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Abstract—Objective: To investigate the effectiveness of botulinum neurotoxin (BoNT) type A in reducing salivary flow
rate in children with cerebral palsy (CP) with severe drooling. Methods: During a controlled clinical trial, single-dose
BoNT injections into the submandibular salivary glands were compared with scopolamine treatment. Forty-five school-
aged children were included. Salivary flow rates from all major glands were obtained at baseline and compared with
measurements during the interventions. Basic statistics consisted of analysis of difference scores. Results: Compared with
baseline, the mean decrease in submandibular flow was 25% during scopolamine and 42% following BoNT injections. The
difference scores were significant with maximum reductions 2, 4, and 8 weeks following BoNT. Of all children, 95%
responded during scopolamine. Response rates for BoNT were significantly lower and varied from 69% at 2 weeks to 49%
at 24 weeks after injection (the end of the study). Four patients discontinued scopolamine therapy because of side effects.
Only incidentally mild side effects were reported from BoNT. Conclusions: Intraglandular BoNT injections significantly
reduce salivary flow rate in the majority of drooling CP children, demonstrating high response rates up to 24 weeks. The
procedure is simple to perform, effective, and safe when ultrasound guidance is used. The anticholinergic effect of BoNT
exceeds that of scopolamine. As anticholinergic drugs are frequently contraindicated because of side effects, BoNT
injections offer an alternative in the treatment of drooling.
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The efficacy of botulinum neurotoxin (BoNT) injec-
tions in the salivary glands to treat drooling is
promising.1-3 For safe injections and optimal results,
ultrasound guidance is needed. In addition, anesthe-
sia is required when children are treated.4,5 From the
pharmacologic profile of BoNT, an appreciable anti-
cholinergic effect can be expected.6,7 In particular,
type A toxin cleaves synaptosomal associated protein
(SNAP-25), an enzyme involved in the release of ace-
tylcholine at the presynaptic membrane of parasym-
pathetic nerves. However, its capability to reduce the
salivary flow rate has not yet been established. Un-
certainty still exists about the efficacy and duration
of the effect. Preliminary reports, presenting case
series or small cohort studies, describe different
techniques for evaluation.1-3,8 The reader cannot con-
clude whether the use of BoNT would be an improve-
ment over other interventions. BoNT is an
anticholinergic agent. The use of other anticholin-
ergic drugs to treat drooling has been reported re-
peatedly in the literature, and an extensive clinical
practice exists in the application of this medication.

The objective of this study was to investigate the

effectiveness of BoNT to reduce salivary flow rate in
drooling children with cerebral palsy (CP). A con-
trolled clinical trial has been performed in which
BoNT injections of the submandibular glands were
compared with treatment with scopolamine. The re-
sults of quantitative measurements of salivary flow
rates are summarized. The null hypothesis that
“there would be no difference in effectiveness of flow
reduction between scopolamine and BoNT” was
tested.

Methods and materials. Patients. Fifty-three consecutive pa-
tients with the diagnosis of CP were screened in the outpatient
clinic between January 2000 and November 2001. Forty-five se-
verely drooling children were included, according to the criteria as
tabulated in table 1. All drugs used were carefully evaluated to
assess their influence on saliva secretion. Continuous use of anti-
cholinergic drugs or benzodiazepines was not allowed. In particu-
lar, clonazepam was a reason for exclusion. Throughout the study,
no change in medication was allowed. Medication to treat drooling
had to be stopped at least 3 months before participation. All pos-
sible adverse effects and risks related to the study were explained
to the parents, and written informed consent was obtained. The
hospital’s Human Research Committee approved the study.

Design. In this controlled “open-label” clinical trial, salivary
flow rate measurements from all major salivary glands were per-
formed during scopolamine application, which were compared
with the results of BoNT injections in both submandibular glands.
An independent observer assessed the primary outcome parame-
ter (salivary flow rate), blinded for the status of the participating
patients. This was achieved by varying the number of baseline

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the October 26 issue to find the title link for this article.

From the Departments of Rehabilitation (Drs. Jongerius and Gabreëls), Pediatric Neurology (Dr. Rotteveel, K. van Hulst), and Otorhinolaryngology (Dr. van
den Hoogen), University Medical Centre “St. Radboud,” and Sint Maartenskliniek (Dr. van Limbeek), Rehabilitation Centre, Nijmegen, the Netherlands.
Supported by a grant from the Johanna KinderFonds, a fund-raising consortium in the field of child rehabilitation, Arnhem, the Netherlands.
Received December 9, 2003. Accepted in final form June 3, 2004.
Address correspondence and reprint requests to Dr. P.H. Jongerius, Department of Rehabilitation, University Medical Centre “St. Radboud,” PO Box 9101,
6500HB, Nijmegen (720), the Netherlands; e-mail: p.jongerius@reval.umcn.nl

Copyright © 2004 by AAN Enterprises, Inc. 1371



measurements among the patients according to a predetermined
schedule.

