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Purpose of review
To summarize current understanding of and recent literature on the management of sialorrhea in children.

Recent findings

Sialorrhea is a symptom of oropharyngeal dysphagia and reduced clearance. Sialorrhea can be anterior,
with forward overflow of saliva, causing skin rash, social embarrassment and spillage on communication
devices; or posterior, where there is pharyngeal pooling of saliva, which may cause aspiration.
Assessment of sialorrhea involves a clinical evaluation, focusing on the individual’s age, development,
underlying medical condition and whether the sialorrhea is anterior, posterior or both. Craniomaxillofacial
structure, posture, airway patency, neuromotor control, level of social awareness, motivation and caregiver
concerns are assessed. To manage sialorrhea, integration of multiple strategies is usually needed. There is

good evidence for behavioral intervention, oral appliances, anticholinergic medications, botulinum toxin
injection and surgery. The role of various options of surgery in providing a longer lasting effect is
supported. Adjunctive airway and craniomaxillofacial surgery may be indicated.

Summary

Sialorrhea is a modifiable condition with multifactorial causes requiring multimodal therapy by an inter-
disciplinary team. There is increasing evidence on the role of saliva surgery in improving the quality of life
for the person with sialorrhea and their caregivers.
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INTRODUCTION

Sialorrhea, excessive drooling or ptyalism, is a mod-
ifiable condition with multifactorial causes requir-
ing multimodal therapy by an inter-disciplinary
team. Tailoring the care for the person with sialor-
rhea requires an understanding of the individual’s
underlying condition and their goals of therapy.
This review is aimed at providing an overall
approach for those caring for children and young
adults with sialorrhea.

SALIVA PRODUCTION

Saliva is produced by the major and minor salivary
glands. The major salivary glands include the paired
parotid, submandibular and sublingual glands. The
parotid and submandibular glands are encapsulated,
with well defined anatomical ducts. The unencap-
sulated sublingual glands cushion the floor of
mouth, producing saliva that enters the subman-
dibular ducts, permeating through the floor of
mouth [1,2]. The oral cavity is also lined by thou-
sands of minor salivary glands. They continuously
secrete small amounts of saliva resulting in sus-
tained lubrication to oral surfaces [3]. Saliva is
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mostly water but also contains electrolytes, mucus,
white blood cells, epithelial cells (from which DNA
can be extracted), enzymes (such as lipase and amy-
lase), and antimicrobial agents [such as secretory
immunoglobulin A (IgA), and lysozymes] [4]. Saliva
has multiple functions including lubrication to
assist mastication, digestion, suspension of mole-
cules to conduct the chemical sense of taste, and
immune protection through IgA. Saliva is critical to
the maintenance of good dental hygiene [4].
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KEY POINTS

o Sialorrhea is a spectrum of modifiable conditions with
multifactorial cause requiring multimodal inter-
disciplinary management.

e Behavioural interventions, oral appliances,
anticholinergics, botox injection and various options of
saliva surgery are all beneficial therapies in the
right patient.

o Not all patients will require surgery but in the right
context, surgery is costeffective and provides longer
lasting benefit.

o Saliva duct ligation, duct diversion or gland excision
are surgical options with different indications,
combinations and complications.

EXCESSIVE PRODUCTION OR
INSUFFICIENT CLEARANCE?

When excess saliva turns from normal physiology to
disruptive pathology, there are multiple considera-
tions [5]. Sialorrhea, secondary to oropharyngeal
dysphagia, is mostly seen in individuals with neuro-
logical disorders [6]. Certain factors which lead to
the reduced frequency or efficiency of swallowing
include acute infections (e.g. tonsillitis, pharyngitis,
mumps, parotitis, dental infections) or sedation
from anticonvulsants, antipsychotics and some
anaesthetic drugs. Identification and resolution of
these primary triggers are often sufficient to treat
secondary acute sialorrhea.

Most children with chronic sialorrhea do not
produce more saliva [7-9]. Their sialorrhea is due to
dysfunctional oral motor control causing poor clear-
ance of their physiological saliva usually secondary
to cerebral palsy or other neurodevelopmental
disabilities [7,8]. Children with dyskinetic cerebral
palsy, who have involuntary hyperkinetic oral
movements may produce more saliva [9]. Some
degree of minor anterior sialorrhea is acceptable
up to the age of four. However, significant medical
complications from sialorrhea may necessitate an
earlier intervention.

