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Abstract

Purpose of Review To describe the pathophysiology, evaluation, and management of sialadenitis as well as the indications
for and outcomes of sialendoscopy in the pediatric population.

Recent Findings Pediatric sialadenitis makes up a small proportion of all salivary gland disease. Acute viral sialadenitis and
juvenile recurrent parotitis are the most common forms of the condition. Juvenile recurrent parotitis is thought to be multi-
factorial in etiology with infectious, behavioral, autoimmune, and structural contributions. Review of the current literature
supports a potential benefit from sialendoscopy for children with recurrent acute or chronic sialadenitis. Sialendoscopy can
provide both diagnostic and therapeutic benefits with very low associated risks. The most common sialendoscopy findings
include intraductal sludge or debris, sialoliths, and ductal strictures.

Summary In the select pediatric population, sialendoscopy is a safe and effective procedure with associated decreased rates
of recurrent acute sialadenitis including juvenile recurrent parotitis.

Keywords Pediatric otolaryngology - Sialendoscopy - Sialolithiasis - Sialadenitis - Juvenile recurrent parotitis

Introduction
Salivary Pathologies and Etiologies

Pediatric sialadenitis makes up 10% of all salivary disease
with a broad variety of presentations and etiologies includ-
ing infectious, genetic, autoimmune, obstructive, and struc-
tural [1]. Among these, viral sialadenitis and juvenile recur-
rent parotitis are the most common causes [2]. Throughout
this review, we will discuss the evaluation and management
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of acute sialadenitis and juvenile recurrent parotitis, two dis-
tinct entities despite some overlap in evaluation, manage-
ment, and outcomes.

Historically, mumps was the most common cause of
pediatric sialadenitis. However, in 1971, the combination
measles, mumps, and rubella vaccine was distributed for
widespread use resulting in a dramatic decrease in incidence
of mumps sialadenitis. Since then, juvenile recurrent paroti-
tis has predominated as the most common etiology overall,
with paramyxovirus, now the most common infectious etiol-
ogy [2, 3e].

Although less common than viral causes, bacterial etiolo-
gies do exist. Bacterial sialadenitis is theorized to be due
to decreased salivary flow with ascending infection from
the oral cavity [2]. The most common pathogens for bacte-
rial sialadenitis are Staphylococcus aureus and streptococ-
cal species [2]. One study looking specifically at juvenile
recurrent parotitis found streptococcal species to be the most
common bacteria cultured [4].

While the pathophysiology has not been well elucidated,
there have been increased rates of sialadenitis with certain
genetic syndromes including Treacher Collins, lacrimo-
auriculo-dento-digital (LADD), and Prader Willi as well
as specific systemic diseases, including sarcoidosis and
IgG4-related disease. Furthermore, there are autoimmune
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conditions, including Sjogren’s disease, associated with
increased risk of sialadenitis, thought to be due to decreased
salivary flow and increased stasis susceptible to infection.
Lastly, there are congenital and structural anomalies that can
lead to obstructive sialadenitis. These can include sialoliths,
vascular malformations, lymphadenopathy, masseter hyper-
trophy, and ductal strictures or stenosis.

Unlike the adult population, sialoliths are only found in
about 5% of children presenting with sialadenitis, and only
3% of all sialoliths develop in children [5, 6]. When sialo-
liths do develop, they are more common in the submandibu-
lar gland than the parotid gland [1]. One theory to explain
this finding is that submandibular saliva is more mucinous
which provides the benefit of antibacterial properties but
is also more likely to precipitate into sialoliths [7-10].
Obstructive etiologies are more likely to cause chronic or
recurrent acute symptoms, often temporally related to eat-
ing. Stenosis or strictures can develop, commonly in the
setting of inflammation, and are more often present in the
parotid ducts than the submandibular or sublingual ducts
[11,12].

Juvenile Recurrent Parotitis

Juvenile recurrent parotitis (JRP) is one of the more common
presentations of pediatric sialadenitis. Children with two
episodes of discrete sialadenitis meet criteria for diagnosis;
however, the average number of episodes at presentation is
4-5 [13]. JRP is more prevalent in males [7, 14]. Obesity
and atopy have also been associated with JRP [14]. JRP is
described as having a bimodal distribution with a first peak
of presentation between age 3 and 6 years of age and a sec-
ond peak around 10 years of age [15]. JRP generally resolves
by puberty, yet there are no studies demonstrating any hor-
monal modulation of the disease. One study of 41 patients
found that 44% required at least three courses of antibiotics
to control symptoms, and 42% ultimately underwent surgical
intervention [14].

