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Abstract

Salivary gland pathologies in children are frequent, particularly viral infections, but rarely need cross-sectional imaging.
However, when a mass involves the salivary spaces (primarily or as a secondary invasion from other neck spaces) it may pose
problems in the differential diagnosis and in immediate management. Infrequently, systemic autoimmune diseases can also
involve the salivary parenchyma in children and correctly interpreting the constellation of findings in the whole body is critical
for the diagnosis. Distinguishing between cystic and solid masses is the first step for radiologists in order to narrow down the
diagnosis. Location and spatial extension are the most important elements differentiating cystic masses, while signal character-
istics, internal structure and local invasion help in the differential diagnosis of solid masses.

Keywords Benign tumor - Child - Computed tomography - Congenital malformation - Differential diagnosis - Infection -
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Introduction

The most common salivary gland pathologies in children are
viral infections, but apart from those, salivary gland diseases
in children are rare and may pose a problem in terms of dif-
ferential diagnosis. In this review, we describe: 1) the relevant
anatomy of the parotid, submandibular and sublingual spaces;
2) inflammatory diseases, 3) congenital conditions and 4)
masses involving the salivary spaces/glands with a focus on
the elements of radiologic differential diagnosis.

Congenital anomalies can be associated with a specific
syndromic constellation of findings and/or genetic causes that
should be taken into account by radiologists. Inflammations
and infections are often nonspecific on imaging while masses
involving salivary gland spaces follow imaging features of the
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same entities involving other neck spaces. Distinguishing be-
tween cystic and solid masses is the first step for radiologists in
order to narrow down the diagnosis. Location and spatial ex-
tension are the most important elements differentiating cystic
masses, while signal characteristics, internal structure and local
invasion help in the differential diagnosis of solid masses.

This paper is intended as a simple guide for general radiol-
ogists and trainees toward the correct interpretation of pediat-
ric salivary gland disease.

Anatomy

The salivary glands comprise the paired parotid, submandib-
ular and sublingual glands, referred to as the major salivary
glands, together with submucosal clusters of salivary tissue
scattered around the oral cavity, paranasal sinuses, pharynx
and upper respiratory tract (minor glands).

Parotid space
The superficial layer of deep cervical fascia delimits the parotid

space in the lateral suprahyoid neck. This space is related to the
parapharyngeal space medially, the masticator space anteriorly
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and the carotid space posteromedially. Inferiorly, the parotid tail
extends into the posterior submandibular space (Fig. 1).

The parotid space is divided into superficial and deep com-
partments by the facial nerve or by a line between the
stylomastoid foramen and the lateral margin of the
retromandibular vein.

The superficial parotid gland lies below and anterior to the
external auditory canal, superficial to the masseter muscle. The
deep portion of the gland extends medially through the stylo-

Fig. 1 Anatomy of the salivary
glands. a Axial drawing depicts
the parotid space and its
relationship with surrounding
neck spaces. b Axial drawing
depicts submandibular and
sublingual glands and their
anatomical relationship
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The parotid duct (Stensen duct), which arises from the an-
terior aspect of the gland, runs over the masseter and pierces
the buccinator to open in the buccal vestibule at the level of the
second upper molar.

The facial nerve emerges from the stylomastoid foramen of
the skull, courses laterally around the styloid process superfi-
cial to the posterior belly of the digastric muscle. It continues
caudally within the parotid gland, dividing into an upper
trunk, giving off its temporal and zygomatic branches, and
lower division, which breaks up into its buccal, mandibular
and cervical branches.

The auriculotemporal nerve, branch of the mandibular
nerve, represents another nervous structure included in the
parotid space, which penetrates the gland posteriorly to the
mandibular condyle carrying secretory fibers.

Submandibular space

The submandibular space is a superficial space above the hy-
oid bone inferolateral to the mylohyoid muscle containing the
submandibular gland, facial vessels, nodes and the anterior
belly of digastric muscle.

The submandibular gland, the second largest salivary gland,
is folded around the dorsal free edge of the mylohyoid muscle
from which it is divided into a superficial and a deep portion.
The superficial portion, covered by the superficial layer of the
deep cervical fascia, lies in the submandibular space bounded
by the digastric, the stylohyoid and the medial pterygoid mus-
cles. Superiorly, the stylomandibular ligament separates it from
the parotid gland whereas the mylohyoid and hyoglossus mus-
cles border the floor of the submandibular space deeply (Fig. 1).

