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Abstract Acute otitis media is a common infection in children.
Most acute otitis media episodes can be treated at an outpatient
setting with antimicrobials, or only expectant observation.
Hospital treatment with parenteral medication, and myringotomy
or tympanostomy, may be needed to treat those with severe,
prolonged symptoms, or with complications. The most common
intratemporal complication of acute otitis media is acute mastoid-
itis. If a child with acute mastoiditis does not respond to this
treatment, or if complications develop, further examinations
and other surgical procedures, including mastoidectomy, are con-
sidered. Since the treatment of complicated acute otitis media and
complicated acute mastoiditis differs, it is important to differen-
tiate these two conditions. This article focuses on the differential
diagnostics of acute otitis media and acute mastoiditis in children.
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Introduction

Acute otitis media (AOM) is one of the most common infections
in children. Since spontaneous resolution of AOM occurs in
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80 % within 23 days of symptom onset, children with no known
risk for complications can simply be followed [1]. Small children
are, however, known to benefit from antimicrobial treatment
which reduces symptoms, shortens the duration of middle ear
effusion (MEE), and leads to fewer hearing problems [2—6].
Antimicrobial treatment of AOM may also reduce the risk of
complications of otitis media [7, 8¢].

Complications (such as mastoiditis, facial nerve paresis, and
labyrinthitis) may develop following untreated or incompletely
treated AOM, in cases with infection caused by resistant bacteria,
but also despite adequate treatment. Hospital treatment with par-
enteral medication, and myringotomy or tympanostomy, may be
needed to treat children with complications of AOM, but also
those with severe, prolonged symptoms of AOM [9, 10]. If se-
vere complications are suspected, or if no response to the initial
treatment is seen within 48 h of its onset, imaging and operative
treatment are considered. Since the treatment of complicated
AOM and complicated acute mastoiditis (AM) is different, it is
important to differentiate these two conditions.

Acute Otitis Media

Acute otitis media is an acute inflammation of the middle ear,
which is very common in children. By the age of 3 years, most
children (83 %) have experienced at least one episode of AOM
[11]. Middle ear effusion (MEE) can be a sign of AOM, but also
of non-acute otitis media with effusion (OME), for which no
antimicrobial treatment is needed. Pneumatic otoscopy and
tympanometry are used to detect MEE. Changes in the translu-
cency (translucent-semiopaque-opaque) or color (gray-yellow-
white-red) of the tympanic membrane (TM) are used to evaluate
patients with AOM. However, especially, a bulging of the TM is
an important sign of AOM [12¢]. According to the American
Academy of Pediatrics, the diagnosis of AOM should be based
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on acute symptoms, presence of MEE, and signs of acute middle
ear inflammation, especially with a bulging of the TM [12ee].
Otorrhea may be a sign of AOM in children with prior
tympanostomy tubes, but also a sign of severe AOM in patients
with spontaneous perforation of the TM.

Acute Mastoiditis

Acute mastoiditis is a suppurative infection of the mastoid air
cells, which can develop as a complication of acute, sub-acute, or
chronic middle ear infections. The initial diagnosis of mastoiditis
is clinical. Imaging, with either computed tomography (CT) or
magnetic resonance imaging (MRI), is used in prolonged or
complicated cases and can help in diagnostics. Also, an intraop-
erative diagnosis of AM is possible. No consensus exists on the
exact diagnostic criteria of AM. The most commonly used diag-
nostic criteria are a recent episode of (sub)acute OM with at least
two of the following symptoms: protrusion of the pinna,
retroauricular swelling, retroauricular erythema, retroauricular
tenderness, or abscess of the external auditory canal; or an intra-
operative finding of acute mastoiditis (purulent secretion or acute
infection in the mastoid process) [13ee, 14ee, 15, 16].

Pathogenesis of Acute Otitis Media and Acute
Mastoiditis

The middle ear is situated within the temporal bone, of which
the mastoid bone is a part (Figs. 1 and 2). The upper part of the
middle ear connects to the air-filled cells of the mastoid bone.
The lower part of the middle ear connects to the nasopharynx

Fig. 1 Anatomy of the ear

Quter ear

by the Eustachian tube (ET), which helps in pressurizing the
middle ear and in removing MEE.

Viral upper respiratory tract infections usually precede
AOM; they may result in inflammation of the nasophar-
ynx and ET, and in an increased bacterial colonization of
the nasopharynx. ET dysfunction leads to negative pres-
sure of the middle ear, which allows bacteria and viruses
to enter and cause inflammatory changes in the middle ear
mucosa. This results in accumulation of MEE.

