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Abstract: Deep neck infections are potentially dangerous complications of upper respiratory tract or
odontogenic infections. The pathophysiology, clinical presentation, and potential spreading depend
on the complex anatomy of the neck fascia. These infections can lead to severe pathological conditions,
such as mediastinitis, sepsis, and especially airway impairment with difficult management. Because
of the risk of life-threatening emergency situations and the possible impacts on the overall health
status of affected children, their early recognition is of utmost importance. Torticollis, drooling, and
check for stridor are the most common signs of advancing disease. Children presenting with these symptoms
updates should be admitted to the paediatric intensive care unit for vital function monitoring, where the
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Oscar Redaelli de Zinis and The head and neck region is relatively often affected by infectious diseases of various
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children, and the predominant aetiology is also different [2,3]. In adults, odontogenic
inflammation is the most common cause, whereas a dental cause is less common in chil-
dren and complications of cervical lymphadenitis and upper respiratory tract infections
predominate. This difference also reflects the common bacterial spectrum. In the paediatric
population, infections caused by staphylococci and streptococci predominate, whereas, in
adults, inflammation is mostly polymicrobial with a frequent anaerobic component [4-7].
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DNI. Warning signs and challenges in recognising and solving possible life-threatening
complications are highlighted.

2. Relevant Anatomy

The clinical presentation, spread, and potential complications of cervical infections are
determined by anatomical conditions. The principal determining factor is the arrangement
of the fibroelastic cervical fascia, which has two basic layers. The superficial cervical fascia
is relatively sparse, lies immediately below the subcutaneous tissue, envelops the platysma
muscle, and, together with the attachments of the mimic muscles, forms the superficial
musculoaponeurotic system. Infections below the superficial layer of the cervical fascia are
not considered to be deep cervical infections [8].

2.1. Deep Cervical Fascia

The deep cervical fascia (DCF) envelops the neck muscles, salivary glands, blood
vessels, nerves, lymphatic tissue, and other neck organs (thyroid, larynx, pharynx, oesoph-
agus). It provides mechanical support and allows the reciprocal movement necessary for
head movement and the act of swallowing. The DCF consists of three layers; superficial
(investing), pretracheal, and prevertebral.

The superficial layer of the DCF surrounds the entire neck, dorsally attached to the
spinous process of C7 vertebra and ligamentum nuchae; caudally to the scapula, clavicle,
and manubrium sterni; cranially to the inferior edge of the mandible, zygomatic arch,
mastoid process, and occipital bone; and anteriorly to the hyoid bone. After division,
it envelops the trapezoid muscle, sternocleidomastoid muscle, the anterior belly of the
digastricus muscle, the submandibular salivary gland, the masseter muscle, and the parotid
gland. Below the sternocleidomastoid muscle, the lateral part of the carotid sheath and the
cranial part of the superficial layer of the DCF covering the anterior belly of the digastric
and mylohyoid muscles form the floor of the submandibular space. During inflammation,
the superficial layer of the DCF prevents the passage of pus into the subcutaneous tissue
and the formation of an external fistula; therefore, an abscess could instead spread into
deeper cervical spaces.

The deep layer of the DCF covers the spine and deep neck muscles. Dorsally, it attaches
to the spinous processes of the cervical vertebrae. On the ventral side of the cervical spine
(near the longus colli muscle), it divides into a prevertebral leaf, firmly adhering to the
anterior side of the vertebrae (from the base of the skull to the level of Th3) and a looser
alar leaf which anteriorly lies on the buccopharyngeal fascia and allows the movement of
the pharynx during swallowing.

The middle layer of the DCF consists of two parts, muscular and visceral. The muscular
part surrounds the infrahyoid muscles, attaches to the hyoid cranially and the sternum
caudally, and is relatively firm. The visceral part encloses the thyroid gland, oesophagus,
pharynx, larynx, and trachea. Caudally, it extends into the mediastinum and covers the
pericardium and aortic arch. Cranially, it attaches anteriorly to the hyoid bone; dorsally,
it forms the buccopharyngeal fascia and part of the carotid sheath. The carotid sheath is
formed by the union of the superficial and pretracheal fascia ventrally and the prevertebral
fascia dorsally. It contains the common and internal carotid artery, internal jugular vein,
and the vagal nerve [9,10].

The anatomical nomenclature of the cervical fascia and the spaces defined by it is not
completely uniform and differs in detail between different publications. The anatomical
spaces described below are also not free spaces in the true sense of the word, but potential
spaces that only become clinically important in pathological conditions [11-14].

2.2. Deep Neck Spaces and Their Infections

The anatomical arrangement and attachments of the individual layers of the cervical
fascia create preformed spaces. During infectious diseases, pus is initially confined to one
space, but as the disease progresses, the natural barrier, if any is present, between the spaces
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is overcome and the inflammation spreads. The clinically significant barrier is the hyoid
bone and its attachments to the superficial and visceral layer of the DCF. The deep cervical
spaces can be divided into suprahyoid, infrahyoid, and spaces occupying the entire length
of the neck according to their relationship to the hyoid.

The only clinically relevant infrahyoid space is the pretracheal /anterior visceral space,
which is enclosed by the visceral portion of the middle leaf of the DCF. Infections of this
space arise by spreading from the submandibular space or trauma of the oesophagus.
They are often associated with emphysema of the neck after perforation of the oesophagus.
Oedema of the larynx and the compromising of airways are common. The infection of
this space spreads easily to the mediastinum, and the patient’s condition may deteriorate
rapidly without previous warning signs [8,15].

The suprahyoid spaces represent the anatomically and clinically most complex group
of cervical spaces. Abscesses of the facial spaces around the ramus mandibulae (buccal,
parotid, and masticatory space) are dangerous because of the possibility of the spread
of the infection to the parapharyngeal space and because of frequent severe trismus that
complicates airway management, but they do not cause airway obstruction per se. The
source of infections in these spaces is odontogenic or sialadenitis.

Infections of the spaces bordered by the body of the mandible (submental, sublingual,
and submandibular space) have the same source. The sublingual and submandibular spaces
communicate freely with each other beyond the dorsal margin of the mylohyoid muscle
and open into the parapharyngeal space. Infections of these spaces have a substantial risk of
spreading parapharyngeally, and a larger abscess may result in the craniodorsal dislocation
of the tongue and may compromise airway patency. This is especially prominent for the
severe form of bilateral cellulitis of the submandibular spaces—Ludwig’s angina. It is
manifested by the brawny and tender swelling of the floor of the mouth and neck with the
rapid development of respiratory distress and a septic state. It is especially dangerous for
immunocompromised patients [16-19]. Related to Ludwig’s angina is cervical necrotising
fasciitis. It is characterised by the rapid spreading of infections in the subcutaneous tissue
and superficial cervical fascia. Although it is rare in children (an uncommon disease
leading to tissue destruction and necrotising fasciitis occurring only in the paediatric
population is noma, a polymicrobial devastating infection of the head and neck region
occurring in malnourished, immunocompromised children in sub-Saharan Africa [20]) it
is dangerous because of mild initial symptoms with a later precipitous deterioration of
clinical state. Septic shock and mediastinitis are common among patients suffering from
necrotising fasciitis [21,22].

Abscesses of the peritonsillar space complicate tonsillitis and are at risk of spreading
to the para- and retro-pharyngeal space. There is controversy in their treatment as to
when to perform tonsillectomy in the acute stage, when to postpone it, and when to not
perform it at all [23]. The lateral pharyngeal space is, clinically, a particularly important
space. It has the shape of an inverted square-based pyramid, with its base at the skull
base and apex at the greater corn of the hyoid bone. It communicates ventrally with
the submandibular space and dorsomedially with the retropharyngeal space. Sources
of infection of the parapharyngeal space are diverse and include pharyngitis, tonsillitis,
otitis, mastoiditis, parotitis, or cervical lymphadenitis, as well as odontogenic sources when
spread from surrounding spaces. The clinical picture differs according to the localisation of
infection related to the styloid septum. When the prestyloid part of the parapharyngeal
space is involved, then trismus and sore throat are common. When the retrostyloid part
is affected, clinical problems are less significant, but serious complications may occur
when the infection spreads to the contents of the carotid sheath. These include infective
internal jugular vein thrombosis (Lemierre’s syndrome), carotid artery aneurysm, Horner’s
syndrome, cranial nerve IX—XII palsies, and mediastinitis and septicaemia [24-27].

