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Acute mastoiditis in children
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Abstract. Acute mastoiditis is the most common complication of acute otitis media. Although rare, the
disease is carefully studied by otolaryngologists because it usually affects very young children with severe
clinical course and sometimes causes serious complications. Most important risk factors are the young age
(often>2 years), high fever, alteration of the laboratory findings (very high values of WBC count, absolute
neutrophil count and C-reactive protein), while less important are previous antibiotic therapy or previous
middle ear infections. The main pathogen of the acute mastoiditis is Streprococcus pneumoniae, followed by
Streptococcus piogenes, Haemophilus influentiae, and Staphylococcus aureus. The finding of Pseudomonas aeruginosa
is not uncommon, but often its presence is often considered a contamination or simultaneous infection. The
complications can be extracranial (subperiosteal abscess, Bezold’s abscess); intratemporal (facial nerve palsy,
labyrinthitis) and intracranial (subdural abscess). The complications have often a very serious clinical course
and potentially life-threatening. Antibiotic therapy is the main treatment in not complicated forms. Consid-
ering the prevalence of Streptococcus pneumoniae, cephalosporins are the antibiotic of choice, but they have
to be administrated intravenously in hospitalized patients. Combinations with other antibiotic are suggested
when multibacterial flora is present. In complicated forms of acute mastoiditis, the antibiotic treatment can be
particularly important, in combination with other specific drugs (i.e. anticoagulants and/or corticosteroids).
Surgical treatments, such as incision of abscesses, mastoidectomy, and neurosurgical procedures, are some-
times performed in combination with medical therapy in very severe complications. Data from our experience
are briefly reported. (www.actabiomedica.it)
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Introduction

Acute mastoiditis (AM) is a serious bacterial
infection of the mastoid bone that occurs as a conse-
quence of acute otitis media (AOM). The illness needs
to be correctly defined. Given that the middle ear (ME)
communicates with the mastoid area through aditus
ad antrum, a mastoid involvement in infectious acute
or chronic diseases of ME is very common,; therefore,
“otomastoiditis” is the correct definition of all otitis.
Instead, AM represents a severe complication of an
acute (sometimes chronic) otitis media, favoured by

several factors (anatomic condition of the temporal
bone, age, bacterial flora, immunological defects, etc).

The main etiopathogenetic factor is represented
by the closure of the aditus ad antrum due to oedema
or granulation tissue which prevents the drainage of
the purulent exudate from the mastoid air cells (1).
Very common in the pre-antibiotic era (at least 20% of
OMA resulted in AM, often complicated by devastat-
ing extratemporal and intracranial sequelae), the dis-
ease is currently rare but it is often dangerous because
it mostly affects very young children, with important
clinical course and complications.
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OMA is a suppurative infection of mastoid air
cells with bone destruction (osteomyelitis); sometimes
the process spreads through the periosteum and in-
duces periostitis and subsequent involvement of sur-
rounding structures, in particular, neurological and
vascular. So, complications of acute AM are sometimes
dramatic and difficult to treat. It is very important to
perform a precocious diagnosis and a well-planned and
prolonged antimicrobial or surgical treatment to avoid
severe complications, sometimes with lethal risks.

In this review, we aim to illustrate a synthetic
overview of AM, with some reference to personal ex-
perience of the last 15 years.

Incidence

Acute mastoiditis represents the most common
complication of an AOM, affecting 1 in 400 cases
(0.24%) (2). Its incidence is variously reported in dif-
ferent countries, varying in pediatric age from1.2 to
6.1 per 100,000 children aged 0-14 years, per year
(3,4). Dramatically decreased in the antibiotic era,
the incidence of AM in pediatric age has consistently
increased in the last two decades even in developed
countries (5). This event can be attributed to a selection

of resistant bacterial strains, more frequently detected
over time, due to inadequate antibiotic treatments
(abuse or non-specific use) (6,7,8).