COMPLICATIONS OF SIALORRHEA

Up to 40% of children with cerebral palsy suffer
from sialorrhea [10]. There are medical, psycholog-
ical, social, practical and economical consequences
of sialorrhea [11]. Posterior sialorrhea may lead to
aspiration pneumonia and chronic lung injury
[11,12]. Anterior sialorrhea may cause foul-smelling
secretions, halitosis, and nonhealing facial and neck
rashes. Sialorrhea can cause practical challenges for
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the individual and their caregivers [13,14]; with
electronic device soiling, the need for frequent
suction, wiping and multiple bib changes [12].
Sialorrhea can cause embarrassment and impact
negatively on self-esteem [14].

INTER-DISCIPLINARY ASSESSMENT

Because the underlying causes are multifactorial,
the sialorrhea team is ideally made up of different
clinicians who can provide varying perspectives
[15"%,16-19]. Our team includes a Paediatrician,
an Otolaryngologist Head & Neck Surgeon, a Plastic
Surgeon, a Speech Pathologist and a Dentist. Other
teams include different specialists [25,26].

Validated drooling impact questionnaires can
guide the assessment and measure change in trends,
such as The Teacher Drooling Scale, The Drooling
Impact Scale, Thomas-Stonnell and Greendberg
Scale, Crysdale and White Standard Scale, Drooling
Severity and Frequency Scale [20%,21]. The assessment
takes into consideration the underlying neurological
disorder, comorbidities as well as neurodevelopmen-
tal and behavioural phenotypes. The general division
of anterior and posterior drooling is a key general-
ization that helps to conceptualize two different
phenotypes of drooling [22]. However, they can be
oversimplifications of a heterogenous group of
patients. Some individuals have both anterior and
posterior sialorrhea. Many children make develop-
mental gains that improve anterior sialorrhea over
time, whereas others that have a permanent neuro-
logical or neurodegenerative disorder may not. The
prognosis of the underlying condition impacts our
treatment recommendations.

Examination of the patient includes general
posture, and the head and neck position. Nasal
patency, maxillary and mandibular structures, lip
closure, tongue position and tone, tonsil and palatal
patency are examined, because some individuals
may require adjunctive airway, nasal, dental,
orthognathic or plastic surgery interventions.

Table 1 details a list of features on history and
examination that is relevant to the assessment of the
child with drooling.

Investigations can be performed but no single
investigation modality is definitive. At our institu-
tion we rarely complete these. Computed tomogra-
phy study of the upper airway can be performed to
look at bone and soft tissue structures around the
face, paranasal sinuses, head and neck. An ortho-
pantomogram assess the maxilla and mandible. A
barium meal, Functional Endoscopic Examination
of Swallow (FEES), flexible nasal endoscopy and
video-fluoroscopy swallow study can assess swallow-
ing safety. Other studies include 3D imaging of the
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Table 1. Features on history and examination relevant to the assessment of a child with sialorrhea

Examination

History General Airway Oral

Medical Posture Nasal patency  Lip patency

Aetiology Tone Adenoids Dental status

Underlying condition — speech delay, global Movement disorder Maxilla Tongue position and tone
developmental delay, infellectual disability, Gross Motor Function Mandible Open mouth posture

Autism spectrum disorder, neurological

condition with a motor disability level
Impact
Severity
Anterior
Posterior
Both
Consequences
Halitosis
Cellulitis
Ulceration
Aspiration
Pneumonia
Hypoxia

e Dental
Psychological

e Embarrassment

e Motivation
Social

e lIsolation
Practical

e laundry

o Device damages

e Economic costs

Classification System  Palate

Peri-oral skin condition
Tonsils Mouth-opening / Trismus (can affect
Neck intra-oral access for surgery)

airway, ultrasonography of the saliva glands, and
polysomnography. Nuclear medicine imaging of the
saliva glands with Technetium 99m pertechnetate
(TPT) can assess salivary gland function [23].

WHAT ARE THE VARIOUS TREATMENT
OPTIONS?

