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Acute mastoiditis is a well-known complication of acute otitis media in children. Last year we noticed some
changes: more virulent pathogens, a more fulminant course of the disease and an increased need for surgical
treatment in children with acute mastoiditis admitted to our hospital. Recently, other authors have raised the
same concerns. Based on the last 12 consecutive cases of pediatric acute mastoiditis admitted to our hospital
and a review of recent literature, we discuss a possible change in presentation, complication rate and
microbiology in order to raise vigilance to a possibly changing pathology.
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Introduction

Acute (coalescent) mastoiditis is a suppurative complication of acute
otitis media (AOM) characterized by acute inflammation of the mastoid
air cells and destruction of the thin bony septae between mastoid air cells
[1]. Virulent bacteria in combination with an inadequate (or immature)
immune response and anatomically less resistant barriers — the latter
especially present in very young children — are the main risk factors to
develop complications from an acute otitis media [2]. Since the
introduction of antibiotics and their application for the treatment of
AOM in risk patients and unfavorable disease courses, there has been a
drastic decline in the incidence of acute otitis media episodes progressing
to acute mastoiditis [3]. Although pediatric acute mastoiditis (PAM) has
become rare, nowadays occurring in 0.02-0.25% of cases of AOM in
children, it still remains a serious and potentially life-threatening
condition, requiring prompt diagnosis and adequate treatment [4]. Due
to the anatomical location of the mastoid in the temporal bone and close
to the central nervous system, acute mastoiditis can progress to
intratemporal (subperiosteal abscess, bezold abscess, facial nerve

paralysis, labyrinthitis, apical petrositis) and intracranial complications
(meningitis, cerebral venous sinus thrombosis, epidural abscess,
subdural abscess, cerebellar or brain abscess).

These complications occur in 10-20% of PAM cases [5]. Although the
prevalence, morbidity and mortality resulting from PAM in developed
countries have steeply dropped since the antibiotic era and surgical
developments of mastoidectomy, the proportion of children with acute
mastoiditis developing an intratemporal and/or intracranial complication
and requiring mastoid surgery does not seem to have decreased and
might even have increased the last 10 to 20 years [5, 6]. There has been
recent concern regarding a shift in causative agents, a more complicated
disease course and an increasing need for surgery in PAM. Therefore,
we reviewed all cases of PAM admitted to our hospital in last 2 years for
clinical presentation, diagnostic findings (including imaging and
microbiology), treatment and outcome. We critically appraised our
findings and compared them with epidemiological, clinical and
microbiological trends described in the current literature.
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Materials and Methods

A retrospective analysis of all consecutive cases of PAM in children
aged <16 years old treated at Ghent University Hospital, between 1-4-
2018 and 31-3-2020 was performed. Cases of mastoiditis that occurred
as a complication of an underlying chronic ear condition (chronic otitis
media, cholesteatoma) or neoplastic condition (e.g., Langerhans cell
histiocytosis) were excluded. Demographic and medical data, including
time of onset of disease, antibiotic use before admission, clinical
presentation, results of microbiological sampling, the extensiveness of
disease and complications, type of surgery and outcome, were collected
from the medical patient files. Acute mastoiditis was diagnosed based on
the clinical signs of post-auricular erythema, tenderness and/or swelling
with or without fluctuation and protrusion of the pinna [7]. Laboratory
tests involving C-reactive protein and white blood cell count were
performed in all children upon admission and follow up. Upon
admission, sterile swab-sticks (flocked swabs in liquid amies medium)
were used to collect a specimen of the ear discharge in case of
spontaneous tympanic membrane perforation.

For referred patients, culture results were sometimes already available
upon admission. In cases of surgical intervention (tympanostomy tube
insertion +/- mastoidectomy), microbiological sampling was (also) done
during surgery. For swabs, aerobic culture was performed using Tryptic
Soy Agar with 5% sheep blood and GC Chocolate Agar (Becton-
Dickinson and Company, Franklin Lakes, NJ, USA), which were
incubated for two days. Samples obtained during the surgical
intervention were cultured aerobically using Tryptic Soy Agar with 5%
sheep blood, GC Chocolate Agar and Columbia CNA Agar with 5%
sheep blood/MacConkey biplate (Becton-Dickinson), which were
incubated for two days, and a thioglycolate USP medium (Oxoid,
Hampshire, UK) for enrichment, which was incubated for seven days.
Besides, these samples were cultured anaerobically using Schaedler
Agar with vitamin K1 and 5% sheep blood (Becton-Dickinson and
Company, Franklin Lakes, NJ, USA) and ARIA with horse blood
(Oxoid, Hampshire, UK), which were incubated for four days.