Despite ongoing research, understanding of the patho-
physiology of JRP remains limited and is thought to be a
combination of genetic, immune, infectious, behavioral, and
structural factors. Some theorize that the underlying etiol-
ogy is inflammation which both affects and is affected by
all the factors mentioned previously. While recurrent sialad-
enitis can be an early presentation of autoimmune disease,
such as Sjogrens, JRP does not appear to be autoimmune
mediated [2]. Studies have described JRP to be associ-
ated with hypogammaglobulinemia, IgG3 deficiency, and
IgGA deficiency. Other studies have found elevated matrix
metalloproteinases in a subset of patients with JRP [16].
Sialendoscopy has been found to be effective in reducing
frequency and severity of JRP, which will be discussed later
in the chapter.

Patient Evaluation
History

Acute sialadenitis generally presents with unilateral or bilat-
eral pain and swelling and sometimes fever and erythema
overlying the gland. Chronic sialadenitis may present with
a prolonged course or recurrent acute symptoms (often
associated with eating), with incomplete resolution between
episodes. Obtaining a medical and family history can help
screen for contributing autoimmune or genetic conditions.
Generally, isolated acute, recurrent acute, or chronic sialad-
enitis does not necessarily warrant an autoimmune workup
in the absence of comorbid symptoms. Identifying associ-
ated symptoms such as dry eyes, dry mouth, dental caries,
arthralgias, or a family history of autoimmune disease may
alert the clinician to consider further workup with serol-
ogy testing to rule out an autoimmune etiology, including
Sjogrens [17]. In one recent study of 20 children referred
for evaluation of recurrent sialadenitis, 40% were diagnosed
with Sjogrens based on either serology or biopsy [17].

Physical Exam

During an acute episode of sialadenitis, children may present
with unilateral or bilateral swelling of the parotid or subman-
dibular glands with associated pain, tenderness, and some-
times erythema, which is often exacerbated prior to or dur-
ing meals. Some will have improvement of symptoms after
a meal. The sublingual and minor salivary glands are less
commonly involved. With bacterial sialadenitis, there may
be thick drainage or purulence expressed from the salivary
duct. In severe cases of submandibular sialadenitis, there can
be edema along the floor of the mouth causing tongue glos-
soptosis and airway compromise. Any intraoral purulence
should be cultured for antibiotic guidance. In comparison,
juvenile recurrent parotitis generally presents with recur-
rent acute episodes of either unilateral or bilateral pain and
swelling, isolated to the parotid glands. In between episodes,
however, the physical exam may be entirely normal.

Imaging

Sialography was once the gold standard for evaluating
sialadenitis. This involves injecting radiopaque dye into
the ductal system and then obtaining timed radiographs to
evaluate the contour of the ducts. Sialography can show
strictures, obstruction, and consequent dilated ducts or sia-
lectases. Sialography is contraindicated in an acute infection,
for it can exacerbate inflammation. Furthermore, sialogra-
phy is more invasive, requires patient cooperation with duct
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cannulation, is user dependent, and involves radiation, so it
is rarely used in children. Ultrasound has similar specificity
in detecting sialectases and has largely replaced sialography
in most institutions.

Ultrasound

Ultrasound can identify gland inflammation, seen as hyper-
echoic, heterogenous, or diffusely hypoechoic parenchyma.
This modality can also differentiate intraglandular from
extraglandular disease and identify relevant lymphadenopathy.
In addition, ultrasound can identify a glandular abscess and
guide aspiration. Ultrasound can demonstrate sialectases or
obstructive sialoliths. A sialolith, on ultrasound, will appear
as a hyperechoic nodule with a posterior acoustic shadow.
Ultrasound is limited by the fact that sialoliths smaller than
2 mm and those in the distal submandibular duct are generally
difficult to identify on ultrasound. Ultrasound has become the
imaging study of choice for children due to its ease of use,
availability, and lack of radiation. Furthermore, in contrast
with MRI, young children can be successfully imaged with-
out general anesthesia. Intraoperative ultrasound can also be
very helpful, especially if time has elapsed between the initial
identification of a stone and the date of sialendoscopy.

