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Abstract
Objective: To evaluate the effect of pre- and post-admission antibiotic treatment in paediatric acute mastoiditis.

Design: Retrospective study.
Method: Eighty-eight children with acute mastoiditis, from 2003 to 2012, were studied to investigate the effect of

antibiotic therapy on short and long-term sequelae.
Results: The median period of antibiotic therapy immediately following hospital discharge was 10 days (range,

5–49 days; standard deviation= 7.46). There were no sequelae within the fortnight following antibiotic therapy
completion, but 14 of 40 patients had significant sequelae thereafter, including recurrent otorrhoea, acute otitis
media and ventilation tube insertion requirement. Complication rates were significantly higher among patients
who had pre-admission antibiotic therapy (52 per cent), compared to patients previously untreated (27 per cent).

Conclusion: Paediatric acute mastoiditis patients treated with antibiotic therapy prior to admission are at higher
risk for complication development. The advised time period for oral antibiotic therapy following hospital discharge
remains as 10 days in all cases of uncomplicated acute mastoiditis.
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Introduction
Acute mastoiditis, an acute inflammatory disease of the
mastoid process,1 represents the most frequent intra-tem-
poral complication of acute otitis media, with an esti-
mated incidence of 1.2–4.2 per 100 000 person years
among children in developed countries.2 Mastoid in-
volvement is expected in most cases of acute otitis
media, as mastoid air cells form part of the middle-ear
cleft; however, acute mastoiditis becomes clinically sig-
nificant if it spreads through the periosteum and
induces periostitis or bone destruction (acute coalescent
mastoiditis).3 The clinical and radiological differentiation
between the stages of mastoid involvement (mucosal in-
flammation, periostitis, osteomyelitis) can be difficult if
there is no previous imaging.
Different textbooks4–6 argue that osteal involvement

indicates the need for prolonged antimicrobial treat-
ment of three to six weeks’ duration, without any refer-
ence to evidence-based data. Two recently published
studies7,8 demonstrated a lack of consensus regarding
diagnostic criteria and management of paediatric
acute mastoiditis.

The current study aimed to evaluate acute mastoiditis
treatment at our medical centre, focusing on the dur-
ation of antimicrobial therapy and its short- and long-
term sequelae.

Materials and methods
A retrospective review of all acute mastoiditis patients
(International Classification of Diseases, ninth revi-
sion, code 383) admitted to the Children’s Hospital at
Westmead, Sydney, from 1 July 2003 to 30 June
2012, was conducted. There were a total of 101 cases.
Acute mastoiditis was diagnosed using the following

clinical criteria: signs of acute otitis media on otoscopy
and local inflammatory findings over the mastoid
process (including pain, redness, local sensitivity
and/or protrusion of the auricle), or local inflammatory
findings over the mastoid process and imaging or sur-
gical findings of mastoiditis (with no signs of acute
otitis media).9 Imaging findings of mastoiditis were
defined as the presence of increased attenuation of
the mastoid cells on computed tomography (CT) or
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magnetic resonance imaging (MRI) scans, with or
without osseous resorption or periostitis.10

In total, 88 cases met the diagnostic criteria and were
included in the final statistical analysis. Demographic,
historical, clinical, laboratory and bacterial culture
data were collected for all patients.
The months April to September were considered

winter (in the southern hemisphere), while October to
March were considered summer.
The cases were examined in terms of: antibiotics

used, surgical treatment modality, complications, and
short- and long-term sequelae. Complications can be
intracranial or extracranial, and a list is provided in
Table I. Short-term and long-term sequelae that con-
cerned the treating team included: non-resolving ear
ache or ear discharge, persistent high fevers, evidence
of disequilibrium, persistent tympanic membrane per-
foration, recurrent acute otitis media and otitis media
with effusion, recurrent acute mastoiditis, diagnosis
of cholesteatoma, the need for subsequent grommet in-
sertion, and requirement for an adenoidectomy. To be
included in the ‘short-term sequelae’ analysis, a
minimum follow-up period of 14 days after completion
of the oral antibiotic therapy immediately following
hospital discharge was necessary. As for ‘long-term se-
quelae’ analysis, the minimum follow-up period neces-
sary was four months after discharge or prior evidence
of long-term sequelae.
The student’s t-test and chi-square test were employed

(using JMP statistical software, version 10.1; SAS
Institute, Cary, North Carolina, USA) to compare inde-
pendent variables between groups prescribed with anti-
biotics for either 10 days or fewer or more than 10
days. A p value of less than 0.05 was considered to be
statistically significant. The present study was approved
by the Children’s Hospital at Westmead Institutional
Review Board.