The anterior facial vein runs superficial and lateral to the
submandibular gland, where it has been suggested as a land-
mark to help differentiate intra- and extra-glandular lesions.
Indeed, primary diseases of the gland are never separated from
the gland by the vein whereas the vein separates lymphade-
nopathy from the glandular parenchyma [1, 2]

Beyond the posterior edge of the mylohyoid muscle, the
deep portion of the submandibular gland extends in the floor
of the mouth (i.e. sublingual space). At this level, the lingual
nerve runs lateral to the gland, while the hypoglossal nerve
lies medially. Wharton duct exits the gland anteriorly, extends
between the sublingual gland and the genioglossus muscle
and terminates in the anterior floor of the mouth.

Sublingual space

The sublingual space is a non-fascial lined space lying
superomedial to the mylohyoid muscle. It communicates with
the contralateral sublingual space on the midline and with
submandibular space posteriorly through the edge of the
mylohyoid muscle. This space contains the sublingual gland
and ducts, the deep portion of the submandibular gland, and

Wharton duct, hypoglossal and lingual nerve laterally and
glossopharyngeal nerve and lingual vessels medially (Fig. 1).

A possible communication between submandibular and
sublingual spaces is represented by congenital defects of the
mylohyoid muscle. They present a relatively high incidence
(35-50%) and may contain the sublingual gland or sometimes
blood vessels and fat [3].

Diagnostic work-up

Clinical history and physical examination are essential in eval-
uating patients with salivary gland disorders as they are crucial
to address the diagnostic work-up and formulate the differen-
tial diagnosis. The acute onset or long persistence of gland
swelling, the rate of change in the gland size and associated
symptoms should be carefully assessed. Physical examination
includes inspection of the face and oral cavity, and massage of
the gland to measure tenderness and determine the size and
texture of the gland.

In the setting of acute swelling of parotid glands, a viral
infection is the most probable etiology and imaging is usually
not indicated. On the contrary, in case of acute swelling of a
single major salivary gland, particularly when associated with
fever and pain, an acute suppurative sialadenitis should be
suspected. Ultrasound (US) represents the first-level imaging
modality, while contrast-enhanced computed tomography
(CT) should be carried out in the suspicion of complications,
such as abscess or jugular thrombosis. A chronic generalised
swelling of major salivary glands can indicate different
causes. Its association with systemic symptoms or
adenopathies may raise the suspicion of chronic sialadenitis,
including HIV-related and mycobacterial sialadenitis. Also for
this condition, US is indicated while magnetic resonance im-
aging (MRI) may help obtain a panoramic view and better
characterisation. For the same reasons, US and then MRI
should be performed in case of chronic swelling of a single
major salivary gland, which may be caused by cystic lesions,
vascular abnormalities or neoplasms [4].

Congenital and genetic abnormalities
of the salivary glands

Salivary gland aplasia

Salivary gland aplasia (or agenesis) is a rare condition of un-
clear etiology in which one or multiple major salivary glands
are congenitally absent. It affects the parotid or submandibular
glands and may be unilateral or bilateral.

Salivary glands form through the growth of buds from
the oral epithelium into underlying mesenchyme during
embryogenesis. The parotid secretory tissue is of
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ectodermal origin while the submandibular, sublingual
and minor salivary glands have endodermal origin.

Parotid gland primordia (anlagen) arise in weeks 5—6 of
gestation, followed by submandibular and sublingual ones in
weeks 6 and 7-8, respectively; minor salivary glands develop
during the third month [5].

Although the parotid primordia are the first to appear, their
encapsulation by the superficial layer of the deep cervical
fascia of the neck develops after that of the submandibular
and sublingual glands and after development of the lymphatic
system (between the 12th and 14th fetal weeks). This results in
intraparotid lymph nodes, which are normally absent in the
other major salivary glands [6].

The absence of both parotid glands has been observed
in lacrimo-auriculo-dento-digital syndrome (autosomal
dominant) [7], in hypoplasia of the lacrimal glands or
absence of lacrimal puncta [8], in hemifacial microstomia
and in ectodermal dysplasia. Salivary gland aplasia has
also been reported in Down syndrome [9], Klinefelter
syndrome [10] and SOX10 mutation, which is
characterised by inner ear dysplasia, absent olfactory
bulbs (Kallmann disease), absent lacrimal glands and ab-
sent ganglionic cells in the bowel (Hirschsprung disease)
[11] (Fig. 2). Furthermore, it may be associated with first
branchial arch defects in Treacher Collins syndrome
(mandibulofacial dysostosis) [12].

Unilateral forms may be associated with compensatory
hypertrophy of the other salivary glands, in particular sub-
lingual glands, and are usually asymptomatic. In these
cases, the suspicion should arise for asymmetrical parotid
or submandibular areas. The absence of Stensen duct pa-
pilla on clinical examination could be helpful for unilat-
eral parotid aplasia diagnosis [13]. In bilateral forms, the
severe lack of saliva leads to dental caries, periodontal
disease and candidiasis [14].

