assessing treatments for geriatric urge incontinence

Previous studies of drug treatments for UI have frequently demonstrated fairly high
placebo response rates, which would argue strongly for the use of RCT study design to accurately
determine the magnitude of any treatment effect. UI is typically a chronic condition with only
modest fluctuations in symptoms on a day-to-day basis. DiRerent patients, however, can have
vastly different syrnptomatology, with large ranges in urinary fiequency, number of incontinent
episodes, and impact upon quality of life. The degree of symptom improvement within a
particular patient may be much smaller than the difference in symptoms between patients, even
with a highly effective intervention. Allowing each patient to serve as their own control, in a
crossover RCT, should provide greater power to detect a treatment effect than would a simple
RCT. Therefore, a crossover RCT will allow detection of a treatment difference with a much
srnaller sample size than a standard RCT. This would be a major benefit, since previous RCTs of
dnigs for UI,with few exceptions, have been unable to recruit more than 50 patients.
Jones and Lewis have recently described situations in which crossover trials are net
recommended:
i) diseases where the primary measurement is an event such as death, infarction, cancer
recurrence, or cure of infection;
ii) unstable diseases such as hay fever, unstable angina and schizophrenia;
iii) diseases where gradüal deterioration, such as that observed with AIDS, multiple sclerosis and
heart failure, is expected;
iv) those situations where a long treatment period is needed, such as with mild angina and mild
migraine, in order to observe enough attacks;

v) situations where there is a high incidence of adverse reactions; and

vi) situations where a high dropout rate is e~pected.~'
As UI is a chronic, stable disease, which should respond quickly to an effective
medication, with few adverse effects or dropouts, use of a crossover trial study design seems
reasonable. An important assumption in the use of a crossover study design is that subjects return
to baseline values for outcome measures at the end of the washout period, ie, before beginning the
second treatment period,

2 Prima- and seconda- hvpotheses

Study QuestiodPrimary hypothesis: treating urge incontinence in a geriatric outpatient population
with nimodipine will significantly decrease the number of incontinent episodes.
Secondary hypotheses:
1) treatment with nimodipine will significantly improve disease specific quality of life and other

urinary symptoms in patients with geriatric urge incontinence, as measured by two measures (the
modified Incontinence Impact Questionnaire (IIQ), and the Arnerican Urologic Association
Benign Prostatic Hypertrophy Symptom Score(AS)) that have not previously been validated in
elderly patients with urge incontinence. The nested hypothesis is that these questionnaires will be
shown to be valid and reliable in this population.
2) nimodipine will be safe and well tolerated in three respects:
a) it will cause no more adverse effects than placebo;
b) it will have no significant effect upon the postvoiding residual urine volume compared

t o placebo (ie, it will not cause urinary retention);
c) it will have no significant effect upon blood pressure compared to placebo.
These hypotheses were specified before looking at the actual data.

3 . Research Design and Methods
3.1 Study design and administration

This study was a randomized, double-blind, placebo-controlled crossover trial, whose
recruitment, randomization, data collection, and statistical analyses were monitored by a steering
committee consisting of the study investigators (Gary Naglie, Sid Radomski, Chris Brymer), the
research assistant (Karen Mathiassen), and the study biostatistician (Keith OiRourke).

3.2 Sample specification/Recmitment

Eligible patients were al1 patients seen at the Toronto Hospital Geriatric Incontinence
Clinic, either by physician referral or afier telephone inquiry, whose history, physical examination,
urodynamic and cystoscopic evaluations were consistent with nonreversible urge incontinence,
and who met the inclusion and exclusion criteria outlined below. Strict exclusion criteria were
used to make the study population as homogeneous as possible, in order to maximize power to
demonstrate the efficacy of nimodipine, before considering an effectiveness trial, which would
include a more heterogeneous population. Reliance upon the combination of history, physical
examination and urodynamic data to diagnose geriatric UI is the most reliable and valid method
currently available." Instability or hyperreflexia on urodynamic testing will be defined, in
accordance with the International Continence Society, as a rise in detrusor pressure greater than
or equal to 15 cms of water. Urge incontinence will be defined as urinary leakage with bladder
instability or hyperreflexia. Recruitrnent was enhanced by providing information regarding the
study to local urologists, gynecoIogists, geriatricians, and family physicians, and by newspaper
articles, radio and television interviews, and posters in family physicians' offices.

Inclusion Criteria:
1) Greater than or equal to 65 years of age.
2) Involuntary loss of urine on at least four occasions over a five day period, documented on a

voiding record.
3) Provision of informed consent.

Exclusion Criteria:
1) Post-void residual urine volume of greater than 100 cc's at the time of urodynamic testing,

indicating the patient may be at increased risk for developing urinary retention with nimodipine.
2) Patients with cystoscopic or urodynamic evidence of outlet obstruction (ie, benign prostatic
hypertrophy, urethral stricture).
3) Urine Ieakage that occurred with coughing while supine at the time of urodynamic testing,

suggesting moderate to severe stress incontinence.
4) Patient currently on a calcium channel blocker.
5) Patient has prostate or bladder cancer noted at cystoscopy, which could cause persistent

detnisur instability
6 ) Patient has a positive urine culture,suggestivefor a urinary tract infection, and urinary

incontinence resolves with antibiotic therapy.
7) Patient has insulin-dependent diabetes, or spinal cord pathology, and hence is likely to have

neurogenic bladder dysfunction.
8) Patient has syrnptomatic orthostatic hypotension, overt congestive heart failure, or ventricular

arrhythmias requiring suppressive medication.
9) Patient has cognitive impairment, as demonstrated by a score of <24/3O on a Folstein Mini-
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Mental State examination, as patients with this degree of cognitive impairment are unlikely to
comply with completion of the primary outcome mea~ure.~'
10) Inability to complete a voiding record during the second week of the run-in period.
1 1) Patient requires indwelling catheter, condom, or intermittent catheterization at the time of

assessment.

3.3 Baseline DatatRun-in Period

Baseline Data
A medical history (including baseline incontinence history) and physicai examination (Appendix

A)
Lying and standing blood pressure.
Urinalysis, urine culture.
Urodynamic testing, including stress manoeuvres and determination of postvoid residual urine
volume( Appendix B)
Cystoscopy(Appendix B)
A Folstein Mini-mental state examination6'
Voiding record (VR) - a patient generated diary of the number and timing of voluntary
micturitions and incontinent episodes daily for five days (Appendix C)
Incontinence Impact Questionnaire (IIQ) - a 20 item self-administered questionnaire that
measures the effect of urinary incontinence on psychosocial function in three broad areas activities of daily living, social interactions, and self-perception (Appendix D)S3
American Urologic Association Benign Prostatic Hypertrophy Symptom Score (AS) - a seven
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item, self-administered questionnaire that asks the patient to semiquantitatively describe several
urinary syrnptoms, including incontinence (Appendix E)57

Run-in Period (see figure 1 - Study Design)
Participants were educated by the research assistant during mn-in periods A and B with
regards to how to complete a voiding record, and how to complete the IIQ and AS. Voiding
records, IIQ and AS were collected twice, 1 week apart during run-in periods A and B. Voiding
records were reviewed by the research assistant with the patient during the mn-in penod for
accuracy and completion. Prior to randomization, the research assistant again reviewed the
participant's medications and medical history, and reviewed with the participant what their
involvement in the study would entail.

-

Figure 1 Study Design
Run-in period A
( 1 wcek)
Group 1 rcccivcd
nimodipine
in period 1

Group 2 received
nimodipine
in period 2

Run-in period B
(1 week)

i Period l(3 wceks)

,
day 1-6 - VR
day 7-IIQ, AS

Washout (2
wccks)

Pcriod 2 (3 wecks)

day 15-20 -VR
dtiy 2 1 - IIQ, AS,
Adverse eiïects
questionnairc, repeat
of sclccled baseline
questions

day 8- 13 -VR,
dily 14 IIQ,AS, repcal
of selected
baseline
questions

day 15-20 -VR
day 2 1 - IIQ, AS,
Adversc cffects
questionnairc,
repeat of selected
baseline questions

day 15-20 -VR
day 2 1 - IIQ, AS,
Adverse effects
questionnaire, repeat
of selectcd baseline
questions

day 8-13 -VR,
day 14 IIQ,AS, repeat
of selected
baseline

day 15-20 -VR
day 21 - IIQ, AS,
Advcrsc effcçls
qucstionnairc,
rcpeat of sclected
baseline questions

3.4 Manoeuvre (see figure 1 - Study Design)

Patients were enrolled in a stratified blocked fashion by sex and by age (greater than, or
less than or equal to 70 years of age). Stratification by sex was undertaken because of the Iack of
published data regarding the response rates to therapies for urge incontinence in male patients,
and to control for the possibility that male patients would respond in a systematically different
manner. Stratification by age was undertaken because response rates to therapies have been
lower in older patients in previous studies. Order of treatment was assigned via a computergenerated randomization code available from the study biostatistician, who provided coded bottles
of medication for periods 1 and 2 to the research assistant. After the participant's code number
was determined, he or she received a container of study medication containing either 45 capsules
of nimodipine 30 mg, or placebo matched for appearance and taste. The participant was
instmcted to take one capsule every morning with breakfast and every evening before bedtime for
three weeks (Period 1). The participant then returned the container with the unused portion of
the medication to the research assistant, who performed a pill count to assess cornpliance. The
maximum elimination half-life noted with nimodipine in prior studies was 22 hours, in 12 elderly
subjects with varying degrees of renal failure.'' Based on this information, a two week washout
period was chosen, to ensure complete elimination, and collection of a 5 day voiding record was
undertaken at the end of this washout period. M e r the washout period, the participant received a
second container of study medication in a similar fashion with similar instructions, again with a
repeat piIl count after three weeks (Period 2).