In view of side effects, the protocol anticipated that some of the
patients might not complete the scopolamine period. If scopol-
amine was used !48 hours, the patient was considerate a dropout.
If scopolamine was discontinued after 48 hours, the patient re-
mained in the study, provided a salivary flow measurement was
obtained within the first 24 hours after discontinuing the therapy.

Procedures. Scopo-derm TTS 1.5 (Novartis Consumer Health
BV, Breda, the Netherlands), a sticky plaster containing 1.5 mg of
the anticholinergic drug scopolamine, was placed behind the ear
for a maximum of 10 to 14 days. After clear instructions, parents
were asked to fill out a daily form to register side effects. Assess-
ment was scheduled on the 10th day with the plaster still in place.
After a washout period of 2 to 4 weeks, the child was admitted for
outpatient treatment. Under general anesthesia, a single dose of
BoNT (Botox; Allergan, Nieuwegein, the Netherlands) was in-
jected bilaterally in the submandibular glands, using a 10-mL
syringe. The total dosage, divided between the left and right
glands, depended on the body weight: 30 U for children weighing
!15 kg, 40 U for children with a body weight between 15 and 25
kg, and 50 U for children weighing "25 kg. On injection, each
dose was fractionated and divided over minimally three sites in
the gland. To locate the glands, ultrasound guidance was per-
formed using a system (SAL 250; Toshiba, Japan) equipped with a
7.5-MHz transducer.4 The submandibular glands were injected as
it is generally accepted that these glands produce 60 to 70% of
secreted resting saliva.9 Saliva produced during eating and drink-
ing is produced mainly by the parotid glands, with which we did
not want to interfere.

Follow-up measurements were planned at 2, 4, 8, 16, and 24
weeks after BoNT. Parents were asked to register side effects in a
diary.

Before the assessment, the mouth was cleaned and dried by
gauze. To measure salivary flow rate, the “swab method” was
used, during which absorbent cotton rolls (Salivette; Sarstedt B.V,
Etten-Leur, the Netherlands) were placed directly at the orifices
of the submandibular, sublingual, and parotid glands for 5 min-
utes. The procedure was always executed by the same speech
therapist in the same environment. Patients were evaluated in
the morning after at least 1 hour of starvation and while awake
and sitting erect. Special attention was paid to the body posture

with the head in an upright position. The flow rate was calculated
by the following formula: salivary flow rate (mg/min) # (weight
increase of rolls [mg]/time of collection [min]). As the specific grav-
ity of saliva is 1.0, the results were converted to milliliters per
minute. The procedure was repeated after 30 minutes. The mean
of the two measurements was the outcome variable.

Because of the close anatomic relation between the sublingual
and submandibular glands, separate flow rates could not be ob-
tained. The compound salivary flow from these two glands is re-
ferred to as submandibular flow (SubFl). The salivary flows from
the right parotid (PaRFl) and the left parotid gland (PaLFl) were
also assessed. The total salivary flow (TSFl) is the summation of
SubFl, PaRFl, and PaLFl.

Statistics. A power analysis was performed to calculate the
required number of patients. Approximately 40 subjects were
needed to reach a power of 80% with an $ of 0.05. The difference
between the two episodes of treatment had to be at least 1 SD.
Assuming a dropout percentage of 7%, the inclusion of 45 subjects
would have sufficient power. Because of the complexity of the
design and vulnerability of the patients, missing data were inevi-
table. For this reason, data were adjusted by last observation
carried forward (locf) and by a worst case scenario (wcs) system.
In the wcs procedure, all missing data were replaced by baseline
values. In this way, the difference in potential effect for both
therapies was “reduced” by introducing a bias toward the null.

A multivariate analysis of variance (MANOVA) was executed
to identify patterns of response using a within-subjects design
with the subsequent measurement times as the variables. In addi-
tion, paired samples t-tests were done for SubFl as well as TSFl
data to analyze difference scores in flow rate.