Results
Of the 101 cases reviewed, 88 were found to meet the
inclusion criteria. Median age at time of acute

mastoiditis diagnosis was 22 months (range, 3–150
months; standard deviation (SD)= 35.36); 52 patients
(59 per cent) were boys.
Only 11 children (12.5 per cent) had relevant posi-

tive past medical history: recurrent acute otitis media,
in 7 children; previous grommet insertion, in 2; gastro-
esophageal reflux disease, in 2; ipsilateral cholestea-
toma, in 1; severe combined immunodeficiency, in 1;
and chronic lung disease, in 1.
Admission date distribution according to calendric

month is shown in Figure 1. Fifty-two patients were ad-
mitted during the winter months. Median hospitalisa-
tion duration was 5 days (range, 2–26 days; SD=
3.42). All patients were managed as in-patients for
the initial treatment.
Acute mastoiditis was bilateral in 1 case (1 per cent),

right-sided in 49 cases (56 per cent) and left-sided in 38
cases (43 per cent). Pre-admission signs and symptoms
were present from 1 to 30 days (median= 4 days; SD=
5.06); these signs and symptoms are listed in Table II.
Forty-eight out of 86 patients (56 per cent) received

systemic antibiotic treatment prior to admission at the
Children’s Hospital at Westmead. Data regarding the
specific antibiotic agents used were available in only
46 cases; generally, the treatment comprised a form
of penicillin and/or cephalosporin (45 out of 46
cases) (Table III).
Results of the auditory canal swab cultures taken at

the time of admission were available in 26 cases
(Table IV). The swabs were taken in all patients with
acute otitis media and tympanic membrane perforation.
All patients were treated with intravenous (IV) antibio-

tics throughout their admission period (Table V).
Temporal bone and brain CT orMRI scans were obtained
for 42 and 3 patients respectively. Extracranial complica-
tions occurred solely in 34 patients, while 8 patients had
solely intracranial complications. Six patients had both
intracranial and extracranial complications (Table I).

TABLE I

INTRACRANIAL AND EXTRACRANIAL COMPLICATIONS

Complication n (%)

Extracranial 36∗
– Subperiosteal abscess 29 (81)
– Bezold’s abscess 2 (5)
– Facial nerve palsy 2 (5)
– Labyrinthitis 1 (3)
– Internal jugular vein thrombosis 1 (3)
– Septic arthritis 1 (3)
Intracranial 11†

– Sigmoid or lateral sinus thrombosis 5 (46)
– Epidural abscess 4 (36)
– Cavernous sinus thrombosis 1 (9)
– Peri-sinus empyema 1 (9)

∗One patient had three different extracranial complications.
†Three patients had two different intracranial complications.

FIG. 1

Admission date distribution according to calendric month.

PROGNOSTIC EFFECT OF ANTIBIOTIC TREATMENT IN PAEDIATRIC ACUTE MASTOIDITIS S13

https://doi.org/10.1017/S0022215116009063 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215116009063


A total of 42 patients underwent some form of surgi-
cal procedure(s) (Figure 2). Indications for the surgical
procedures included: evidence of either intracranial or
extracranial complications (n= 31); no clinical im-
provement within 48–72 hours of commencing IV anti-
biotics (n= 10); and evidence of recurrent acute otitis
media (n= 3).
The first two aforementioned indications were the

reason for surgery in two patients, while one patient
was operated on because of recurrent acute otitis
media and suspected cholesteatoma. One patient under-
went multiple procedures on different days: an initial
ventilation tube insertion and post-auricular drainage
procedure was needed on admission, but a cortical mas-
toidectomy was required 3 days later because of a re-
current post-auricular subperiosteal abscess.
Positive microbial cultures results at the time of

surgery (in 15 out of 37 cases, 40 per cent) invariably
grew a streptococcal species, while a significant
number had no microbial growth (Table IV).
Sufficient data regarding the type and duration of

antibiotic therapy administered during and after admis-
sion were available for 78 patients (Table VI). ‘Post-
discharge’ refers to the time period immediately after
leaving the hospital, when care is continued in the