3.5 Outcome Measures
Development
1)Adverse Effects Questionnaire (Appendix F) - al1 adverse effects reported to occur with
nimodipine in any previous trial in more than 1% of participants were noted. In some cases, the
adverse effects noted in other trials were laboratory abnormalities. In al1 cases, the most
representative sign or symptom was chosen and included as an item on the adverse effects
questionnaire for this trial. A Likert-type response scale was used to determine whether each
adverse effect was noted more frequently or less frequently than usual. An open-ended question
was added for participants to express concerns about adverse effects not addressed by the Likerttype questions.
2) IIQ - the original version of the IIQ was a self-administered 26 item questionnaire with

a semi-objective elemental scale response (none/slightly/moderately/greatly). The test-retest
reliability, done 1 week apart, in 69 women with stress incontinence, or a mix of stress and urge
incontinence, was .73, when classified as a dichotomous variable (nonelslightly, vs.
moderateIyIgreatly), with 6 reliability of .69 eirpected by chance a10ne.'~ This version of the
questionnaire was then used to measure response to behavioural therapy in 82 women with stress
incontinence, or a mix of stress and urge incontinence."he

absolute change score in this group

was .28 with a pooled standard deviation of .45,for a Guyatt's responsiveness statistic value of
.62. Guyatt et al have suggested that a value less than I indicates that a health status

measurement lacks sufficient responsiveness to be clinically ~ s e f ù l Because
. ~ ~ of concerns
regarding both the reliability and the responsiveness of the IIQ, we made several modifications to
the IIQ prior to use in this study:
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a) item reduction: for 9 of the 26 items, Iess than 15% of the pa~ticipantsin the previous study
answered 'moderately or greatly'; these items, where subject matter overlapped somewhat, were
combined.

b) item addition: other studies have noted a significant impact of LJl upon quality and quantity of
sleepG3;a single question, "Does your urine problem prevent you from getting enough sleep?' was
added.
c) change to a semiquantitative elemental scale: the objective scaled response ' neverliess than half
the tirnelabout half the timelmore than half the time/always/doesn't apply to me' was used. This
scale is very similar to the scaled response used by Barry et al in developing the AS, a
questionnaire which has been shown t o be sensitive, with much better reliability than the IIQ,
albeit in a different p o p ~ l a t i o n . ~ ~
d) three post-treatment questions were added, to assess change in number of incontinent episodes,
amount of urine leakage, and severity of urinary urgency. Change in the number of incontinent
episodes was added to validate the VR,while change in the amount of urine leakage and the
severity of urinary urgency questions were added to capture symptoms that may not be captured
by the VR, AS, or other IIQ questions.
3) AS - a single, global quality of life question was added to the AS, in response to a publication

by Grimby et al, shortly prior to study commencement, demonstrating that urinary incontinence
can affect the score on a global quality of life measure, the Nottingham Health Profile
QuestionnairesG3The item added ("If you were to spend the rest of your life with your urinary
condition just the way it is now, how would you feel about that?") was used with a seven-point
Likert-type response scale, ranging from 'delightedl(0) to 'terrible1(6).

Collection
The following outcome measures were collected:
1) Selected items fiom the baseline incontinence history were repeated at the end of treatment

periods 1 and 2, and at the end of the washout period; they are noted in bold in appendix A.
2) Five-day voiding records were collected at the end of period 1, the washout period, and period
2. Patients were reminded by the research assistant by telephone to complete the voiding record

near the end of each time period.
3) The IIQ and AS were collected at the end of periods 1 and 2, and at the end of the washout

period.
4) At the end of treatment periods 1 and 2 the following were carried out:

a) an adverse effects questionnaire was completed,
b) a post-void residual urine volume was measured by in and out catheterization, to

assess for urinary retention.
c) lying and standing blood pressure were recorded, to assess for orthostatic hypotension.

3.6 Sample size justification

Previous trials of drugs for incontinence have rarely collected change in number of
incontinent episodes as an outcome measure. It is far more common to qualifi response to
treatment as 'cured or improved' versus 'no change' or 'worse'. Placebo response rates (cured or
improved) in other drug trials for incontinence have ranged fiom O to 65%, with most trials noting
placebo response rates of less than 40%. For purposes of sample size calculation, response to
treatment was categorized as a dichotomous variable. Assuming a 40% placebo response rate,
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and a 60% response rate to nimodipine, with alpha =. 05, and power = .8, the number of subjects
required to detect a treatment effect would be approximately 190 in a standard parallei
randomized trial. Use of a crossover study design reduces the sample size to 95 subjects, with
each subject serving as their own control, assuming:
a) there is no penod effect,
b) there is no carryover effect, and
c) there is no correlation between the likelihood of response to nimodipine and the likeiihood of
response to placebo in a single subject. If there is a correlation, then the sample size will be less
than 95. The greater the correlation, the smaller the sample size; McNemarYstest for correlated
proportions is an accepted method for estimating the impact upon sample size of differences in
proportional response rates between different treatrnent~.~'"~
Assuming a modest correlation of
.25 between responses to nimodipine and placebo gives a minimum sample size of 72 subjects.

The study goal was to recruit 90 patients. The real power of this study to detect a treatment
difference was expected to be much greater than 80%, as change in incontinent episodes would be
treated as a continuous variable in data analysis.

3.7 Statistical Analysis

There has been substantial controversy in the literature regarding the appropriate
methodology for undertaking the statistical analysis of the results of a two-period crossover
The controversy centres on the handling of a carryover effect (see figure 2). Whereas

trial,~~,~~-74

a period effect simply implies that there is a general trend over time, towards a greater or lesser
response, for bath treatments, a carryover effect implies that the difference between treatments is

22

influenced by the period in which the treatment was given. In the literature, a carryover effect has
also been referred to as an order effect, sequence effect, or treatment-by-period interaction.
Figure 2 - Treatment, Period, and Carryover Effects In a Crossover Trial (adapted from Woods et
alG6)
Period 1

Period 2

Sequence 1 (dmg first)
Sequence 2 (placebo first)
B2
A = outcome with drug, B = outcome with placebo

A2

Treatment Effect - compares (Al+A2) to (Bl+I32), ie, response to dmg vs. response to placebo.
If there is a difference, it suggests a treatment effect.
Penod Effect - compares (Al+B2) to (Bl+A2), ie, response in penod 1 vs. response in period 2.
If there is a difference, it suggests a period effect.
Carryover Effect = (Al+Bl) vs. (B2+A2)
Grizzle suggested a two step procedure to determine whether a significant carryover effect
was present, starting with the between subjects comparison described above, A1+81 versus
B Z + A ~ . ~If' this comparison is not significant at P=. 1, Grizzle postulated that a significant
carryover effect was unlikely to be present, and suggested that the data could then be analyzed as
a simple within-subjects comparison, ie, is (Al-Bl)+(AZ-B2) different from zero by a one-sample
test (the cross procedure). If, however, Al+Bl is significantly different from B2+A2 at P=. 1, he

postulates that a significant carryover effect may be present, and suggtsts that the data should
only be analyzed as a parallel-design trial, using the first period data only, ie Al versus B2(par
procedure).
Willan and Pater and Willan have suggested an alternative to the use of first period data
only in the analysis of a crossover trial in the presence of a carryover effect."~'~ They suggest

that the size of a carryover effect that is required to make parallel design analysis preferable is
substantial, and unlikely t o exist in most cases. They have suggested, assuming there can be no
carryover effect without a treatment effect, the simultaneous use of the cross procedure and the
par procedure, with correction for multiple comparisons, as an alternative method for determining
whether there is a treatment effect; if a P value of less than .O25 is found with either analysis, then
the difference between treatments can be treated as significant (Willan test).
Jones and Kenward have noted that, in studies where baseline and washout measurements
are made, a carryover efTect can occur via two mechanisms (figure 3):
Figure 3 Treatment, Period, and Carryover Effects in a Crossover Trial
wih Baseline Measurements
Run-in

Period 1

Washout

Sequence 1
(drug first)

R1

Al

W1

Sequence 2
(placebo first)

R2

B2

W2

Period 2

1

1) differential first order carryover, ie, (Wl-RI) vs. (W2-R2), or
2) differential second order carryover, ie, (AI-Rl)+(Bl-W1) vs. (B2-R2)+(A2-W2)
Jones and Kenward have suggested that if a significant difference (at P = .l) is noted with
either 1) or 2) above, then a carryover effect exists, and the data should be analyzed as if it were a
parallel randomized trial, ie (Al-RI) vs. (B2-R2) (ie, the par procedure with baseline rneas~res).'~
They have suggested that use of this mode1 increases the power to detect a canyover effect, but
that power t o detect a carryover effect remains less than power to detect a treatment effect.
Willan, Willan and Pater, and Jones and Kenward have al1 noted that with increasing carryover
effect, the power to detect a treatment difference declines. They al1 have argued:
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a) that in situations such as placebo-controlled trials, it is highly unlikely that a carryover effect
can occur in the absence of a treatment effect, and
b) that only positive carryover effects can occur, ie that a treatment in period 1 can enhance, but

not prevent a response to treatment in period 2.
The literature does not provide a 'clear winner' with regards to the appropriate choice of a
technique for analyzing the data in a crossover trial with baseline measures. To provide sorne
direction regarding choice of an analytic technique, Keith OYRourke,the study biostatistician,
undertook a simulation sirnilar to that previously described by Jones and Lewis6",to compare the
power of the cross procedure, the par procedure (with baseline measures), the Willan test and the
Jones and Kenward test (use of the par procedure if the test for first order carryover is significant
at P=. 1, use of the cross procedure if it is not) to detect a treatment difference; a)in the absence of
a carryover effect, and b), in the presence of a carryover effect of size equal to the size of the
treatment difference. It was assumed that treatment effects were normally distributed, and that
correlation between measures (voiding records, the primary outcome measure) was high (.9) at
baseline, and declined at a predictable rate over time (.I/period).
Given these assumptions, the Willan test consistently provided the greatest power to
detect a treatment difference in the absence of a carryover effect, at the expense of slightly
diminished power, compared to the Jones test, to detect a treatment difference in the presence of
a carryover effect as large as the treatment effect (see figure 4). Al1 4 techniques suffered from
inadequate power to detect a treatment difference in the presence of a carryover effect as large as
the treatment difference; the Jones test was the best of the lot, with power to detect a treatment
difference that was ONLY 20 to 30% less, in the presence of a carryover effect, when using

typical values for beta of between .O5 and .20.
Figure 4 Results of a simulation to compare analytic techniques for a crossover trial
Power to detect a
treatment effect if no
carryover

P (type 1 error rate)

cross procedure

1 .O494

1 ,9542

Power to detect a
treatment effect if a
carryover effect is
present
,425 1

I

par procedure

.O505

.6544

jones and kenward
procedure

.O596

,9166

1 willan procedure

1 .O494

1 .9575

type 1error rate for Ulis simulation was set at . O 5 Expected power to detect a treatrnent di1 erence was set at 9 5 % ( b e i
= .OS).