On imaging, the absence of a parotid or submandibular
gland should be differentiated from an atrophic gland second-
ary to obstruction of the secretory system, in which end-stage
fat completely replaces the gland.

Lastly, one or both of the submandibular glands can some-
times be situated lower than normal configuring a develop-
mental variant without pathological significance.

Salivary gland hypoplasia

Hypoplasia of the salivary gland can be sporadic or genetic
(autosomal dominant) and may be associated with lacrimal
gland hypoplasia. In sporadic cases, the association with
Goldenhar syndrome is important: unilateral abnormal devel-
opment of the nose, soft palate, ear and otic capsule, mandible
and lips. Genetic cases have been associated with mutation in
FGF10 gene [15].

@ Springer

Fig. 2 Axial T2-weighted image with fat suppression shows bilateral
absence of the parotid glands (arrows) in a 34-week-old girl with
SOX10 mutation

Polycystic dysgenetic disease of the parotid gland

This is an extremely rare genetic disorder (possibly au-
tosomal dominant) presenting in women during child-
hood or early adulthood. This condition is likely due
to a developmental defect in the ductal anatomy with
replacement of the lobular areas of the parenchyma by
several epithelial cysts originating from the ducts. The
cysts may contain microliths and the natural evolution
of the disease is toward fibrosis and atrophy. Clinically,
there is intermittent and painless swelling of the glands
and MRI in a few reported cases with images showed
well-circumscribed glands with diffuse enlargement, ab-
normal inhomogeneous signal and multiple very small
internal cysts [16]. Reports of images are scarce, diag-
nosis is histological and image findings nonspecific.

Cystic lesions
First branchial cleft cyst

The branchial arches are the embryological precursors
from which many of the adult structures of the head
and neck arise. In detail, six pairs of branchial arches
develop from the pharyngeal foregut between the 4
and 7™ weeks of gestation. Each arch is externally lined
by an ectoderm recess (branchial cleft) and internally by
a layer of endoderm (branchial pouch) between which is
a core of mesenchyme [17].
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Each arch is associated with a central supporting cartilagi-
nous portion, an aortic arch artery and a cranial nerve, which is
the trigeminal nerve for the 1% arch [18].

The first pharyngeal cleft forms the external auditory
meatus, while the corresponding pouch gives rise to the
middle ear and eustachian tube. The tympanic mem-
brane derives from the confluence of these structures
and therefore comprises ectoderm, mesoderm and endo-
derm. Distally, the first branchial arch forms the man-
dibular and maxillary processes, and the muscles of
mastication, malleus and incus [19].

First branchial cleft anomalies include cysts, sinuses
or fistulae in the region of the angle of the mandible,
accounting for fewer than 8% of all branchial abnormal-
ities. They are classified as Type I or Type II based on
presumed pathogenesis but with limited imaging appli-
cability. Type I is considered ectodermal in origin and
presents as cystic masses adjacent to the external audi-
tory canal. In particular, it is located in the postauricular
areca, medial, inferior and posterior to the pinna and
concha extending superiorly in proximity to the main
trunk of the facial nerve. On the other hand, Type II
anomalies, both ectodermal and mesodermal in origin,
include cysts, sinuses or fistulae between the external
auditory canal and submandibular area [18].

They present with cervical swelling and drainage
from a skin depression at the angle of the mandible or
the external auditory canal, which may be purulent if
infected.

CT and MRI demonstrate an unilocular or
multilocular cystic mass adjacent to the parotid gland,
which is occasionally associated with a tract terminating
along the external ear canal or middle ear (Fig. 3). Cyst
wall thickening and enhancement may be depicted in
cases of infection. Fat-suppressed post-contrast MR im-
ages are useful to demonstrate the tract. Differential
diagnoses include parotitis with abscess formation, lym-
phatic malformation, sialocele and benign
lymphoepithelial cyst [20, 21].

Surgical excision represents the definitive treatment
for first branchial cleft anomalies, typically complicated
by recurrent infections. A sinogram may be preopera-
tively performed to delineate the extent of the tract.

Lymphatic malformation

See noninflammatory masses of the salivary glands.

Ranula

Ranulas are mucoceles that form following obstruction of
or trauma to the sublingual gland. For this reason, they
represent pseudocysts rather than real cysts, which are
characterized by an epithelial wall. The most common
type is the simple ranula (or oral ranula), which develops
above the mylohyoid muscle in the floor of the mouth and
clinically presents as an intraoral swelling. The less fre-
quent plunging ranula (or diving ranula) extends through
a defect of the mylohyoid muscle in the submandibular
space, causing a submandibular and/or submental bump
with or without intraoral swelling. Submandibular exten-
sion may also occur through the physiological communi-
cation between the submandibular and sublingual spaces
at the posterior edge of the mylohyoid muscle (Fig. 4).