The aforementioned carotid sheath runs throughout the entire length of the neck,
in which infections of the prevertebral space are uncommon and have little tendency to
spread. Furthermore, between the prevertebral fascia and the dorsal wall of the pharynx
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and oesophagus, the retropharyngeal space is located ventrally and the so-called danger
space dorsally. They are separated by the alar fascia [28]. The retropharyngeal space
ends caudally at the level of the Th3 vertebra and is divided into left and right halves
by the adhesion of the alar and buccopharyngeal fascia in the midline. Its infections
of rhinogenic origin are common in young children (up to 4-5 years of age) because it
contains lymph nodes that disappear at around 6 years of age [29,30]. In older patients,
this space may become infected by transfer from the parapharyngeal space or after injury
to the posterior wall of the pharynx. Patients with retropharyngeal abscess are at risk of
airway obstruction and the aspiration of pus after abscess rupture. The danger space is
distal to the retropharyngeal space, extends cranially to the skull base, caudally down
to the diaphragm, and contains loose areolar tissue, and therefore, its infections have
a tendency to spread rapidly to the mediastinum. The danger space is infected secondarily
by the spread of infection from the parapharyngeal, retropharyngeal, or prevertebral space.
The phenomenon of false recovery is a major concern, where the patient’s discomfort
subsides after the pressure in the retropharyngeal or parapharyngeal space is relieved
by the evacuation of pus into the danger space. After a short interval, however, sepsis,
mediastinitis or even mediastinal empyema may develop [31]. There is a summary of the
anatomy, spreading, and risks of particular deep neck spaces in Table 1 and in Figure S1.
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Table 1. Deep neck spaces.

Boundaries Content Source Spreading to Risks Predominant
Superior Inferior Dorsal Ventral Medial Lateral Age
Pretracheal / Direct com- Middle layer =~ Middlelayer =~ Middle layer High risk of
Infrahvoid rgxftaecric?ra Thyroid munication Esophagus, of DCF, of DCF, of DCE, Thyroid gland, Esophagus Superior airway An
y visceral cartilage with superior  anterior wall visceral visceral visceral trachea perforation mediastinum compromise, y
mediastinum division division division mediastinitis
Anterior and _
posterior Posterior Anterior Superior Loose Pa;apel;?ry i l\lilo?g?‘i;ea Older
Suprahyoid  Peritonsillar tonsillar Not defined tonsillar tonsillar Tonsil pharyngeal connective Tonsilitis t & h, C(s)mo romisey children
pillars pillar pillar constrictor tissue retrophar- T P ’ (12y)
connection yngea] space rismus
; Sialadenitis
Sublingual it _ Moderate
Sublineual Mucosa of Mylohyoid Paraphary- Mandibl genig%{oss_(ail, Mandibl gland, lingual Oc(lggctﬁigf:lm E;Teaalfia;%’_ rgz;Ofr%i;n"}]sey Re{z’sﬁ ©
ublngua oral floor m. ngeal space a ¢ gem?n yor a € h ani:l 1 teeth, M1 mandibular T(anue ' eruption
: ypoglossa and Space dislocation and caries
nerves mesial teeth)
Older
. . . . . hildren—
Mandible, . Anterior Anterior Submandibular  Odontogenic-  Paraphary- . ¢
Submandibular mylohyoid lSuperfl]c:;élF Paraf) hary- belly of belly of Mandible gland, M2g, ngeal, sublin- ST?S;I:;;S’ trglt?e teet%
m. ayero ngeal space digastricus digastricus lymph nodes M3 gual space P & eruption
and caries
. - - Anterior .
Submental Myl(:l}llymd lSuperﬁlgélF Hyoid bone ISuper?]CDlélF Not defined belly of Lymph nodes Frontal teeth Subr;a;;?bular Spreading Rare
. ayer o ayer o digastricus i
Tonsilitis,
: odontogenic ~
Prevertebral Middle layer Superficial Styloid septum, (M3), lymph Retr(iphary Tri Yqunger
Paraphary- ; fascia, Pterygoman- of DCF, layer of DCE maxillary d ngeal space, rismus, children
Skull base Hyoid bone o . h 4 y . 4 artery and , hodes, Danger frequent (6y)—
ngeal carotid dibular raphe visceral medial sialadenitis, id di ;
sheath division pterygoid m | NErve, mastoid space, caroti spreading poststyloid
) adipose tissue abscess sheath part
other spaces
.Cta rotlil'artell‘y, Internal
Middle layer 5 :irrrl1 ace];1 gilcla?r Paraphary Mediastinum jugular vein Rare
Length of Carotid - Prevertebral Superficial of DCE, Superficial VeI, CEIVIC: R f /' thrombosis, ’
whole neck sheath Skull base Mediastinum fascia layer of DCF visceral layer of DCF syrppathet} ¢ pgteal space, 1r;1tiraﬁra- carotid h}.’l(éungez
division chain, cranial Intravenous ally aneurysm, children (6y)

nerves IX, X,
XI, XII.

Horner’s palsy
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Table 1. Cont.
Boundaries . Predominant
- Content Source Spreading to Risks
Superior Inferior Dorsal Ventral Medial Lateral Age
Lymph . High risk of
Carotid &
- iasti - Al . nodes, _ airway Younger
Retrophary Skull base Mediastinum, Alar fascia Buccophaliy Midline Carotid Lymphnodes  trauma, para- sheath, para compromise. children
ngeal Th2 level ngeal fascia fusion sheath pharyngeal
pharyngeal a Pus (4-5y)
space space aspiration
Retrophary-
Medjiastinum, Fused fascias ngeal, para- Mediastinitis,
Danger Skull base diaphragm Pre}/aesrctieabral Alar fascia Not defined on cervical Loozessasiolar pharyngeal, = Mediastinum  sepsis. False Any
level vertebrae prevertebral recovery
space
Retrophary- .
Vertebral P tebral freyerfteb.ral D fib r(:greoaqaiéy Spreading tSpmalll i
Prevertebral Skull base Coccyx bodies, deep reyerteora Not defined ascia tusion €NSe IDIOUS  danger space,  limited due ~ O°'€OMYEHUS Any
muscles fascia to cervical tissue " to Stiff tissue and
vertebrae gr fgggzn instability
p
Masticatory
muscles . Medial Temporalis m BI:C(; al, b
Space Submandibular Parotid edia Masseter m. mandibular N . parotid, sub-
Spaces of (masseter, Skull base space, Space, pare” Buccal space pterygm;l o+ superficial nerve, internal Odontogenic- mandlbular: Trismus Adolescents
the face medial : pharyngeal + superficial : M3 parapharyn
: mandible layer of DCF maxillary
pterygoid space layer of DCF geal space.
artery .
and Orbit.
temporal)
. Buccal fat pad, Masticatory .
Buccal Zygoma Mandible (:Il’.terygoman- Not defined Buccopha.ry— Skin of the parotid duct, Odontogenic muscles Facial Any
ibular raphe ngeal facia cheek . cellulitis
facial artery space
Parotid gland,
Parotid Parotic* Parotic* Parotic* Parotic* Parotic* Parotic* . éiiﬁ;lnce;geﬁd Sialadenitis, Paraphary- No severe Any
capsula capsula capsula capsula capsula capsula artery, odontogenic ngeal space
lymph nodes

* Parotic capsula is derivative of the superficial layer of DCE.
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3. Age-Related Specificities

In the whole population under 18 years of age, the most common antecedent illnesses
are upper respiratory tract infection, followed by dental infection and congenital anoma-
lies [32]. In the younger paediatric population, the most common DNIs are of respiratory,
and subsequent lymphatic, origin, mainly affecting the retropharyngeal space. Retropha-
ryngeal abscesses tend to be more common in children about 4 years of age due to the
frequency of upper respiratory infections and the presence of retropharyngeal lymph nodes.
Peritonsillar and parapharyngeal abscesses are more frequent in children older than 4 years
and peritonsillar abscesses are the most frequent in adolescents or young adults. The
lymphatic origin of deep neck abscesses is more common among younger children because
they frequently suffer from lymphadenitis. On the other hand, odontogenic infections are
related to dental caries or wisdom teeth eruption and are thus common in older children
and adolescents. There is a higher incidence of DNIs among boys [2,24,33-41]. See Table 1
for specific information about age-related predominance in abscess localisation.

4. Basic Microbial Findings

The microbiological profile of DNIs changes with the age of patients. Younger
children are predominantly infected by respiratory pathogens, Streptococcus pyogenes
and (-lactamase secreting Staphylococcus aureus being the most common. With in-
creased age, Gram-negative and anaerobic flora are more common (odontogenic infec-
tions) [4,6,7,33,37,42,43]. A rising incidence of methicillin-resistant Staphylococcus aureus
(MRSA) has been reported. Its spread and prevalence vary among different countries and
populations. However, patients infected with resistant strains have a greater risk of severe
disease course, including mediastinal involvement [42,44—48].