Based upon this cornparison, it was decided to use the Willan test as the test for the
presence of a treatment difference. For the three major outcome measures in this study (the
Voiding Record, Incontinence Impact Questionnaire, and Amencan Urologic Association
Symptom Score), the Jones and Kenward tests for first and second order carryover effects will
also be performed. Ifthere is any evidence of a significant carryover effect, it is likely that this
trial will have insufficient power to either detect or mle out a treatment difference of moderate
size.
Data analysis was performed using SPSS for Windows version 7.0. An interim analysis of
the data was not performed as, at the time of study commencement, neither the condition nor the
treatment were felt to be life-threatening. Given the small sample size of this trial, an interim
analysis would also be exceedingly underpowered to detect toxicity. When concerns regarding
toxicity were raised in the course of the study, a meeting of the Safety Committee was convened
to undertake a blinded analysis to determine if any side effects were disproportionately distributed

(see section 3.9). Data analysis was on an intention to treat basis, with performance of a
sensitivity analysis to determine whether major outcomes were significantly different with
exclusion of, or assumption of worst or best outcomes for, participants who dropped out during
the study.

3.8 Funding

This project received peer-reviewed finding from the Physicians' Services Incorporated

(PSI)Foundation in 1993. Supplementary funding, to offset participant transportation costs, was
obtained fiom Miles Canada, the manufacturer of nimodipine, in 1993. Miles Canada also
supplied the study medication, and matched placebo, free of charge. Miles Canada had no role in
determining the study design; support from Miles Canada was sought only afier peer-reviewed
funding had been obtained. PSI provided additional funding as an extension of the primary grant
in 1994.
3.9 Ethical Considerations

This project was approved by the University of Toronto Ethics Committee in 1993. A
clinical information sheet was given to al1 participants prior to study entry, along with a copy of
the informed consent form (Appendix G ). The names of the study participants were only retained
while the study was ongoing, with subsequent data storage only by the subject's randomization
code number.
Cystoscopic and urodynamic testing is invasive, but is done routinely as part of a complete
incontinence evaluation in the Toronto Hospital Geriatric Incontinence Clinic. Measurement of a
post-void residual urine volume is also invasive, but is commonly done afier startinç any dmg
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therapy for urge incontinence, as such drugs may induce urinary retention. We therefore felt that
it was acceptable to include these procedures as part of the study. Patients who participated in
the study were delayed at most IO weeks fiom receiving 'standard therapy'. Waiting lists t o be
seen at the Toronto Hospital Geriatric Incontinence C h i c were 2 to 3 months at the start of the
study, and did not change appreciably over the course of the study.
In late 1995, several cohort studies were published suggesting that short-acting calcium
channel blockers like nirnodipine may increase cardiovascular mortality in elderly persons taking
calcium channel blockers, as opposed to other antihypertensive rnedication~.~'?~~
In response t o
the literature, and the cardiac death of one participant in our study while receiving nimodipine,
recruitment was temporarily suspended in November 1995. The Safety Monitoring Committee
for this trial met in December 1995, and reviewed the recently published data and the adverse
events that had occurred. They concluded that there was no evidence t o support that nimodipine
was causing more adverse events than placebo, and that there was very inconclusive evidence that
patients with hypertension have an increased risk of adverse cardiac events when treated with
calcium channel blockers. Their recommendation was to exclude patients with hypertension who
had known coronary disease from this trial, and to revise the consent form in the light of the
recently published data. The consent form was revised to include a paragraph about possible risks
in patients with heart disease or high blood pressure (see paragraph 3, page 3, appendix G).
Exclusion criteria for the trial were revised to exclude al1 patients with established coronary artery
disease, as well as al1 individuais with established hypertension. The Toronto Hospital Ethics
Committee renewed approval of the study given the above rnentioned changes, and recruitment
for the trial resumed January 15, 1996.

4 Results - 4.1 Study profileh3aseline characteristics
Six hundred and twenty-one telephone inquiries were received regarding the study; their
disposition is displayed in figure 5.
Figure 5 - Study Profile

1 Telephone Inquiries = 62 1
Number of Exclusions = 434 (68 = age lcss than 65,49 = inquiries not related to study, 48 = incontinent
less than 4 times a week, 44= stress incontinence, 43 = aIready taking calcium channel blockcr medication,
43 = unable to participate because of medical illness, 42 = not interested, 41 = unable to keep timeltravel
cornmitment, 24 = unwilling to undergo invasive testing, 21 = other, 4 = cognitive impairment.

&

-

Number undergoing medical history, physical examination, cystoscopy andor urodynarnic testing = 187
Number of exclusions = 72 (34 = stress or overflo-cvincontinence, 20 = bcnign prostatic hypertrophy
causing outlet obstruction, 9 = incontinent less than 4 times a week, 4 = hypertension on physical
exarnination, 2 = cognitive impairment, 2 = unable to keep travelltime wmmitment, 1 = unable to
participate due to illness.

I

Number starting Run-in Period A = 115
Number of exclusions during Run-in Period A or B = 29 (1 1 = incontinent less than 4 timcs on voiding
1 record, 6 = unable to keep voiding record, 3 = unable to kecp timdtravel cornmitment, 3 = unable to
participate due to illnessi2 = othër, 1 = unwilling to under& catheterization during study, 1 = moderate to
severe stress incontinence on further review of urodynarnic testing, 1 = started on calcium channcl blocker
by primary care physician, 1 = hypertension.

1

4

I

1 Number Randomized = 86,42 to Group 1 (nimodipine first), 44 to Group 2 (placebo first)
L

I

Group 1, Period 1, N=42
Dropouts = 3 (1 stopped nimodipine due to
shortncss of breath, 2 stoppcd nimodipine whcn
study was put on hold for rcview)

Group 2, Pcriod 1, N = 44
Dropouts = 1 (stopped placcbo whcn study was put
on hold for rcview)

Group 1, Washout Pcriod, N = 39
Dropouts = 1 (patient withdrew during washout
period after receiving nimodipinc to undergo
swcr~)

Group 2, Washout Pcriod, N = 43
Dropouts = 1 (patient withdrawn during washout
pcriod aftcr rccciving placebo due to new cxclusion
critcria - hypertcnsion)

Group 1, Period 2, N = 38
Dropouts = 2 (both stoppcd placebo duc 10
dizziness)
N=36 Group 1 participants finished trial

Group 2, Period 2, N =42
Dropouts = 2 (onc was withdrawn while on
nimodipinc due to ncw cxclusion critcria hypertcnsion, one died of an acute myocardial
infarction while on nimodipinc)
N=40Group 2 participants finished trial
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Baseline characteristics
The ten participants who failed to complete the study differed slightly from the 76 who did
in age (69.5 versus 73.6 years), sex (90% versus 84% female), and number of incontinent
episodes during the runin periods (14.2 versus 18.2) (P>.05 for each).
Participants who were randomized were stratified by age (greater than 70 years of age
versus less than or equal to 70 years of age) and sex. Table 1 demonstrates that stratification was
successfbl, as participants who received nirnodipine during period 1, and participants who
received placebo in period 1 did not differ significmtly in these respects. Age and sex of the 27
participants who dropped out during the run-in period are shown in table 2 (page 29); participants
who dropped out during the run-in period were slightly older and significantly more likely to be
male than were participants who were randomized. Of the 11 males who dropped out during the
mnin period, 7 had an insufficient number of incontinent episodes (4 or less ) on the 5 day voiding
record, and 2 were unable to complete a voiding record.
Table 1 - Baseline Characteristics of Randomized Participants

I

I

I

Participants who
received nimodipine
during period 1(n = 42)

1 Sex
~

.-

1 6 male, 36 fernale

1

I

Participants who
rcceivcd placebo
during period 1(n = 44)

1 7 male, 37 fernale

P

1 9 17' 1

~

Age

73.3 years

73.5 years

.88#

Total number of
incontinent cpisodcs on
pooled run-in voiding
records

15.45

20.63

.139#

AS during run-in pcriods

13.73

14.92

IIQ score during run-in
pcriods

2 1.O5

23.04

*-

chi-square

# - independent sample t-test

hl#
.28#

Table 2 - Baseline Characteristics of Randomized versus Non-Randomized Participants
Run-in Period Dropouts
(n=27)

Randomized Pariicipmts
(n=86)

P

1 1 male, 16 female

13 male, 73 fernale

.017*

AF
-

Sex
I

1

- -

1

Total nurnber of
incontinent episodes on
pooled run-invoiding
records
AS during nin-in periods
IIQ 17 summary score
during run-inperiods
- chi-square
# - independent snmple t-test

4.2 Voiding records
During the run-in period, two voiding records were completed by 98 participants.
Pearson correlation coefficient on the total number of incontinent episodes, nin-in period A versus
run-in penod B was ,768; when the analysis was limited to the 81 participants who went on to be
randomized and completed two run-in period voiding records, Pearson correlation coefficient was
much better at ,915. The mean number of incontinent episodes dunng the run-in periods for
participants who were not randomized (9.8) was significantly lower than for participants who
were randomized, reflecting the insufficient severity of urinary incontinence in many of the
participants who were excluded during the mn-in period.
For the 86 participants who were randomized, the total number of incontinent episodes
during each period are shown in table 3, and graphically in figures 6 and 7. There was a
significant decline in the number of incontinent episodes over time, independent of the treatment
given, suggestive for a period effect (F=12.03 I, P<.001 by GLM repeated measures; F=.413,
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P=.796 for the addition of Group 1 versus Group 2 as a between subjects factor, suggesting that

this change over time was independent of treatrnent given)
Table 3 - Total number of incontinent episodes, by group and period

Group 1, received nimodipine during
period 1
fan
Std. Deviation

1

Run-in
period A

Run-in
period B

Period 1

Washout
period

Period 2

;:.2

13.0

Group 2, received nimodipine during
period 2
Mean

N
Std. Deviation
Total

Mean

N
Std. Deviation

Figure 6 - Number of incontinent episodes, mean and 95% confidence intervals,by group and
period
40

I
o

RUNlNA

1
!!