US is useful to confirm the cystic nature of the lesion
and to identify mylohyoid defects. On CT, ranulas appear
as well-defined unilocular cystic lesions with low attenu-
ation, while MR features are low signal on T1-weighted
and high signal on T2-weighted images, which can variate
depending on the protein concentration. Infected ranulas
may show peripheral enhancement. In plunging ranulas,
the sublingual space’s collapsed component is commonly
referred to as the tail sign.

Ranula differential diagnoses include cystic lesions of the
floor of the mouth such as epidermoid/dermoid cysts and lym-
phatic malformations [22, 23].

Fig. 3 Axial STIR (short tau inversion recovery) images of a first
branchial cleft anomaly Type Il in a 10-year-old girl. a—¢ Serial section
in the craniocaudal direction shows a tract (arrows) from within the right

parotid gland (a), passing the angle of the mandible (b), and terminating
in a cyst within the subcutaneous fat of the right submandibular region (c)
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Fig. 4 Axial T1-weighted image in a 14-year-old boy shows a left
plunging ranula extending in the submandibular space. The ranula
shows increased T1 signal consistent with highly proteinaceous fluid.
Note the normal submandibular gland on the right (arrow)

Acquired immunodeficiency syndrome-related
parotid cysts

Acquired immunodeficiency syndrome (AIDS)-related cysts usu-
ally present as bilateral parotid cystic lesions, even in the presence
of a unilateral clinical involvement. Cervical lymphadenopathy
due to human immunodeficiency virus (HIV) infection as well
as solid benign lymphoepithelial lesions are often observed in
these patients. AIDS-related cysts are histologically lined by squa-
mous epithelium associated with reactive lymphoid stroma.

US and cytological examination are sufficient to confirm
the diagnosis in HIV-positive patients. CT and MRI may be
useful to depict deep parotid cysts, possibly extending into the
parapharyngeal space and compressing oropharynx [24]. A
thin rim enhancement is usually depicted.

Solid accompanying lymphoepithelial lesions show diffusion
restriction with variable heterogeneous enhancement [25, 26].

Inflammation and infection

Imaging findings in inflammations and infections of the sali-
vary glands in children are nonspecific and often not

@ Springer

necessary. Clinical context is paramount for the correct diag-
nosis and management.

Acute infections of the salivary glands

The most common salivary viral infection in the pediatric
population is caused by mumps and is characterized by bilat-
eral enlargement of the salivary gland (particularly the parotid
glands) while Staphylococcus aureus is the most common
cause of acute bacterial infection [27]. Imaging is not neces-
sary and the diagnosis is clinical [28].

CT and MRI show diffuse enlargement of the glands with
some increased hypodensity (on CT) or increased T2-
weighted images signal (on MRI) due to oedema [29].
Internal fluid collection can be seen in both MRI and CT as
well as dilatation of the Stensen duct. Enlarged lymph nodes
can be present. It is important to note that pyogenic infections
can be responsible for abscesses in the salivary glands that can
be seen as fluid collections surrounded by rim enhancement
on CT and presenting with restricted diffusivity of the fluid
core (pus) on MRI [30]. Acute infection of the parotids is
characterised clinically by fever and painful swelling.

The main differential diagnoses in bilateral swelling of the
parotid glands are: 1) HIV-related sialopathy, 2) chronic in-
fections and 3) autoimmune disease such as juvenile Sjogren
disease, [gG4 related disease and others.

Chronic sialadenitis in childhood

Sialadenitis is considered chronic when acute episodes recur
with clinical manifestation of swelling, pain and fever inter-
spersed with asymptomatic periods. Chronic juvenile recur-
rent parotitis is more common than adult chronic parotitis and
involves children between 3 and 6 years of age and over time
the swelling persists while the pain reduces [31]. CT and MRI
are nonspecific, showing enlargement of the salivary glands
and heterogeneous density/intensity evolving in an atrophic
picture [32, 33]. Internal calcifications, nodal enlargement,
dilatation of the Stensen duct and multiple foci of
hyperintensity in T2-weighted imaging can be seen [27, 31]
(Fig. 5).