Less frequent are specific cervical inflammations as a consequence of lymph node
colliquation caused by the relatively frequent, in children (20%), extrapulmonary manifes-
tation of tuberculosis, non-tuberculous mycobacteria, or actinomycetes [49-52] (a serious
incident is the occurrence of a local epidemic of nosocomial Mycobacterium abscessus
infection in children after dental treatment. The cause was contaminated dental unite
cooling water [53,54]).

5. Diagnostics and Management of Uncomplicated DNIs

The most common symptoms of DNIs at presentation are generally fever, torticollis,
neck swelling or mass, sore throat, odynophagia, and decreased oral intake. Children
less than 2 years of age present with fewer and less specific symptoms, such as fever,
lethargy, or irritability, so the diagnosis may be difficult [55,56]. Children younger than
4 years of age are more likely to present with agitation, drooling, rhinorrhoea, stridor,
and even respiratory distress. Trismus, “hot potato voice”, and other localising signs are
seen more often in older children [9,23,31,32,57]. The initial diagnosis may be delayed in
younger or uncooperative children because of limited verbal communication, difficulties in
completing a comprehensive head and neck physical examination, and the similarity of
clinical symptoms with common respiratory infections [58].

Some clinical findings are specific to the particular space involved. Facial swelling and
trismus appear with the involvement of masticatory, buccal, parotid, submandibular, and
sublingual spaces. Trismus and torticollis are common in parapharyngeal abscesses. The
displacement of the tonsils and uvula is typical for peritonsillar abscesses and the bulking of
the pharyngeal wall medially occurs in danger space and paramedially in retropharyngeal
space abscesses [8,57,59,60].

Diagnostic imaging is used for the precise localisation of inflammation and mainly for
differentiating cellulitis from abscesses. Ultrasound as a simple imaging technique may
be sufficient in cooperative patients with superficially and laterally localised lesions. In
those situations, ultrasound has a similar sensitivity to CT [61]. MRI could be considered
because of the absence of ionising radiation, but it requires general anaesthesia (GA) more
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frequently than CT or ultrasound. The accuracy of CT and MRI is comparable in diagnosing
deep neck abscesses. CT or MRI should be preferred in patients with an aggravating clinical
course or compromised airways [61-66].

In an uncomplicated course of neck infection, there are no specific laboratory findings,
different to other bacterial infectious diseases. White blood cell count and C-reactive
protein levels are elevated. A neutrophil-to-lymphocyte ratio higher than five seems to be
an indicator of advanced inflammation [67-70].

In the absence of airway compromise or severe clinical status deterioration, therapy
should start with an empiric IV. antibiotic course for 48 h; Amoxicillin/Clavulanic acid
50 mg/kg eight-hourly is preferred. It is curative in cellulitis and abscesses smaller than
2.5 cm in diameter. Conservative treatment is effective in cellulitis where the vascular supply
is preserved and antibiotics are more effective [71]. However, children under 4 years of
age require surgical drainage more often. Moreover, CT/MRI for proper diagnosis usually
requires GA in this age group. Therefore, it is recommended to perform needle aspiration or
surgical drainage of the suspected mass in the same GA as diagnostic imaging. When 48 h IV
antibiotic therapy does not improve the clinical status, in patients with abscesses larger than
2.5 cm and younger than 2 years, surgical drainage is recommended. Immediate surgery is
necessary when dyspnoea or another complication occurs [3,18,24,30,37,39,41,58,67,71-77].

6. Possible Complications and Their Warn Sings

The rate of complications of paediatric DNIs is 5-10%; airway compromise, multiple
neck space involvement, and mediastinitis are the most common. Rare but severe events
are pus aspiration, internal jugular vein thrombosis, internal carotid pseudoaneurysm,
Ludwig’s angina, and sepsis [3,23,24,37,45,72,78-81]. Generally, children younger than
2 years with retropharyngeal or multiple space abscesses are the most endangered by
complications [45,67,79,82]. The high risk of complications, impending airway compromise,
and its difficult management must be anticipated in those children.

6.1. Airway Obstruction

The complication of the most concern is acute airway obstruction. Warning signs that
necessitate early airway intervention include marked tachypnoea with shallow respiration,
the use of accessory respiratory muscles, orthopnoea, dyspnoea, stridor, and the adoption
of a sniffing position [19]. However, the majority of cases can be successfully managed with
endotracheal intubation. The decision to secure the airway by tracheal intubation should
not be delayed because of the possibility of difficult airway management if the condition
worsens (swelling, oedema) and the unacceptable risks and complications related to acute
tracheostomies in children [83-85].

Difficult airway management should be always anticipated in DNIs. Moreover, there
is a risk of airway collapse during anaesthesia induction. Therefore, all possible preven-
tive precautions are required before airway management and/or anaesthesia induction.
The need for IV access before initiating airway management and the preparedness of all
necessary equipment (videolaryngoscope, flexible bronchoscope) is of utmost importance.
Although there are no guidelines on the choice of anaesthesia induction technique, main-
taining spontaneous ventilation during the period of airway securing is usually a preferred
technique. This can be achieved by both inhalation and intravenous induction (preferably
with anaesthetics that do not affect respiratory drive such as ketamine or the careful titra-
tion of remifentanil). The intubation technique of choice is primarily videolaryngoscopy
or awake flexible intubation, and in all cases, the presence of an ENT surgeon capable of
performing a tracheostomy on-site is recommended [86,87]. The meticulous monitoring of
the airway should continue at the PICU for at least 48 h after surgical intervention because
of the potential risk of increasing oedema in the postoperative period [8,18,19,88,89].
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6.2. Vascular Complications

Vascular complications, such as carotid artery pseudoaneurysm, should be considered
in children with severe headache, bruits, lower cranial nerve palsies, Horner’s syndrome,
and nasal or oropharyngeal bleeding [26,81,90,91]. Internal jugular vein thrombosis with
the embolisation of infected thrombi, Lemierre’s syndrome, or postanginal sepsis is a rare
but dangerous condition. It is characterised by the septic thrombophlebitis of the internal
jugular vein and at least one focus of septic embolus. Patients usually have a recent
history of an oropharyngeal infection caused by an anaerobic pathogen, Fusobacterium
necrophorum. Septic embolisation could cause systemic complications depending on the
final end-point of the embolus. Pulmonary impairment is the most common and could
lead to respiratory failure. Joint, liver and brain emboli with neurological complications or
sepsis/septic shock are also possible.

6.3. Rapidly Spreading Inflamations

In the presence of tight, shiny, painful skin without circumscribed swelling that
spreads rapidly in the submandibular space and on the front of the neck, the development
of Ludwig’s angina or necrotising fasciitis is suspected. These dangerous disease states
have their origin in the phlegmonous inflammation of the superficial layers of the tissues
of the floor of the mouth and throat. Later, bullae and skin necrosis occur. After a period of
mild symptoms, these patients are at risk of the rapid development of toxic shock, airway
obstruction and the spread of infection to the mediastinum. Radical surgical drainage,
securing the airway, and intensive care are immediately indicated [22,92,93].

6.4. Sepsis

Continuous fever >39.0 °C, CRP > 50 mg/L, WB cell count >15.0 x 10°/L, procal-
citonin >2 ng/mL, dysphagia, odynophagia, dysphonia, neck pain, and limited neck
movement also indicate inflammation progression. Torticollis, excessive drooling, stri-
dor, and respiratory distress are signs that require particular attention. These children
should be strictly monitored and early admission to the paediatric intensive care unit
(PICU) is recommended. This is vital in children presenting with signs of sepsis and/or
systemic inflammatory response syndrome. Prolonged capillary refill time (>3 s), mot-
tled and cool extremities, altered mental status, oliguria, and/or hypotension are the
most common [5,38,44,64,75,76,80,82,94-98].