RUNINB

1
PERlODl

1.1

WASHOUT

!

.. PERlOD2

GROUP

Group 1 received nimodipine during period 1, while Group 2 received nimodipine during period 2

Figure 7 - Total number of incontinent episodes, by individual, period 1 and 2, for group 1 (left)
and group 2 (right)
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PERlOD2 PERlODl

Received nimodipine in period 1

Received nimodipine in period 2

The cross procedure is a within subjects comparison of treatment effect, ie, nimodipine
versus placebo for each subject, regardless of period in which a specific treatment is received. For
al1 76 participants who received both nimodipine and placebo, and completed both voiding
records, there were an average .O3 fewer incontinent episodes with placebo (t =.019, P=.965 by
one sample t-test, 95% CI -2.7 to 2.7 incontinent episodes over the 5 day voiding record - see
table 4). As a reduction by even 2.7 incontinent episodes over a 5 day period (the upper limit of
the confidence interval) would still represent less than a 15% reduction in incontinent episodes
attributable to nimodipine, it is unlikely there is a clinically significant improvement with
nimodipine.
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The par procedure is a between subjects comparison, nimodipine versus placebo, based
only on period ldata, using mnin period B data as a baseline. Based on the 85 subjects for whom
both voiding records were available, there were an average .27 fewer incontinent episodes with

placebo (t=. 130, P=.897 by paired sample t-test, 95% confidence intervals, 4.00 fewer incontinent
episodes with placebo, 3.5 1 fewer incontinent episodes with nimodipine).
Tests for a first order carryover effect and a second order carryover effect (see section
3.7) were not significant (t=..774, P=.441, and t=.144, P=.886, respectiveiy, by independent
samples t-test).
A 3-way sensitivity analysis was performed, using the cross procedure, assuming:
a) al1 dropouts (n=10) had an equal response to nirnodipine versus placebo, or
b) al1 dropouts were cured of their incontinence by nimodipine, or

c) al1 dropouts were cured of their incontinence by placebo.
For assumption a), mean number of incontinent episodes was .O2 less with placebo, t=.019,
P=.985, 95% confidence intervals 2.0 fewer incontinent episodes with nimodipine, 2.0 fewer
incontinent episodes with placebo. For assumption b), mean numberof incontinent episodes was
1.72 less with nimodipine, t=1.303, P=.196, 95% confidence intervals 4.1 fewer incontinent

episodes with nimodipine, .9 fewer incontinent episodes with placebo. For assurnption c), mean
number of incontinent episodes was 1.76 less with placebo, t=1.339, P=. 184, 95% confidence
intervals 4.2 fewer incontinent episodes with placebo, .8 fewer incontinent episodes with
nimodipine. The lack of signficance with the above analyses would suggest the results are fairly
robust. For subsequent analyses of the voiding records, the within subject differences, period 1
versus period 2 were used, ie, the cross procedure.

There were no significant differences noted, placebo versus nimodipine, in daytime or
nocturnal urinary frequency, or in daytime or nocturnal incontinent episodes (see Table 4)
Table 4 - Da irne and Nocturnal Voiding and Incontinent Episodes, Nimodipine vems Placebo.

l-

I

1

Difference in #
of events,
nimodipine
versus placebo*

I

Standard
Deviation

1

1

95% confidence
interval of the
difference

Daytime voiding
episodes
Daytime
incontinent
episodes
Nocturnal
voiding episodes
Noctumal
incontinent
Total voiding

episodes
N = 7 5 or76forth1 above table; one subject failed to separate episodes of urinr .ion and incontinence into daytime
versus nocturnal.
* - Negative values indicate fewer events with placebo, positive values indicate fewer evcnts with nimodipinc.

An initial linear regression analysis also suggested that a greater nurnber of incontinent

episodes in run-in period B (ie, more severe incontinence at baseline) was associated with a
greater reduction in incontinent episodes in response to nimodipine (R=.478, t=4.676, P<.001);
however, with the exclusion of two outliers (see figure 7; outliers which were excluded are
circled) , a repeat linear regression analysis revealed no significant association (R =.097,t=.825,

Figure 8 - Number of incontinent episodes with placebo minus number of incontinent episodes
with nimodipine, versus number of incontinent episodes during mn-in period B, by individual

Number of incontinent episodes during run-in B is on the Y axis, nurnber of incontinent episodes
(nimodipine minus placebo) is on the X axis (positive numbers represent fewer incontinent
episodes with nimodipine)
4.3 Incontinence Impact Questionnaire (IIQ)

The IIQ was analyzed in two parts: questions 1 through 17 (hence referred to as IIQ17),
which were answered twice in the run-in period, then at the end of period 1, the washout period,
and period 2; questions 18, 19, and 20 which were answered at the end of periods 1,2, and the
washout period only. IIQ questions 18,19, and 20 asked participants t o rate, for the previous
week, how the number of incontinent episodes compares to before receiving treatment, how the
amount of urine leaked compares t o pretreatment, and how the urgency to urinate compares to
pretreatment, respectively.
The test-retest reliability for the IIQ 17 summary score was .8O7 (Pearson correlation
coefficient) for the 96 participants who completed the IIQ17 during both run-in period A and run-
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in period B, and was .816 for the 86 participants who were randomized, with a Crohnbach's alpha
for these 17 items of .918 and .916, respectively. There were no siçnificant differences in
correlation for the IIQ17 between subjects who were randomized and those who were not. The
average intra-individiial ciifference in IIQ17 summary scores, mn-in period A versus run-in pet-iod

B, was 6.76 (total score is out of 85), with a standard error of .63.
IIQ 17 summary scores by period are shown in Table 5, and graphically in figure 9. IIQ17
summary scores decreased over time, independent of treatment, suggestive for a period effect
(F=12.516, P<.001 by GLM repeated measures, F=1.307, P=.267 for the addition of Group 1
versus Group 2 as a between subjects factor, suggesting that this change over time was
independent of treatment given ). Within subjects comparison of IIQ17 summary scores in period
1 and period 2 (cross procedure) revealed a 1.36 point lower score with nimodipine versus
placebo (t =1.85, P=.068). Between subjects comparison of IIQl7 summary scores in period 1
(par procedure) revealed a 4.13 point lower score with nirnodipine versus placebo in period 1
(t=2.431, P=.017 by independent samples t-test). Although statistically significant, this 4.13
change on the IIQI 7 summary score is unlikely to be of clinical significance. The average intraindividual difference noted during the run-in periods was 6.76 points, while a 10 point decline was
noted with a similar version of the IIQ in response to behavioura1 therapy in another ~ t u d ~ . ~
Tests for a first order carryover effect and a second order carryover effect (see section
3.7) were not significant (t= 1.576, P=. 119, and t= 1.334, P=.188, respectively, by independent
samples t-test).

Table 5 - IIQ17 summary scores, by group and period
Run-in

Period 2

pcnod A
Group 1, rcceivcd nimodipinc during
penod 1
Mean

N
Std. Deviation

20.23
42

38

12.80

14.72

16.60

Group 2, rcceived nimodipine during
period 2
Mem
N
Std. Deviation
Mean

N
Std. Deviation

Figure 9 IIQ17 summary score, mean and 95% confidence interval, by group and period

l
(1

RUNINA

RUNINB

I
1:

PERIODI

WASHOUT

PERIOD2

GROUP

Group 1 received nimodipine during period 1, while Group 2 received nimodipine during period 2
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A linear regression analysis was undertaken to see if there was an association between
IIQ17 score at baseline (run-in penod B) and greater reduction in IIQ17 summary score with
nimodipine than placebo. The resulting mode1 (R=.085, t=.756) was not significant (P=.452).
Participant's answers to IIQ questions 18, 19, and 20 did not differ significantly while on
nimodipine versus placebo (P=.698, ,777, and .607, respectively).

4.4 American Urologic Association Symptom Scores (AS)
The test-retest reliability for the AS (sum of seven questions)was ,790 (Pearson
correlation coefficient), for the 96 participants who completed the AS during both mn-in period A
and run-in period B, and .786 for the 86 participants who were randomized, with Crohnbach's
alpha for these 7 items of ,762, and .766, respectively. Test retest reliability on the quality of life
question added to the AS (96 subjects completed both, 86 were randomized) was 3 3 8 for both
groups. There were no significant differences in correlation, for the AS or quality of life question,
between subjects who were randomized versus those who were not.

AS scores by period are shown in Table 6, and graphically in figure 10. AS scores
decreased over tirne, independent of treatment, suggestive for a period effect (Fe13.96, P<.OOl
by GLM repeated masures, F=.8 17, P=.5 15 for the addition of Group 1 versus Group 2 as a
between subjects factor, suggesting that this change over time was independent of treatment
given). Within subjects comparison of AS scores in period 1 and period 2 revealed a 0.63 (out of
35) point lower score with nimodipine versus placebo (t =1.25, P=.215). Between subjects
comparison of AS scores in period 1 revealed a 1.36 point lower score with nimodipine versus
placebo (t=1.316, P=. 192). This is unlikely to represent a clinically significant difference, given

that the average intraindividual difference in AS scores during the nin-in period was 3.24 (SD
=2.50), and that the average change in AS score noted in a recent trial of combined behavioural
and drug therapy for women with UI was 8.2.5"
Tests for a first order carryover effect and a second order carryover effect (see section
3.7) were not significant (t= 371, P=.386, and t= ,057, P=.954,respectively, by independent
samples t-test).
Table 6 - AS scores, by group and penod
run-in
penod A
Group 1 - received nimodipine in period 1
Mean

N
Standard Deviation
Group 2 - received nimodipine in pcriod 2
Mcan
N
Standard Deviation
---

Total
Mem
N
Standard Deviation

-

-

13.28
42
5.90

period 1
period B
14.19

11.39

5.98

5.74

Figure 1'0 - AS score, mean and 95% confidence interval, by group and period

RUNINA

!

