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Abstract: Sialorrhea is a significant problem in advanced Par-
kinson’s disease (PD). Current treatment options include sys-
temic anticholinergics which frequently cause side effects. We
hypothesized that sublingual application of ipratropium bro-
mide spray, an anticholinergic agent that does not cross the
blood brain barrier, may reduce drooling without systemic side
effects. We performed a randomized, double blind, placebo-
controlled, crossover study in 17 subjects with PD and bother-
some drooling. Patients were randomized to receive ipratro-
pium bromide or placebo (one to two sprays, maximum of four
times per day) for 2 weeks followed by a 1 week washout and
crossover for further 2 weeks of treatment. The primary out-
come was an objective measure of weight of saliva production.

Secondary outcomes were subjective rating of severity and
frequency of sialorrhoea using home diaries, United Parkin-
son’s Disease Rating Scale (UPDRS) part II salivation sub-
score, parkinsonian disability using UPDRS, and adverse
events. Ipratropium bromide spray had no significant effect on
weight of saliva produced. There was a mild effect of treatment
on subjective measures of sialorrhea. There were no significant
adverse events. Ipratropium bromide spray was well tolerated
in subjects with PD. Although it did not affect objective mea-
sures of saliva production, further studies in parkinsonism may
be warranted. © 2007 Movement Disorder Society
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Excessive drooling of saliva (sialorrhea) is a common
and bothersome complication of Parkinson’s disease
(PD).1 While saliva production may be reduced in PD,2

sialorrhea is mainly due to dysphagia. Yet, current treat-
ment options are aimed at reducing saliva release with
either oral or patch anticholinergic medications.3 Unfor-
tunately, use of such medications is often limited due to
systemic side effects, including confusion, hallucina-
tions, or urinary retention. Other approaches used to treat
intractable drooling include botulinum toxin A and bot-
ulinum toxin B injections into the parotid and/or sub-

mandibular glands to block acetylcholine release from
autonomic parasympathetic neurons.4,5 However, such
treatments necessitate repeated injections, which are
costly and may exacerbate dysphagia.

A simpler approach to reduce saliva production may
be the local application of an anticholinergic into the
mouth. Atropine drops in a dose of 1 drop b.i.d. (one
drop containing 5 mg atropine in 1% wt/vol) were found
to be effective in an open label study in six PD subjects;
however, systemic side effects still occurred, including
delirium and hallucinations.6 An alternative may be to
use an aerosol spray directly into the mouth. Ipratropium
bromide spray is an anticholinergic agent currently used
as a bronchodilator for patients with asthma and chronic
obstructive pulmonary disease.7 It blocks muscarinic re-
ceptors, thereby decreasing salivary secretion, up to 10%
of patients using ipratropium bromide report dry mouth
as a side effect.8 This drug has a favorable side effect
profile and is currently widely used and well tolerated in
the treatment of pulmonary disorders. The risk of central
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antimuscarinic effects is minimal as ipratropium does not
cross the blood brain barrier.9 Systemic absorption of
ipratropium bromide aerosol spray is low, thus minimiz-
ing potential systemic anticholinergic side effects.
We therefore performed a randomized, double blind,
placebo-controlled, crossover study designed to assess
the safety, tolerability, and efficacy of ipratropium bro-
mide spray as a treatment of PD-related drooling.

SUBJECTS AND METHODS

Subjects

Seventeen subjects were recruited from the Movement
Disorders outpatient clinic at the Toronto Western Hos-
pital, after institutional ethics review board and Health
Canada approval. The study was registered at Clinical-
Trials.gov; NCT00296946. Written informed consent
was obtained from each subject. Inclusion criteria in-
cluded a diagnosis of idiopathic Parkinson’s disease
(PD) according to the UK Parkinson’s Disease Society
Brain Bank criteria,10 age over 18 years and bothersome
drooling [United Parkinson’s Disease Rating Scale (UP-
DRS) part II, item 6, salivation score rating of two or
higher]. Subjects had to be on stable PD and concomitant
medications for the preceding 1 month. In addition, sub-
jects or a caregiver had to be able to complete a daily
home diary and subjects had to be able to tolerate oral
dental rolls for 5-minute periods for saliva measure-
ments. Exclusion criteria were a known hypersensitivity
to ipratropium bromide; the concurrent use of acetylcho-
linesterase inhibitors, cholinergic agents, or anticholin-
ergic agents; botulinum toxin for drooling within the past
4 months; a history of glaucoma; the presence of clini-
cally significant urinary retention or outflow obstruction
as evidenced by patient history or documented urody-
namic studies; active psychosis with hallucinations (a
prior history of hallucinations or on current treatment
with no active evidence of psychosis was not an exclu-
sion criteria); or allergy to peanuts or soybeans. Pregnant
and nursing mothers were also excluded.

