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1 |  INTRODUCTION

There is no doubt that clozapine has taken an important place 
in the management of treatment‐resistant schizophrenia and 
can even be seen as the golden standard in treatment‐resist-
ant schizophrenia.1-3 However, clozapine is associated with a 
number severe side effects including agranulocytosis, myo-
carditis, seizures, or sedation. Blood tests are regularly in-
dicated for the determination of leukocytosis and clozapine 
level. In spite of this, overall mortality in treatment with this 
drug is lower than with other first‐ or second‐generation an-
tipsychotics.4 An irrational fear amongst prescribing psychia-
trists seems to play a clinically relevant role in withholding or 
delaying the initiation of clozapine treatment, unnecessarily 
prolonging the patients’ suffering.5

A total of 30% to even 92%6,7of patients taking clozapine 
are likely to experience an increase in salivation or even ex-
cessive salivation or sialorrhea. Despite its occurrence during 
the day, clozapine‐induced sialorrhea (CIS) is usually the 
most marked and noticeable at night, usually noticeable by 
the so‐called “wet pillow sign”.8

Both medical and psychosocial adverse effects are asso-
ciated with sialorrhea. Irritation and maceration can occur at 
the level of the chin and perioral skin, as well as cheilitis. In 

combination with the sedative effect of clozapine, aspiration 
of the oropharyngeal contents, aspiration pneumonia,9and 
even suffocation may occur.10 Chronic sleeping problems 
can occur because of repetitive throat clearing, clozapine‐in-
duced parotitis has also been reported in the past.11 At a psy-
chosocial level, wet clothing and the associated odor, as well 
as speech difficulties and drooling, can have a stigmatizing 
effect, leading to reduced self‐esteem, social isolation, and 
ultimately leading to a reduced quality of life.8 For instance, 
more than half of the patients report that CIS has an impact 
on their quality of life.7 These adverse effects may ultimately 
lead to noncompliance and even discontinuation of clozap-
ine.12 This is further complicated by the fact that there is no 
long‐acting formula of clozapine available to date.

Validated scales such as the Nocturnal Hypersalivation 
Rating Scale (NHRS) and the Drooling Severity and Frequency 
Scale (DSF)7 can be used. Objective methods such as the mea-
surement of the diameter of the saliva on a patch on the pillow6 
or weighing dental cotton rolls13 can also be used to quantify 
the severity of CIS. The Drooling Impact Scale (DIS) is often 
used in children with developmental problems.14

Two mechanisms for CIS are suggested: On one hand, the 
stimulation of the M4 muscarinic receptors and blockade of 
the α2 receptors by clozapine at the level of the submandibular 
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salivary glands could explain the increased salivation; on the 
other hand, reduced laryngeal peristalsis8 could contribute to 
the phenomenon. An association was found between the ad-
renoreceptor alpha 2A gene (ADRA2A) and CIS (P = .0215), 
the α2 receptors also appear to be involved in the swallowing 
movement‐respiratory coordination.16 A recent article sug-
gests CIS could be linked to M1‐receptor agonism by clozap-
ine's metabolite norclozapine, a model derived from the effect 
pirenzepine being a selective M1‐agonist.17

Atropine is a racemic mixture of d‐hyoscyamine and 
l-hyoscyamine, where the latter is responsible for the most 
of the physiological effects. It is a competitive antagonist of 
the muscarinic receptors, thereby inhibiting the effect of ace-
tylcholine, a major neurotransmitter of the parasympathetic 
nervous system, also innervating the submandibular glands18 
For example, atropine is used to prevent or treat cholinergic 
effects during operations by excessive vagal stimulation, or to 
slow down the unwanted muscarinic effects of drugs.19 Orally 
administered atropine appears safe and well tolerated up to 
doses of 0.03mg/ kg. The duration of sublingual atropine is 
probably close to orally and intramuscularly administered at-
ropine: up to 4 hours.20-22 The effect of atropine on sialorrhea 
can theoretically be explained by its action as a competitive 
antagonist of acetylcholine on the muscarinic receptors in the 
salivary glands.