Consideration of CT/MRI

When symptoms persist after adequate duration of conserva-
tive management, one should consider imaging; however, it
is often not required for an initial episode of acute sialad-
enitis. CT imaging can easily identify microcalcifications
seen in the setting of chronic inflammatory changes as well
as abscesses. MRI can better evaluate for salivary tumors.
Imaging is recommended in the setting of recurrent uni-
lateral parotid abscesses to evaluate for possible underly-
ing first branchial cleft cysts. Interestingly, even for those
patients presenting with unilateral complaints, findings of
bilateral involvement are often seen on MRI [18].

Conservative Measures

Acute sialadenitis can often be managed conservatively with
hydration, gland massage, and sialogogues. When there is
concern for bacterial sialadenitis, often associated with per-
sistent or increasing pain and fevers despite more conserva-
tive measures, antibiotics are indicated. Given that acute
sialadenitis is most often caused by Staphylococcus aureus
and Streptococcus, the first-line antibiotic regimen is gen-
erally amoxicillin/clavulanic acid or another penicillinase-
resistant antibiotic [2].

@ Springer

Sialoendoscopy

Prior to the development of sialendoscopy, gland excision
was the definitive treatment option for recurrent sialad-
enitis that had failed conservative measures [2]. How-
ever, parotidectomy can be associated with significant
complications. Over the last 25 years, sialendoscopy has
emerged as an effective, lower-risk intervention. Flexible
sialendoscopy was first described by Katz in 1990 [19,
20], and rigid sialendoscopy was described by Nahlieli in
1994 [21]. As compared to CT or MRI which have rela-
tively low sensitivity to detect sialoliths (ranging from 20
to 40%), sialendoscopy has a sensitivity of 100%. How-
ever, in most cases, it does require general anesthesia. See
Fig. 1 for a proposed algorithm by Wood and colleagues
regarding workup and management of pediatric sialad-
enitis [22].

Candidacy

Surgical indication for sialendoscopy varies between sialo-
lithiasis and sialadenitis without stones. The presence of
a salivary stone is an indication for surgical intervention
with sialendoscopy, sometimes in combination with other
approaches. Indications for sialendoscopy in children
with a diagnosis JRP vary among providers. Some pro-
viders will offer sialendoscopy for certain patients who
have had at least two episodes of sialadenitis; however,
other authors report an average of 6-7 episodes prior to
undergoing surgical intervention [18]. Without established
clinical guidelines, a shared decision-making model is
important. The risks, benefits, and expected outcomes are
discussed with parents to determine whether the frequency
and severity of episodes merit intervention under general
anesthesia. Sialendoscopy is generally contraindicated in
acute sialadenitis due to higher risks of ductal injury [7].
While most surgeons currently perform sialendoscopy in
children under general anesthesia, there have been small
case series of successful pediatric sialendoscopy under
local anesthesia in clinic settings [23].

Alternatives

Fluoroscopy-guided stone removal and ductal dilation have
been described; however, given the need for radiation, this
technique is less favored for the pediatric population [24].
Extracorporeal lithotripsy, either independently or with
sialendoscopy, has also been used to fracture sialoliths and
allow easier passage through the duct but is not routinely
performed in children [24].
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Surgical Technique

Preoperatively, some clinicians administer intravenous anti-
biotics such as clindamycin or cefazolin, while others do not
routinely administer unless purulence is identified during
sialendoscopy. There are no studies to date evaluating dif-
ferences in postoperative infections with administration of
preoperative antibiotics. Intraoperative systemic steroids are
also not standard but given by surgeons on a case-by-case
basis, often dependent on the amount of ductal manipula-
tion. Glycopyrrolate should be avoided because it is helpful
to visualize saliva expression from the duct in order to iden-
tify the papilla, and this medication reduces saliva produc-
tion. Oral intubation does not limit the procedure when the
tube is secured to the lower midline lip or lower contralat-
eral oral commissure; however, some practitioners prefer
nasotracheal intubation. A bite block or dental retractor with
or without a lip retractor is helpful to gain exposure. Mas-
saging the gland can promote salivary flow to identify the
ductal papilla.