RUNINB

I
;:

PERiOD1

?
I:

WASHOUT

i
8

PERlOD2

GROUP

Group 1 received nimodipine during period 1, while Group 2 received nimodipine during period 2

There was no significant difference in the score on the quality of life question added to the
AS, nimodipine versus placebo (.1 out of 6 improvement with nimodipine, t=.59 1, P=.556)

4.5 Effect of age and sex upon the 3 major outcome measures

There was a correlation between participant age and baseline severity of incontinence;
older participants had a higher number of incontinent episodes at baseline (R=.308,P<.01), and
had a higher AS score at baseline (R=.249, PC.05). There was no significant correlation between
age and baseline IIQ17 score (R=.063, P=.547). There was no significant effect of age upon
likelihood of response to nimodipine; linear regression analysis of age versus change in total
number of incontinent episodes with nimodipine versus placebo was not significant ( R = .104, F
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= ,814, P

=.370).

There was no significant correlation between sex of participant and baseline severity of
incontinence, as rneasured by number of incontinent episodes, IIQ17 score, or AUASS score,
singly or combined in a logistic regression analysis (data not shown). There was a significant
effect of sex upon likelihood of response to nimodipine, however, in that males (n=12) had a
significantly greater response to placebo than nimodipine, while females (n=64) had a greater
response to nimodipine than placebo (males had 6,75 more episodes of incontinence with
nimodipine, SD 10.61, females had 1.23 more episodes of incontinence with placebo, SD 11.90, T
= 2.17,

P =.032). This change in number of incontinent episodes, nimodipine versus placebo for

the 64 female study participants was not significant when analyzed separately, however (1.23, SD
11.90, t=.823, P=.408, 95% confidence intervals 1.7 fewer incontinent episodes with placebo, 4.1
fewer incontinent episodes with nimodipine). There were no significant differences, male versus
female, in response to nimodipine versus placebo as measured by change in IIQl7score (.33
higher in mdes, versus 1.66 lower in fernales with nimodipine, t = .967, P = .336). When
analyzed as a subgroup, the 1.66 point decline in IIQI 7 score for the 68 female study participants
with nimodipine versus placebo was statistically significant (F2.023, P =.04); this is unlikely t o
represent a clinically significant change, given that the average intra-individual difference noted
during the run-in periods was 6.76 points, while a 10 point decline was noted with a similar
version of the IIQ in response to behavioural therapy in another studySgThe change in AS score
with nimodipine versus placebo was not significantly different for males versus females (-1 .O0
versus -.567, t=.305, P=.761).

4.6 Adverse effects

Adverse Effects Questionnaire
Al1 86 subjects who were randomized were asked to complete a 18 item adverse effects
questionnaire, at the end of the nimodipine and placebo treatment periods. The results are shown
in the following table. Each question was scored as a 5 point Likert scale from much more than
usual(1) to much less than usual(5). The mean difference in scores while on nimodipine versus
placebo is shown in column 5, and was calculated by subtracting the score while on placebo from
the score while on nimodipine. No statistically significant differences were noted; although not
statistically significant, the increased fiequency of lightheadedness, fatigue, confusion, and chest
pain or heartburn noted with nimodipine versus placebo may be clinically significant, especially in
light of recent studies suggesting increased cardiac toxicity with calcium Channel blocking
medications (see discussion).

Table 7 - Responses to adverse effects questionnaire
Question

numbcr of
participants
reporting more
symptoms with

numbcr of participants
rcporting more
symptoins with placebo

# of paircd

Fatigue

30

21

79

Nausea or
vomiting

5

7

79

Diarrhea

8

7

79

Abdominal Pain

6

6

79

rcsponscs

man
diffcrcnce

Lightheadedncss

6

Constipation

12
I

1

Drowsiness

20

18

Insomnia

9

6

Headache

8
1

Confusion

16

Rash or itchy
skin

1

9
1

13

9

Changes in your
vision
Joint pain or
swelling
Muscle pain or
cramps
Pain on
unnation
Chcst pain or
hcartbum
Palpitations

Post-void residuals
Post-void residual urine volumes were measured for 79 participants at the end of period 1
and period 2. There were no complications, such as bleeding or infection associated with
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catheterization. Mean residual urine volume was 29.1 mls (23.7 for males, 30.1 for fernales,
P=.370). The difference in residual urine volume, nimodipine versus placebo, was .8 ml (higher
with placebo, F.249, P=.804) which is not clinically significant. A post-void residual urine
volume greater than 100 mls is a clinical indication of inadequate bladder emptying"; this
occurred in 4 participants with nimodipine, in 3 participants with placebo, and in al1 cases the
post-void residual urine volume was less than 150 mls. By comparison, normal bladder capacity

is usually greater than 350 mls."

Blood Pressure
Systolic and diastolic blood pressures, lying and standing, were measured in al1
participants during the m i n period, and at the end of period 1 and period 2. A statistically
significant decrease in systolic blood pressure was noted with nimodipine versus placebo (3.55
mm Hg, t=2.20, P = .03), and a borderline statistically significant decrease in diastolic blood
pressure was noted with nimodipine versus placebo (1S 6 mm Hg, t=1.8 1, P=.074). A 20 point
drop in systolic blood pressure, andfor a 10 point drop in diastolic blood pressure are common
measures of a clinically significant orthostatic hypotension'5; a change of this magnitude occurred
in 5 participants while receiving nirnodipine, and in 6 participants while receiving placebo.

4.7 Compliance
Pi11 counts were performed at the end of periods 1 and 2. Pill counts would indicate that
participants took 95% of the study dmg (39.9/42 pills) while on nimodipine, and 96% of the study
dnig (40.3142 pills) while on placebo (difference =.38 pills, t=.454, P=.65 1). This would suggest

45

that compliance with the intemention was excellent, and did not differ significantly while on
nimodipine versus placebo.

4.8 Maintenance of Double-Blinding

At the ends of periods 1 and 2, al1 participants and the research assistant were asked if
they could guess whether they had just received nimodipine or placebo, as a method of
determining whether blinding was maintained. A total of 166 responses were received from the
research assistant and participants (response rate 94%).
The research assistant correctly identified treatment as nimodipine or placebo in 50 of 96
cases (52%), and was unsure on 70 occasions. The participants correctly identified treatment as
nimodipine or placebo in 63 of 108 cases (58%), and were unsure on 58 occasions. In neither
case was identification of treatment correct beyond that predicted by chance (p = .844 and .171,
respectively by chi-square). This would suggest that double blinding was not lost during the
study.

5 Discussion

5.1 Methodologic Issues Regarding Data Analysis in Crossover Trials
The implications of using the Grizzle test to assess for a carryover effect have been
described by Brown, Senn, Freeman, and th ers.'^-'' The likelihood that a significant carryover
effect, if present, will be missed by the Grizzle test is quite high; Senn and Freeman discuss typical
cases wherein the probability of type 1 and II errors using the Grizzle test to determine whether a
~ ' ~recognition
'~
of this,
carryover effect is present or not are 40 and 68%, r e s p e c t i ~ e l ~ . In
Freeman and Brown, respectively, have recommended a) the avoidance of crossover trials
altogether, unless the possibility of a carryover effect can be mled out a priori; or b) the use of
sample sizes LARGER than required for a comparable parallel-groups design, in order to detect a
carryover effect with similar statistical power (alpha =.05). The clinical reality, unfortunately, is
that the possibility of a carryover effect can never be mled out, a priori, and that crossover trial
design is usually employed to maximize power to detect a significant difference with a given, and
often limited, sample size.
Willan, and Willan and Pater, have suggested an alternative method for analyzing data
from crossover

They started by developing a formula to determine how big a carryover

effect must be to make analysis as a parallel design study preferable, ie.,using first period data
only. Willan operationalized this formula in a subsequent publication; he proposes the
simultaneous use of crossover and parallel analysis, with choosing of the analysis that gives the
larger corresponding test statistic as the 'best fit'." The major assumption in this mode1 is that a
carryover effect cannot occur in the absence of a treatment effect. In this trial, analysis of the
primary outcome measure by the Willan test suggests there is no treatment effect. Not
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surprisingly, very similar results were obtained with analysis using the cross procedure alone (data
not shown), The simulation that was undertaken suggests that the Willan test is the most sensitive
for detecting a treatment effect in the absence of a carryover effect, given several assumptions; the
data obtained in this trial, most impoi-tantlythe intrasubject correlation coefficients for the VR,

AS, and IIQ17, was consistent with these assumptions.
The difficulty lies in determining whether or not there may have been a carryover effect,
ie, that the difference between treatment and placebo may have been influenced by the penod in
which each was given. Kenward and Jones developed a model for 2x2 crossover trials that
incorporates baseline measurements, and divides the canyover effect into first order (present at
the washout between penod 1 and period 2) and second order (present at the end of period 2)
carryover effe~ts.'~
Evaluation of this model with several data sets suggested that the power to
detect a treatment difference in the presence of a carryover effect can be increased by using the
additional information provided by baseline measurernents (if the additional variance isn't too
large), but remains less than the power to detect a treatment difference in the absence of a
carryover effect. Jones and Lewis, in an extensive subsequent publication, compared several
proposed models for dealing with carryover effects in crossover trials; in their discussion they
suggest a) that loss of power is inevitable, and varies with increasing size of carryover effect in
crossover trials, and b)that inclusion of baseline measurements results in little, if any, gain in
power." In both papers, it was assumed that a carryover effect c m only occur in the presence of
a treatment effect, and that only positive carryover effects can occur, ie that a treatment in period
1 can enhance, but not prevent a response to treatment in period 2. In both papers, as with the