Study Design

The study was a randomized, double blind, placebo
controlled, crossover design. At the screening visit (Visit
1), enrolled patients underwent a complete history and
physical examination including documentation of UP-
DRS scores (Parts I–IV). All patients and caregivers
received detailed instruction and training in how to com-
plete daily home diaries in which severity and frequency
of drooling were recorded (see below). Patients under-
took two practice days completing the diaries before the
next visit.

At Visit 2, 1 to 2 weeks after Visit 1, subjects were
randomized to receive ipratropium bromide or matching
placebo, in a double-blind, crossover design using ran-
domisation tables. Study drug was dispensed as a me-
tered-dose spray bottle of ipratropium bromide or iden-
tical placebo prepared by the Toronto Western Hospital
Clinical Trials Pharmacy. Subjects were instructed to use
one to two metered doses (sprays) sublingually of study
drug (21 �g of ipratropium bromide per metered dose
spray) or matching placebo, as needed, up to a maximum
of four times per day (maximum daily dosage 168 �g
ipratropium bromide). The minimum interval between
doses was 4 hours. The total length of treatment was 2
weeks. At the end of the treatment period, subjects re-
turned for Visit 3 followed by a 1 week wash-out period.
Subjects then received either ipratropium bromide or
placebo in a cross-over design at Visit 4. Study proce-
dures were identical in the second arm, and subjects
returned for the final visit (Visit 5) after completion of
the second 2 week treatment period. Midway through
each treatment arm, subjects were contacted via tele-
phone to review any adverse events. All nonstudy med-
ications were continued without changes during the
course of the study. The total study period was 6 to 7
weeks.

Outcome Measures

The primary outcome measure was an objective mea-
sure of saliva production.11 Cotton dental rolls (3.5 � 0.5
cm2) were inserted into the mouth for 5 minutes. The
number of rolls used was the maximum tolerated by the
subject (average three to five rolls) and was identical at
each assessment. Subjects were instructed to sit upright
and refrain from swallowing or speaking while the rolls
were in place, in addition, they were advised not to eat or
drink for 1 hour before testing. Measurements were
performed at the same time of day for each visit. Patients
were all in the “on levodopa medication” state. The
difference between the weight of the dental rolls before
and after insertion was calculated as an objective mea-
sure of saliva production. Assessments were performed
before (baseline) and at the completion of each treatment
arm (Visits 2, 3, 4, and 5). At the end of each treatment
arm, (Visits 3 and 5), a measurement 1 hour after treat-
ment with two sprays of study drug was performed. A 1
hour time interval was chosen as peak effect of ipratro-
pium bromide is 1 to 2 hour post dose.12

Secondary outcome measures included subjective as-
sessment of saliva production using UPDRS part II, item
6, salivation score, at baseline and after each treatment
arm (Visits 2, 3, 4, and 5). In addition, subjects or their
caregivers documented the number of sprays adminis-
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tered in a home diary for each day of the 2 week
treatment periods. Subjects or their caregivers also re-
corded the severity and frequency of drooling saliva
before and 1 hour after the spray using a validated
subjective rating scale for drooling.13 Thus drooling se-
verity was rated on a scale of 1 to 5: 1: dry, never drools;
2: mild, only lips wet; 3: moderate, wet on lips and chin;
4: severe, drools to extent that clothing becomes damp;
5: profuse, clothing, hands, tray, and objects become wet.
Drooling frequency was rated on a scale of 1 to 4: 1:
never drools, 2: occasionally drools, 3: frequently drools,
4: constantly drools. Motor function and parkinsonism
was measured at each study visit using total and part III
motor scores of the UPDRS (on levodopa medication).
Tolerability was assessed by questioning subjects and
caregivers about side effects at each study visit and
during telephone contact. Also, subjects or caregivers
noted any adverse events on home diaries.

Statistical Analysis

The scores for objectively measured saliva production
before and following ipratropium bromide and placebo
treatment were compared using parametric repeated
measures analysis of variance (ANOVA). Results from
the scales assessing the subjective measures of sa-
liva production and UPDRS ratings were compared
using Friedman’s nonparametric analysis of variance

(ANOVA) followed by post-hoc Dunn’s multiple com-
parison test. Diaries were analyzed for number of sprays
used over the total 2 week treatment arm as well as
change in subjective drooling severity and frequency
ratings pre- and 1 hour post-study sprays using appro-
priate t tests. No prior studies have assessed use of
ipratropium bromide in PD patients to perform formal
power calculations; 15 to 20 patients were therefore
estimated, depending on drop-out rate.