AOM complications may develop following untreated
or incompletely treated infections, in cases with infection
caused by bacteria that are resistant to antibiotics, but also
for unknown reasons in cases with adequate antimicrobial
treatment. The thinner bony structures of children may
more easily be resorbed by infection, but also congenital
malformations and anatomical or immunological condi-
tions may predispose a patient to complications [18].
Suppurative AOM complications are uncommon; their
rate has been reported at 0.12-0.24 % [1]. The annual
incidence of OM complications in children has been re-
ported at 1-4/100,000 [15, 19-21].

Acute mastoiditis may develop if middle ear infection
spreads into the mastoid air cells leading to mucosal swell-
ing, local acidosis, ischemia, resorption of the bone, and
destruction of the bony mastoid septa [22]. Hypoxemia
and metabolic changes lead to the selection of pathogens
that survive in these conditions. Also, other intratemporal
complications such as facial nerve paresis and labyrinthitis
are possible if middle ear infection spreads toward these
structures [9, 10]. AOM and its intratemporal complications
can lead through periosteitis to further extratemporal (e.g.,
subperiosteal abscess, abscess of the external auditory canal)

Middle ear Inner ear
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Fig. 2 The temporal bone (image by Helena Schmidt)

or intracranial (e.g., meningitis, intracranial abscess, sinus
thrombosis) complications.

The most common pathogens of uncomplicated AOM in
children are S. pneumoniae (23-26 %), M. catarrhalis (18—
23 %), and H. influenzae (16-23 %) [23, 24].

The clinical picture of AOM is affected by its bacterial
etiology, and the bacteriology of common outpatient AOM
and complicated OM differs [25-28]. Bacterial cultures must
always be taken in complicated cases.

S. pneumoniae is a common pathogen, involved both in
complicated AOM and AM, and has been associated with
fever, earache, and clear signs of infection of the TM [24,
29]. AOM caused by non-encapsulated H. influenzae has been

associated with bilateral and recurrent AOM, older age, and
conjunctivitis, but not with severe complications [24, 30-32].
M. catarrhalis is not common in complications of AOM [33].
S. pyogenes is uncommon in young children, and has been
associated with complicated infections with labyrinthitis and
hearing loss, TM perforations, and mastoiditis [34—36]. In our
study including children in southern Finland, the most com-
mon pathogens in children hospitalized due to AOM and AM
were S. pneumoniae, P. aeruginosa, and S. pyogenes;
P, aeruginosa and S. pyogenes were, however, only seen in
children older than 2 years [15, 28].

Diagnostics and Treatment of Acute Otitis Media

Because spontaneous resolution of AOM without antimicro-
bial treatment is common, occurring in 80 % within 2—3 days,
the expectant observational approach is accepted for most
older children with mild disease in high-income countries [1,
37, 38ee]. Introduction of the expectant observational ap-
proach as an alternative treatment for AOM has not resulted
in an increase in the incidence of AM in children [16, 39].

It is, however, known that children under the age of two
benefit from antimicrobial treatment, which reduces symptom
burden and shortens the time to symptom resolution [3—5].
Antimicrobial treatment is also known to reduce the duration
of MEE and of the resulting hearing impairment [6]. Children
with bilateral AOM are more likely to have persistent symp-
toms if not treated with antimicrobials [31]. The risk of mas-
toiditis is reduced by antimicrobial treatment; the number

Table 1  Clinical findings and symptoms of children hospitalized due to AM or AOM [13ee, 15, 21, 28]
AM AM AM AOM, hospitalized
(Groth et al.) (van den Aardweg et al.) (Laulajainen-Hongisto et al.) (Laulajainen-Hongisto et al.)

AOM (%) 97 80 100 100

Median CRP (mg/l) 70 Not available 66 29

Otalgia (%) Not available 67 88 86

Fever (%) 60 76 71 66

Otorrhea (%) 25 53 34 50

Dizziness (%) Not available 50 7 25

Nausea (%) Not available 30 (vomiting) 7 11

Head ache (%) Not available 31 9 5

Hearing problem (%) Not available 67 9 9

Facial paresis (%) Not available 6 5 27

Retroauricular redness (%) 87 83 79 23

Retroauricular pain (%) 50 81 80 16

Retroauricular swelling (%) 67 85 55 14

Retroauricular fluctuation (%) 9 Not available 18 0

Protrusion of the pinna (%) 87 79 66

Subperiosteal abscess (%) 20 58 18
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needed to treat AOM to avoid one case of AM, however, is
high (approximately 4800) [7, 8¢]. Antimicrobial treatment of
AOM should of course cover its most common pathogens
S. pneumoniae, M. catarrhalis, and H. influenzae.