Tuberculosis and other mycobacteria

Mycobacterial involvement of the salivary gland is rare
in children and is normally seen in adults between 20
and 30 years of age, with the parotid gland being the
most common site of involvement (70%) followed by
the submandibular and sublingual glands [31]. Atypical
mycobacteriosis is radiologically similar to tuberculosis
and both present with enlargement of the glands, reac-
tive nodes, calcifications, abscesses/tuberculomas and
necrotic areas. In most cases, the parotid involvement
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Fig. 5 Chronic parotitis in an 8-year-old boy. Coronal T2 STIR (short tau
inversion recovery) shows enlargement of the left parotid gland (arrow)
with multiple small foci of T2 hyperintensity

represents the extension of the cervical nodes' infection
[31, 34-36]. Tuberculomas can present as low T2-
weighted image areas, which is quite typical of granu-
lomatous processes in head, neck and brain imaging and
allows, to some extent, differentiation from pyogenic
abscesses [37]. Diffuse, nodular or rim enhancement
can be seen [34]. On US, hypoechoic nodules with as-
sociated calcified areas are seen [36].

Fig.6 Juvenile Sjogren disease in
an 11-year-old girl presenting
with intermittent swelling of the
parotids. a Coronal T2 STIR
(short tau inversion recovery)
shows microcystic appearances of
the parotid glands. b Coronal T1-
weighted image post injection of
gadolinium shows enlargement of
the left lacrimal gland (arrow)

Juvenile Sjogren disease

Sjogren disease is an autoimmune and chronic inflam-
matory disorder of the salivary and lacrimal glands
characterized by diffuse lymphocytic infiltration of the
parenchyma. In these patients, bilateral parotid enlarge-
ment is often associated with abnormal dryness of the
conjunctiva and cornea of the eye (xerophthalmia) and
dry mouth (xerostomia) [38].

Juvenile Sjogren disease is poorly defined and most
likely an underdiagnosed condition. The first presenta-
tion is often with bilateral swelling of the parotid glands
and or presumed diagnosis of recurrent parotitis and the
age at the diagnosis is around 10 years [39]. It is im-
portant, in patients with bilateral parotid swelling or
sign/symptoms suggesting Sjogren disease, to look for
systemic clinical manifestations that are common in
those patients, including hematological, neurological,
vascular, musculoskeletal and respiratory symptoms that
are present in up to 50% of the patients [38].

On US, salivary glands appear either normal (particularly
in the acute phase) or may demonstrate typical diffuse
multicystic pattern [40].

Typically, CT also shows multicystic areas alternating
with a solid glandular component (reticular pattern) with
associated foci of calcifications. On MRI, the imaging
characteristics are similar with the cystic appearance of
the gland that changes with time, being microcystic at
the beginning and evolving into larger cysts (Fig. 6). It
is important to know that solid areas due to lympho-
cytes aggregation can simulate a tumor particularly in
post-contrast sequences and in diffusion-weighted im-
ages. In the parotid glands when the cysts are larger
than 2 mm, this is considered an advanced macrocystic
stage of the disease. In a child with suspected Sjdgren
disease, an MRI sialography needs to be considered: the
main radiologic findings are changes in the parotid
ducts, which may be punctate in the early stages and
progress toward more globular, cavitary and destructive
abnormalities [41]. Lacrimal glands may also be
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involved and can be hypertrophic or atrophic [42] (Fig.
6). Very rarely, Sjogren disease can present with ranula
in the floor of the mouth [43] or can involve cranial
nerves presenting as polyneuropathy.

Radiologically, other multicystic masses involving the
parotid need to be considered in differential diagnosis,
particularly a lymphatic malformation that can be micro-
or macrocystic and is far more common in children. In
these cases, clinical presentation is different with pro-
gressive swelling and without inflammatory symptoms.
Furthermore, a lymphatic malformation does not have
solid components, is transpatial extending beyond the
parotid space and is unilateral without associated sys-
temic involvement.

Immunoglobulin G4-related disease

Immunoglobulin G4 (IgG4)-related disease is an autoim-
mune disorder that involves several organ systems and
is characterized by high levels of IgG4 in the blood and
infiltration/fibrosis of several organs due to plasma cells
expressing IgG4. It is considered an adult disease and
literature on the pediatric population is scarce. However,
children may be affected and some pediatric cases can
present as a solid lesion simulating a tumor [44]. To
consider this entity in the differential diagnosis of in-
flammatory processes involving salivary glands is im-
portant because if not treated it can lead to irreversible
fibrotic damage. Prednisolone is the first-line therapy
and shows resolution of the symptoms in most cases.
Chronic sclerotising sialadenitis was historically called
Kuttner tumor; it is now known that this is due to
IgG4-related disease [45, 46].

