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Abstract Objective: To test whether cannabinoids reduce
urge incontinence episodes without affecting voiding in
patients with multiple sclerosis. This was part of the
multicentre trial of the Cannabinoids in Multiple Sclerosis
(CAMS) study. Subjects and methods: The CAMS study
randomised 630 patients to receive oral administration of
cannabis extract, Δ9-tetrahydrocannabinol (THC) or
matched placebo. For this substudy subjects completed
incontinence diaries. Results: All three groups showed a
significant reduction, p<0.01, in adjusted episode rate (i.e.
correcting for baseline imbalance) from baseline to the end
of treatment: cannabis extract, 38%; THC, 33%; and
placebo, 18%. Both active treatments showed significant
effects over placebo (cannabis extract, p=0.005; THC,
p=0.039). Conclusion: The findings are suggestive of a
clinical effect of cannabis on incontinence episodes in
patients with MS. This is in contrast to the negative finding
of the CAMS study, where no difference was seen in the
primary outcome of spasticity.
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Introduction

There is a close association between clinical spinal cord
pathology and lower urinary tract symptoms (LUTS) in
people with multiple sclerosis (MS) [1]. Overall, the
prevalence of LUTS in MS is approximately 80% [2]. Up
to 96% of those with MS for more than 10 years may be
affected [3]. The most common LUTS associated with MS
are urinary frequency, urgency, urge and reflex inconti-
nence [4]. In 60–80% of patients the cause is neurogenic
detrusor overactivity (NDO) [2] due to demyelination in
the posterior and lateral columns of the cervical spinal cord
[5]. Approximately 50% of them have coexistent voiding
difficulty due to detrusor-sphincter-dyssynergia (D-S-D)
[3, 6], which can result in incomplete bladder emptying,
high post-void residual volumes, infection and potential
upper tract damage. In another 20–30% detrusor areflexia/
acontractility might exist, probably due to pathology in the
lower spinal cord [7]. In the majority of patients with NDO
and D-S-D, the aim of therapy is to reduce detrusor
overactivity, improve voiding function and incontinence
whilst protecting the upper tracts from the effects of high
intravesical pressure.

Current therapies include bladder-retraining regimens,
oral and intravesical administration of anticholinergic
drugs [8], intravesical administration of vanilloids such
as capsaicin and resiniferatoxin [9, 10] and botulinum toxin
[11]. Unfortunately, results of drug therapy are incon-
sistent, and all the currently available drugs have
potentially bothersome side effects. As the neurological
condition progresses, bladder dysfunction becomes more
difficult to treat, and incontinence remains a significant
feature, causing morbidity and patient frustration [12].
Ultimately, long-term catheterisation is often required [8].

Anecdotal reports from people with MS have suggested
that cannabis might have a beneficial effect on LUTS, but it
could also produce too much detrusor-relaxant effect,
resulting in urinary retention [13]. A questionnaire study of
MS patients regularly using cannabis for symptom relief
[14] found that of those subjects with urinary problems,
over half claimed improvement in urgency. A recent
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uncontrolled study of cannabinoids has demonstrated
improvement in LUTS and urodynamic parameters in
patients with severe MS [15].

This ‘substudy’ presents the results for urge inconti-
nence from the Cannabinoids in Multiple Sclerosis
(CAMS) study [16], which had failed to show a significant
effect on the primary outcome of spasticity.

Methods

Subjects

Patients were recruited for the main CAMS study from 33
neurology and rehabilitation centres in the UK. Details of
inclusion and exclusion criteria have already been reported
[16].

All patients recruited to the CAMS study were assessed
for urge incontinence episodes (UIEs), with the exception
of those with a permanent catheter. As a result some
patients who did not have incontinence were included, due
to the relapsing and remitting nature of MS, at enrolment.
However, they were not excluded because they were part of
the intention-to-treat (ITT) group, and it was an opportu-
nity to assess new-onset incontinence in these patients.
Ethical approval was obtained from the South West
Multicentre Research Ethics Committee (MREC) as part
of the main CAMS study. Approval for the urodynamics
was obtained from local ethics committees at four
recruiting centres, where a subsample of patients under-
went urodynamics and 24-h pad tests.