7. Differential Diagnosis of Neck Masses

Neck masses in children usually belong to one of three categories: developmental,
inflammatory /reactive, or among tumours. Non-severe reactive lymphadenopathy is com-
mon in children, the reason being frequent antigenic stimulation. Neck lymphadenopathy
is also one of the symptoms of Kawasaki disease and Paediatric Inflammatory Multisystem
Syndrome associated with COVID-19. Neck abscesses can also result from colliquated infec-
tious lymphadenitis (bacterial and mycobacterial infections, cat-scratch disease). The most
common congenital neck lesions include thyroglossal duct cysts, branchial arches cysts,
dermoid cysts, vascular malformations, and haemangiomas. Common benign tumours
include lipomas, fibromas, and neurofibromas. Malignant lesions are rare in children.
Malignancy is suspected when the mass is hard or rubbery in consistency, fixed to the
surrounding area, and greater than 2 cm in diameter. Moreover, a mass persisting for
more than two weeks and unresponsive to antibiotic treatment is suspicious of a malignant
process. Abscesses and infectious lymphadenopathy are accompanied by clinical and
laboratory signs of inflammation, which distinguishes them from congenital malformations
and tumours. However, persistent fever may accompany lymphomas or leukaemias as one
of the B symptoms (other B symptoms include night sweats and loss >10% of body weight
in a period of 6 months) [22,99-104].
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8. Conclusions

Upper respiratory tract infections and subsequent lymphadenopathies are very com-
mon among children. Most are of viral aetiology, are mild and self-limiting, and require no
inpatient treatment; these facts could lead to the underestimation of the severe complica-
tions that may occur [105]. Progression to an abscess in deep neck spaces is uncommon
but could result in life-threatening complications in more than 10% of patients [106]. The
most dangerous are descending mediastinitis and airway obstruction. The early recogni-
tion of imminent danger, prompt airway management, and appropriate intensive care are
crucial for children endangered by DNIs [107,108] Admission to the PICU is recommended,
especially for children with signs of impending respiratory damage/respiration sepsis
or conditions that may progress rapidly. These are, particularly, danger space abscesses,
carotid sheath involvement, and phlegmonous inflammation. In the intensive care unit,
thanks to meticulous monitoring of the patient, the deterioration of the clinical condi-
tion can be detected without delay. Specialists trained in securing the airway in difficult
conditions and the relevant equipment are also usually more readily available than in
standard wards [82,109].

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10
.3390/children9070979 /51, Figure S1: Schematic diagram of deep neck fascia and spaces.

Author Contributions: Conceptualization, V.P. and E.K.; writing—original draft preparation, V.P.
and E.K.; writing—review and editing, D.S. and H.H.; supervision, M.U. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was supported by Specific University Research provided by MSMT (The
Ministry of Education, Youth and Sports of the Czech Republic) projects MUNI/A /1166/2021 and
MUNI/A/1178/2021, and supported by MH CZ-DRO (FNBr, 65269705).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors appreciate Philip John Coates” help with language editing.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

Wang, L.-F,; Kuo, W.-R,; Tsai, S.-M.; Huang, K.-J. Characterizations of Life-Threatening Deep Cervical Space Infections: A Review
of One Hundred Ninety-Six Cases. Am. ]. Otolaryngol. 2003, 24, 111-117. [CrossRef] [PubMed]

Novis, S.J.; Pritchett, C.V.; Thorne, M.C.; Sun, G.H. Pediatric Deep Space Neck Infections in U.S. Children, 2000-2009. Int. ].
Pediatr. Otorhinolaryngol. 2014, 78, 832-836. [CrossRef] [PubMed]

Adil, E.; Tarshish, Y.; Roberson, D.; Jang, J.; Licameli, G.; Kenna, M. The Public Health Impact of Pediatric Deep Neck Space
Infections. Otolaryngol. Head Neck Surg. 2015, 153, 1036-1041. [CrossRef] [PubMed]

Brook, I. Anaerobic Bacteria in Upper Respiratory Tract and Head and Neck Infections: Microbiology and Treatment. Anaerobe
2012, 18, 214-220. [CrossRef]

Celakovsky, P.; Kalfert, D.; Smatanova, K.; Tucek, L.; Cermakova, E.; Mejzlik, ].; Kotulek, M.; Vrbacky, A.; Matousek, P;
Stanikova, L.; et al. Bacteriology of Deep Neck Infections: Analysis of 634 Patients. Aust. Dent. ]. 2015, 60, 212-215. [CrossRef]
Shimizu, Y.; Hidaka, H.; Ozawa, D.; Kakuta, R.; Nomura, K.; Yano, H.; Watanabe, K.; Katori, Y. Clinical and Bacteriological
Differences of Deep Neck Infection in Pediatric and Adult Patients: Review of 123 Cases. Int. |. Pediatric Otorhinolaryngol. 2017,
99, 95-99. [CrossRef]

Mungul, S.; Maharaj, S. Microbiology of Paediatric Deep Neck Space Infection. Int. |. Pediatric Otorhinolaryngol. 2019, 123,
116-122. [CrossRef]

Vieira, E; Allen, S.M.; Stocks, RM.S.; Thompson, J.W. Deep Neck Infection. Otolaryngol. Clin. N. Am. 2008, 41, 459-483. [CrossRef]
Galati, L. Deep Neck Abscesses. In Operative Otolaryngology-Head and Neck Surgery; Myers, E.N., Snyderman, C.H., Eds.; Elsevier:
Philadelphia, PA, USA, 2018; pp. 513-518, ISBN 978-0-323-40150-0.

Moore, K.L.; Agur, AM.R,; Dalley, A.F. Neck. In Clinically Oriented Anatomy; Wolters Kluwer: Philadelphia, PA, USA, 2018;
pp. 22152367, ISBN 978-1-4963-4721-3.


https://www.mdpi.com/article/10.3390/children9070979/s1
https://www.mdpi.com/article/10.3390/children9070979/s1
http://doi.org/10.1053/ajot.2003.31
http://www.ncbi.nlm.nih.gov/pubmed/12649826
http://doi.org/10.1016/j.ijporl.2014.02.024
http://www.ncbi.nlm.nih.gov/pubmed/24636748
http://doi.org/10.1177/0194599815606412
http://www.ncbi.nlm.nih.gov/pubmed/26408562
http://doi.org/10.1016/j.anaerobe.2011.12.014
http://doi.org/10.1111/adj.12325
http://doi.org/10.1016/j.ijporl.2017.05.028
http://doi.org/10.1016/j.ijporl.2019.04.042
http://doi.org/10.1016/j.otc.2008.01.002

Children 2022, 9, 979 11 of 14

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Grodinsky, M.; Holyoke, E.A. The Fasciae and Fascial Spaces of the Head, Neck and Adjacent Regions. Am. ]. Anat. 1938,
63, 367-408. [CrossRef]

Guidera, A.K.; Dawes, PJ.D.; Stringer, M.D. Cervical Fascia: A Terminological Pain in the Neck. ANZ J. Surg. 2012, 82,
786-791. [CrossRef]

Guidera, A K.; Dawes, P].D.; Fong, A.; Stringer, M.D. Head and Neck Fascia and Compartments: No Space for Spaces. Head Neck
2014, 36, 1058-1068. [CrossRef] [PubMed]

Feigl, G.; Hammer, G.P; Litz, R.; Kachlik, D. The Intercarotid or Alar Fascia, Other Cervical Fascias, and Their Adjacent Spaces—A
Plea for Clarification of Cervical Fascia and Spaces Terminology. J. Anat. 2020, 237, 197-207. [CrossRef] [PubMed]
Boscolo-Rizzo, P.; Marchiori, C.; Zanetti, F.; Vaglia, A.; Mosto, M.C.D. Conservative Management of Deep Neck Abscesses in
Adults: The Importance of CECT Findings. Otolaryngol. Head Neck Surg. 2006, 135, 894-899. [CrossRef] [PubMed]

Wasson, J.; Hopkins, C.; Bowdler, D. Did Ludwig’s Angina Kill Ludwig? J. Laryngol. Otol. 2006, 120, 363-365. [CrossRef]

Lin, HW.; O'Neill, A.; Cunningham, M.]. Ludwig’s Angina in the Pediatric Population. Clin. Pediatr. 2009, 48, 583-587. [CrossRef]
Lawrence, R.; Bateman, N. Controversies in the Management of Deep Neck Space Infection in Children: An Evidence-Based
Review. Clin. Otolaryngol. 2017, 42, 156-163. [CrossRef]

Pandey, M.; Kaur, M.; Sanwal, M.; Jain, A.; Sinha, S.K. Ludwig’s Angina in Children Anesthesiologist’s Nightmare: Case Series
and Review of Literature. J. Anaesthesiol. Clin. Pharmacol. 2017, 33, 406—409. [CrossRef] [PubMed]

Feller, L.; Khammissa, R.A.G.; Altini, M.; Lemmer, J. Noma (Cancrum Oris): An Unresolved Global Challenge. Periodontology
2000 2019, 80, 189-199. [CrossRef]

Mathieu, D.; Neviere, R.; Teillon, C.; Chagnon, J.L.; Lebleu, N.; Wattel, F. Cervical Necrotizing Fasciitis: Clinical Manifestations
and Management. Clin. Infect. Dis. 1995, 21, 51-56. [CrossRef]

King, E.; Chun, R.; Sulman, C. Pediatric Cervicofacial Necrotizing Fasciitis: A Case Report and Review of a 10-Year National
Pediatric Database. Arch. Otolaryngol. Head Neck Surg. 2012, 138, 372-375. [CrossRef]

Yellon, R.F; Falcone, T.; Roberson, D.W. Head and Neck Space Infections. In Pediatric Otolaryngology; People’s Medical Publishing
House: Shelton, WA, USA, 2013; pp. 1767-1789, ISBN 978-1-60795-018-9.