Pediatric age is undoubtedly the most prone to
mastoid involvement in middle ear infections, due to
particular anatomical, immunological and infectious
conditions, above all in the first years of life:

In children, the mastoid bone is more pneuma-
tized with thin bone trabeculae and the aditus ad an-
trum is smaller than in adult’s: so, there is a greater
predisposition to the accumulation of secretion and os-
teitic infection. Pediatric age is often characterized by
physiological immaturity of the immune system with
a peak incidence between the second and third year
of life. Particularly in children, non-selected antibiotic
therapies can induce a selection of resistant bacterial
strains. In a wide casuistry, Groth et al. evidenced dif-
ferences in the evolution of the AM in different ages:
youngest children have more rapid evolution and more
serious symptoms of the disease than adults (4).

Our experience confirms the previous studies on
the incidence of AM. In our study, most children (27
observed from 2003 to 2017) were < 3 years old; just
one case was > 10 years old (Figure 1).
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Figure 1. The distribution of ages of the 27 children with acute mastoiditis during the periodo 2003-2017
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Complications

If not properly treated, AM can lead to extracra-
nial and intracranial complications, which are some-
times very serious and even life-threatening. Compli-
cations are particularly frequent in children younger
than 2 years, in which the disease progresses faster and
more seriously (9,10). The incidence of complications
in AM is variously estimated, depending on interpre-
tation and classification of the complications; intracra-
nial complications range from 4 to 16% (11,12).

The main pathogenetic factor of the AM, and in
particular of the complications, is the obstruction of
the aditus ad antrum, by edematous mucosa or granu-
lation tissue with inhibition of purulence’s drainage
from the mastoid. High bacterial virulence and de-
creased immune defences are also important.

The most frequent complication is the subperi-
osteal abscess, following the progression of the inflam-
matory process; periostitis, the release of cytokine with
osteoclasts activation and consequent decalcification
and bone resorption (coalescent mastoiditis) (1). The
clinical picture may include ear pain, persistent high
fever, post-auricular tenderness or purulent collection
with the displacement of the pinna. Other extracranial
complications (facial nerve pulse, labyrinthitis, internal
jugular vein thrombosis, periphlebitis of the sigmoid
or lateral sinus) are consequent to the involvement of
the neurological or vascular structures of the mastoid.
Bezold’s abscess originates from erosion of the mas-
toid bone cortex medially to the attachment of ster-
nocleidomastoid muscle (13). The pus extends into the
infratemporal fossa and then proceeds along the deep
cervical fascia. The main symptoms are fever, severe
pain in the perimastoid area, dysphagia, sore throat,
and nuchal rigidity. Intracranial complications are not
common, but undoubtedly represent very dangerous
diseases that can sometimes have a lethal outcome.
Symptomatology is mainly neurological and/or septic
in case of meningitis, epidural abscesses, encephalitis
or thrombosis of the sigmoid or cavernous sinus. The
main pathogenetic factors in the complications are the
same as those of AM, in particular, the obstruction
of the aditus ad antrum, but often associated to high
bacterial virulence and decreased immune-defences in
very young children (14). In our case history, we had a
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Figure 1. Complications of AM

high number of complications, probably due to a de-
layed diagnosis of AM (Figure 2).

Bacteriology

In the current opinion, Streptococcus pneumoniae
is considered the predominant pathogen in children
affected by AM. It is undoubtedly the most common
and likely cause of the most acute forms of disease and
most complications. It has been observed both in the
middle ear effusion (spontaneous discharge) and in the
purulent collections (15,16,17,18). In lower percent-
ages, Streptococcus pyogenes, Staphylococcus aureus and
Hemophilus influenzae were identified. The role of Pseu-
domonas aeruginosa is still controversial. Some authors
consider it a predominant pathogen in AM (19,20). In
particular, in the opinion of Butbul et al., it is a leading
agent in children > 4 years old, while S. pneumoniae is
prevalent in patients < 2 years old; moreover, this study
evidenced that P aeruginosa is present in mastoiditis re-
sulting from recurrent or chronic otitis media, whereas
§. pneumoniae is more easily found in isolated episodes
of AM (19). Laulajainen et al. found a clear correla-
tion between previous tympanostomy tubes and AM
caused by P, aeruginosa. Moreover, the study underlined
a different course of the disease due to this pathogen,
compared to 8. pneumoniae: the patients had mild signs
and symptoms, but all with otorrhea (15). However,
most Authors do not consider it a main causative agent
of AM. P aeruginosa (as well as Staphylococcus aureus,
often associated), is present in the external ear canal as