Various systemic treatment options are available for CIS 
(anticholinergic medication, α2‐agontists, scopolamine, piren-
zepine, and amisulpride) but are generally of little use because 
of their limited effectiveness or side effects profile. Reviews 
of the various treatments claim to date that the sample size is 
too small or that the studies are of insufficient quality to give 
clinical practice a clear direction.6 Furthermore, several lines 
of evidence indicate that anticholinergic agents may contrib-
ute to cognitive deficits in schizophrenic patients, which are a 
critical determinant of functional outcome.23 Other than with 
clozapine, sialorrhea is also seen to lesser extent with other 
antipsychotics such as risperidone.24 One systematic review 
examining the effect of anticholinergic medication for non-
clozapine neuroleptic‐induced hypersalivation turned out to 
be an “empty” review as all screened articles were excluded.25 
Other medication groups associated with drooling are direct 
and indirect cholinergic agonists that are used to treat demen-
tia of the Alzheimer type and myasthenia gravis.26

Two patients of the author, who were successfully 
treated of CIS by the sublingual use of atropine, gave rise 
to this systematic review. The aim of this systematic review 
is to gather the existing evidence for the effectiveness of 
sublingual application of atropine in reducing or resolv-
ing of CIS, as well as looking into the safety, side effects, 
and dosage of sublingually administered atropine. We also 
looked at the sublingual use of atropine in sialorrhea of 
other etiology to get a clearer picture on the effectivity, 
safety, side effects, and dosage.

2 |  MATERIALS AND METHODS

Two independent authors searched MEDLINE/PubMed, 
PsycINFO, EMBASE, and the Cochrane databases, from 
their respective inception dates until 1 june 2018 without re-
striction for language, date of publication, and study design, 
for the keywords “sialorrhea,” “hypersalivation,” “clozap-
ine” and “atropine.” A first search was performed with all 
three of the aforementioned keywords, a second search was 
performed with only “sialorrhea” and “atropine,” to investi-
gate the sublingual use of atropine in sialorrhea of other eti-
ologies (Figure 1). Articles reporting the effect of local use 
of atropine in the treatment of CIS and sialorrhea of other eti-
ologies were included. An unpublished case series conducted 
in our center was also included in the results. The reports 
were published between 1991 and September 2018.

3 |  RESULTS

A total number of 13 articles were found to be eligible for the 
systematic review. Regarding the local treatment with atro-
pine for CIS, 7 articles were found, no randomized clinical 
trials, no open label, or retrospective studies were found. The 
results consisted entirely of case reports and case series (2 
and 5 articles respectively, and one unpublished case series 
in our center). As for the treatment with local atropine in sial-
orrhea of another etiology, six studies were found, of which 
only one randomized clinical trial, two pilot studies, one open 
label study, and two case reports.

3.1 | CIS treated with local atropine

3.1.1 | Case reports
Sharma27 describes a patient that achieved a reduction and 
ultimately a complete resolution of CIS with the use of two 

Limitations
With respect to the treatment of CIS, only case reports 
and case series were found, implying a major risk of 
publication bias. Despite the overwhelmingly positive 
results, a need for randomized clinical trials remains.

Summations
Despite its anecdotal clinical use, a moderate amount 
of case reports suggest that sublingual atropine is an 
effective, safe treatment with few side effects in the 
treatment of CIS.
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drops of atropine 1% twice a day after 2 weeks. She experi-
enced no significant side effects.

Comley et al28 reported one patient with schizophrenia 
that showed a complete resolution of the sialorrhea that was 
bothersome mainly during the day that after the use of 1 or 
2 eye drops of sublingual atropine 1%. They did not mention 
any side effects.

Finally, Mustapha29 published a report on one patient 
who, despite hyoscine, continued to suffer from severe CID, 
which had ceased with 1‐3 drops of sublingual atropine 1%, 
allowing the clozapine levels to be adjusted. However, the 
CIS did not return after discontinuation of atropine, meaning 
it could have been a temporary side effect, besides the fact 
that the treatment was in combination with hyoscine.

3.1.2 | Case series
Tessier et al30 mention ten patients treated with atropine eye 
drops that were switched to a nasal spray (ipratropium bro-
mide 0.03%, structurally related to atropine). This form is 

described as being equally effective at a frequency of 1 to 2 
sprays per day. The greater simplicity of use and the longer 
duration of action were described as an advantage, but a both-
ersome taste was noted as a possible drawback.

Antonello et al31 discuss three patients with severe sialor-
rhea in his case series, that had an immediate improvement 
with the administration of one drop of atropine 1% adminis-
tered sublingually at bedtime. The patients experienced no 
side effects. They used a “top‐up method” in which one drop 
was dissolved in glass of water to counter a possible recur-
rence of salivation during night.