Daya, H.; Lo, S.; Papsin, B.C.; Zachariasova, A.; Murray, H.; Pirie, J.; Laughlin, S.; Blaser, S. Retropharyngeal and Parapharyngeal
Infections in Children: The Toronto Experience. Int. |. Pediatric Otorhinolaryngol. 2005, 69, 81-86. [CrossRef] [PubMed]

Karkos, PD.; Asrani, S.; Karkos, C.D.; Leong, S.C.; Theochari, E.G.; Alexopoulou, T.D.; Assimakopoulos, A.D. Lemierre’s Syndrome:
A Systematic Review: Systematic Review of Lemierre’s Syndrome. Laryngoscope 2009, 119, 1552-1559. [CrossRef] [PubMed]

Patel, PN.; Levi, ].R.; Cohen, M.B. Lemierre’s Syndrome in the Pediatric Population: Trends in Disease Presentation and
Management in Literature. Int. J. Pediatric Otorhinolaryngol. 2020, 136, 110213. [CrossRef] [PubMed]

Van Hoecke, E;; Lamont, B.; Van Leemput, A.; Vervaeke, S. A Lemierre-like Syndrome Caused by Staphylococcus Aureus: An
Emerging Disease. Infect. Dis. 2020, 52, 143-151. [CrossRef] [PubMed]

Gavid, M.; Dumollard, J.M.; Habougit, C.; Lelonge, Y.; Bergandi, F.; Peoc’h, M.; Prades, ].M. Anatomical and Histological Study of
the Deep Neck Fasciae: Does the Alar Fascia Exist? Surg. Radiol. Anat. 2018, 40, 917-922. [CrossRef]

Craig, EW.; Schunk, J.E. Retropharyngeal Abscess in Children: Clinical Presentation, Utility of Imaging, and Current Management.
Pediatrics 2003, 111, 1394-1398. [CrossRef]

Hoffmann, C.; Pierrot, S.; Contencin, P.; Morisseau-Durand, M.-P.; Manach, Y.; Couloigner, V. Retropharyngeal Infections in
Children. Treatment Strategies and Outcomes. Int. J. Pediatric Otorhinolaryngol. 2011, 75, 1099-1103. [CrossRef]

Mohandas, S.; Gregory, S.; Chun, R.H.; Huppler, A.R. Pediatric Deep Neck Space Infections: A Medical and Surgical Perspective.
J. Pediatr. Infect. Dis. 2019, 14, 043-051. [CrossRef]

Huang, C.-M.; Huang, E-L.; Chien, Y.-L.; Chen, P.-Y. Deep Neck Infections in Children. ]. Microbiol. Immunol. Infect. 2017,
50, 627-633. [CrossRef]

Coticchia, ].M.; Getnick, G.S.; Yun, R.D.; Arnold, J.E. Age-, Site-, and Time-Specific Differences in Pediatric Deep Neck Abscesses.
Arch. Otolaryngol. Head Neck Surg. 2004, 130, 201-207. [CrossRef]

Lander, L.; Lu, S.; Shah, R.K. Pediatric Retropharyngeal Abscesses: A National Perspective. Int. ]. Pediatric Otorhinolaryngol. 2008,
72,1837-1843. [CrossRef] [PubMed]

Chang, L.; Chi, H.; Chiu, N.-C.; Huang, E-Y.; Lee, K.-S. Deep Neck Infections in Different Age Groups of Children. J. Microbiol.
Immunol. Infect. 2010, 43, 47-52. [CrossRef]

Bou-Assaly, W.; Mckellop, J.; Mukherji, S. Computed Tomography Imaging of Acute Neck Inflammatory Processes. World ].
Radiol. 2010, 2, 91-96. [CrossRef] [PubMed]

Raffaldi, I.; Le Serre, D.; Garazzino, S.; Scolfaro, C.; Bertaina, C.; Mignone, F,; Peradotto, F; Tavormina, P.; Tovo, P-A. Diagnosis
and Management of Deep Neck Infections in Children: The Experience of an Italian Paediatric Centre. J. Infect. Chemother. 2015,
21, 110-113. [CrossRef] [PubMed]

Corte, EC.; Firmino-Machado, J.; Moura, C.P; Spratley, J.; Santos, M. Acute Pediatric Neck Infections: Outcomes in a Seven-Year
Series. Int. ]. Pediatric Otorhinolaryngol. 2017, 99, 128-134. [CrossRef]

Sousa Menezes, A.; Ribeiro, D.C.; Guimaraes, ].R.; Lima, A.F,; Dias, L. Management of Pediatric Peritonsillar and Deep Neck
Infections- Cross- Sectional Retrospective Analysis. World ]. Otorhinolaryngol. Head Neck Surg. 2019, 5, 207-214. [CrossRef]

Shay, S.G.; Khayat, S.; Xu, R.; Srdanovic, N.; Patel, S.J.; Valika, T.; Lavin, ].M. Resource Utilization of Intraoperative Cultures for
Pediatric Deep Neck Space Abscesses. Int. ]. Pediatric Otorhinolaryngol. 2020, 135, 110115. [CrossRef]


http://doi.org/10.1002/aja.1000630303
http://doi.org/10.1111/j.1445-2197.2012.06231.x
http://doi.org/10.1002/hed.23442
http://www.ncbi.nlm.nih.gov/pubmed/23913739
http://doi.org/10.1111/joa.13175
http://www.ncbi.nlm.nih.gov/pubmed/32080853
http://doi.org/10.1016/j.otohns.2006.05.013
http://www.ncbi.nlm.nih.gov/pubmed/17141080
http://doi.org/10.1017/S0022215106000806
http://doi.org/10.1177/0009922809333095
http://doi.org/10.1111/coa.12692
http://doi.org/10.4103/0970-9185.214318
http://www.ncbi.nlm.nih.gov/pubmed/29109646
http://doi.org/10.1111/prd.12275
http://doi.org/10.1093/clinids/21.1.51
http://doi.org/10.1001/archoto.2012.119
http://doi.org/10.1016/j.ijporl.2004.08.010
http://www.ncbi.nlm.nih.gov/pubmed/15627452
http://doi.org/10.1002/lary.20542
http://www.ncbi.nlm.nih.gov/pubmed/19554637
http://doi.org/10.1016/j.ijporl.2020.110213
http://www.ncbi.nlm.nih.gov/pubmed/32797805
http://doi.org/10.1080/23744235.2019.1691255
http://www.ncbi.nlm.nih.gov/pubmed/31749395
http://doi.org/10.1007/s00276-018-1977-5
http://doi.org/10.1542/peds.111.6.1394
http://doi.org/10.1016/j.ijporl.2011.05.024
http://doi.org/10.1055/s-0038-1661010
http://doi.org/10.1016/j.jmii.2015.08.020
http://doi.org/10.1001/archotol.130.2.201
http://doi.org/10.1016/j.ijporl.2008.09.001
http://www.ncbi.nlm.nih.gov/pubmed/18926577
http://doi.org/10.1016/S1684-1182(10)60007-2
http://doi.org/10.4329/wjr.v2.i3.91
http://www.ncbi.nlm.nih.gov/pubmed/21160941
http://doi.org/10.1016/j.jiac.2014.10.011
http://www.ncbi.nlm.nih.gov/pubmed/25456894
http://doi.org/10.1016/j.ijporl.2017.05.020
http://doi.org/10.1016/j.wjorl.2019.04.003
http://doi.org/10.1016/j.ijporl.2020.110115

Children 2022, 9, 979 12 of 14

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

Demongeot, N.; Akkari, M.; Blanchet, C.; Godreuil, S.; Prodhomme, O.; Leboucq, N.; Mondain, M.; Jeziorski, E. Pediatric Deep
Neck Infections: Clinical Description and Analysis of Therapeutic Management. Arch. Pédiatrie 2022, 29, 128-132. [CrossRef]
Inman, J.C.; Rowe, M.; Ghostine, M.; Fleck, T. Pediatric Neck Abscesses—Changing Organisms and Empiric Therapies. Laryngo-
scope 2008, 118, 2111-2114. [CrossRef]