home environment. The median period of post-dis-
charge antibiotic therapy was 10 days (range, 5–49
days; SD= 7.46). The median follow-up period post-
discharge was 52 days (range, 0–2350 days; SD=
439).
Fifty-two and 40 patients met the inclusion criteria

for short- and long-term sequelae analysis, respective-
ly. There were no deaths in this series. No short-term
sequelae were reported among the 52 patients analysed.
Fourteen of the 40 patients evaluated (35 per cent) had
documented long-term sequelae (Table VII). Only one
patient had recurrent acute mastoiditis, which occurred
25 days after completion of a 13-day course of antibiot-
ic therapy for her first episode of acute mastoiditis. No
organism was isolated for either episode. The treatment
for the first episode included 1 day of oral amoxicillin
and clavulanate pre-admission, 5 days of IV cefotaxime
and lincomycin, and 7 more days of amoxicillin and
clavulanate post-discharge.

TABLE II

PRE-ADMISSION SIGNS AND SYMPTOMS

Sign or symptom Positive (n)∗

Post-auricular inflammation (i.e. redness,
swelling, tenderness)

99 (86 of 87)

Otalgia 95 (61 of 64)
Auricular protrusion 78 (64 of 83)
Elevated body temperature† 73 (57 of 78)
Otorrhoea 27 (22 of 83)
Subperiosteal abscess 24 (20 of 82)
Neurological symptoms (i.e. vomiting,

dizziness, nystagmus, confusion)
2.2 (2 of 84)

Facial nerve palsy 1.1 (1 of 84)

∗Calculated from patients with available data for analysis.
†Median= 38.8 °C; range= 37.9–40.7 °C; standard deviation=
0.71.

TABLE III

PRE-ADMISSION SYSTEMIC ANTIBIOTIC TREATMENT∗

Antibiotic agent n (%)

Single agent 39
– Amoxicillin 17 (37)
– Cephalexin 7 (15)
– Amoxicillin & clavulanate 5 (11)
– Cefaclor 3 (7)
– Erythromycin 2 (4)
– Cefuroxime 1 (2)
– IV cefotaxime 3 (7)
– IV ceftriaxone 1 (2)
Double agent 7
– IV ceftriaxone+ flucloxacillin 5 (11)
– Amoxicillin+ amoxicillin & clavulanate 1 (2)
– IV flucloxacillin+ cefotaxime 1 (2)

∗Total of 46 patients. IV= intravenous

TABLE IV

MICROBIAL CULTURE RESULTS∗

Organism Admission† Surgery‡

Streptococcus pneumonia 5 13
Staphylococcus aureus 5
Streptococcus pyogenes 5 5
No growth 4 13
Pseudomonas aeruginosa 3
Skin flora, no pathogen 3 3
Diphtheroids 1
Enterococcus 1
Streptococcus milleri 1
Streptococcus epidermidis 1
Escherichia coli 1

Data represent numbers of cases. ∗Of swabs from the external
auditory canal, or tympanic or mastoid cavities, on admission
and during surgery. †Total n= 26 (1 patient’s culture showed
growth of 2 different organisms); ‡total n= 37.

TABLE V

IN-PATIENT INTRAVENOUS ANTIBIOTIC TREATMENT

Antibiotic agent n (%)∗

Single agent 15
– Cefotaxime 12 (80)
– Lincomycin 1 (7)
– Ceftriaxone 1 (7)
– Clindamycin 1 (7)
Double agent 68
– Cefotaxime+ flucloxacillin 38 (56)
– Cefotaxime+ lincomycin 18 (26)
– Flucloxacillin+ ceftriaxone 5 (7)
– Cefotaxime+ penicillin 3 (4)
– Cefotaxime+metronidazole 2 (3)
– Lincomycin+ ceftriaxone 1 (1)
– Vancomycin+meropenem 1 (1)
Triple agent 4
– Cefotaxime+ flucloxacillin+metronidazole 3 (80)
– Cefotaxime+ lincomycin+ vancomycin 1 (25)

∗One patient was treated with an intravenous antibiotic of an
unknown type.
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The seasonality effect on surgery, complication rate,
and duration of hospitalisation and antibiotic therapy is
presented in Table VIII. Only hospitalisation duration
was found to be significantly longer during the
winter period.
No significant difference was found in terms of the

total antibiotic therapy time (the sum of pre-admission,
admission and post-admission antibiotic therapy dura-
tions) or the complication rate in different age groups
(Table IX).
The incidence and relative risk for complications

according to the pre-admission culture result are
shown in Table X. Twenty-five out of 48 patients (52
per cent) who received pre-admission antibiotic

therapy were diagnosed with complications. However,
only 10 out of 37 patients (27 per cent) who did not
receive pre-admission antibiotic therapy were diagnosed
with complications. This finding was statistically signifi-
cant (p= 0.01).