Assessment of incontinence

All patients were asked to complete a 3-day urinary diary
(which has been shown to have a similar reliability as a 7-day
diary [17]) recording the number of UIEs at baseline and at
completion (week 13). At the same two time points, specific
questions were asked about incontinence within the United
Kingdom Neurological Disability Score (UKNDS) (used in
the CAMS study) and the King’s Health Questionnaire [18]
in keeping with the recommendations of the International
Continence Society (ICS) for outcome measures of studies
on incontinence [19]. In the CAMS study at week 15,
patients were asked four specific questions about the overall
effect of treatment on spasticity, tremor, pain and ‘bladder
function’ by the treating physician [16].

Urodynamic studies

These were performed in the subsample (four centres) at
baseline and at week 13. All methods, definitions and units
for urodynamic investigations were in accordance with the
recommendations of the ICS [20].

Prior to each urodynamic test, patients completed a 24-h
ICS pad test [21].

Outcome measure

The main outcome of this substudy was a reduction in
UIEs, as judged by the 3-day diary.

Procedure

Capsules were manufactured to contain 2.5 mg of Δ9-
tetrahydrocannabinol (THC) equivalent, and in the case of
cannabis extract, 1.25 mg of cannabidiol with less than 5%
other cannabinoids per capsule. Placebo capsules contained
the respective vegetable oil vehicle. Dose of study
medication was based on bodyweight, with a maximum
possible dose of 25 mg daily. Full details of allocation
sequence, implementation, attendances, dose adjustment
and adverse-event monitoring are presented elsewhere
[16]. Specific adverse events relevant to LUTS, e.g. urinary
tract infection (UTI), voiding difficulty, and urinary
retention, were recorded.

Statistical methods

Sample size for the main CAMS study was determined on
its primary outcome, muscle spasticity. A power calcula-
tion was applied to ensure this sample gave reasonable
power for this study of incontinence episodes. Because
there were no published data available to indicate the
distributions and differences to be expected for urge
incontinence, data from the questionnaire survey of MS
patients using illicit cannabis were used [14]. Assuming
67% of patients have urinary symptoms, and this reduces to
33% in both active groups, a sample size of 100 would
have an 87% power to detect this difference. Therefore, the
whole of the CAMS sample of 660 subjects was likely to
provide sufficient power for any clinically important
changes in UIEs.

Data entry and error checking were carried out by the
CAMS investigators [16]. Comparison of treatment groups
followed the approach specified for the CAMS study. SPSS
for Windows release 9 and MLwiN version 1 were used for
the analysis. All analyses were carried out according to an
analysis plan drawn up before unblinding and was by ITT.
A p value of 0.05 was taken to be significant.

Urge incontinence episodes were recorded at baseline
and at the end of treatment. According to the protocol all
counts were based on 3 days. The data were analysed using
a multilevel (two-level) log-linear model with a Poisson
response [22]. A Poisson response was modelled because
the data were typically highly skewed, as would be
expected where the responses were small counts. This
mixed model is similar to the ordinary general linear model
but allows for correlation between the observations [23]
and incorporates random effects representing differences in
rates of urge incontinence between patients. The latter
allows estimates to be adjusted for baseline imbalance. No
adjustments were made for multiple comparisons.



Results

Baseline data

The dispositions by treatment group and flow of partici-
pants in this substudy are presented in Fig. 1. Likewise,
baseline characteristics and demographics are presented in
Table 1.

There was imbalance in the proportion of patients with
urinary symptoms in each of the three main treatment
groups, both in those patients who fully completed the
urinary diaries (255) and in those who did not (267). More
patients randomised to THC reported urge incontinence
before treatment and had a higher rate of episodes. The
imbalance between treatment groups is present both in the
completed diary group and in the incomplete diary group.
However, Ashworth scores (a validated measure of spas-
ticity and the primary outcome for the CAMS trial) for
these two groups were identical (mean scores 21.1 and
20.3, and SD 9.1 and 8.5, respectively), suggesting these
variations were random. There were proportionately less
patients from the incomplete data group who reported

being incontinent, but this was evenly distributed in all
three treatment arms, suggesting these data were missing at
random, and the estimates are unlikely to be biased greatly
by these missing data [23].

Urge incontinence episodes

Between 54 and 75% of patients had baseline episodes of
fewer than two per day (cannabis extract, 72%; THC, 54%;
and placebo, 75%). This included continent patients as all
CAMS patients were included (657), and the intention was
to see if any developed incontinence during the course of
the study. Also, the analysis was based on ITT. Eighty-
eight patients were continent at baseline, of whom 21
became incontinent and 67 remained continent.