Radiologically, US can demonstrate enlargement of sali-
vary glands, as well as the presence of reactive enlarged
lymph nodes (i.e. diffuse hypoechogenicity but preserved hi-
lum and hilar vascularity). Interestingly, salivary gland in-
volvement has been described as inhomogeneous with some
part of the gland more involved than the other, characterized
by typical low signal in T2- and T1-weighted images,

Fig. 7 An 8-year-old boy with
Kikuchi necrotising
lymphadenitis. a, b Coronal (a)
and axial (b) STIR (short tau
inversion recovery) images show
bilateral and diffuse enlargement
of the parotid glands with
associated lymph-node
involvement (arrows)
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diffusion restriction, increased enhancement in comparison
to the normal-looking gland and extension of the changes
beyond the glandular parenchyma [47, 48]. It is important to
note that diffusion and enhancement changes may be subtle
since normal glandular parenchyma also shows physiological
enhancement and relative restriction of the diffusion. The in-
filtrative fibrosis and the lymphocytic infiltration are probably
responsible for the signal characteristics.

Sjogren and IgG4-related diseases are clinically similar, but
xerostomia is not so frequent and marked in the latter.
Furthermore, Sjogren disease shows high apparent diffusion co-
efficient (ADC) values and mainly hyperintense T2 signal (i.e.
absence of significant hypercellularity) due to multiple cystic
components. Other differential diagnoses are with granuloma-
tous diseases such as sarcoidosis that are very similar on images
and should be distinguished using the clinical context and labo-
ratory. Especially in the context of enlarged lymph nodes, a
possible differential diagnosis includes lymphoma and some-
times biopsy is necessary to distinguish the two entities [48].

Other autoimmune parotitis cases, such as Kikuchi
necrotising lymphadenitis and lupus lymphadenitis, can
cause chronic involvement of the parotid glands togeth-
er with reactive enlargement of the neck nodes (Fig. 7).

Noninflammatory masses of the salivary
gland region in children

Lymphatic malformations

Lymphatic malformations (previously also known as
lymphangioma or cystic hygroma) are vascular
malformations that can be found in the head and neck
regions and are typically transpatial (i.e. they involve
several neck spaces); they can be microcystic,
macrocystic or mixed and their pathogenesis is un-
known [49]. Despite some confusion in literature, these
are not tumors but are now considered malformations
[50].
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The lymphatic malformations involving the parotid
spaces can be divided into Type I (involving the parotid
space alone) and Type II (transpatial with involvement
of the parotid space). Type II is far more frequent, but
Type 1 can create some diagnostic problems [49].
Malformations can bleed spontaneously or after trauma
and patients can have facial nerve symptoms [51-53].

Lymphatic malformations have three radiologic hallmarks
(Fig. 8) [54, 55]:

1) multicystic structures (micro- or macrocysts) without
contrast apart from thin cystic wall enhancement, with
hyperintense content in T2-weighted images and variable
signal in T1-weighted images depending on the protein-
aceous content of the cysts.

2) fluid-fluid levels often present and due to internal
bleeding.

3) transpatial extension.

However, problems in diagnosis, though rare, can arise
when lymphatic malformation is characterized by a single
cyst, is infected or develops a malignant transformation
[56-58].

The main differential diagnosis is a Ist branchial
cleft anomaly (a single cyst along the lateral profile of
the parotid that can be associated with a tract) and
haemangioma (an enhancing mass with internal flow
voids).

Treatment is done using sclerotherapy or surgical removal [59].

Benign tumors

a) Infantile hemangioma
Different from lymphatic malformations, hemangi-
omas are considered neoplasms [26] and are the most
common parotid tumors in children. In a study of 324

Fig. 8 A 33-month-old girl with
macrocystic lymphatic
malformation. a—¢ Axial STIR
(short tau inversion recovery)
images show involvement within
the oral cavity (a), the left
submandibular space (b) and left
parotid space (c)