To quantify the measurement error of the swab method, the
within-subjects SD was estimated from repeated baseline mea-
surements of each patient that were performed under standard-
ized conditions.10 The biologic variation and the between-subjects
variation in salivary flow rate and the error in the measurement
procedure itself influence the magnitude of the within-subjects
SD. For the clinician, the within-subjects SD clarifies whether a
change in flow rate is the result of measurement error alone or the
outcome of an applied intervention. In this study, success of either
scopolamine or BoNT treatment was defined as a decrease in
SubFl of "1.0 within-subjects SD. For all statistics, a level of
significance with a p value of !0.05 was obligatory.

Results. Forty-five children were included (figure): 28
boys and 17 girls, age 3 to16 years (mean 9.5, SD 3.7
years). No child was excluded because of use of medication.
Of all patients, 21 did not use medication, 4 patients inci-
dentally used benzodiazepines to treat epileptic seizures,
and 2 patients stopped medication that was given to treat
drooling. None of the patients had BoNT before. By the
end of the trial, six dropouts had occurred: Four patients
could not fulfill the scopolamine period, one changed anti-
epileptic medication, and one did not attend the required
measurements because of intercurrent illness not related
to the trial. The results of 39 patients were analyzed ac-
cording to an “intention-to-treat model.”

There were no missing values in the baseline data. Of
all other measurement, 21 missing values, representing
6.7% of the total, were estimated as follows (number of
missing/number of patients): scopolamine (4/39), washout
(1/39), BoNT-2 (2/39), BoNT-4 (9/39), BoNT-8 (2/39),
BoNT-16 (2/39), BoNT-24 (1/39). Primary analyses of sali-
vary flow rates were done in the locf data. Descriptive
statistics of the consecutive measurement moments are
tabulated (table 2). Compared with baseline, the mean sal-
ivary flow rates of SubFl as well as TSFl decreased during
scopolamine application and after BoNT injections (see fig-
ure E-1 on the Neurology Web site; go to www.neurology.
org). With the SubFl at each moment in time defined as
the within-subjects variable, a MANOVA, with a repeated
measurements design, was executed to evaluate the pat-

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Children (boys and girls) of preschool and school age (3–18 y)

Diagnosis of cerebral palsy

A score of "3 on the Teacher Drooling Scale,19 indicating
severe drooling

All medication taken to treat drooling stopped at least 3 mo
before start of study

Minimal body weight 8 kg

Informed consent obtained

Caretakers have high enough cognitive ability to participate in
study

Readiness to participate for %8 mo

Exclusion criteria

The child is enrolled in another medical study

Previous surgical procedures in the oral or nasal cavity
interfering with saliva production

Treatment with BoNT for another indication in previous 6 mo

Known hypersensibility to Botox or any part of the formulation

The use of drugs that interfere with saliva secretion

Known systemic diseases (bronchial asthma, congenital heart
failure, myasthenia gravis)

BoNT # botulinum neurotoxin.

1372 NEUROLOGY 63 October (2 of 2) 2004



tern of response of the assessments during the trial (Ho-
telling trace: F # 13.83; df [7.32]; p ! 0.001). An effect over
time was found, which is described in further detail by
analysis of difference scores (table 3). The procedure was
repeated for the TSFl (Hotelling trace: F # 7.892; df [7.32];
p ! 0.001). Because the between-subjects variation was
larger for the TSFl data, a natural log transformation was
done to stabilize the variance and patterns over time. A
MANOVA was executed (Hotelling trace: F # 15.029; df
[7.32]; p ! 0.001). Compared with baseline, the TSFl
changed in the same direction over time as the SubFl with
reduction during scopolamine application, return to base-
line level during washout, and a second decrease in sali-
vary flow rates following BoNT injections (see figure E-1
on the Neurology Web site).

If the washout period was chosen properly, the salivary

flow rates after “washout” of scopolamine should be in the
same range as baseline measurements.

A paired samples t-test was performed to calculate the
difference between baseline SubFl (locf data) and washout
(mean difference: 0.0119 mL/min; SD: 0.2165 mL/min; 95%
CI of the difference &0.0582 to 0.0821; p # 0.733). No
significant difference was found, indicating that the length
of the washout period was sufficient. This finding mini-
mizes the probability of a carryover effect from scopol-
amine treatment to the BoNT injection period.

Compared with baseline, SubFl showed a mean reduc-
tion of 24.7% during scopolamine and a mean reduction of
42.4% 2 weeks after BoNT. Table 3 presents the changes
in SubFl from baseline to the measurements after the
treatments. The greatest reductions in salivary flow were
achieved 2, 4, and 8 weeks following BoNT. The SubFl
appeared to increase slightly after BoNT-8 but remained
significantly different from baseline.