Of the total 630 patients in the ITT analysis of CAMS,
the questions on ‘bladder problems’ and ‘incontinence’ in
the UKNDS at baseline were completed by 592 (94%) and
471 (75%) patients, respectively. The numbers reporting
incontinence in the last month at baseline on UKNDS,
excluding those with indwelling catheters were 26 (38.8%)

Fig. 1 Trial profile for CAMS-LUTS



for cannabis extract, 41 (60.3%) for THC and 26(40.6%)
for placebo in the incomplete data group, and for the
completed data group, 42(56.8%) for cannabis extract, 50
(70.4%) for THC and 39 (66.1%) for placebo.

As can be seen there was a baseline imbalance, which
was controlled for using the statistical method described
under statistical methods. All three groups showed a
significant reduction, p<0.01, in adjusted episode rate (i.e.
correcting for the baseline imbalance) from baseline to the
end of treatment (Table 2), cannabis extract 38%; THC,
33%; and placebo, 18%. There was also a significant
treatment effect for each of the cannabis groups over
placebo; cannabis extract showed a 25% reduction
(p=0.005), and THC showed a 19% reduction (p=0.039)
relative to placebo.

In the main CAMS study patients were asked to assess
the treatment benefit at week 15. Those reporting
‘improvement in bladder function’ (not defined) were
44% for cannabis extract, 40% for THC and 33% for
placebo [16].

King’s Health Questionnaire

This was completed by subjects who reported a bladder
problem on UKNDS. There were no significant differences
in any of the domains.

Pad test

Reductions in pad test weight were greater in the active
treatment groups than in placebo [mean reduction of
44.7 ml for cannabis extract (n=9), reduction of 43.2 for
THC (n=10), and 43.9 ml for both cannabis treatments
combined vs a mean increase of 8.3 ml for placebo (n=7)]
(mean difference combined cannabis groups vs
placebo=52.1 ml, 95% CI=13.4–90.9 ml, p=0·001).

Urodynamic measures

There were no significant differences in changes in any of
the urodynamic parameters between the groups. At voiding
cystometry there was a trend to increasing voided volume
(mean increase of 40.7 ml for cannabis extract (n=15),
13.3 ml for THC (n=13), and a decrease of 73.7 ml for
placebo (n=13)) and reduced post-void residual (mean
reduction of 4.6 ml for cannabis extract, 39.6 ml for THC
and 56.7 ml increase for placebo). However, the sample
was small and variability was large, and the changes were
not statistically significant.

Table 2 Baseline and change in incontinence episodes

Baseline Adjusted change

N Unadjusted mean
episodes per day

Minimum Maximum Estimated change
from baseline (%)

95% confidence
interval

z value

Cannabis extract 88 1.53 0 10.67 0.616 (38%) 0.533–0.712 −6.554
THC 86 2.53 0 12.33 0.666 (33%) 0.579–0.767 −5.639
Placebo 81 1.39 0 24.00 0.822 (18%) 0.715–0.945 −2.761

Table 1 Baseline characteristics

Demographics N Cannabis extract Δ9-THC Placebo

n Mean (SD) n Mean (SD) n Mean (SD)

Age 255 88 50.6 (8.1) 86 49.9 (8.5) 81 50.2 (6.9)
BMI 255 88 25.1 (5.5) 86 26.3 (5.1) 81 25.5 (4.8)
Ashworth score 255 88 22.0 (9.0) 86 20.9 (9.5) 81 20.5 (8.7)
Form of MS N n Percentage (of column) n Percentage (of column) n Percentage (of column)
Relapsing/remitting 14 2 2.3 8 9.3 4 4.9
Primary progressive 61 20 22.7 18 20.9 23 28·4
Secondary progressive 180 66 75.0 60 69.8 54 66.7
Sex
Male 81 28 31.8 24 27.9 29 35.8
Female 174 60 68.2 62 72.1 52 64.2
Disposition
Permanent catheter 108 30 14.2 32 15.5 46 21.6
No diary data for analysis 267 93 44.1 88 42.8 86 40.4
Analysis group 255 88 41.7 86 41.7 81 38.0



Lower urinary tract adverse events

For each group adverse events involving the urinary tract
were reported in 64 of the cannabis extract group, 62 THC
and 73 placebo. Most were UTIs (33, 35 and 42,
respectively). No episodes of urinary retention occurred
in the cannabis extract group, but there were two in the
THC group and three in the placebo group.