parotid masses in children, Bentz and colleagues [60]
found that the most frequent neoplasms were heman-
giomas (59%), followed by lymphatic malformations
(27%) and other parotid tumors. Presentation is
around 4 months of age. These neoplasms show rapid
growth at the beginning and then an involutive phase
before the second year of age. Infantile hemangiomas
express GLUT1, which differentiates them from con-
genital hemangiomas that present at birth and can be
non-involutive (NICH) or rapidly involutive (RICH)
[61, 62]. Clinically, they may be superficial or deep,
solitary or multiple, small or very large. They appear
as red marks if superficial or more blue if deep. Deep
lesions can also appear like a nodule with skin colour
[63]. Radiologically, they show slightly hyperintense
signal on T2-weighted images with multiple internal
flow voids and homogenous enhancement that can
become patchy in the involutive phase (Fig. 9). It is
important to recognize the tubular shape of the flow
voids to differentiate them from focal calcifications on
MR (phleboliths), which are the radiologic hallmark
of venous malformations (Fig. 10). No calcifications
are visualized on CT that can instead show fatty con-
tent in the involutive phase [64, 65]. On US, heman-
giomas appear as masses with packed vessels and
high peaks on Doppler. MR angiography is not nec-
essary unless PHACES (posterior fossa brain
malformations, hemangioma, arterial lesions, cardiac
abnormalities and eye abnormalities) syndrome is
suspected [65]. Differential diagnosis includes other
benign tumors, such as neurofibroma involving the
facial nerve, but the age of presentation will be older,
and, in pediatric population, these lesions are associ-
ated with neurofibromatosis Type 1 with typical areas
of abnormal signal in brain (foci of abnormal signal
intensity or FASI), sphenoid dysplasia, other plexi-
form neurofibromas and optic pathway gliomas within
the brain [66].
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Fig. 9 Infantile haemangioma of the parotid gland in a 4-month-old girl.
a Axial STIR (short tau inversion recovery) demonstrates enlargement of
the parotid on the right with internal flow voids (arrows). b Axial T1-

b) Pleomorphic adenoma

Pleomorphic adenoma of the parotid gland, also known
as benign mixed tumor of the parotid, is most common in
adults between 30 and 60 years of age and has been de-
scribed rarely in children [60]. This tumor can also involve
other salivary glands [67]. Radiologic characteristics are the
same as those described in adults and include a well-
circumscribed intraparotid mass with hyperintense signal
on T2-weighted images and a low T2 signal of the external
capsule and homogenous enhancement [68] (Fig. 11). The
signal on T2-weighted images can be extremely hyperin-
tense, more than cerebrospinal fluid (CSF) and areas of
internal necrosis with consequent heterogenecous en-
hancement of the neoplasm can develop in larger le-
sions (diameter >2 cm) [69]. Pleomorphic adenomas
do not show diffusion restriction and can have internal
calcifications visible on CT. Large pleomorphic ade-
nomas typical extend medially with effacement of the
parapharyngeal fat (Fig. 11).

Malignant tumors

a)

Fig. 10 A 6-year-old boy with
large venous malformations of the
left parotid space. a Coronal STIR
(short tau inversion recovery)
shows a phlebolith (arrow). b
Axial T1-weighted with fat
saturation post injection of
gadolinium shows patchy,
progressive enhancement typical
of venous malformations. Note
also the involvement of the
masticator space

Rhabdomyosarcoma

Rhabdomyosarcoma is the most common tumor of the
soft tissues in children; however, parotid gland rhabdo-
myosarcomas are rare and often the involvement of the
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weighted image with fat saturation after injection of gadolinium shows
homogeneous enhancement of the lesions and confirms the presence of
multiple flow voids

b)

parotid space is secondary to an invasion from other sites
[70]. Tt is still debated if the tumor originates from the
gland or in the mesenchyme around it, but murine models
have shown that salivary glands may contain a cell-of-
origin of these aggressive neoplasms [71]. Nevertheless,
in both pathology and imaging, some invasion of the
periglandular soft tissue is expected and the most appro-
priate definition should be “rhabdomyosarcoma of the pa-
rotid region” [70]. These patients often do not have facial
nerve symptoms and the presentation is as a painless mass;
this is important to note clinically because delay in the
diagnosis usually reduces the chances of total resection
due to the local aggressiveness of the tumor [70, 72].

Imaging of rhabdomyosarcoma of the head and neck
regions is characterized by bony invasion (better visible on
CT), enhancement, nodal metastases, and intracranial and
perineural invasion. Most of the rhabdomyosarcomas have
internal areas of necrosis, which should always suggest a
malignancy. Some reductions of the ADC values depending
on the tumor cellularity have been described but they are not
as low as other embryonal tumors of the head and neck
region such as malignant rhabdoid tumors [73, 74] (Fig. 12).
Mucoepidermoid carcinoma

Mucoepidermoid carcinoma is the most frequent
malignant tumor in the salivary glands in children.
As with other malignant lesions involving the salivary
glands, these neoplasms present as asymptomatic,
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Fig. 11 A 14-year-old boy with
left parotid pleomorphic
adenoma. a Coronal STIR (short
tau inversion recovery) image
shows the mass appears well
circumscribed with T2
heterogeneously hyperintense
signal. b Axial T1-weighted
image shows effacement of the
left parapharyngeal fat (arrow) by
the pleomorphic adenoma and
demonstrates a hypointense
external capsule (arrowheads)

slow-growing masses for several months before
symptoms become apparent [75]. In the pediatric pop-
ulation, one of the possible risk factors is previous
radiotherapy [76].