The mean differences between the individual BoNT as-
sessments and scopolamine were also analyzed (see table
3). BoNT measurements 2, 4, and 8 weeks after injections
showed significantly greater reduction compared with sco-
polamine. Between the 8th and the 16th week after BoNT,
this significance disappeared.

Analysis of wcs data did not lead to different results
comparing baseline with both treatments. However, no sig-
nificant difference in salivary flow reduction could be
found comparing scopolamine and BoNT.

In this study, the within-subjects SD of the baseline
measurements was 0.11 mL/min (see Methods and Materi-
als), which is acceptable regarding the mean SubFl of 0.40
mL/min. Success with scopolamine was achieved in 94.9%
of the children. Success rates for BoNT were as follows:
BoNT-2 (69.2%), BoNT-4 (64.1%), BoNT-8 (61.5%),
BoNT-16 (48.7%), and BoNT-24 (48.7%). The McNemar
test was used to compare the response rate after scopol-
amine with the response rate 2 weeks after BoNT (p #
0.002). In favor of scopolamine, there appeared to be a
significant difference in the number of patients that re-
sponded according to our definition.

Adverse effects during application of scopolamine were
reported in 82.2% of patients. Side effects due to scopol-
amine became apparent within the first 3 days of adminis-
tration, and several patients had more than one symptom.
Five patients (11.1%) had “mild,” 14 patients (31.1%) had
“moderate,” and 18 patients (40%) had “severe” side ef-
fects. Most often reported adverse effects were xerostomia
in 66.7% of cases, restlessness in 35.6%, somnolence in
35.6%, blurred vision in 20%, and confusion in 20% of
cases. No morbidity was seen in relation to the general
anesthesia. Following BoNT injections, incidental side ef-
fects were reported. Two patients (5.1%) had a transient
flu-like syndrome lasting for !2 days. Another two pa-
tients had mild difficulty in swallowing. This was ascribed
to local swelling, which subsided in a few hours. In one
patient, moderate difficulty with swallowing developed af-
ter 1 week and was present for 10 days. It was theorized
that this could be the result of diffusion of BoNT into the
surrounding muscles, which would explain the 1-week in-
terval for the symptoms to develop. However, when one
considers the physiologic action and the process of reinner-
vations, it is difficult to understand how the problem could
disappear within 10 days.

Figure. Flow diagram of patient’s progress through
phases of the trial.

Table 2 SubFl at baseline and follow-up measurements (n # 39)

Mean, mL/min SD, mL/min Median, mL/min

Baseline 0.41 0.22 0.37

Scopolamine 0.31 0.18 0.28

Washout 0.40 0.22 0.37

BoNT2 0.24 0.15 0.22

BoNT4 0.25 0.18 0.20

BoNT8 0.23 0.15 0.20

BoNT16 0.27 0.19 0.24

BoNT24 0.28 0.16 0.28

SubFl # submandibular flow; BoNTX # measurements at subse-
quent times (wk) after botulinum neurotoxin injections.
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Discussion. Persistent drooling is a serious medi-
cal and social problem. The general opinion still is
that neither conservative therapy (speech therapy,
behavioral therapy, drugs) nor surgery is universally
successful.11-13 Intraglandular BoNT injections in the
salivary glands have been suggested in the last few
years.2,3,14,15

This controlled clinical trial evaluated changes in
salivary flow rates before and after intraglandular
BoNT injections and the application of another anti-
cholinergic agent. The effect of BoNT on the reduc-
tion of submandibular salivary flow exceeded that of
scopolamine. Compared with baseline, the mean re-
duction following BoNT injections was 42.4 vs 24.7%
during scopolamine. This reflects the explicit anti-
cholinergic effect of BoNT.

The number of responders was calculated accord-
ing to our definition of therapeutic success. Success
rates were high with the outcome in favor of scopol-
amine (scopolamine: 94.9%; BoNT-2: 69.2%). In the-
ory, the difference in response rate can be explained
in several ways: 1) The reaction to BoNT may be
dose related. We did not investigate this because
dose finding was not an aim of this study. 2) BoNT
(or part of it) was not injected in the gland. However,
ultrasound guidance ensured adequate delivery. 3)
Immunity existed for BoNT. We did not rule out this
possibility. However, the risk of neutralizing anti-
BoNT type A antibodies was low because none of
these patients had previously been treated with
BoNT.