Grizzle test, between subjects cornparisons are used to determine whether a carryover effect is

present.
The paradigms of analyzing a crossover trial, therefore would seem to be that in the
presence of a carryover effect, randomization does not result in the treatment groups being equal,
and that only low power testing is available to determine whether a carryover effect exists. The
tests for first or second order carryover effects carrjed out here did not support the presence of
carryover effects for any of the three major outcome measures (VR, AS, or IIQ17). It is still
possible that a carryover effect may have been present; if present, a carryover effect would have
decreased the power available to detect a treatment effect, and hence increased the chance of a
type II error. If there were no treatrnent effect AND a negative carryover effect, then a larger
difference between treatment and placebo should have been seen in the second period than the
first; this did not occur. The consistency of the results, specifically the general lack of a
significant difference with any of the three major outcome measures, using a variety of analytic
techniques, suggests that these are al1 unIikely.
Interestingly, if our study had been done as a simple, parallel randomized trial without
baseline measures, we may have concluded (based on period 1 results) that nimodipine was an
effective treatment for UI, as it reduced the riurnber of incontinent episodes by almost 40%(17.9
t o 11.0 incontinent episodes, F2.044, P=.04), and IIQ17 score by over 4 points(19,27 to 14.97,
t=1.43, P=.155) (see tables 3 and 5).
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5.2 General
Nimodipine did not result in a significant reduction in incontinent episodes in this trial.
The 95% confidence intervals using the cross procedure rule out even a 15% reduction in
incontinent episodes with nimodipine, while the 95% confidence intervals using the par procedure
(first period data only) rule out even a 20% reduction in incontinent episodes with nimodipine.
As there cannot be a carryover effect when analysis is restricted to first period data, and the
results are very similar with the par and cross procedures, it is unlikely that these results are
confounded by a signficant carryover effect.
There were differences approaching statistical significance in the total number of
incontinent episodes between Group 1 (who received nimodipine in period 1) and Group 2 (who
received nimodipine in period 2) in run-in period B, ie, before any intervention (t =1.932, P = ,058
by independent sample t-test) (see table 2). When voiding records for mn-in period A and B were
pooled, however, the differences between group 1 and group 2 were srnaller (t=1.414, P= .I39).
These differences persisted throughout the study, however, and were significant in period 2 (8.4
episodes in group 1, 16.4 episodes in group 2, t-2.36, P=.021 by independent samples t-test).
Unlike the voiding records, subjects randomized to receive nimodipine in period 1 versus period 2
did not differ significantly in IIQ17 summary score or AS score in run-in period B (data not
shown). For al1 three outcome measures, regression analysis looking for an association between
incontinence severity and likelihood of response to nimodipine versus placebo was not significant.
Severity of incontinence is a potential confounding variable in therapeutic trials for UI. In this
trial, stratification for severity of urinary incontinence was considered, but did not occur due to
uncertainty regarding appropriate cutoff values for severity of incontinence. In future trials,
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sevaity of incontinence should be controlled for with stratification, if possible.
Two statistically significant changes were noted with the modified version of the IIQ used
in this trial: a 4.13 point difference with nimodipine versus placebo in period 1, and a 4.80 point
difference ffom mn-in B to period 2 independent of treatment. These changes,although not
clinically significant, would suggest that the version of the IIQ used here has at least modest
responsiveness. The test-retest reliability for the IIQ 17 summary score of .8 16 in Our study
compares favorably with the previously reported test-retest reliability of .73 in a younger,
healthier population with both stress and urge in~ontinence.~'The version of the IIQ used here
may be sufficiently reliable and responsive for use in future therapeutic trials for geriatric UI,
although iûrther studies are needed to confirm this.
Statistically significant changes in AS score were a1so noted from run-in B to period 2
independent of treatment, consistent with at least moderate responsiveness. In this study, the AS
had lower test-retest reliability (.786) than previous studies of elderly men with benign prostatic
it
hypertrophy (.93) and postmenopausal women with predominantly stress incontinence (.84)5795R;
is likely that it is still suficiently reliable for use in fiiture geriatric UI trials, although fùrther trials
are necessary to confirm its validity and usefulness in UI,especially in female patients.
The clinical significance of the statistically significant association between increasing age
and more severe incontinence at baseline, as measured by the VR and AS, is unclear. It is
possible that a referral bias occurred, such that, amongst the 'old-old', only those with more
severe incontinence were willing, or able, to participate in a trial such as ours. Alternatively, UI
severity may actually increase with age; this has not been addressed in previous studies, to my
knowledge, although the increasing prevalence of urinary incontinence of al1 types with increasing
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age is well documented." Further examination of the comorbidity data collected for each of the
participants in this study may shed further light upon the association noted between participant
age and incontinence severity.
The gender difference in patterns of response to nimodipine versus placebo is interesting.
By both the VR and the IIQ, male participants tended to get worse with nimodipine, while female
participants tended to get better with nirnodipine. The etiology of geriatric UI is diverse, and
poorly understood; it is possible that there are gender differences in the disease itself, or in
response t o medications such as nimodipine. Previous studies of nimodipine have not commented

on gender differences in response to nirn~dipine.~~-~O
Previous therapeutic trials for UI have
rnainly involved women; a meta-analysis to determine whether there is a significant sex-related
difference in response to pharrnacologic agents for Ui in general, or for specific classes of agents
for Ui, has not been done. Until there is a greater understanding of gender differences in the
etiology of geriatric UI, or in responses to treatments, therapeutic trials should either stratifi by
gender, or be limited to one sex or the other. The major risk for trials that do not make such
allowances is that they may lack sufficient power to determine whether there is a treatment effect
(type II error).
With regards to adverse effects, the absence of any significant change in post-void residual
urine volume, or in answers to the adverse effects questionnaire, is reassuring. The statistically
significant drop in systolic blood pressure noted with nimodipine (3.55 mm Hg) was unexpected,
given that previous studies have found no change in blood pressure with similar doses of
nimodipine in elderly patients." Large declines in blood pressure occurred in onIy 5 participants
while receiving nimodipine, and in 6 participants while receiving placebo, while no significant

difference was noted in likelihood of orthostatic hypotension. CarefuI evaluation of blood
pressure should continue to be included as part of the assessment of elderly participants in any
fbture trials of nimodipine.
Compliance with the study medication with assessed only via piIl count in this trial.
Measuring serum levels of nimodipine is possible, and would be a more definitive measure of
compliance. Pill counts suggested that compliance was very similar with placebo and nimodipine,
which would suggest that blinding was maintained. The inability of either the research assistant or
the study participants to identify the treatment received beyond that predicted by chance provides
even more support that double-blinding was maintained throughout the study. In previous RCTs
of drugs for UI (particularly anticholinergic medications, which frequently cause dry mouth),
participants have ofien been quite successful at identiwng treatment as active drug or placebo.32
The three major outcome measures used in this trial (VR, IIQ17, and AS) have rarely, if
ever been collected on the same participants. They represent three important constructs,
specifically the number of incontinent episodes (VR}, more general urinary symptoms (AS), and
the impact of incontinence and urinary symptorns upon psychosocial function (IIQ17). The testretest reliability for each measure used in this study was .78 or greater, and each measure
demonstrated at least modest responsiveness, suggesting that it is feasible to use any or al1 of
these measures in future studies involving elderly participants. The modest correlation between
these three measures would support the supposition that they are measuring different phenomena.
The Iack of change with these measures may reflect a lack of sensitivity. However, there are
several studies involving each of the measures in which significant changes with therapy have been
documented. As the version of the IIQ used here appears to be similarly reliable when compared
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to previous versions (test-retest reliability over .8 in our study versus .73 in Wyman et al's study)
55,

it needs to be tested with clearly effective medications, and behavioural therapies to confirrn

responsiveness, or lack thereof. Cornparison to other, more recently developed questionnaires in
this area would also be useful. Yu et al, have developed a questionnaire assessing the
psychosocial impact of urinary incontinence in elderly women residing in nursing homes, which
unfortunately suffers from poor test-retest reliability; on the other hand, Lee et al, have recently
published another scale that has been shown to be reliable and responsive to therapy for UI in
community dwelling postmenopausal women, and hence could serve as a 'gold standard' for
further assessment of the IIQ.78179
There are concerns regarding the class-related toxicity of short-acting calcium channel
blockers like nimodipine. There are several recent cohort studies suggesting that short-acting
calcium channel blockers may increase cardiovascular mortality, gastrointestinal hemorrhage,
myocardial infarction and cancer risk in elderly persons taking calcium channel blockers, as
opposed to other antihypertensive r n e d i c a t i ~ n s . " The
~ ~ ~cohort
~ ~ ~ ~studies mentioned refer to the
use of short-acting calcium channel blockers for the treatment of hypertension, and predominantly
refer to nifedipine, a very potent antihypertensive. It remains unclear if the adverse effects
attributed to short-acting calcium channel blockers in these studies can be extended to include
nimodipine. On the other hand, terodiline is a short-acting calcium channel blocker which, Iike
nimodipine, has minimal effect upon blood pressure. Terodiline has been shown to be effective
for UI, but has recently been removed from the market in Europe, and trials in the United States
have been discontinued because of an association with ventricular arrhy-thmias."
There has also been a recent RCT of nimodipine versus placebo to reduce postoperative
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neurologic deficit in patients undergoing cardiac valve replacement; this study was terminated
early because of increased rnortality in the nimodipine patients, while no significant difference was
noted in the incidence of neurologic deficits.'* There are two major concerns regarding the
generalizability of this study. Most of the excess mortality due to nimodipine was attributable to
excessive post-operative bleeding, which is perhaps not surprising given that al1 calcium channel
blockers inhibit platelet aggregation and hence c o a g ~ l a t i o n .The
~ ~ group randomized t o receive
nimodipine were also significantly more likely to have congestive heart failure and pulmonary
disease pre-operatively, both of which are strong predictors of poorer outcornes postoperati~el~.~~
The sample size in this trial is too small to adequately determine whether clinically
important cardiovascular toxicity occurred with nimodipine. Given the recent literature, any
fùrther studies of nimodipine would require large sample sizes, and close monitoring for cardiac
side effects to rule out clinically important cardiovascular toxicity.
In light of these recent studies suggestive for calcium-channel blocker class-related
toxicities, and the lack of efficacy noted with nimodipine for UI in this trial, it would seem prudent
to discourage fùrther use or research involving nimodipine, and perhaps calcium-channel blockers

in general for the treatment of UI.
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6 Conclusions

Based upon the lack of a significant improvement in voiding records, urinary symptom
scores, and quaIity of life measures, nimodipine is ineffective for the treatment of geriatric urge
incontinence. Although nimodipine appears to have been well-tolerated, its Iack of eficacy and
possible class-related toxicity are both important reasons to discourage firther use of this dnig to
treat urge incontinence. Further work is needed to determine optimal outcome measures to
demonstrate the effectiveness of therapies for urge incontinence.
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Appendix A
NIMODIPINE FOR URGE INCONTINENCE RESEARCH PROJECT

Baseline Assessment:
Date Seen:
Name:

Screen No.