Acute mastoiditis in children

57

a component of saprophytic flora; so, its presence in the
culture obtained from ear canal swab is considered con-
tamination or simultaneous infection (21). Actually, in
the cultures coming from the middle ear (via tympanic
paracentesis) or from abscesses collections the leading
pathogen turns out to be 8. pneumoniae (22).

Finally, some Authors evidenced no growth flora,
probably due to previously administered antibiotic
therapy; in these cases, a statistically significant higher
complication rate was verified (18,23).

In our experience, S. pneumoniae was the pre-
dominant bacterium (21-77%), followed by Streptococ-
cus pyogenes (9-33%), Hemophilus influenzae (6-22%)
and Pseudomonas aeruginosa (2-7%). Association of
two or more pathogens was found in 9 (40%) cases;
no growth flora in 5 (18%) cases. In the study, the bac-
teriological examination was performed almost always
on the purulent exudate taken from the middle ear, by
aspiration or from the retro-auricular purulent collec-
tion, never from the external ear canal. The low pres-
ence of the P aeruginosa confirms the hypothesis that
this pathogen is often a contaminant element of the
external ear canal, sometimes simultaneously infected.

Diagnosis

In non-complicated AM the diagnosis is mainly
clinical, considering in particular two factors: clinical
picture and risk factors for the involvement of the mas-
toid bone in an acute or chronic middle ear infection.

Signs and symptoms of a non-complicated AM
generally do not differ from those of AOM (fever, ear-
ache, otorrhea, etc.) but are often more serious, with
spontaneous or pressure pain in the mastoid area,
sometime with tense, red and swollen retro-auricular
skin, even in the cases where there is still not complete
erosion of the cortical bone or purulent collection.

Risk factors for AM are frequently highlighted
in the literature. Particularly interesting is the analysis
performed by Garcia et al (Figure 3) which evidenced
that the main suspected factors for an acute mastoid
involvement during AOM, are the age (< 24 months),
high values of C-reactive protein and previous surgical
treatment for otitis. High values of Leucocyte count are
also important but less so. Furthermore, the same pre-
disposing factors to AM seem also to be implicated in

its complications (16,22). Instead, significantly less im-
portant predisposing factors to AM and its complica-
tions are the previous otolaryngology diseases (in par-
ticular, chronic otitis media or recurrent AOM and ade-
noids) and previous antibiotic treatments (22). So, most
authors agree that the uncomplicated forms of AM can
be diagnosed only based on a clinical observation: when
in very young children affected by AOM, high fever,
compromised general condition and particularly altered
laboratory findings are present. In these cases, more
detailed and specific examinations (CT scan, MRI, an-
giography, angio-MR) can be avoided, while they are
essential in the intratemporal, vascular and intracranial
complications (23-26). However, different opinions
have been expressed by some Authors who consider it
essential to perform at least a CT SCAN in any case of
suspected AM for early recognition of complications
not yet clinically evident and for a treatment adequate
to the severity of the illness (22, 27).

Treatment

In the uncomplicated forms of AM, antibiotic
therapy is the main treatment. Most studies underline
the necessity of carrying out in every case a middle ear
culture for a more specific choice of antibiotic. Con-
sidering the high incidence of §. pneumoniae and its
specific sensitivity to cephalosporins (less frequently to
penicillins), this antibiotic, in particular, Ceftriaxone
sodium, is widely used in the treatment of AM, always
administered intravenously in hospitalized patients.
The treatment with different antibiotics (amoxicil-
lin, amoxicillin-clavulanate, erythromycin, etc), orally
administrated, often proves to be ineffective and may
even predispose to complications (4,18,28). The use of
antibiotics other than cephalosporins can be justified
only by a specific response of the bacteriological exam-
ination and antibiogram (i.e. antipseudomonal agent if
P, aeruginosa infection is established). The association
of 2 o 3 specific antibiotics is often opportune in pol-
ymicrobial infections (18,22). Also, antibiotic therapy
with amoxicillin-clavulanate (less frequently other an-
tibiotics) should continue for at least 10 days after re-
covery to avoid recurrences or long-term sequelae of
AM, which are sometimes observed (recurrent otor-

rhea, recurrent AOM, persistent OM with eftusion,
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tympanic membrane perforation, etc) (18,28,29).