Brook, I. Spectrum and Treatment of Anaerobic Infections. J. Infect. Chemother. 2016, 22, 1-13. [CrossRef]

Wilson, C.D.; Kennedy, K.; Wood, J.W.; Kumar, TK.S.; Stocks, RM.S.; Thompson, R.E.; Thompson, J.W. Retrospective Re-
view of Management and Outcomes of Pediatric Descending Mediastinitis. Otolaryngol. Head Neck Surg. 2016, 155, 155-159.
[CrossRef] [PubMed]

Jain, A ; Singh, I.; Meher, R.; Raj, A.; Rajpurohit, P.; Prasad, P. Deep Neck Space Abscesses in Children below 5 Years of Age and
Their Complications. Int. J. Pediatric Otorhinolaryngol. 2018, 109, 40—43. [CrossRef] [PubMed]

Gehrke, T.; Scherzad, A.; Hagen, R.; Hackenberg, S. Deep Neck Infections with and without Mediastinal Involvement: Treatment
and Outcome in 218 Patients. Eur. Arch. Otorhinolaryngol. 2022, 279, 1585-1592. [CrossRef] [PubMed]

Sader, H.S,; Streit, ].M.; Carvalhaes, C.G.; Huband, M.D.; Shortridge, D.; Mendes, R.E.; Castanheira, M. Frequency of Occurrence
and Antimicrobial Susceptibility of Bacteria Isolated from Respiratory Samples of Patients Hospitalized with Pneumonia in
Western Europe, Eastern Europe and the USA: Results from the SENTRY Antimicrobial Surveillance Program (2016-19). JAC
Antimicrob. Resist. 2021, 3, dlab117. [CrossRef]

World Health Organization. Global Antimicrobial Resistance and Use Surveillance System; (GLASS) Report: 2021; World Health
Organization: Geneva, Switzerland, 2021; ISBN 978-92-4-002733-6.

Santiago-Garcia, B.; Blazquez-Gamero, D.; Baquero-Artigao, F.; Ruiz-Contreras, J.; Bellon, ].M.; Mufoz-Fernandez, M.A;
Mellado-Pefia, M.J. Pediatric Extrapulmonary Tuberculosis. Pediatric Infect. Dis. ]. 2016, 35, 1175-1181. [CrossRef]

Xu, ].J.; Peer, S.; Papsin, B.C.; Kitai, I.; Propst, E.J. Tuberculous Lymphadenitis of the Head and Neck in Canadian Children:
Experience from a Low-Burden Region. Int. |. Pediatric Otorhinolaryngol. 2016, 91, 11-14. [CrossRef]

Moe, ].; Rajan, R.; Caltharp, S.; Abramowicz, S. Diagnosis and Management of Children with Mycobacterium Abscessus Infections
in the Head and Neck. J. Oral Maxillofac. Surg. 2018, 76, 1902-1911. [CrossRef]

Zhukhovitskaya, A.; Chang, D.T.; Huoh, K.C.; Pham, N.S.; Singh, J.; Ahuja, G.S. Surgical Management of Atypical Mycobacterial
Cervical Lymphadenitis in an Outbreak of Odontological Infection. Int. J. Pediatric Otorhinolaryngol. 2020, 131, 109882. [CrossRef]
Peralta, G. Notes from the Field: Mycobacterium Abscessus Infections Among Patients of a Pediatric Dentistry Practice — Georgia,
2015. MMWR Morb. Mortal. Wkly. Rep. 2016, 65, 355-356. [CrossRef]

Hatzenbuehler, L.A.; Tobin-D’Angelo, M.; Drenzek, C.; Peralta, G.; Cranmer, L.C.; Anderson, E.J.; Milla, S.S.; Abramowicz, S.;
Yi, J.; Hilinski, J.; et al. Pediatric Dental Clinic-Associated Outbreak of Mycobacterium Abscessus Infection. J. Pediatric Infect. Dis.
Soc. 2017, 6, e116—e122. [CrossRef]

Kelly, C.P; Isaacman, D.]J. Group B Streptococcal Retropharyngeal Cellulitis in a Young Infant: A Case Report and Review of the
Literature. J. Emerg. Med. 2002, 23, 179-182. [CrossRef]

Mutlu, M.; Dereci, S.; Aslan, Y. Deep Neck Abscess in Neonatal Period: Case Report and Review of Literature. Int. J. Pediatric
Otorhinolaryngol. 2014, 78, 577-582. [CrossRef] [PubMed]

Orzell, S.; Suryadevara, A. Pharyngitis and Pharyngeal Space Infections. In Introduction to Clinical Infectious Diseases; Doma-
chowske, J., Ed.; Springer: Cham, Switzerland, 2018; Volume 1, pp. 53-66, ISBN 978-3-319-91080-2. [CrossRef]

Harounian, J.A.; Patel, V.A.; Carr, M.M. An Analysis of Perioperative Outcomes Following Cervical Abscess Drainage in Children
under 2 years. Int. |. Pediatric Otorhinolaryngol. 2019, 116, 125-129. [CrossRef] [PubMed]

Thompson, ].W.; Reddk, P.; Cohen, S.R. Retropharyngeal Abscess in Children: A Retrospective and Historical Analysis. Laryngo-
scope 1988, 98, 589-592. [CrossRef]

Shires, PM.; Chow, G. Trismus in the Paediatric Population. Dev. Med. Child Neurol. 2015, 57, 339-343. [CrossRef]

Collins, B.; Stoner, J.A.; Digoy, G.P. Benefits of Ultrasound vs. Computed Tomography in the Diagnosis of Pediatric Lateral Neck
Abscesses. Int. ]. Pediatric Otorhinolaryngol. 2014, 78, 423-426. [CrossRef]

Vural, C.; Gungor, A.; Comerci, S. Accuracy of Computerized Tomography in Deep Neck Infections in the Pediatric Population.
Am. ]. Otolaryngol. 2003, 24, 143-148. [CrossRef]

Rozovsky, K.; Hiller, N.; Koplewitz, B.Z.; Simanovsky, N. Does CT Have an Additional Diagnostic Value over Ultrasound in the
Evaluation of Acute Inflammatory Neck Masses in Children? Eur. Radiol. 2010, 20, 484-490. [CrossRef]

Velhonoja, J.; Ladveri, M.; Soukka, T.; Hirvonen, J.; Kinnunen, I; Irjala, H. Early Surgical Intervention Enhances Recovery of
Severe Pediatric Deep Neck Infection Patients. Int. J. Pediatric Otorhinolaryngol. 2021, 144, 110694. [CrossRef]

Conte, M.; Vinci, F,; Muzzi, E.; Canuto, A.; Barbi, E.; Cozzi, G. Magnetic Resonance Imaging Accuracy before Surgery in Children
with Retropharyngeal Abscesses. J. Paediatr. Child Health 2022, 58, 504-507. [CrossRef]

Nurminen, J.; Heikkinen, J.; Happonen, T.; Velhonoja, J.; Irjala, H.; Soukka, T.; Ivaska, L.; Mattila, K.; Hirvonen, ]J. Magnetic
Resonance Imaging Findings in Pediatric Neck Infections—A Comparison with Adult Patients. Pediatr. Radiol. 2022, 52, 1158-1166.
[CrossRef] [PubMed]

Cheng, J.; Elden, L. Children with Deep Space Neck Infections: Our Experience with 178 Children. Otolaryngol. Head Neck Surg.
2013, 148, 1037-1042. [CrossRef] [PubMed]


http://doi.org/10.1016/j.arcped.2021.11.011
http://doi.org/10.1097/MLG.0b013e318182a4fb
http://doi.org/10.1016/j.jiac.2015.10.010
http://doi.org/10.1177/0194599816634636
http://www.ncbi.nlm.nih.gov/pubmed/26932964
http://doi.org/10.1016/j.ijporl.2018.03.022
http://www.ncbi.nlm.nih.gov/pubmed/29728182
http://doi.org/10.1007/s00405-021-06945-9
http://www.ncbi.nlm.nih.gov/pubmed/34160666
http://doi.org/10.1093/jacamr/dlab117
http://doi.org/10.1097/INF.0000000000001270
http://doi.org/10.1016/j.ijporl.2016.09.035
http://doi.org/10.1016/j.joms.2018.03.016
http://doi.org/10.1016/j.ijporl.2020.109882
http://doi.org/10.15585/mmwr.mm6513a5
http://doi.org/10.1093/jpids/pix065
http://doi.org/10.1016/S0736-4679(02)00489-4
http://doi.org/10.1016/j.ijporl.2014.01.015
http://www.ncbi.nlm.nih.gov/pubmed/24512784
http://doi.org/10.1007/978-3-319-91080-2_5
http://doi.org/10.1016/j.ijporl.2018.10.038
http://www.ncbi.nlm.nih.gov/pubmed/30554682
http://doi.org/10.1288/00005537-198806000-00001
http://doi.org/10.1111/dmcn.12636
http://doi.org/10.1016/j.ijporl.2013.11.034
http://doi.org/10.1016/S0196-0709(03)00008-5
http://doi.org/10.1007/s00330-009-1563-7
http://doi.org/10.1016/j.ijporl.2021.110694
http://doi.org/10.1111/jpc.15761
http://doi.org/10.1007/s00247-021-05275-6
http://www.ncbi.nlm.nih.gov/pubmed/35184213
http://doi.org/10.1177/0194599813482292
http://www.ncbi.nlm.nih.gov/pubmed/23520072