Date of Birth:

Age

Residence

1 homelapartment

Allergies

1 yes

Entry No.

- Sex

1 male 2 female

3 retirement home

2 senior's apartrnent

2 no if yes, t o what

Adverse reaction

lncontinence History:

1 sudden

Onset
Duration

1 < 6 months
4 2-5 years

2 gradua1
2 6 months t o 1 year
5 > 5 years

Incontinence over the past 6 months

3 1-2 years

1 worsening 2 stable
3 improving 4 fluctuates

How frequently do you go t o the toilet during the day?

1 every hour or less
4 every 3 t o 4 hours

2 every 1 t o 2 hours
5 every 4 t o 6 hours

3 every 2 t o 3 hours

Do you have urine ieakage during the waking hours? 1 yes 2 no
5.1 i f yes, h o w often

5.2 i f yes, h o w much

1 3 or more times a day
3 1-2 times a day
5 2-6 times a week
7 less than once a week

2 2 t o 3 timestday

1 wet: underwear only
3 run down your legs
5 amount varies

2 wet outer clothing
4 pool on the floor
6 contained

4 once a day
6 once a week

6.

How frequently do you empty your bladder after going to bed?

7.

Do you have any urine leakage a t night? 1 yes
7.1

if yes, how often

7.2

if yes, how much

2 no

1 3 or more times a night
3 1-2 times a night
5 2-6 times a week
7 less than once a week

2 2 to 3 timeslnight
4 once a night
6 once a week

1 incontinent product

2 night attire
4 plus more

3 plus bedding

8,

Do you leak urine with physical stress?
e.g., cough, laugh, sneeze, lift, jurnp, etc. 1 yes
or just after? 1 yes

9.

2 no

2 no

On average, how long can you hold on after feeling first urge t o void?

1 not at al1
4 2 to 5 minutes

2 < 30 seconds
5 5 t o 15 minutes

3 3 0 seconds t o 2 minutes
6 > 15 minutes
7 varies

10.

Do you have 1 yes
2 no
3 don't know
hesitancy
straininglmanual expression
poor stream
dysuria
post micturition dribble
constant dribble
change in the odour of urine in the past 6 months
hematuria
prolapse
intermittent Stream
frequency

11.

Are you aware of the desire t o void?

7 2.

Are you aware of urine being passed?

13.

Are you aware of being wet when urine leakage occurs?

1 yes
14.

2 no

1 yes
1 yes

2 no

2 no

3 varies

Are pads, pants, bed pads, external devices, etc., used?
1 yes

2 no

3 varies
3 varies

if yes, describe number and type
while awake
while in bed
are they effective?

1 always

3 sometimes 4 never

2 usually

who buys the necessary product? 1 self
cost of product per month

1 $1-25

2 other

2 $26-50

is the cost of products a financial burden t o you?
15.

1 yes

4

2 no

How often does your laundry have t o be done?

1 every 2 weeks
4 every 2-3 days
16.

3 $51-100

Who does the taundry?

2 every week
5 daily
1 self

3 every 4-5 days
6 more than once daily
2 other

Fluid Intake:

17.

Do you restrict your fluids? 1 yes

2 no

18.

How much do you drink in a day, including water?

3 sometimes

breakfast
morning
lunch
afternoon
dinner
evening
total
1 < 1 litre
4 2-2.5 litres

2 1-1.5 litres
5 2.5-3 litres

3 1.5-2 litres
6 > 3 litres

Risk Behaviours:

19.

Do you drink beverages containing caffeine?
if yes, how much

20.

Do you drink alcoholic beverages?
if yes, numberlweek

1 yes

1 yes 2 no
mlslday
2 no

> $10 0

21.

Have you ever used tobacco?
1 yes
2 no
1 yes
2 no
if yes, current?
amount
pack years
if not current, quit when

Bowels:
What is your usual bowel pattern in the last 6 months?

1 2-3 bms a day

2 1 bm a day

3 3-4 bms a week

Do you frequently have hard or difficult bowel movements?
if yes, h o w often per month
Diet, fibre, or stool softeners used for regulation?

1 yes

4 2 a week or less

1 yes

2 no

Laxatives used for regulation?
1 yes
2 no
3 occasionally
if yes, or occasionally, describe product and frequency

Do you frequently have loose bowel movernents?
Any blood in bowel movements in the past year?

1 yes
1 yes

2 no
2 no

Have you ever had fecal incontinence i i the last year?

1 yes
2 no
if yes, h o w often
Medical History:
Have you ever had (circle if positive)
1 yes
2 no
29.
Diabetes
30.
CVAtTIA
31.
Parkinson's
32.
Hypertension/PVD/MI/Angina
33.
Heart Failure
34.
lrregular heartbeatlpacemaker
35.
Spinal cord injurylMultiple sclerosis
36.
ErnphysemalCOPDIChronic bronchitis
37.
Glaucomalloss o f vision/cataracts
Falls within the last year (numbedIBroken Hip
38.
39.
Cancer (type)
40.
DernentiaIAlzheimer's
Arthritis involving backlhipslknees or ankles
41 .

3 unsure, NA

2 no

Surgical/Urologic History:
Have you ever had (circle i f positive)

TURP or other prostate surgery
Urinary retention
Kidney Stones
UT1 or pyelonephritis
Abdominal surgery
Vaginal repair
Hysterectorny
Bladder repair
Vaginal delivery, uncomplicated (nurnber)
Vaginal delivery, forceps/breech/posteriorltears (nurnber)
Caesarian section (number)
Describe in order any previous treatments for incontinence

List al1 medications currently taking - prescription and OTC

Classification of medications (circle if positive)
anticholinergic
cholinergie
a-blocker
a-agonist
beta-blocker
diuretic
estrogen
sedative/hypnotic
tricyclic antidepressant
other antidepressant
antispasmodic

65.

66.

total number of drugs taken regularly
total number of drugs taken prn

Social:
67.

Do you live 1 alone

68.

Do you have ready access to a toifet/cornmode/urinaI/bedpan?
1 yes

69.

2 with spouse/partner

3 with relativeslfriends

2 no

How serious do you think your urine leakage is?

2 moderately

1 very

3 not very

4 not at al1

Physical Examination:
Vision - able to read voiding record
1 yes
2 no
- best single eye line on Snellen chart at 14"
Hearing - able to hear finger rub at 8 cm in one ear
Blood pressure

-

1 yes

2 no

standing
lying

Pulse
Height
Weigfit

cm
-kg

Body Mass lndex
Asymmetric tone or power, left versus right arm
Asymmetric tone or power, left versus right leg
Hand or head trernor at rest
Barthel lndex Score
IADL score

1 yes

2 no

1 yes
1 yes

2 no
2 no

VaginaVGenital - Female:

82.

Circumvaginal muscle strength (to be done a t time of in and out cath)

1 absent

2 slight

3 moderate

if absent, is bulbocavernosus reflex present?
83.

5 not done

4 firm

1 yes

2 no

Have you ever sought medical advice for your bladder problem?

1 yes

2 no

Comment:

1 yes
2 no
if yes, GRADE I 11 III IV

84.

Cystocele

85.

Uterine prolapse

86.

Rectocele/Enterocele (circle if present)

87.

Atrophic vaginitis

1 yes

2 no

88.

Vaginal discharge
if yes, swab sent

1 yes
1 yes

2 no
2 no

1 yes

2 no

Genital - Male:
89.

EpispadiaslHypospadiaslRetracted Penis

90.

Prostate

1 yes

2 no

tender or nodular
enlarged

1 yes

2 no

3 not done

1 yes

2 no

1 yes 2 no

Rectal Examination:
91.

Perianal sensation

1 normal

2 reduced

3 absent

92.

Anal tone

1 normal

2 reduced

3 absent

93.

Perianal skin

1 normal

2 redness

3 breakdown

Appendix 0
CYSTOSCOPIC AND URODYNAMIC EVALUATION
Cystoscopy:
Patients will be prepared and draped in the lithotomy position. 2% Lidocaine jelly
without epinephrine will be instilled into the urethra. A 17 French cystoscope will be
passed into the bladder. Using both a 30 and 70 degree lens, the urethra and bladder will
be inspected. Urethral strictures, prostatic obstruction, infection and bladder cancer will be
looked for. Bladder trabeculation will be noted and recorded as either O, 1 i,
2 f , or 3

+.

Multichannel Urodynamics:

Multichannel urodynamic equipment will be used. This equipment is available at both
the Baycrest Geriatric Centre and The Toronto Hospital. A 14 French Foley catheter will be
inserted into the bladder with a 4 French bladder pressure catheter. The 14 French Foley
catheter will be used for fluid infusion. The bladder pressure catheter will measure
intravesicat pressure. A rectal balloon catheter will be inserted to measure intraabdominal
pressure. Detrusor pressure will be deterrnined by subtracting rectal pressure from vesical
pressure. The patient will then be placed in the sitting position for the filling phase. The
filling phase will involve an infusion rate of normal saline at 25 t o

50 cc's per minute. The patient will undergo provocative testing, which includes fast fill,
tap water running, hand in warm water, and standing or walking in the same spot.
Instability or hyperreflexia will be defined, according to the International Continence Society,
as a rise in detrusor pressure greater than or equal t o 1 5 cms of water. Urge incontinence
will be defined as urinary leakage with bladder instability or hyperreflexia. Cornpliance and

71

sensation will also be recorded. Compliance will be defined according to the international
Continence Society. The flow phase will then be performed. The 14 French Foley catheter
is rernoved and the bladder pressure catheter is left in place. The flow rate, volume voided
and the residual will be recorded. Maximum opening pressure a t the beginning of voiding
will also be recorded. Stress incontinence will be deterrnined by clinical history and by
coughing and straining in both the supine and standing position with a full bladder.