For those patients in the substudy who had urodynamics,
there were four diagnoses of D-S-D before treatment (three
in THC group and one in placebo) and two after treatment
(one cannabis extract and one THC).

Discussion

This extra investigation to the main CAMS study set out to
evaluate the usefulness of cannabis in treating MS-related
urge incontinence. It was an “add-on” study to CAMS,
which was assessing spasticity. As a result, patients were
selected on this symptom rather than on incontinence. Due
to the obvious difficulties in obtaining cannabis this was
the only possible method of studying the effect on urge
incontinence in these patients.

The priority for data collection by the CAMS investi-
gators was the primary outcome (spasticity), and as a result,
a lesser degree of supervision and encouragement for
completing the urinary diaries might have occurred. This is
a possible explanation for the large amount of missing data.
Whilst this was disappointing, and could bias the results,
the comparison of characteristics between those complet-
ing and not completing diaries suggests the data were
missing at random, reducing the likelihood of bias. The
group completing the diaries appeared to be representative
of the whole population.

The results of this substudy have shown a significant
reduction in UIEs from baseline in both cannabis groups of
between 33 and 38% from baseline compared with an 18%
reduction for placebo. It has already been shown that a 25%
reduction in urge incontinence might be clinically signif-
icant [24]. Further support for a positive treatment effect
comes from the pad test results that showed lower volume
loss in the treatment groups, although the tests were
performed on a small sample only.

This is the first attempted randomised controlled trial
(RCT) of cannabis for urge incontinence in patients with
MS. While the findings should be interpreted cautiously,
because of missing data, nonetheless, over 250 patients
were assessed, and the results suggest a possible treatment
effect (the statistical model controlled for the baseline
imbalance [23]).

Why there was an objective improvement in UIEs (in
this study) and subjective change in other bladder symp-
toms (in CAMS), yet no improvement in spasticity, is
unknown. It is possible that the effects on different
symptoms might be dose-related.

Urodynamics

On urodynamics there were no statistically significant
changes (although trends exist), possibly because of the
high dropout rate. This was an extra investigation to those
of the main CAMS study, and many patients refused to
undergo urodynamics.

A larger urodynamic study alone is therefore required.
However, some data from an uncontrolled trial have
shown improvement in urodynamic measures following
cannabinoids [15].

Quality of life

The lack of improvement in quality of life (QoL) as judged
by the King’s Health Questionnaire despite a clinically
significant reduction in UIEs [24] is unclear. Patients had
more severe MS, so spasticity and immobility were
possibly more bothersome than incontinence. However, it
is also possible that cannabis did not improve incontinence-
related QoL for these patients.

Adverse events

There were few adverse events related to the urinary tract
other than UTI. The main concern of worsening of D-S-D
and urinary retention occurred in only two patients with
Δ9-THC compared with three taking placebo. Other side-
effects have already been reported in the main study [16],
and the drug appeared to be well tolerated.

Mechanism of action

It is possible that cannabinoids relax the detrusor smooth
muscle during filling and so improve NDO, while not
affecting the striated muscle of the rhabdosphincter (thus
not worsening D-S-D). Support for this comes from animal
studies [25] and the demonstration of cannabinoid receptor
(CB1) immunoreactivity in the lower urinary tract [26, 27].
It is possible that cannabinoids act both centrally and
peripherally for LUTS [28].

Overall evidence

Most MS patients are treated with anticholinergic drugs
with or without self-catheterisation [8]. Anticholinergics
often produce inconsistent results with a high incidence of
side effects. Intravesical administration of vanilloids such
as capsaicin [10] have shown encouraging results but can
cause pain due to the initial stimulation of C-fibres.
Resinoferatoxin [9] produces less pain, but few RCTs have
been performed as of yet. The long-term effects of
intravesical administration of vanilloids on the bladder
mucosa are unknown.



Botulinum toxin inhibits acetylcholine release at the pre-
synaptic cholinergic junction, and when injected into the
detrusor, it has improved incontinence in spinal cord injury
patients and in those with refractory overactive bladder [11,
29]. Non-invasive electrical stimulation or implanted sacral
nerve stimulation might be considered, but evidence of
their efficacy in MS is lacking. Often, catheterisation or
surgery is required for many patients.

The findings from this and other studies [15] suggest that
cannabis might be a treatment option before permanent
indwelling catheterisation or invasive treatments such as
surgery, but further large RCTs randomising on the basis of
incontinence are required.
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