Imaging features are nonspecific and depend on the
tumoral grade: Low-grade tumors are well-
circumscribed masses within the parotid while
higher-grade tumors present with local invasion and
nodal metastases [77]. T2-weighted signal and post-
contrast images also follow the tumor grade, which is
more T2 hypointense in more cellular (i.e. aggressive)
lesions and with clear areas of necrosis visible on
both T2-weighted images and post-contrast sequences
in more aggressive neoplasms (Figs. 13 and 14).
Despite diffusion-weighted images being useful in
predicting the cellularity, there is an overlap between
benign and malignant tumors in the parotid region
[78]. Low-grade mucoepidermoid carcinomas have
an often pseudocystic appearance particularly on CT
and US [27].

c) Lymphoma

Primary lymphomas of the salivary gland are uncom-
mon in children and lymphomas account for only 1% of
the parotid tumors. They are generally B-cell non-
Hodgkin lymphomas and, in contrast to the adult counter-
part, the prognosis in those cases is favourable [79]. They
are considered mucosa-associated lymphoid tissues
(MALT) lymphomas and are painless in most cases
[27]. Radiologically, the most important characteristic is
synchronous involvement of lymph nodes in the neck,
which is often present. The disease can be unilateral or
bilateral, diffuse or localized and the gland can present
with heterogeneous hypointensity on T2-weighted im-
ages, variable T1 signal and diffusion restriction [27].

d) Acinic cell carcinoma of the salivary glands
Acinic cell carcinoma of the salivary gland accounts
for about 15% of salivary gland malignancies; it is a low-
grade malignant tumor characterised histologically by se-
rous acinar cell differentiation of its neoplastic cells [80].

Fig. 12 A 9-year-old boy with thabdomyosarcoma. a Axial STIR (short
tau inversion recovery) image shows the large mass centred in the right
parotid with extension medially in the masticator and carotid spaces and
compression of the nasopharynx (arrow). Note multiple internal flow
voids reflective of tumor high vascularity. The difference with
haemangioma is in the aggressive nature of the lesion. b Coronal

contrast-enhanced T1-weighted image with fat saturation shows
enhancement of the lesion and demonstrates involvement of the skull
base, the right foramen ovale (*), Meckel’s cave and temporal dura
(arrow). ¢ Axial T2-weighted image shows the lesion (arrow)
extending along the intracisternal trigeminal tract and compressing the
pons on the right
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Fig. 13 Parotid secreting
carcinoma in an 8-year-old girl. a
Axial T2-weighted image shows
a well demarcated mass (arrows)
in the right parotid gland. b
Coronal STIR (short tau inversion
recovery) image demonstrates
associated dilatation of the parotid
ducts

It mainly involves the parotid gland (>80%), but can in-
volve the other salivary glands as well as other head and
neck spaces. Radiologically, these tumors are very similar
to benign neoplasms involving the salivary gland and the
diagnosis is histological [81] (Fig. 15).

Differential diagnosis of masses
in the salivary spaces

Given the rarity of masses involving the salivary glands and/or
surrounding tissues, differential diagnosis may be challenging

Fig. 14 Axial T1-weighted image after gadolinium injection and with fat
saturation in a 12-year-old girl with aggressive mucopeidermoid
carcinoma shows a large right parotid mass with marked enhancement
and central necrosis

@ Springer

when a mass in those areas is detected on radiologic exami-
nations [82].

Here is an easy step-by-step approach to narrow down the
diagnosis in case of neck masses involving salivary spaces as
well as a diagnostic flowchart (Fig. 16). This is a general guide
that must be used in view of the clinical context.

A few important considerations that the radiologist should
take into account:

1) Is the mass solid or cystic?

2) Ifitis solid, as a general rule the signal characteristics,
pattern of enhancement and internal structure are more
useful in distinguishing the different entities.

3) Ifitis cystic, look at the location.

Fig. 15 Axial STIR (short tau inversion recovery) image shows an acinic
cell carcinoma of the posterior aspect of the left parotid gland in a 12-
year-old boy. The signal characteristics and sharp margins are similar to
those of a pleomorphic adenoma
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Fig. 16 A proposed flowchart helps differentiate salivary glands masses in children. DWI diffusion-weighted imaging, 72-WI T2-weighted imaging

Conclusion

Radiologic characterisation of lesions in the salivary glands of
children is often challenging. Images are nonspecific and rare-
ly indicated in inflammations/infections; however, some ra-
diologic appearances may guide the differential diagnosis
and avoid invasive procedures. A correct understanding of
the signal and distribution characteristics of the masses involv-
ing the salivary spaces of the neck is very useful in
distinguishing between benign and malignant entities.
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