The introduction of the pneumococcal conjugate
vaccine (PCV7) in 2000, subsequently replaced by a
polyvalent version (PCV13), has certainly reduced the
incidence of pneumococcal infections and consequent-
ly of AOM (15,23). Surprisingly, no decrease has been
reported in the incidence of AM after vaccination,
probably due to a possible pneumococcal serotype
replacement. However, pneumococcal vaccination is
always recommended in young children to avoid at
least recurrent AOM, of which AM is the main con-
sequence (30).

Many studies agree on the need for a myringotomy
+ tympanostomy tube placement, above all in the cases
of AM without spontaneous TM perforation (most
often verified in children < 24 months) or AM of chil-
dren with recurrent AOM or EOM (6,10,28,29,31).

The importance of this simple surgical procedure
is enhanced by two studies, which demonstrate its va-
lidity even in some complications of AM, i.e. subperi-
osteal abscess. The Authors evidenced that myringot-
omy * tympanostomy tube placement, combined with
a simple retro-auricular puncture of the abscess and
antibiotics (29) or retro-auricular incision and antibi-
otics (23) (conservative treatment), obtained the same
results observed in patients treated with mastoidec-
tomy and antibiotics (operative treatment). Conserva-
tive treatment was adopted even in some cases of more
serious neurological or vascular complications (intrac-
ranial abscesses or lateral sinus thrombosis), in which
the medical treatment with broad-spectrum intrave-
nous antibiotic agents, anticoagulants and/or corti-
costeroids are often effective. However current opin-
ion suggests that more aggressive surgical procedures,
such as mastoidectomy, neurosurgical procedures, etc,
are undoubtedly indicated in more important compli-
cations, in particular when intratemporal, endocranial
or vascular structures are seriously involved (32, 33).

In our patients, antibiotic treatment was carried
out in the cases of uncomplicated AM and in some cas-
es of complications in which CT scan did not highlight
serious mastoid osteomyelitis (2 cases of periphlebitis
and 1 of thrombophlebitis of the lateral sinus); in these
two cases antibiotics associated with anticoagulants
and/or corticosteroids were effective. In all cases of the
unperforated tympanic membrane (TM) was imme-

diately performed with the suction of the secretion to
allow better drainage and a bacterial examination with-
out contamination of the bacterial flora in the ear canal.
For this reason, an accurate toilet of the middle ear by
suction was performed also in spontaneous perfora-
tion of MT cases. More important surgical procedures
(“operative treatment”: mastoidectomy with toilet and/
or an enlargement of aditus ad antrum, tympanoplasty,
abscesses incisions, etc) were adopted in most compli-
cations and in all cases in which CT scan showed a se-
rious impairment of the mastoid bone. In just 2 cases
of subperiosteal abscess, we performed a “conservative
treatment” (tympanic paracentesis and abscess incision)
associated with medical therapy.

Our therapeutic strategy allowed in all cases heal-
ing of the AM and its complications. No cases required
further surgical treatment.

Conclusions

Despite the increasingly effective antibiotic and
vaccine treatments, the AM is still a worrying disease
that even seems to be growing in pediatric age due to
ever-increasing antibiotic resistances. The severity of
the complications of AM suggests careful clinical ob-
servation in all cases of OMA in which the symptoms
are particularly severe, especially when they occur in
very young children. In these cases, specific laboratory
findings are certainly useful in diagnostic assessment.
An early, specific and well-planned antibiotic therapy
is fundamental for the resolution of the disease and the
prevention of complications, that often require con-
servative or demolitive surgical treatments, sometimes
dangerous in very young children.
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