Children 2022, 9, 979 13 of 14

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Baglam, T.; Binnetoglu, A.; Yumusakhuylu, A.C.; Gerin, F.; Demir, B.; Sari, M. Predictive Value of the Neutrophil-to-Lymphocyte
Ratio in Patients with Deep Neck Space Infection Secondary to Acute Bacterial Tonsillitis. Int. J. Pediatric Otorhinolaryngol. 2015,
79, 1421-1424. [CrossRef] [PubMed]

Sali, E.; Celebi, S.; Cetin, B.S.; Celik, T.; Ozdin¢ Kizilay, N.; Yakut, U.; Giines, M.; Hacimustafaoglu, M. Evaluation of Deep Neck
Infections in Childhood. |. Pediatr. Inf. 2015, 9, 114-121. [CrossRef]

Gallagher, N.; Collyer, J.; Bowe, C.M. Neutrophil to Lymphocyte Ratio as a Prognostic Marker of Deep Neck Space Infections
Secondary to Odontogenic Infection. Br. J. Oral Maxillofac. Surg. 2021, 59, 228-232. [CrossRef]

Cramer, ].D.; Purkey, M.R,; Smith, S.S.; Schroeder, ].W., Jr. The Impact of Delayed Surgical Drainage of Deep Neck Abscesses in
Adult and Pediatric Populations. Laryngoscope 2016, 126, 1753-1760. [CrossRef]

Wilkie, M.D.; De, S.; Krishnan, M. Defining the Role of Surgical Drainage in Paediatric Deep Neck Space Infections. Clin.
Otolaryngol. 2019, 44, 366-371. [CrossRef]

Virbalas, J.; Friedman, N.R. Impact of Neck CT on the Management of Suspected Pediatric Deep Neck Space Infection. Int. J.
Pediatric Otorhinolaryngol. 2021, 147, 110782. [CrossRef]

Wong, D.K.C.; Brown, C.; Mills, N.; Spielmann, P.; Neeff, M. To Drain or Not to Drain—Management of Pediatric Deep Neck
Abscesses: A Case-Control Study. Int. J. Pediatr. Otorhinolaryngol. 2012, 76, 1810-1813. [CrossRef]

Johnston, D.; Schmidt, R.; Barth, P. Parapharyngeal and Retropharyngeal Infections in Children: Argument for a Trial of Medical
Therapy and Intraoral Drainage for Medical Treatment Failures. Int. ]. Pediatric Otorhinolaryngol. 2009, 73, 761-765. [CrossRef]
Hah, Y.-M,; Jung, A.R.; Lee, Y.C.; Eun, Y.-G. Risk Factors for Transcervical Incision and Drainage of Pediatric Deep Neck Infections.
J. Pediatric Surg. 2018, 53, 666—670. [CrossRef] [PubMed]

Heilbronn, C.; Heyming, T.W.; Knudsen-Robbins, C.; Schomberg, J.; Simon, D.; Bacon, K.; Huoh, K. Features Associated
with Surgically Significant Abscesses on Computed Tomography Evaluation of the Neck in Pediatric Patients. Int. J. Pediatric
Otorhinolaryngol. 2021, 150, 110893. [CrossRef] [PubMed]

Elliott, M.; Yong, S.; Beckenham, T. Carotid Artery Occlusion in Association with a Retropharyngeal Abscess. Int. ]. Pediatric
Otorhinolaryngol. 2006, 70, 359-363. [CrossRef] [PubMed]

Baldassari, C.M.; Howell, R.; Amorn, M.; Budacki, R.; Choi, S.; Pena, M. Complications in Pediatric Deep Neck Space Abscesses.
Otolaryngol. Head Neck Surg. 2011, 144, 592-595. [CrossRef]

Ali, N.-E.-S.; Alyono, ].C.; Koltai, P.J. Neonatal Retropharyngeal Abscess with Complications: Apnea and Cervical Osteomyelitis.
Int. ]. Pediatric Otorhinolaryngol. 2019, 126, 109613. [CrossRef] [PubMed]

da Silva, P.S.L.; Waisberg, D.R. Internal Carotid Artery Pseudoaneurysm with Life-Threatening Epistaxis as a Complication of
Deep Neck Space Infection. Pediatric Emerg. Care 2011, 27, 422-424. [CrossRef]

Elsherif, AM.; Park, A H.; Alder, S.C.; Smith, M.E.; Muntz, H.R.; Grimmer, F. Indicators of a More Complicated Clinical Course
for Pediatric Patients with Retropharyngeal Abscess. Int. J. Pediatric Otorhinolaryngol. 2010, 74, 198-201. [CrossRef]

Watters, K.F. Tracheostomy in Infants and Children. Respir. Care 2017, 62, 799-825. [CrossRef]

Lubianca Neto, J.E,; Castagno, O.C.; Schuster, A.K. Complications of Tracheostomy in Children: A Systematic Review. Braz. J.
Otorhinolaryngol. in press. [CrossRef]

Davidson, C.; Jacob, B.; Brown, A.; Brooks, R.; Bailey, C.; Whitney, C.; Chorney, S.; Lenes-Voit, E; Johnson, R.F. Perioperative
Outcomes After Tracheostomy Placement Among Complex Pediatric Patients. Laryngoscope 2021, 131, E2469-E2474. [CrossRef]
Cern)’f, V.; Chrobok, V.; Kluc¢ka, J.; K¥ikava, I.; Michalek, P.; Otahal, M.; Skola, I Stoura¢, P,; Vymazal, T. Zajisténi obtiznych
dychacich cest u dospélych a déti. Anesteziol. Intenzivni Med. 2019, 3, 173-186.

Klugka, J.; Stouraé, P; Stoudek, R.; Toukalkové, M.; Harazim, H.; Kosinova, M. Controversies in Pediatric Perioperative Airways.
BioMed Res. Int. 2015, 2015, 386761. [CrossRef] [PubMed]

Krishna, S.G.; Bryant, ].F,; Tobias, ].D. Management of the Difficult Airway in the Pediatric Patient. . Pediatr. Intensive Care 2018,
7,115-125. [CrossRef]

Apfelbaum, J.L.; Hagberg, C.A.; Connis, R.T.; Abdelmalak, B.B.; Agarkar, M.; Dutton, R.P; Fiadjoe, ]J.E.; Greif, R.; Klock, P.A., Jr.;
Mercier, D.; et al. 2022 American Society of Anesthesiologists Practice Guidelines for Management of the Difficult Airway.
Anesthesiology 2022, 136, 31-81. [CrossRef] [PubMed]

Boven, L.; Clayton, S.; Sorrells, D.; Green, R.; Gungor, A. External Carotid Artery Pseudoaneurysm Following Upper Respiratory
Infection Masquerading as a Pharyngeal Abscess in an 8-Month-Old. Am. J. Otolaryngol. 2021, 42, 102962. [CrossRef] [PubMed]
Sundarrajan, C.; Isa, S.A.; Caruso, J.P; Ban, V.S.; Shah, G.B.; Whittemore, B.A; Sillero, R. Treatment of Large Infectious Extracranial
Carotid Artery Pseudoaneurysms in Children: A Systematic Review of the Literature. Child Nerv. Syst. 2021, 37, 1461-1470. [CrossRef]
Moss, R.L.; Musemeche, C.A.; Kosloske, A.M. Necrotizing Fasciitis in Children: Prompt Recognition and Aggressive Therapy
Improve Survival. J. Pediatric Surg. 1996, 31, 1142-1146. [CrossRef]