Discussion
This review of the demographic, historical, clinical and
laboratory findings in 88 acute mastoiditis patients,
who presented over a 9-year period at a tertiary paedi-
atric medical centre where patient management is
carried out by different specialty disciplines (i.e. otolar-
yngologists, paediatricians and infectious disease spe-
cialists), at both junior and senior levels, informs as
to how one might approach acute mastoiditis. It is gen-
erally agreed that appropriate oral antibiotic therapy im-
mediately following hospital discharge is essential for
the prevention of residual and recurrent infection.
However, an inappropriately short course of antibiotic
therapy may allow disease recurrence or persistence,

FIG. 2

Surgical procedures among 43 patients.

TABLE VI

POST-DISCHARGE ORAL ANTIBIOTIC TREATMENT

Antibiotic type n∗

Amoxicillin+ clavulanate 57
Amoxicillin 9
Cephalexin 5
Clindamycin 3
Ciprofloxacin 2
Flucloxacillin 2
Linezolid 2
Cefuroxime 1
Metronidazole 1
Ceftriaxone† 1

∗Five patients were treated with two different antibiotic agents.
†Given intravenously.

TABLE VII

LONG-TERM SEQUELAE

Sequela n (%)

Clinical
– Recurrent otorrhoea 6 (15)
– Recurrent acute otitis media 4 (10)
– Persistent otitis media with effusion 2 (5)
– Tympanic membrane perforation 2 (5)
– Recurrent ipsilateral acute mastoiditis∗ 1 (2.5)
– Recurrent cholesteatoma 1 (2.5)
Surgical
– Grommet insertion 5 (12.5)
– Adenoidectomy 2 (5)
None 26 (65)
Total∗ 40

∗Five patients had more than one long-term sequela.

TABLE VIII

SEASONALITY EFFECT ON SURGERY, COMPLICATION
RATE, AND DURATION OF HOSPITALISATION AND

ANTIBIOTIC TREATMENT∗

Parameter Season Value p

Hospitalisation days Winter 6.36± 0.46 0.04†

(mean± SD) Summer 4.86± 0.55

Surgery (n (%)) Winter 28 (54) 0.2
Summer 14 (40)

Complications (n (%)) Winter 24 (47) 0.23
Summer 12 (34)

Total antibiotic therapy days‡ Winter 20.64± 1.39 0.17
(mean± SD) Summer 17.67± 1.66

Post-discharge antibiotic Winter 12.86± 1.1 0.17
therapy days (mean± SD) Summer 10.54± 1.29

∗‘Winter’ refers to the months of April to August and ‘summer’
represents the months of September to March. †Indicates signifi-
cance (p< 0.05). ‡The sum days of pre-admission, admission and
post-admission antibiotic therapy. SD= standard deviation
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while prolonged antibiotic therapy may produce un-
necessary side effects such as diarrhoea, mycotic infec-
tion and microbial resistance. Physicians from different
medical fields rely on low-level evidence and common
practice to determine this form of therapy;4–6 this study
attempted to address this issue in an evidence-based
manner.
Our study population had similar characteristics to

acute mastoiditis cohorts in other published studies in
terms of age range and distribution,8,9,11 pre-admission
signs and symptoms,8,9,11 and the isolated patho-
gen.9,11,12 Nevertheless, other studies showed a peak
incidence of acute mastoiditis in the second year of
life, while this study found a peak incidence between
6 and 12 months of age.11,13 In addition, this study
did not show any increases in antibiotic therapy dur-
ation and complication rate with age, which is in line
with the findings of Groth et al.11

In terms of seasonality, our findings, in accordance
with published data,8 demonstrated a spike in acute mas-
toiditis incidence during latewinter and early spring. This
spike in incidence matches the peak incidence of viral
upper respiratory tract infections in mid-winter among
young children. Hospitalisation duration was found to be
significantly longer during winter. Nevertheless, surgery
rate, complication rate and total antibiotic therapy duration
were not increased during winter months, which indicates
that the prolonged hospitalisation during winter was not
attributed to a more severe condition.