Figure 1: CT scan (with intravenous contrast) of patient 6, showing an
epidural abscess and sigmoid sinus thrombosis. Yellow arrow: epidural
collection. Blue arrow: sigmoid sinus thrombosis.
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CT scan with intravenous (1V) contrast was performed in every patient.
All scans were viewed by our head and neck radiologist and showed
typical signs of mastoiditis such as cloudy mastoids, osteitis with bony
erosions of the mastoid cells and extension with periosteal involvement.
MRI was performed in selected cases with suspected intracranial
complications but inconclusive CT scan. Complicated mastoiditis was
defined as an extension of the infectious process beyond the mastoid
system with CT and/or MRI finding of an abscess (subperiosteal,
epidural, subdural, cerebellar, brain or bezold’s abscess), cerebral
venous sinus and/or jugular vein thrombosis, apical petrositis,
osteomyelitis beyond the mastoid area, the clinical finding of cranial
nerve palsy or meningitis confirmed by lumbar puncture (Figure 1) [8,
9]. Management of children with acute mastoiditis in our center depends
on clinical presentation and presence of intratemporal or intracranial
complications.

Uncomplicated mastoiditis is treated by tympanostomy tube placement
and intravenous wide spectrum antibiotics based on amoxicillin-
clavulanic acid. Antibiotic treatment is adjusted if indicated based on
culture results. Cases without clinical improvement after 48 hours or
showing deterioration of postauricular swelling, fever or lethargy,
undergo a mastoidectomy. When intratemporal and/or intracranial
complications are present upon presentation, surgery is immediately
performed consisting of tympanostomy tube placement (if not already
present) and mastoidectomy. Subdural and brain abscesses are treated by
the neurosurgeon. In the case of sigmoid sinus thrombosis, the bone over
the sigmoid sinus is removed and low molecular weight heparin is started
and continued for at least 3 months [10, 11]. Further immunological
investigations are performed in case of suspicion for primary immune
deficiency (10 alarm signs for primary immune deficiency in children).
A review of the English literature in PubMed, Embase and Cochrane
library was performed with the search term “pediatric acute mastoiditis”
in combination with the search terms “incidence”, “microbiology”,
“complication”,  “complications”,  “surgery”,  “Fusobacterium
necrophorum”, and “Streptococcus pyogenes”. Selection of recent
articles was conducted and a manual search of the bibliographies of the
selected articles was done.

Results

Twelve consecutive cases of PAM were included in our study. The mean
patient age was 11.5 months (range 3 months - 10 years old), the male to
female ratio was 1:1. 6/12 children were younger than 1-year-old, 9/12
were younger than 2-year-old. The majority presented in spring (n=6)
and winter (n=3); only 1 patient was admitted in summer and 2 during
fall. Nine out of the 12 included patients were referred from other
hospitals: some were promptly referred upon (suspicion) of acute
mastoiditis, others were transferred because of unfavorable disease
course and suspected or proven development of complications. Seven
received systemic antibiotic treatment before admission to our hospital.
Upon admission, all patients received a CT scan with intravenous
contrast if not already performed. As shown in (Table 1), all children
presented with a complicated acute mastoiditis. In 11 out of 12 cases, at
least one bacterial pathogen was isolated, with identification of
Streptococcus pneumoniae (n=3), Streptococcus pyogenes (n=3, 1 case
demonstrating ampicillin resistance), Fusobacterium necrophorum
(n=3) Pseudomonas aeruginosa (n=2), and Haemophilus influenzae
(n=1).
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Table 1: Patient characteristics.

-“ PAM complication Causative agent Type of Antibiotic

2 R M 3m

3 R F 10m

4 R M 5y8m

5 R F 10y

Subperiosteal abscess

Subperiosteal abscess

Sigmoid sinus
thrombosis, transverse
sinus thrombosis,
internal jugular vein
thrombosis,
subperlosteal abscess

Subperiosteal abscess

Facial nerve paralysis

S. pyogenes
S. pneumoniae

F. necrophorum

S. pneumoniae

Ps. aeruginosa (?)

Amoxicilline — clavulanic acid

Amoxicilline — clavulanic acid

Cefotaxim + metronidazole

Ceftriaxone
Piperaciline-tazobactam

Cefotaxim + clindamycine

Cefotaxim + metronidazole

Piperaciline-tazobactam

Amoxicilline — clavulanic acid

6 F 7m Sigmoid sinus S. pyogenes

thrombosis, transverse

sinus thromb03|s

internal jugular vein

thrombosis, epidural

abscess
7 = M 3y 6m Subperiosteal abscess S. pyogenes (ampi R) Cefotaxim
8 P F 13m Sigmoid sinus F. necrophorum

thrombosis
9 R M 1y 9m Subperiosteal abscess F. hecrophorum Ceftriaxone
10 R M 3m Subperiosteal abscess S. Pheumoniae

Ps. aeruginosa (?)