Bingol-Kologlu, M.; Yildiz, R.V.; Alper, B.; Yagmurlu, A.; Cift¢i, E.; Gokgora, ILH.; Ince, E.; Emiroglu, M.; Dindar, H. Necrotizing
Fasciitis in Children: Diagnostic and Therapeutic Aspects. . Pediatric Surg. 2007, 42, 1892-1897. [CrossRef]

Celakovsky, P; Kalfert, D.; Tucek, L.; Mejzlik, J.; Kotulek, M.; Vrbacky, A.; Matousek, P; Stanikova, L.; Hoskova, T.; Pasz, A. Deep
Neck Infections: Risk Factors for Mediastinal Extension. Eur. Arch. Otorhinolaryngol. 2014, 271, 1679-1683. [CrossRef]

Mejzlik, J.; Celakovsky, P.; Tucek, L.; Kotulek, M.; Vrbacky, A.; Matousek, P,; Stanikova, L.; Hoskova, T.; Pazs, A.; Mittu, P.; et al.
Univariate and Multivariate Models for the Prediction of Life-Threatening Complications in 586 Cases of Deep Neck Space
Infections: Retrospective Multi-Institutional Study. J. Laryngol. Otol. 2017, 131, 779-784. [CrossRef]


http://doi.org/10.1016/j.ijporl.2015.06.016
http://www.ncbi.nlm.nih.gov/pubmed/26123298
http://doi.org/10.5152/ced.2015.2085
http://doi.org/10.1016/j.bjoms.2020.08.075
http://doi.org/10.1002/lary.25835
http://doi.org/10.1111/coa.13315
http://doi.org/10.1016/j.ijporl.2021.110782
http://doi.org/10.1016/j.ijporl.2012.09.006
http://doi.org/10.1016/j.ijporl.2009.02.007
http://doi.org/10.1016/j.jpedsurg.2017.06.013
http://www.ncbi.nlm.nih.gov/pubmed/28688792
http://doi.org/10.1016/j.ijporl.2021.110893
http://www.ncbi.nlm.nih.gov/pubmed/34438187
http://doi.org/10.1016/j.ijporl.2005.06.021
http://www.ncbi.nlm.nih.gov/pubmed/16165224
http://doi.org/10.1177/0194599810393882
http://doi.org/10.1016/j.ijporl.2019.109613
http://www.ncbi.nlm.nih.gov/pubmed/31382216
http://doi.org/10.1097/PEC.0b013e3182187539
http://doi.org/10.1016/j.ijporl.2009.11.010
http://doi.org/10.4187/respcare.05366
http://doi.org/10.1016/j.bjorl.2020.12.006
http://doi.org/10.1002/lary.29402
http://doi.org/10.1155/2015/368761
http://www.ncbi.nlm.nih.gov/pubmed/26759809
http://doi.org/10.1055/s-0038-1624576
http://doi.org/10.1097/ALN.0000000000004002
http://www.ncbi.nlm.nih.gov/pubmed/34762729
http://doi.org/10.1016/j.amjoto.2021.102962
http://www.ncbi.nlm.nih.gov/pubmed/33610924
http://doi.org/10.1007/s00381-021-05084-0
http://doi.org/10.1016/S0022-3468(96)90104-9
http://doi.org/10.1016/j.jpedsurg.2007.07.018
http://doi.org/10.1007/s00405-013-2651-5
http://doi.org/10.1017/S0022215117001153

Children 2022, 9, 979 14 of 14

96.

97.

98.

99.

100.

101.
102.

103.

104.

105.

106.
107.

108.
109.

Hatherill, M.; Tibby, S.M.; Sykes, K.; Turner, C.; Murdoch, I.A. Diagnostic Markers of Infection: Comparison of Procalcitonin with
C Reactive Protein and Leucocyte Count. Arch. Dis. Child. 1999, 81, 417-421. [CrossRef] [PubMed]

Han, X.; An, J.; Zhang, Y.; Gong, X.; He, Y. Risk Factors for Life-Threatening Complications of Maxillofacial Space Infection.
J. Craniofac. Surg. 2016, 27, 385-390. [CrossRef] [PubMed]

Hilarius, KW.E.; Skippen, PW.; Kissoon, N. Early Recognition and Emergency Treatment of Sepsis and Septic Shock in Children.
Pediatr. Emerg. Care 2020, 36, 101-106. [CrossRef] [PubMed]

Goins, M.R.; Beasley, M.S. Pediatric Neck Masses. Oral Maxillofac. Surg. Clin. N. Am. 2012, 24, 457—468. [CrossRef]

Lang, S.; Kansy, B. Cervical Lymph Node Diseases in Children. GMS Curr. Top. Otorhinolaryngol. Head Neck Surg. 2014,
13,1-27. [CrossRef]

Meier, ].D.; Grimmer, ].E. Evaluation and Management of Neck Masses in Children. Am. Fam. Physician 2014, 89, 353-358.
Unsal, O.; Soytas, P.; Hascicek, S.0.; Coskun, B.U. Clinical Approach to Pediatric Neck Masses: Retrospective Analysis of 98 Cases.
North Clin. Istanb. 2017, 4, 225-232. [CrossRef]

Riva, G.; Sensini, M.; Peradotto, E.; Scolfaro, C.; Di Rosa, G.; Tavormina, P. Pediatric Neck Masses: How Clinical and Radiological
Features Can Drive Diagnosis. Eur. J. Pediatr. 2019, 178, 463—471. [CrossRef]

Klu¢ka, J.; Klabusayova, E.; Kratochvil, M.; Musilova, T.; Vafek, V.; SkiiSovska, T.; Kosinova, M.; Havrankova, P.; Stourag, P.
Critically Ill Pediatric Patient and SARS-CoV-2 Infection. Children 2022, 9, 538. [CrossRef]

Cars, T.; Eriksson, L.; Granath, A.; Wettermark, B.; Hellman, J.; Norman, C.; Ternhag, A. Antibiotic Use and Bacterial Complications
Following Upper Respiratory Tract Infections: A Population-Based Study. BM] Open 2017, 7, €016221. [CrossRef]

Swain, SK.; Sahana, R. Deep Neck Space Infection in the Paediatric Age Group—A Review. Pol. ]. Paediatr. 2020, 95, 169-174. [CrossRef]
Fahey, T.; Stocks, N.; Thomas, T. Systematic Review of the Treatment of Upper Respiratory Tract Infection. Arch. Dis. Child. 1998,
79, 225-230. [CrossRef] [PubMed]

Loftis, L. Acute Infectious Upper Airway Obstructions in Children. Semin. Pediatric Infect. Dis. 2006, 17, 5-10. [CrossRef] [PubMed]
Frankel, L.R; Hsu, B.S.; Yeh, T'S.; Simone, S.; Agus, M.S.D.; Arca, M.]J.; Coss-Bu, J.A.; Fallat, M.E.; Foland, J.; Gadepalli, S.; et al.
Criteria for Critical Care Infants and Children: PICU Admission, Discharge, and Triage Practice Statement and Levels of Care
Guidance. Pediatric Crit. Care Med. 2019, 20, 847-887. [CrossRef] [PubMed]


http://doi.org/10.1136/adc.81.5.417
http://www.ncbi.nlm.nih.gov/pubmed/10519716
http://doi.org/10.1097/SCS.0000000000002416
http://www.ncbi.nlm.nih.gov/pubmed/26967077
http://doi.org/10.1097/PEC.0000000000002043
http://www.ncbi.nlm.nih.gov/pubmed/32011568
http://doi.org/10.1016/j.coms.2012.05.006
http://doi.org/10.3205/cto000111
http://doi.org/10.14744/nci.2017.15013
http://doi.org/10.1007/s00431-018-3305-9
http://doi.org/10.3390/children9040538
http://doi.org/10.1136/bmjopen-2017-016221
http://doi.org/10.5114/polp.2020.100669
http://doi.org/10.1136/adc.79.3.225
http://www.ncbi.nlm.nih.gov/pubmed/9875017
http://doi.org/10.1053/j.spid.2005.11.003
http://www.ncbi.nlm.nih.gov/pubmed/16522499
http://doi.org/10.1097/PCC.0000000000001963
http://www.ncbi.nlm.nih.gov/pubmed/31483379

	Introduction 
	Relevant Anatomy 
	Deep Cervical Fascia 
	Deep Neck Spaces and Their Infections 

	Age-Related Specificities 
	Basic Microbial Findings 
	Diagnostics and Management of Uncomplicated DNIs 
	Possible Complications and Their Warn Sings 
	Airway Obstruction 
	Vascular Complications 
	Rapidly Spreading Inflamations 
	Sepsis 

	Differential Diagnosis of Neck Masses 
	Conclusions 
	References