The heterogeneity of patients and therapies make it
challenging to provide a simplistic approach for best
practice guideline [24]. Time and disease improve-
ment are key factors in choosing the right patient
for intervention. Table 2 and Fig. 1 conceptually
provide a list and schematic of the various treatment
options available.

BEHAVIORAL AND ORAL APPLIANCE
INTERVENTIONS

Many children with mild sialorrhea may be man-
aged conservatively. Some cognitive behavioral
therapies with frequent reminders of lip closure
and swallowing may be sufficient [27%]. Oral and
tongue exercises may improve oral patency and tone
[28-31], especially in those with a good capacity of
learning and motivation [32]. Tennis wrist bands

446 www.co-otolaryngology.com

may be sufficient to readily wipe lips dry. Oral and
dental devices aim to increase oromotor function
but are associated with poor compliance [33-35].
These interventions are not applicable to those with
limited ability to learn new behaviors or with severe
motor disability who have oropharyngeal dysphagia
and posterior drooling. Children who put their fin-
gers in their mouth may benefit from strategies to
reduce oral seeking behaviours.

PHARMACOLOGIC INTERVENTION

Anticholinergics such as glycopyrrolate, trihexy-
phenidyl/benzhexol, scopolamine/hyoscine, benz-
tropine, and atropine are commonly used for
sialorrhea [36]. However, they carry potential
side effects [36,37]. Significant heterogeneity in
medication choice and the variability of outcome
measures used between studies has precluded a
meta-analysis [38%,133]. Different institutions
may choose different medications as their first line
therapies. At our institution, glycopyrrolate or
trihexyphenidyl/benzhexol are preferred options
[37]. Hyoscine patches can be beneficial but are
harder to dose accurately [39] and have slightly
increased side effects compared to glycopyrrolate
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Table 2. Options of available therapy for sialorrhea

Behavioral Therapy / Speech Therapy

Blowing bubbles, whistles

Prompt and support closing teeth, lips and
completing a swallow -e.g. twice day for five
minutes at a time

Oral Appliances
oral screen
Positioning

glycopyrrolate
trihexyphenidyl/benzhexol
scopolamine/hyoscine
benztropine

atropine

Botulinum toxin injections
Parotid gland
Submandibular gland

Surgery

Submandibular and/or parotid duct ligation
Submandibular duct diversion/relocation/re-routing
Parotid duct diversion/relocation/re-routing
Sublingual gland excision

Submandibular gland excision

Surgical Combinations

2- or 4-duct ligation
Submandibular duct relocation without sublingual gland excision
Submandibular duct relocation with sublingual gland excision

Sublingual gland excision with submandibular duct ligation

Submandibular gland excision with parotid duct relocation

Submandibular gland excision with parotid duct ligation

Submandibular gland excision with parotid botox injection

Sublingual gland excision, submandibular duct relocation and parotid botox injection

[11,40] and possible withdrawal syndrome [41].
Atropine drops are used as topical sublingual ther-
apy [42] but not at our institution due to the risk of
drug administration errors.

BOTULINUM TOXIN

Onabotulinum toxin A and incobotulinum toxin A
(botox) has wide use [43] in medical practice
[44,45%,46-51]. Botulinum toxin injections into

salivary glands are beneficial for sialorrhea in neo-
nates and children, [52%,53% 54-62], however, a sys-
tematic review and meta-analysis shows low
certainty of evidence [69]. It can be combined with
intramuscular botulinum toxin therapy [70] and
may reduce respiratory morbidity [71-74]. Botox
works typically within a month and lasts up to
6 months [75-78]. Botulinum toxin injection is
simple, repeatable and safe, [63",64-68]. There is
no international consensus on dosing [79,80]. Our