The papilla is cannulated and then serially dilated with
either salivary or lacrimal dilators to accommodate the endo-
scope. Care should be taken to avoid traumatizing the papil-
lae as this can cause edema which make cannulation more
difficult. Guide wires can sometimes be helpful to leave in
place when endoscopes are being switched or removed and
replaced. The sialendoscopes come in several sizes: 1.6,
1.3, or 1.1 mm diameter, and the 1.1 is generally preferred
for pediatric cases. There is a 0.8 mm endoscope without
a working channel which limits interventional options but
can be used for diagnostic purposes. The endoscope is then
gently inserted into the duct. Visualization can be improved
by gentle, continuous irrigation through the endoscope as
well as by providing traction to straighten the length of
the duct, which is particularly critical for submandibular
sialendoscopy.

While saline is most commonly used to irrigate, some sur-
geons irrigate with antibiotics. Using the working channel,
an endoscopic basket or pneumatic balloon can be inserted
for stone retrieval or ductal dilation. Topical corticosteroids
are often added with the rationale to treat associated inflam-
mation of the ducts, but there are no guidelines in the current
literature to support that one irrigant is superior to another.
It is important for the surgeon to keep track of the volume
of irrigant used, especially for the submandibular glands in
young children as there have been reports of airway obstruc-
tion due to overly aggressive irrigation [2, 25].

In cases where it may be technically challenging to can-
nulate the papilla, a papillotomy or distal sialodochoplasty
may be of benefit to cannulate the duct [26]. Additionally,
a sialolithotomy can be performed by making an incision
just proximal to the papilla. A small incision can be made
to allow dissection around the duct. The duct can then be
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incised just proximally to the papilla to allow easier cannula-
tion by the endoscope. To prevent postoperative scarring and
consequent obstruction, a sialodochoplasty should be per-
formed to splay the edges of the duct and suture them to the
surrounding soft tissue to maintain patency. Salivary stents
are not routinely placed; however, when there is concern for
ductal injury, salivary stents can be placed and maintained
for 2 to 4 weeks. Postoperative antibiotics are not routinely
prescribed unless purulence is encountered intraoperatively.
However, this is less common given a known acute infec-
tion is generally a contraindication for sialendoscopy. As the
surgical plan must depend upon intraoperative findings, it is
imperative to discuss the risks and benefits of these interven-
tions as well as potential additional surgical approaches that
may be necessary intraoperatively with a patient’s family,
prior to surgery.

Diagnostic and Interventional Sialendoscopy

Sialendoscopy has high specificity for identifying sialoliths
compared to CT or MRI. Sialendoscopy allows for both
diagnostic and interventional measures including stone
retrieval, ductal dilation, steroid application, and lavage. The
largest studies describing outcomes in children undergoing
sialendoscopy report 50-90% resolution of symptoms after
just one procedure [3e, 14, 27, 28ee].

While prednisolone, triamcinolone, and hydrocortisone
have all been used topically, there are no studies to date
analyzing outcomes of steroid irrigation [2]. One study of
140 adults found that patients with ductal stenoses who were
treated with a 1-week course of oral steroids followed by a
slow taper were significantly less likely to require repeated
sialendoscopy for recurrent symptoms as compared to those
who received less than 1 week of postoperative oral steroids
[29].

Sialoliths are found in about 3% of cases [30]. Endo-
scopic baskets can be used to retrieve stones smaller than
3 mm. For larger stones, additional techniques to fracture
the stones may be required including lithotripsy, laser, or
microdrill. For large stones, a sialolithotomy may be neces-
sary to extract the stone. Sialoliths located posterior to the
masseter muscle within the hilum of the gland are difficult
to access with purely endoscopic techniques and are more
likely to require combined endoscopic and open approach
[31]. After successful endoscopic removal of a stone, it is
important to reintroduce the sialendoscope to confirm that
no additional stones are present.

Complications
Complications from sialendoscopy are generally rare but

include iatrogenic ductal injury which can lead to perfo-
ration, stenosis, or strictures. Other complications include
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postoperative infections, traumatic ranula, and nerve pares-
thesia. In rare circumstances, there can be significant floor
of mouth edema causing airway compromise.

Outcomes

There is wide variation in reported outcomes after sialendos-
copy due to generally small sample sizes, variable criteria
for intervention, inclusion of different disease processes, and
variable follow-up duration.