11 = M m Subperiosteal abscess Geen groei
12 R F 1y 4m Subperiosteal abscess H. influenzae

Sigmois sinus
thrombosis

P/R: Primary admission; Referral: M/F: Male/Female.

All children were admitted and IV antibiotic treatment — if already
available culture-guided — was immediately started or continued. In 5 of
our 12 patients antibiotic treatment was altered once culture results were
available. Prompt surgical intervention was performed, consisting of a
canal wall up mastoidectomy in combination with placement of
tympanostomy tubes, if not already present. In the case of sigmoid sinus
thrombosis, the sinus was uncovered. In 1 patient (patient 11),
subperiosteal abscess drainage via incision was performed. It concerned
a very young patient with a poorly developed mastoid cavity. Our
patients were hospitalized between 5 days and 23 days for IV antibiotic
treatment. After discharge, oral antibiotic treatment was continued for
up to 4 weeks and a follow-up consultation was planned after one week.
All patients fully recovered and are still in follow-up. In 2 patients,
subsequent immunological investigations revealed a primary immune
deficiency (IgG2 subclass deficiency).

Discussion

In this study, we present all consecutive cases of PAM as a complication
of acute otitis media admitted and treated at Ghent University Hospital
over the last two years. Our population consisted of very young children
(median age 11.5 months) with a severe disease course. All children
presented with intratemporal and/or intracranial complications upon
admission and consequently underwent surgical management. Although
this case series is limited in number and prone to tertiary center referral
bias, the fulminant disease course in all consecutive cases raises concern
about a changing trend with a shift in causative agents, a rapid
progression to complications and increasing need for surgery. This
observation is consistent with literature findings. Whereas the total

Surg Case Rep doi: 10.31487/j.SCR.2021.09.17

Cefotaxim + metronidazole

incidence of PAM seemed to remain stable between 1991 and 2017, with
13.5-16.8/1000000 per year for children under the age of 2 and 4.3-
7.1/100000 per year for older children, reports of increased virulence,
higher rates of complicated disease upon presentation and consequently
more need for mastoid surgery in PAM, especially in young children, are
rising [6, 12-17]. Attimayr et al. describe 2 different PAM populations
in their tertiary center; the first from 1995-2005 and the second from
2005-2015. The incidence of PAM was similar during both periods;
however, the rate in intracranial complications rose from 4.8% in the first
study period to 13% during the second part and the need for surgery
increased from 23% to 58.7% respectively. Benito et al. studied 205
PAM cases between 1996 and 2005 and reported an increase in surgical
intervention from 4% in 1996-97 to 33% in 2003-2004 and 70% in 2005.

This study was also performed in a tertiary care center. A rising
proportion of children presenting with complicated mastoiditis and
consequently requiring surgery was also reported by other tertiary care
centers [5, 6, 14, 17-20]. In our population, all children presented with a
complicated mastoiditis on admission and all children underwent
appropriate surgery, especially the proportion of children (33%) with
lateral sinus thrombophlebitis was strikingly high. The higher reporting
of complicated disease courses in PAM over the most recent years is
very unlikely to be explained by a higher detection rate of complications.
A changing microbiology with more virulent disease course has been put
forward to explain the recent observations and reports. In accordance
with our findings, other case series increasingly detect S. pyogenes and
F. necrophorum as causative agents in PAM [5, 6, 17, 21]. Especially
the rise in F. necrophorum in acute otitis media and mastoiditis in
children is being increasingly documented [21-27]. Gelbart et al.
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observed a tenfold increase in F. necrophorum related PAM between
2011 and 2015. Interestingly, a complicated course of mastoiditis was
significantly more frequent among F. necrophorum mastoiditis cases
versus non-F. necrophorum cases and all F. necrophorum mastoiditis
cases necessitated a surgical intervention versus only 15.6% of non-F.
necrophorum mastoiditis cases. The rise in the need for surgery is
confirmed by other authors [6]. Moreover, pathogens isolated in the
operated group demonstrate a higher rate of F. necrophorum, suggesting
it is the culprit behind the rise in complications and need for surgical
intervention in these recent years.