Except for the above mentioned, the number of
responders to BoNT remained well throughout the
24-week duration of the study. This long-term reduc-
tion of the salivary flow from one of the major sali-
vary glands is a promising finding as BoNT is known
to work for 9 to 12 months in other conditions involv-
ing the autonomous nervous system, for example,
hyperhidrosis.16,17

The study was executed as an “open label” trial be-
cause the applied interventions could not be blinded.
The possibility of a carryover effect necessitated a strict

sequence in the treatment order: scopolamine prior to
BoNT. The washout period of scopolamine appeared to
be sufficient at analysis of the results.

With use of the swab method for salivary flow
measurement, oral stimuli by the dental rolls cannot
be avoided, which may partly explain the between-
subjects variation in both the SubFl and the TSFl.
The capability to react to intraoral tactile stimuli
with a higher level of secretion is more explicit in the
parotids. This probably is a reason why TSFl, which
includes the parotids, showed a greater variation.
Nevertheless, the data of SubFl and TSFl demon-
strated a similar trend, which is in line with the fact
that the parotid, the sublingual, and the minor sali-
vary glands have a limited contribution to the non-
stimulated saliva production.

A complete blockage of SubFl was not achieved.
This might be explained by the fact that parasympa-
thetic innervations as well as orthosympathetic in-
nervations stimulate salivary secretion. In canine
studies, it was demonstrated that after complete an-
ticholinergic blockage of the glands with atropine, a
maximum of 76% of submandibular salivary flow re-
duction was achieved.7 Therefore, it is not likely that
in humans, full blockage of salivary flow would be
achieved by applying anticholinergic treatment.

Adverse reactions to scopolamine occurred in
82.2% of patients. In approximately 9%, treatment
had to be terminated owing to side effects, which
explained four of six dropouts from the study. BoNT
injections were given under general anesthesia, the
potential risks of which should not be neglected. This
should be weighed against the possible adverse ef-
fects that are to be encountered when using scopol-
amine (or other anticholinergic drugs) for a longer
period. Following BoNT, only mild side effects were
registered. However, a temporary disturbance in
swallowing was reported in 7.6% of patients that
required no additional measures.

No decisive conclusion could be drawn from the
literature regarding the optimal effective dosage of

Table 3 Changes in submandibular flow rates as result of interventions (n # 39)

Mean change from baseline,* mL/min
Mean change from washout,*

mL/min
Mean change scopolamine to BoNT,*

mL/min

Base/Sc 0.10 (0.16)†

Base/BoNT2 0.17 (0.17)† WO/BoNT2 0.16 (0.16)† Sc/BoNT2 0.0725 (0.13)†

Base/BoNT4 0.16 (0.19)† WO/BoNT4 0.15 (0.20)† Sc/BoNT4 0.0607 (0.15)†

Base/BoNT8 0.19 (0.16)† WO/BoNT8 0.17 (0.17)† Sc/BoNT8 0.0828 (0.13)†

Base/BoNT16 0.14 (0.15)† WO/BoNT16 0.12 (0.20)† Sc/BoNT16 0.0371 (0.15)‡

Base/BoNT24 0.13 (0.17)† WO/BoNT24 0.11 (0.21)† Sc/BoNT24 0.0258 (0.16)‡

Values in parentheses are SD.

* Last observation carried forward data.
† Significant (p " 0.05).
‡ Nonsignificant (p " 0.05).

BoNTX # measurements at subsequent times (wk) after botulinum toxin injections; Base # baseline; Sc # scopolamine; WO # washout.
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BoNT for injection into the salivary glands. Deter-
mining the optimal effective dose was not an objec-
tive of the current study. The dosages used in this
study, appearing to be effective, were derived from
existing guidelines for intramuscular injections and
are far within the safety limits of Botox.18 The vol-
ume in which the BoNT should be diluted was based
on the findings of an in vitro study regarding the
spread of BoNT in the gland after injection.4 Recent
reports mention successful treatment of drooling us-
ing lower dosages of Botox.2,3 Taking this into ac-
count, it is not likely that too low dosages were used
in our study.

Considering the side effects observed with scopol-
amine, BoNT injections are more favorable when sal-
ivary flow reduction is needed in the treatment of
drooling. Although temporary, salivary flow reduc-
tion following BoNT injections is of satisfactory dura-
tion for the responders. A disadvantage is the need
for anesthesia in the treatment of children. Surgery,
providing a definite solution, also has to be consid-
ered as a potential alternative. Further research is
needed to investigate the long-term outcome of BoNT
injections into the submandibular glands also in
combination with the parotid glands. Dose-finding
studies are warranted. The technique of intraglandu-
lar BoNT injections has to be compared to surgery.
In this respect, it seems of great importance to define
age groups or specific diagnoses in both children and
adults that form particular indications for one or the
other approach.
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