RESULTS

Seventeen patients were enrolled and 15 completed
the study. Two randomized patients did not complete the
study due to nonmedical reasons (see Fig. 1). Patient
demographics are in Table 1. No patient had previously
been treated with botulinum toxin for drooling. There
was no significant difference in weight of saliva mea-
sured at baseline or at the end of 2 weeks treatment with
ipratropium bromide compared with placebo (P � 0.05,
Repeated Measures ANOVA F(3–56) � 0.8250, n � 15)
(Fig. 2a). There was also no significant difference in
weight of saliva before and 1 hour after dosing with
study spray at the end of each treatment arm (P � 0.05,
Repeated Measures ANOVA, F(3–56) � 0.9745, n � 15)
(Fig. 2b).

There was an effect of treatment on UPDRS part II,
question 6 salivation subscore (P � 0.05, Friedman test,
F(4–70) � 9.041, n � 15) (see Fig. 3). However, post-hoc
analysis showed no significant effect between ipratro-
pium bromide and placebo (Dunn’s Multiple Compari-
son Test, all P � 0.05) (see Fig. 3). There were no
carry-over effects during the cross-over period. Thus,
there was no significant difference in the weight of saliva
or UPDRS II part 6 salivation scores at each baseline
visit (Figs. 2a and 3).

The daily home diaries were completed by all sub-
jects/caregivers. There was no significant difference in
total number of sprays used between ipratropium bro-
mide and placebo treatment. The mean (� s.d.) total
number of sprays of ipratropium bromide per patient
over 2 weeks was 66.3 � 28.5 compared with 63.7 �

TABLE 1. Patient demographics

Sex 15 M/2 F
Age (yr); mean (range) 70 (54-85)
Time since diagnosis (yr) mean (range) 10.8 (3-21)
On levodopa medication UPDRS III; median

(range) 27 (10-65)
On levodopa medication UPDRS II salivation

part 6; median (range) 3 (2-4)
Duration of levodopa (yr) mean (� s.d.) 8.8 (�5.5)
Levodopa-dose equivalent (mg) mean (� s.d.)14 903.3 (�491.3)
Use of botulinum toxin for drooling 0/17

FIG. 1. Flow diagram from screening through completion of the study.
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26.8 with placebo (P � 0.05, paired t test). With both
ipratropium bromide and placebo, there was a significant
effect of treatment on severity ratings recorded in the
daily home diary before (pre) and 1 h after (post) use of
the spray. Thus, the mean (� s.d.) severity rating
preipratropium bromide spray was 2.3 � 0.8 and 2.0 �
0.7 posttreatment (P � 0.01, paired t test) and 2.1 � 0.7
preplacebo spray and 1.9 � 0.7 after (P � 0.01, paired t
test). However, there was no significant difference in the
decrease in postspray scores between ipratropium bro-
mide and placebo; thus, the decrease in scores (pre–post)
with ipratropium bromide was 0.3 � 0.7 compared with
0.2 � 0.7 with placebo (P � 0.05, unpaired t test).
Similarly, there was a decrease in frequency of drooling
pre- and posttreatment with both ipratropium bromide
and placebo as recorded in the daily home diaries (P �
0.01, paired t tests). However, there was also no signif-
icant difference between the decrease in frequency score
(pre–post) with ipratropium; 0.2 � 0.6 and placebo,
0.2 � 0.6 (P � 0.05, unpaired t test).

There was no change in PD symptoms as measured
using total and motor UPDRS part III. Thus mean (�
s.d.) “on-levodopa” UPDRS III scores were 28.87 �
14.11 at baseline before ipratropium bromide and
28.80 � 14.93 after treatment; and 27.70 � 12.65 before
and 28.33 � 14.63 after placebo (P � 0.05, Friedman

test followed by Dunn’s multiple comparison test, F �
4.330(3–56), n � 15). Mean “on-levodopa” total UPDRS
scores were 50.44 � 24.02 before and 48.25 � 25.03
after ipratropium bromide; and 49.22 � 22.06 before and
49.81 � 23.45 after placebo (P � 0.05, Friedman test
followed by Dunn’s multiple comparison test, F �
4.50(3–56), n � 15).

One patient developed dry nasal passages and an as-
sociated nose bleed that was assessed as being possibly
related to the study drug. This did not necessitate change
in treatment. There were no effects on bladder function
and no cognitive or psychiatric problems. There were no
other adverse events reported.

DISCUSSION

Ipratropium bromide spray did not significantly reduce
the weight of saliva production but may have a mild
effect on subjective measures of sialorrhea in PD. Of
importance, the treatment was well tolerated without any
anticholinergic side-effects. Six subjects continued with
open-label ipratropium bromide spray after the study had
completed.