Drooling

Posterior
(Risk of aspiration)
If associated
Open mouth “Physiological” With speech with physical —> Suction
posture reassure delay severe disability
l l l — Positioning
Slight reduction in Reduced Obligate Speech ar Optimize gastro-
: irgery to remove i
to::)g r\g:?:;ry awsa?glnaelss mouth breather therapy sublinguals + other esophageal reflux disease
(no redirection)
/ l \ / \ l > Medication
Surgery Medication gy 3 Tonsillectomy, Consider oral
Botox (when starting i screen — Optimise dental health
(aged 8+) school) - nasal, oral turbinectomy (prescribed plan) e i
1
If mot*wated Batox
Add block of
31”;::3 —> Surgery
FIGURE 1. Proposed schematic algorithm on therapeutic options for sialorrhea.
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institution favours a 4-gland (bilateral parotid and
submandibular glands) injection of 1unit/kg/gland
up to 25 units maximum in each gland, delivered
under ultrasonographic guidance to increase accu-
racy and reduce risks of inadvertent injection into
muscles, lymph nodes or blood vessels [81-84].
Some institutions favour a 60/40 distribution of
botulinum toxin between submandibular and paro-
tid glands [85%]. The challenge of botulinum toxin is
that it is temporary [75,86]. Repetitive serial injec-
tions result in poorer consecutive success rates [87].
One study showed an overall success rate of 74.0%,
41.6% and 45.8% for the first, second, and third
injection respectively [88]. Therefore, at our insti-
tution botulinum toxin is used primarily in those
who are likely to make behavioural progress over
time, especially if coupled with speech therapy. We
may utilize botulinum toxin injections in individ-
uals with severe sialorrhea who are either not quite
ready for definitive surgery, too young or too frail to
undergo surgery.

SALIVA SURGERY

Saliva surgery is neither new nor controversial. The
role of saliva gland surgery in the management of
sialorrhea have been published since the 1970s
[89,90]. Multiple surgical options have been refined
over time [91]. In general, there are three options:
ligation of (parotid and/or submandibular) ducts,
rerouting of (parotid and/or submandibular) ducts,
and excision of (sublingual and/or submandibular)
glands. Different combinations of the above options
have been performed.

SALIVA DUCT LIGATION

The four-duct ligation (bilateral parotid and sub-
mandibular ducts) technique is the least invasive
option amongst the surgical therapies [92]. A well
tolerated technique with minimal risks to sur-
rounding structures. However, it is also the least
successful long term compared to other techniques
[93]. The reasons postulated are that the sublingual
glands are still active and the ducts themselves may
re-canalize.

PAROTID DUCT DIVERSION

Re-routing of the parotid ducts have been per-
formed. This is technically more challenging with
limited reports of long-term success [94]. Some
include a vein graft anastomosis to redirect saliva
flow posteriorly [95]. However a vein graft’s patency
relies on persistent intra-luminal pressures, which a
salivary gland does not provide.

448 www.co-otolaryngology.com

SUBMANDIBULAR DUCT DIVERSION WITH
SUBLINGUAL GLAND EXCISION

Submandibular duct diversion or re-routing is com-
monly performed for sialorrhea. The known com-
plications are aspiration and formation of sialocoele
[17]. By combining this surgery with sublingual
gland excision, the incidence of sialocoele is signifi-
cantly reduced without increasing other complica-
tions such as lingual nerve injury or xerostomia
[17,96]. A submandibular duct diversion and sub-
ligual gland excision may be combined with intra-
parotid Botox injections [98%,99]. The procedure is
technically challenging with a more demanding
postoperative course [98%,100-102]. There is a the-
oretical dental advantage in maintaining some of
the saliva volume, but there is a risk that diverting
saliva posteriorly could increase the risk of aspira-
tion pneumonia, chronic hypoxia, and prolonged
intubation [97,98%]. At our institution, gastrostomy
tube feeding, tracheostomy tube dependency or
poor airway protection are relative contraindica-
tions to duct diversion surgery.

SUBTOTAL FUNCTIONAL
SIALOADENECTOMY

This is the contemporary term used to describe
sublingual gland excision and submandibular duct
ligation. The risk of complications (sialocele, infec-
tion, return to theatre) are comparable to duct liga-
tion [103"]. The procedure takes less time, is less
painful and has less risk of aspiration [103*%]. Long
term follow-up appears promising, with low inci-
dence of xerostomia or dental issues.

SUBMANDIBULAR GLAND EXCISION

Another workhorse of saliva surgery is submandib-
ular gland excision [104,105]. The procedure is well
tolerated, less painful and has a shorter length of
stay compared to transoral approaches [98"]. The
surgical outcome is similar whether there is addi-
tional parotid ligation [106]. The success rate is
comparable to sublingual gland excision with sub-
mandibular duct rerouting [107%]. The downside is
the risk of marginal mandibular nerve palsy, and the
cutaneous scar. However, caregiver satisfaction is
associated with saliva control rather than neck
cosmesis [108].