Furthermore, Santana32 describes three patients where 
a complete resolution of the sialorrhea could be observed 
within 1  week with 1 to 2 drops per night of sublingually 
administered atropine 1%. This also led to improvements in 
sleep quality, adherence to clozapine, and no systemic anti-
cholinergic effects were reported. One patient suffered from 
xerostomia at a dosage of three drops per night.

Leung33 describes three patients with a complicated treat-
ment of CIS with sublingual atropine: One disorganized 
patient emptied the whole bottle, one patient no longer had si-
alorrhea when stopping atropine after 2 months, and a patient 
was accidentally given the product in his eye, which impaired 
his vision during five days.

3.1.3 | Own case reports
In our center, we treated two patients with schizophrenia 
being treated with clozapine that with 1 or 2 sublingually ad-
ministered atropine eye drops 1% at night showed an almost 
immediate complete resolution of their nocturnal salivation 
and showed no side effects.

3.2 | Sialorrhea of other etiology treated 
with sublingual atropine

3.2.1 | Case reports
A case report34 describes sialorrhea in a patient with severe 
head trauma who was treated with atropine drops, with a 50% 
reduction of secretion, intraoral, and oropharyngeal accu-
mulation of saliva and had negligible side effects. The exact 
dose way of measuring the sialorrhea and the exact nature of 
side effects could not be found.

Another case report from Rapoport et al35 describing a child 
admitted in palliative care with metachromatic leukodystrophy 
showed that one atropine drop 0.5% sublingually (0.25  mg 
every 6 hours) had a beneficial effect within 15‐30 minutes, 
the need of aspiration was greatly reduced and the oxygen sat-
uration improved. The cardiac monitor showed no significant 
tachycardia, no other anticholinergic side effects were reported.

F I G U R E  1  Methods of research using PRISMA

Literature search
Used databases: 
PubMed, PsycINFO, EMBASE and the 
Cochrane databases

Seach results combined (n = 351)

Articles screened on basis of title 
and abstract

13 Full-text articles assessed for 
eligibility

13 Studies included in qualitative 
synthesis

Sublingual 
use of 
atropine in 
CIS (n = 7)

Sublingual use of 
atropine in 
sialorrhea of 
other etiology 
(n = 6)
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3.2.2 | Open label trial
Dias36 investigated 25 children with cerebral palsy, with a 
statistically significant improvement (measured with the 
Drooling Impact Scale) before and after treatment with atro-
pine. This was administered sublingually at a concentration 
of 0.5% 3× a day (with 6 hours interval). There was a low fre-
quency of side effects compared with other anticholinergics.

3.2.3 | Pilot studies
A pilot study of Hyson37 describing 6 Parkinson's patients 
and one patient with progressive supranuclear palsy showed 
a subjective and objective statistically significant reduction 
in salivation with atropine administered sublingually, meas-
ured on a Likert scale (from 1 to 5) and by weighing dental 
cotton wool rolls. One patient developed a delirium but could 
also be explained by a concurrent bladder infection; two pa-
tients experienced an increase of hallucinations but had con-
cealed the fact that they had those before the start of the study 
(as this was an exclusion criterion).

Another pilot study about children with sialorrhea (n = 1138) 
with various underlying disorders (including cerebral palsy, ep-
ilepsy, and autism) showed a significant reduction in salivation 
after sublingual administration of atropine eye drops 1‐2× a day, 
by weighing dental cotton wool rolls and measurement on a vi-
sual analogue scale or VAS with the parents). No irreversible 
adverse reactions were noted, xerostomia occurred in 3 children 
and some parents reported difficulties with the administration.

3.3 | Randomized clinical trials
De Simone39 performed an RCT in 22 palliative care pa-
tients with cancer of the upper gastrointestinal tract, in a 
prospective randomized placebo‐controlled cross‐over trial. 
However, the study failed to confirm the effectiveness of at-
ropine sublingually (two drops or 0.5 mg every 6 hours) over 
placebo in this population. In spite of this, the participants 
showed improvements on all outcome measures (including 
sialorrhea). Given the limited sample size, the heterogeneous 
response and inaccurate measurement (only VAS was used to 
measure the salivation), the results of this RCT should not be 
considered as definitive.33

4 |  DISCUSSION

A total of 24 patients with CIS were reported, of whom 21 
responded favorably to sublingually administered atropine, 
including two patients who were successfully treated at our 
center. Leung33 is the first to mention possible complications 
of the treatment that occurred in three of his patients. A total 
of 67 patients with sialorrhea of other etiology treated with 

atropine locally were studied sofar with generally a favorable 
outcome, including one RCT reporting on 22 patients in pal-
liative care.