F. necrophorum is a pathogen that was very rarely isolated in PAM in
the past; however, it was the causative agent in 3 of our 12 patients. It is
an obligatory anaerobic, gram-negative bacterium and is a commensal in
the oral cavity after teeth eruption, the female genital tract and
alimentary tract [26]. The association between F. necrophorum and
septic venous thrombosis is well known and is most likely attributed to
its ability to cause platelet aggregation [27]. The rise in F. necrophorum
mastoiditis, especially in very young children, might explain the
increased finding of lateral sinus thrombophlebitis during the last years
[19, 23]. The increased identification of F. necrophorum can only partly
be explained by improved and more widespread detection techniques
(especially for anaerobes) and a true incidence rise of F. necrophorum
as an emerging pathogen in (pediatric) acute mastoiditis, especially the
last decade, has repeatedly been highlighted [21-25, 28, 29].

A possible explanation for the changing microbiology could be the
introduction of the S. pneumoniae conjugate vaccine. Since S.
pneumoniae was one of the most frequent causative agents of PAM, the
routine administration of the S. pneumoniae conjugate vaccine might
provoke a shift in different pathogens. Biesbroek et al. showed that after
administration of the vaccine, a change of the nasopharyngeal flora in
healthy children was observed. They found an increased carriage rate of
F. necrophorum and other anaerobe pathogens such as Prevotella spp.
in the upper respiratory tract. Moreover, there is no epidemiological
evidence for a rise in complications of PAM after the introduction of
PCV7 [20, 30, 31]. Globally the antibiotic consumption remains high.
Increasing resistance of bacteria may lead to therapeutic failure and
cause a rise in complication rates. This theory is supported by the fact
that most patients received antibiotic treatment before admission [5, 6].
In our patients, both S. pneumoniae strains were sensitive to ampicillin.
Unfortunately, to the best of our knowledge, we do not have numbers
on-resistance of F. necrophorum. In our patients, one out of two S.
pyogenes strains showed resistance to ampicillin. Penicillin failure in S.
pyogenes is dramatically increasing throughout the world, with almost
40% in some regions [26].

Different factors account for this failure, such as alteration of the
commensal bacterial microbiota, which can compete for nutrients;
protection of S. pyogenes by pB-lactamase-producing bacteria
(Staphylococcus aureus, Haemophilus spp., Moraxella catarrhalis, and
anaerobes) that are commonly part of the oral microbiota and
coaggregation between M. catarrhalis and S. pyogenes, which may
enhance S. pyogenes colonization through the facilitation of its
adherence to human epithelial cells [26, 32-34]. Another possible
explanation for the rise in complications in PAM might be the
implementation of guidelines regarding restricted antibiotic use. There
have been reports suggesting that a more restricted antibiotic use in the
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treatment of AOM might have provoked an increased number of
complicated PAM due to suboptimal treatment of otitis media [4].
However, most of our patients received antibiotic treatment before
admission, as well as in other series published in literature [5, 6, 17].
Moreover, after the introduction of the guidelines of more restrictive
antibiotic use, no change in incidence or rise in complications of PAM
was noticed [15, 35].

Limitations to our single center study include being a tertiary care center;
therefore, many patients (75% in this population) have been referred
from other hospitals. Consequently, our population might reflect an over
presentation of children with unfavourable disease courses and children
that develop complications. In addition, it concerns a small group of only
12 patients and a short study period of 2 years. The strengths of this case
series are that we managed to acquire microbiological data in 11 of our
12 patients; all of them received a CT scan and none were lost to follow-
up. To the best of our knowledge, no multi-center prospective studies
have been published to evaluate the changing pathophysiology and
microbiology of pediatric acute mastoiditis. Moreover, the available
studies are descriptive and are not statistically corrected for classification
or verification bias. They have also been performed in tertiary care
centers and most are single center studies. In future, large and
prospective studies are needed to evaluate the true incidence and
incidence changes of PAM and its complications, the changes in
microbiology and the outcome of conservative and surgical treatment. In
addition, these insights will help to identify predictive factors for a
complicated disease course and to adapt our diagnostic and management
protocol.

Conclusion

PAM is a well-known pathology but might be undergoing some changes
requiring adaptation of our management protocol. In our small
population of 12 retrospectively collected patients in a tertiary referral
center, we suspect a changing trend with a shift in causative agents
towards Streptococcus pyogenes and Fusobacterium necrophorum, a
rapid progression to complications and increasing need for surgery.
Vigilance is important, especially in children under 2 years of age with
a severe course of PAM, as early recognition can lead to improved
treatment. Low threshold for CT scan, adequate sampling for culture and
a prompt start of antibiotic treatment are of utmost importance. When
there is no improvement of the clinical situation over 48 hours or
complications occur, surgery is to be performed as soon as possible.
More and larger prospective studies are needed to objectivate the
incidence of PAM and its complications, microbiology and outcome.
Identifying predicting factors for a complicated course of the disease,
might help early detection and intervention with adequate antibiotic and
surgical treatment.
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