ADJUNCT SURGERY

Saliva control is closely related to airway physiology
and craniomaxillofacial structures. The child who is
unable to breathe through their nose will yield an
open mouth posture, making lip competence and
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swallowing challenging. Some individuals may ben-
efit from adenotonsillar surgery [109%], endoscopic
nasal surgery or other interventions if there is co-
existing obstructive sleep apnoea or nasal obstruc-
tion. A plastic surgeon can assess the craniomaxil-
lofacial structures that may require augmentation
or reconstruction such as lip reconstruction, max-
illary expansion, maxillomandibular advancement
or palatopharyngoplasty.

PUTTING IT TOGETHER

This review is a primer to consider the broad range of
approaches available for the individual with sialor-
rhea. It is not a rigid regimen to abide by, nor a strict
protocol to follow. The choice of which surgery to
recommend is dependent on the anatomical profile,
the underlying neurodevelopmental condition and
the caregivers’ goal [12,15""]. For those with a risk of
aspiration, rerouting is not preferred over gland
excision [17,98%]. For those with retrognathia or
trismus, sublingual excision with submandibular
duct ligation may be technically more feasible than
rerouting. Combining submandibular gland exci-
sion with parotid duct ligation is practiced in some
institutions including ours. Surgery is effective
whether or not it was preceded by botulinum toxin
[110-113,114",115,116] Some studies point towards
serial botox and surgical treatment as providing
better long-term results compared to medications
[113,114%,117-119]. Many studies suggest surgery
provides a larger and more sustained outcome
[13,22,78,96,114",120%,121-125] with associated
better cost-effectiveness [110]. Different modalities
of sialorrhea therapy did not seem to increase the
risk of dental decay [126-129]. It appears that sub-
lingual gland excision with submandibular reloca-
tion had higher caregiver satisfaction rate than
submandibular gland excision with parotid duct
ligation or 4-duct ligation [130]. Meta-analysis of
15 possible variations of surgical treatment of sialor-
rhea suggested that random-effects modelling esti-
mated the overall subjective success rate for all
procedures to be 81.6%. Bilateral submandibular
gland excision and parotid duct rerouting had the
highest subjective success rates at 87.8%, with 4-
duct ligation having the lowest at 64.1% [131]. The
next most successful is bilateral submandibular
gland excisions with parotid duct ligation (85.2%)
and bilateral submandibular duct rerouting (84.4%).
Comparing the 95% confidence intervals for each
procedure, bilateral submandibular gland excision
with bilateral parotid duct rerouting was statistically
superior to bilateral submandibular duct rerouting
and sublingual gland excision. However, they had
similar levels of subjective success within the power

1068-9508 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

limits of the study. Another systematic review and
meta-analysis concluded that there is consistent
positive outcome with submandibular gland exci-
sion [132"]. However, most studies utilize subjective
performance quality rating scales without objective
salivary volume analysis. Studies that compare sur-
gical techniques may underestimate the signifi-
cance of the underlying disability as determinant
of the outcome for any particular technique.

Systematic reviews have not identified a single
treatment that is singularly beneficial to all patients
[133]. Our approach is not a ‘conveyor belt’ or
‘ladder’ method [134"]. We think broadly in multi-
modality fashion to tailor the most appropriate
therapy based on patient and caregiver needs
(Fig. 1). In most children with anterior drooling,
we trial noninvasive therapy whilst in others, espe-
cially those with severe posterior drooling, we move
towards surgical therapy earlier. The most effective
and timely symphony of multimodal therapy is
what we work towards.

SUMMARY

Sialorrhea is a modifiable condition with multifac-
torial causes requiring multimodal therapy. There is
good evidence that all aspects sialorrhea treatment
are beneficial in some ways. Surgery appears to
provide the greatest benefit in the long term for
those on the more severe spectrum. It is not about
defining which single treatment is better compared
to another but choosing the right combination
treatments for the right patient at the right time
for the right indication.
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