Appendix C

PERIOD R I R2 A W B

VOlDlNG RECORD

Please cornplete beginning:

Mark with an X in the "TOILET" column each time you pass urine in the toilet.
Mark with an X in the "WET" column when you have any urine leakage.
Mark the time when you go to bed and when you get up in the morning.

SCREEN #
ENTRY #

Appendix D - Incontinence Impact Questionnaire
PERIOD R I R 2

SCREEN #
ENTRY #

A W B

FOR EACH QUESTION, PUT AN X IN ONE BOX. CHOOSE THE BOX THAT BEST DESCRIBES HOW MUCH YOUR
URINE PROBLEM HAS AFFECTED THAT ACTlVlTY DURING THE PAST WEEK.

1
1.

3-

4.

I

How often does your urine problem affect your hobbies or
exercise?
How often does your urine problem affect what
entertainment (movies, concerts, dancing)?

you do for

How often does your urine problem affect you when you travel
in a bus, subway, or car?

6.

1

How often does your urine problem affect you when you go to a
place where you don't know where the washrooms are?
How often does your urine problem affect your qoing to church,
temple or synagogue?

I

LESS THAN L
THE TIME

1

ABOUT Y
THE TlME

1

MORE
THAN I
THE TlME

1

ALWAYS

/

How often does your urine problem affect your ability to do your
cooking, housework, yardwork or laundry?
How often does your urine problem affect your shopping?

1

1

8.

How often does your urine problem affect your work or
volunteer work?

9.

How often does your urine problem affect having friends visit?

10.

How often does your urine problem affect going out with
friends?

11.

How often does your urine problem affect your relationships
with your spouse or family?

I

I

I

I

DOESNrT
APPLY
TO ME

I

12.

How often does your urine problem affect how yau dress?

13.

How much does your urine problem make you worry about your
physical health?

14.

How much does your urine problem make you worry about your
nerves or mental health?

15.

Does your urine problern make you not do things for fear of
smell?

16.

Does your urine problem make you nar do things because you
are ernbarrassed?

17.

I

I

I

I

1
I

1

Does your urine problem prevent you from getting enough
sleep?

FNT

aUESTlONS

How does the number of limes you leak urine nam compare t o before you receiued the rnedicine?
MUCH WORSE

A LITTLE WORSE

ABOUT THE
SAME

A LITTLE
BETTER

MUCH BETTER

DOESN'T APPLY
TO ME

How does the amount of urine you leak nrudl compare to before you received this medicine?
MUCH WORSE

A LITTLE
WORSE

ABOUT THE
SAME

A LITTLE BETTER

MUCH BETTER

DOESN'T APPLY
TO ME

How does the urgency to empty your bladder now compare to before you received this medicine?

MUCH WORSE

A LITTLE WORSE

ABOUT THE
SAME

A LITTLE BETTER

MUCH BETTER

DOESN'T APPLY
TO ME

I

Appendix E - American Urologic Association Symptom Score
PERIOD

w

RI R 2 A W B

SCREEN #
ENTRY #

Not at al1

Less than
one time in
five

1. Over the past month, how often
have you had a sensation of not
ernptying your bladder cornpletely
after you finished urinating?
f

2. Over the pasr rnonth, how often
have you had to urinate again less
than t w o hours after you finished
urinating?

3. Over the past rnonth, how often
have you found you stopped and
started again several times when
urinating?

4. Over the past month, how often
have you found it difficult t o
postpone urination?

I

5. Over the past month, how often
have you had a weak urinary

Less than
half the
time

About half
the time

More than
half the
time

Almost
always

6. Over the past month, how often
have you had to push or strain t o
1
begin urination?

7. Over the past rnonth, how many
tirnes did you mont typically gef
up t o urinate frorn the tirne you
went t o be at night t o the time
you got up in the morning?

1

1

1

1

1

1

QUALJTY OF LlFE ASSESSMENT

QUESTION

1

If you were t o spend t h e
rest of your life with your
urinary condition just the
way it is now, how would
you feel about that?

I

Delighted

I
1

Pleased

I
1

Mostly

Mixed

Mostly
dissatisf i e d

satisf ied

1

1

Unhappy

1

Terrible

1

Appendix F

ADVERSE EFFECTS QUESTIONNAIRE

During the last 3 weeks, have you noticed
a"Y

Yes

No

If yes, describe

dizziness?
lightheadedness or feeling faint?
fatigue?
I

I

1

I

I

I

I

1

I

1

1

I

1

1

I

I

I

t

I

I

nausea or vomiting?
diarrhea?
abdominal pain?
drowsiness?
insomnia?
headache?

I

confusion?
rash or itchy skin?
changes in your vision?
joint pain or swelling?

1

1

1

muscle pain or cramps?
pain on urination?
constipation?
swelling of the legs or hands?
shortness of breath?
chest pain or heartburn?
palpitations?
Have you noticed any other changes that you think may be side effects of the pills you are taking?

Questionnaire will be self-administered, w i t h a research technician available to answer questions.
Patients will be instructed to answer al1 questions, and will return questionnaire to the research
technician when complete.

Appendix G - Cfinical Information Sheetllnformed Consent Form

CLlNlCAL INFORMATION SHEET

The study will show whether nimodipine can improve the symptoms of urge incontinence
in patients 65 years of age and older.

Nimodipine has been studied in several thousand patients with many conditions, including
strokes, with a very good safety record. Nimodipine may have a beneficial effect on the
bladder, and may improve symptoms of incontinence. Side effects from nirnodipine are
uncommon, and mild. If they occur, they are usually due t o a Iowering of the blood
pressure, which can cause dizziness and fatigue. This lowering of the blood pressure is the
only side effect of nimodipine that has occurred more often than with placebo pills in
previous studies.
Subjects who agree to participate will be followed carefully for side effects, and that if
any tirne they develop side effects that may be due t o the medication, the medication will
be stopped.
The study begins with a t w o week period during which time subjects keep a careful
record of every time they urinate. Subjects who are unable to.keep this careful record will
not continue with the study, but will instead be seen again by Dr. Radomski within t w o
weeks, and will be treated as a regular patient.
The study will involve taking either nimodipine or placebo pills for three weeks, then no
pills for two weeks, then the opposite pills (nimodipine or placebo) for three weeks.
The study will last 11 weeks. For 5 weeks subjects will be asked t o keep a careful record
of every tirne they urinate. Subjects will return t o the clinic 5 times during the 10 weeks.
On each of these visits, a questionnaire will be completed, which will take less than 30

79

minutes. On 2 of these visits, a short written test will also be cornpleted, blood pressure
will be taken and a catheter will briefly be inserted into the bladder, and
immediately rernoved. Insertion of the catheter is necessary t o determine the effect of the
medication on the bladder. The two visits when the catheter is inserted will take less than

45 minutes.
Complete confidentiality will be kept regarding al1 information gathered during the study.
Neither subject's names nor any other identifying particulars will be made available t o
anyone other than the investigators.
Subjects may refuse t o participate without affecting the care they receive at any time.

INFORMED CONSENT FORM
NlMODlPlNE TRIAL
I have agreed t o participate in a trial being conducted by Drs. Brymer, Naglie and

Radomski at The Toronto Hospital. The study will show whether nimodipine can improve
the symptoms of urge incontinence in patients 65 years of age and older. These syrnptorns
include urine leakage, having to urinate frequently, and with little warning.

1 have been told that nimodipine has been studied in several thousand patients with many
conditions, including strokes, with a very good safety record. I understand that nimodipine
may have a beneficial effect on the bladder, and may irnprove rny symptoms. I understand
that side effects frorn nimodipine are uncommon. If they occur, they are usually due t o a
lowering of the blood pressure, which can cause dizziness and fatigue. This lowering of the
blood pressure is the only side effect of nimodipine that has occurred more often than with
placebo pills in previous studies. I have been told that although the placebo pills appear
identical t o the nimodipine pills, they contain no active medication.

1 have been told that some recent studies suggest that nifedipine, a drug which is similar
t o nimodipine, may be associated with a slightly increased risk of heart attack and death in
individuals with heart disease or high blood pressure. I have also been told that these
studies suggest that the risk may be associated with higher doses of the medication. I
understand that although nimodipine is a different drug, it may also be associated with a
slightly increased risk, because it is in the same class of drugs as nifedipine. 1 understand
that a l o w dose of nimodipine is being used in this study, and that there is no specific
evidence that this dosage is associated with any increased risk of heart attack or death.

1 understand that I will be followed carefully for side effects, and that if at any tirne I
develop side effects that may be due to the medication, the medication will be stopped.

I understand that the study begins with a t w o week period during which time I will keep a
careful record of every time 1 urinate. I understand that if I am unable t o keep this careful
record, I will not continue with the study, but will instead be seen again by
Dr. Radomski within t w o weeks, and will be treated as a regular patient.

1 have been informed 1 will receive either nimodipine or placebo pills for three weeks, then
no pills for three weeks, then the opposite pills (nimodipine or placebo) for three weeks.
I understand that my involvement in this study will last 1 1 weeks. For 5 weeks, I will be
asked t o keep a careful record of every time I urinate. I will return t o the clinic 7 times
during the 11 weeks. On each of these visits, I will complete a questionnaire, which will
take less than 30 minutes. On 2 of these visits, I will also complete a short written test,
will have my blood pressure taken, and will have a catheter briefly inserted into my bladder,
and immediately removed. Insertion of the catheter is necessary to determine the effect of
the medication on my bladder. The two visits when the catheter is inserted will take less
than 45 minutes.
I understand that complete confidentiality will be kept regarding al1 information gathered

about me during the study. I understand that neither rny name nor any other identifying
particulars will be made available to anyone other than the investigators or will appear in
any publication without prior approval from me.

I understand that I may refuse to participate without affecting the care I receive. I also
understand that if I enter the study, I rnay withdraw at any time without affecting my
present or future care.

1 understand that I will receive a copy of this consent forrn and that 1 may contact
Dr. Naglie through the Research Office at The Toronto Hospital (340-4549)if 1 have any
questions about t h e study.

Name of Participant (printl
Date

,

Signature of participant
Signature of witness

APPLIED
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