The potential for ipratropium bromide spray to reduce
sialorrhea relates to antagonism of parasympathetic con-
trol of salivary glands and thus reduced saliva release.
However, the exact dosage or timing of the spray re-
quired is not known. The lack of significant effect on
weight of saliva between ipratropium bromide and pla-
cebo use was unrelated to amount of spray used, as the
total number of sprays recorded was similar between the
two treatments. It is currently unknown if in PD patients,
dosing may need to be increased or continued for a
longer duration to be more effective against drooling.
However, small, unblinded, case series have assessed the
use of ipratropium bromide spray in clozapine-induced
hypersalivation and have reported some success with
lower dosing schedules of one to two sprays/day.15,16 The
timing of ipratropium bromide used here was estimated
from recommended use of such sprays in chronic bron-

FIG. 3. Effect of treatment with ipratropium bromide and placebo
spray on UPDRS II, part 6 salivation subscore at baseline and at the end
of 2 weeks treatment. Data shows mean (� s.d.); n � 15. *P � 0.05
Friedman test.

FIG. 2. (a) Saliva production before (baseline) and at the end of 2
weeks treatment with ipratropium bromide spray (ipratropium) or pla-
cebo spray in PD. Data show mean weight of saliva (g) (� s.d.); n �
15; n.s. � non-significant using Repeated Measures ANOVA. (b)
Effect of ipratropium bromide and placebo on saliva production at the
end of the 2 week treatment period measured before and 1 h after dose
of study drug (two sprays). Data show mean weight of saliva (g) (�
s.d.); n � 15; n.s. � non-significant Repeated Measures ANOVA.
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chitis. Thus speed of onset is 5 to 15 minutes with peak
effect at 1 to 2 hour and duration up to 6 hour.12 How-
ever, the timing of effects on salivary gland function is
not known. In addition, compliance with accurate use of
the spray directed towards the salivary glands rather than
swallowed is unknown. Patients were observed using the
spray and corrected if inaccurate, when seen at each visit.

Timing of the objective salivary measurements also
may have impaired the ability to detect a significant
difference. Although the assessments were kept to the
same times as far as possible in both relation to meals
and medications, saliva production varies throughout the
day, and is influenced by multiple factors. Measurements
were performed in the ‘on medication state’ for ease of
patient access to the clinic, but frequently PD patients
report sialorrhea as on off-period symptom. However, in
more advanced PD the benefits of L-dopa on sialorrhea
are frequently less than in early disease.

In PD, sialorrhea is primarily due to dysphagia as well
as a tendency to keep the mouth open and a stooped
posture; salivary production is actually reduced.2 Thus,
measuring the volume of saliva produced as a means of
assessing sialorrhea in PD may not detect the impact of
a treatment on drooling, as would rating impact on over-
all quality of life. However, this study was designed as a
phase II study primarily to determine preliminary signs
of efficacy of ipratropium bromide in reducing salivary
production, and, as such, quality of life scales were not
included. Such ratings would be appropriate for a larger
phase III study. In addition, clinical studies in PD are
frequently compromised by large placebo effects, partic-
ularly with subjective measurements. Therefore, an ob-
jective measurement of saliva levels was deemed the
most sensitive way of measuring any potential change in
drooling due to ipratropium. In fact, the “placebo ” effect
was seen in the significant decrease in subjective ratings
of severity and frequency of drooling recorded by the
patients/care givers in the diary cards, after use of both
the ipratropium bromide and placebo sprays (although,
there was no significant difference in the decrease be-
tween ipratropium bromide and placebo).

To date, there are no well-validated scales of measur-
ing drooling in PD. The UPDRS part II has a single
question related to salivation. The subjective scale used
in this clinical trial is validated for drooling in other
neurological and medical conditions and is not specific
for PD. Thus, potential benefits in the use of ipratropium
bromide may not have been detected using the scale in
this study. A recent study, published after completion of
this clinical trial, has proposed a promising new scale for
sialorrhea in PD, which awaits further validation.17 This
scale incorporates a range of aspects of sialorrhea includ-

ing frequency of drooling, amount, and impact on daily
life.

In conclusion, this randomized, double blinded, pla-
cebo-controlled clinical trial failed to show an effect of
ipratropium bromide spray on objective measures of
drooling in PD. It is important to note that the sample
size was small and the study may have been underpow-
ered. Nevertheless, the spray was well tolerated in this
population, caused no serious adverse events and did not
worsen PD. Six patients continued after the study sug-
gesting they had derived benefit. Future studies of ipra-
tropium bromide spray in PD using a higher dosage or
longer treatment, with measures of quality of life, may be
warranted, as well as studies in other parkinsonian syn-
dromes with more bothersome drooling such as multiple
system atrophy or progressive supranuclear palsy.
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