The fact that the suggested treatment with atropine is 
administered locally can be seen as an important benefit of 
this treatment. Although it could have a potentially additive 
anticholinergic effect due to systemic resorption of clozap-
ine, no reporting of symptoms pointing in this direction has 
been made yet, even in case of an accidental overdosing.33 
This is important given the fact that patients may already 
experience anticholinergic side effects such as constipa-
tion, urinary retention, cardiac arrhythmias due to the use of 
clozapine and may also have cognitive problems due to their 
disease,40 which could on its turn increase due to systemic 
therapy against the sialorrhea.23 Cardiac monitoring in one 
palliative child treated with a single drop of atropine 0.5% 
administered sublingually showed no significant tachycar-
dia.35 The method is cheap, has a fast onset of action, with 
in some cases even effect after 15 to 30 minutes.35 A nasal 
spray with ipratropium bromide would have the additional 
advantage of being more user‐friendly and having a longer 
duration of action.30 Stroup41 suggests anticholinergic drops 
(ipratropium bromide or atropine) as a second‐line treatment, 
after trying sugarless gum during the day or a towel over the 
pillow at night.

Possible side effects in the reviewed literature are the oc-
currence of xerostomia at higher dosages: with one patient 
with CIS this occurred with three drops32 and in 3 out of 11 
children studied by Norderyd38 taking only 1 to 2 doses per 
day. The unpleasant taste and at times, the too short dura-
tion of action with reoccurrence of salivation in the early 
morning, which on its turn can be managed by the “top‐up 
method”.31 Some patients experience difficulty in adminis-
tering the drops in a correct amount.36

Some safety concerns include the fact that more disorga-
nized patients or distracted staff members have been reported 
to accidentally administer the drops in the eyes of the patient, 
an accidental overdose (as with any product) is also possi-
ble.33 Some parents of children with sialorrhea treated with 
atropine sublingually experienced some difficulties in ad-
ministering it.38 Accidental overdoses seem to be more easy 
with eyedrops than with nose sprays30

The posology of atropine eye drops 1% in CIS usually 
limited 1 to 2 drops 1 to 2× a day. In sialorrhea of other eti-
ology, a more frequent administration with 1 to 2 drops every 
6 hours, which seems to make sense in the light of the phar-
macokinetics of atropine20-22

From the case reports and case series (n = 24) reviewed, the 
authors conclude the sublingual administration of atropine ap-
pears to be a simple, effective, safe, and promising treatment for 
CIS, although Leung33 reminds us to be mindful of accidental 
overdosing and ocular administration. To date, 67 patients with 
sialorrhea from another etiology were treated with atropine 



2112 |   VAN der POOrTeN ANd de HerT

effectively, with the exception of one methodologically weaker 
RCT, and with few side effects. Despite a lack of randomized 
controlled studies to clearly inform clinical practice, the re-
viewed articles suggest that sublingual atropine in the manage-
ment of CIS is a useful intervention. A recent paper published 
by Stroup41 even suggested it as a second‐line treatment, after 
trying sugarless gum and a towel over the pillow.

There are several limitations in the literature published up 
to this date. So far, only case reports and case series have been 
published on the local treatment with atropine for CIS. The 
primary outcome measure is not recorded in an accurate way 
despite the availability of subjective and objective measurement 
instruments such as the NHRS, the DSFS, the DIS or the diam-
eter of the salivary fluid, a patch on the pillow,6,7 or weighing 
intra‐orally placed dental rolls.13 Furthermore, with the excep-
tion of one case series, little attention is paid to the systematic 
questioning of symptoms that may indicate systemic absorption 
of atropine. Besides, due to the fact that only case reports and 
case series have been published, the risk of publication bias or 
placebo effect cannot be overlooked. Moreover, comparative ef-
ficacy of sublingual atropine to the existing treatments for CIS 
cannot be evaluated. Suggestions for further research include 
performing large‐scaled controlled studies with adequate mea-
suring instruments including dental rolls and systematic evalua-
tion of symptoms indicating systemic absorption of atropine, to 
have a better view on this promising treatment of CIS.
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