Sialendoscopy Outcomes for Combined Etiologies

When evaluating intraoperative findings, one small study of
10 sialendoscopy procedures in 6 patients revealed fibrinous
debris in 70% of cases, purulence in 10%, mucoid debris
in 10%, and ductal stenosis 10% [1]. See Fig. 2 for intra-
operative sialendoscopy identification of intraductal debris,
sludge, and sialoliths. Similarly, when combining all forms
of pediatric sialadenitis, including sialolithiasis-related dis-
ease and juvenile recurrent parotitis, one study of 49 sialen-
doscopies in 29 pediatric patients, sludge was seen in 55% of
submandibular glands and 63% of parotid glands, strictures
were seen in about 9% of both glands, and stones were seen
in 45% of submandibular glands but no parotid glands [32].

In one study of 38 sialendoscopies, 84% of interventional
procedures could be performed endoscopically, 8% required
combined techniques, and 8% required gland excision [33].
The largest meta-analysis to date evaluated 323 children who

Fig. 2 Intraoperative sialendoscopy findings

underwent sialendoscopy for either JRP, recurrent sialadeni-
tis, or sialolithiasis and found that 14.5% had recurrences
within 18 months; however, recurrence rates were not
described based on the underlying etiology, specifically [3e].

Sialendoscopy Outcomes for Juvenile Recurrent
Parotitis

For patients with JRP in the absence of sialolithiasis,
reported outcomes are variable with studies reporting recur-
rence rates between 20 and 53% [14, 27] over a 6-month to
3-year follow-up period. As expected, studies with shorter
follow-up periods had lower recurrence rates as compared to
those with longer follow-up. Recurrence rates do appear to
reduce with additional sialendoscopies; however, this may
be biased by the natural course of the disease which tends to
resolve by puberty. The largest meta-analysis to date focus-
ing specifically on children with JRP undergoing sialendos-
copy found a 27% recurrence rate; however, follow-up dura-
tion was not reported [28ee].

A major limitation of these outcomes studies is the lack
of a control group. Because JRP tends to self-resolve by
adolescence, the benefit of fewer episodes after sialendos-
copy could be partially attributed to the natural course of the
condition. One should remain cautious in attributing success
to an intervention in a condition with a natural history to
improve with time. Schneider et al. found that antibiotics
were equally effective to sialendoscopy as treatment in chil-
dren with JRP with no statistical significance demonstrated
between the two treatment modalities when comparing out-
comes [34]. Furthermore, given that pediatric sialadenitis
is less common, most studies have small sample sizes with
variable clinical criteria for surgical candidacy and variable
follow-up times. This limits power to detect differences
across treatment options.

Sialendoscopy Outcomes for Sialolithiasis

In contrast to JRP, for sialolith-associated sialadenitis, recur-
rence rates after sialendoscopy tend to be lower. Given the
low prevalence of pediatric sialolithiasis, large outcome
studies of pediatric sialolithiasis-related sialadenitis out-
comes after sialendoscopy have not been published. In one
small study of four children with sialolithiasis who under-
went sialendoscopy, one child (25%) underwent repeated
endoscopy during the follow-up period ranging from 2—31
months [13]. However, among the adult population, the larg-
est study to date of nearly 4700 patients found that 80% of
patients remained free of symptoms and sialoliths, and an
additional 16% remained symptom-free despite free despite
recurrence of sialoliths [35¢]. Current literature supports
that 74-90% of sialoliths can be removed via sialendos-
copy, with or without combined approaches [8, 36]. In the
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absence of sialoliths, some argue that ductal lavage without
sialendoscopy can be adequate to reduce symptoms. How-
ever, because imaging does not reliably rule out sialoliths
smaller than 2 mm, some cases of sialolithiasis would not
be diagnosed or adequately treated with ductal lavage alone.

Conclusions

Pediatric sialadenitis is often multifactorial in etiology due
to a combination of infectious, structural, autoimmune,
behavioral, and genetic causes. Presenting symptoms include
pain and swelling overlying the salivary gland with pos-
sible skin erythema and purulence from the salivary duct.
Ultrasound is the first-line imaging modality to evaluate for
signs of inflammation, dilated ducts, sialoliths, neoplasms,
or abscesses. CT or MRI should be considered for recurrent
cases to evaluate for an underlying structural anomaly that
could mimic or cause recurrent sialadenitis. Sialendoscopy
is an important diagnostic and therapeutic modality to con-
sider in children with recurrent sialadenitis. Most children
do experience improvement in symptoms following this
treatment. Further studies are needed to better characterize
which patients stand to benefit most from this intervention,
especially patients without salivary stones.
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