Thorough examination with bacteriological cultures is re-
quired if a child with AOM does not recover and has high
fever, severe general symptoms of infection, secretion from
the infected ear, retroauricular signs of infection, hearing prob-
lems, dizziness, or neurological symptoms. Because the bac-
terial etiology of complicated AOM, and AM, is more com-
plicated than that of uncomplicated AOM, bacterial cultures
of the MEE must always be taken in complicated cases [25,
27]. Intravenous antimicrobial treatment, corticosteroids, top-
ical ear drops, and myringotomy or tympanostomy should be
considered. Hospitalization may be needed in severe cases of
AOM [40].

Diagnostics and Treatment of Acute Mastoiditis

The most commonly used diagnostic criteria for AM are as
follows: a recent episode of (sub)acute OM with postauricular
swelling, erythema, tenderness, and protrusion of the pinna
[13ee, 14e¢]. High fever, leukocyte count (WBC), and C-
reactive protein (CRP) levels may be signs of complicated
AM [41].

Imaging should be considered in patients with acute
infection of the middle ear and signs of mastoid infection
that do not respond to conservative treatment (within
48 h), when surgical treatment is considered, or when
complications are suspected [42¢, 43]. The choice of mo-
dality should be based on the anatomical structure in
question. CT has traditionally been the initial imaging
technique for AM and is efficient in evaluating bony
structures. MRI is, however, superior in evaluating soft
tissues and intracranial structures [44—47].

When treating patients with AM, antimicrobial treatment is
often combined with myringotomy or tympanostomy tube
insertion. Retroauricular puncture may be attempted in chil-
dren with a subperiosteal abscess [25, 42+, 48, 49].
Mastoidectomy, however, still remains the most reliable and
efficient procedure, and is therefore suggested in patients who
do not respond to more conservative treatment, or those who
have intracranial complications [42¢, 49, 50].

In our institution, children with AM are treated with
tympanostomy tube insertion and antimicrobial treatment
consisting of either intravenous cefuroxime or penicillin
(in infections caused by S. pyogenes), or according to the
results of bacteriological cultures. Topical ear drops
(usually ciprofloxacin-hydrocortisone) are administered,
and steroids are used to reduce inflammation and tissue
swelling. Imaging is only performed when complications
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are suspected, and in cases resistant to treatment, when
mastoidectomy is also considered [51].

Acute Mastoiditis, Diagnostic Criteria—How
to Differentiate Acute Otitis Media and Acute
Mastoiditis

The symptoms of AOM and AM overlap. The diagnosis of
AM is clinical and is based on the following symptoms and
findings: intraoperative finding of acute mastoiditis (purulent
secretion or acute infection in the mastoid process), or a recent
episode of (sub)acute OM with at least two of the following
symptoms: protrusion of the pinna, retroauricular swelling,
erythema, or tenderness, and/or abscess of the external audi-
tory canal [13ee, 14ee 15, 16].

Based on study results (Table 1), these criteria seem appro-
priate; fever, otorrhea, and otalgia, however, do not seem to
differentiate children with AOM and AM [13e, 15, 21, 28].

Conclusions

AOM is a common infection in children; its treatment
consists of antimicrobials, or in some cases, only expec-
tant observation. Some cases of AOM may, however, lead
to complications and to the need for hospital treatment.
Since the bacteriological etiology of complicated AOM
differs from that of outpatient AOM, bacteriological cul-
tures are mandatory. Complicated cases of AOM are usu-
ally treated with myringotomy or tympanostomy, intrave-
nous antimicrobials, topical ear drops, and in some cases,
with corticosteroids. The symptoms of AOM and AM
overlap, and similar initial treatment is used to treat chil-
dren with complicated AOM and its intratemporal com-
plications. When severe complications of AOM are
suspected, or when no response to their initial treatment
is seen within 48 h of its onset, imaging and surgical
treatment must be considered. The diagnosis of AM is
clinical and based on an intraoperative finding of acute
mastoiditis (purulent secretion or acute infection in the
mastoid process), or a recent episode of (sub)acute OM
with at least two of the following symptoms: protrusion of
the pinna, retroauricular swelling, erythema, or tender-
ness, and/or abscess of the external auditory canal.
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