Post-discharge oral antibiotic therapy was chosen as
the primary covariate for evaluation because of the het-
erogeneity of the patients reviewed. All patients had
been treated with IV antibiotics throughout their admis-
sion. Admission duration is determined not only by
patient factors (including signs and symptoms, compli-
cations, and surgical findings), but also by consultant
preferences, concerns and institutional guidelines. We
feel it is reasonable to assume that all patients, regard-
less of the length and type of treatment given while an
in-patient, should be discharged from hospital in a
similar state: this includes being afebrile, being able
to swallow oral antibiotics and having no clinical evi-
dence of abscess collection necessitating further drain-
age. Persistent acute mastoiditis was defined as the
diagnosis of acute mastoiditis within twoweeks follow-
ing the completion of antibiotic therapy. Only a single
patient in the cohort studied had recurrent (rather than
persistent) acute mastoiditis, 26 days after completing
5 days of IV antibiotic therapy and a subsequent 7
days of oral antibiotic therapy. As no patient in the
current study had persistent acute mastoiditis, a compre-
hensive statistical analysis to determine the optimal
regimen of post-discharge oral antibiotic therapy could
not be undertaken. Nevertheless, the authors feel that
10 days of post-discharge oral antibiotic therapy,
which represents the median duration in the current
study, is a safe and reasonable baseline guideline.
The microbial characteristics of the organisms treated

in this study indicate that streptococcus was the common-
est organism grown, and this is reflected by the type of
antibiotic therapy prescribed during the patients’ admis-
sion. However, complicated cases of acute mastoiditis,
such as patients with intracranial and extracranial compli-
cations, and patients who are immunosuppressed or
infected with bacteria of increased resistance, need to
be assessed individually and considered for a more ag-
gressive treatment regimen. This is reflected in the fre-
quent use of multiple forms of antibiotic therapy, with
four of our cases requiring triple-mode therapy. A
similar approach was used by Psarommatis et al.,
wherein 167 children with acute mastoiditis were given
post-discharge oral antibiotic therapy for 7–10 days,
while children with intracranial complications received
15 or more days of such therapy.8

One-third of the children in the present study (35 per
cent) had long-term sequelae. The most prevalent

TABLE IX

TOTAL ANTIBIOTIC TREATMENT DURATION AND COMPLICATION RATE IN DIFFERENT AGE GROUPS

Age (months) Patients (n) Total antibiotic therapy days∗ Complications

Mean SD p n Rate (%) p

0–6 9 17.12 3.94 0.53 4 44 0.98
6.01–12 23 19.28 7.84 9 39
12.01–24 16 17.18 7.84 7 44
>24 40 20.94 12.02 16 40

∗The sum days of pre-admission, admission and post-admission antibiotic therapy. SD= standard deviation

TABLE X

PRE-ADMISSION CULTURES AND COMPLICATION
INCIDENCE

Organism Complication?∗ RR†

Yes No

Streptococcus pneumonia 2 2 1.22
Pseudomonas aeruginosa 0 3 0
Staphylococcus aureus 0 5 0
Streptococcus pyogenes 0 5 0
Diphtheroids 0 1 0
Enterococcus 0 1 0
Skin flora, no pathogen 1 2 0.81
No growth 3 1 1.83

Data represent number of patients unless indicated otherwise.
∗Extracranial or intracranial complication. †Relative complication
risk as compared to the overall complication rate – 36 of 88 (41
per cent). RR= relative risk
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clinical sequelae were recurrent otorrhoea and recurrent
acute otitis media, while the most prevalent surgical
sequela was the requirement for subsequent ventilation
tube insertion. Although the aforementioned sequelae
were in the 10–15 per cent range, which is comparable
to the observations of Glynn et al.,14 these findings
highlight that the vast majority of mastoiditis processes
are acute and sporadic in nature, rather than recurrent or
chronic.
We found that patients with negative growth on pre-

admission microbial cultures were at a higher risk for
complications. Pre-admission antibiotic therapy is
associated with negative growth on pre-admission mi-
crobial culture.15 Further analysis demonstrated that
pre-admission antibiotic therapy was associated with
a statistically significant higher complication rate in
patients with acute mastoiditis. This finding may be
the result of inclusion bias: this study only included
patients who did not improve with antibiotic therapy
and were thus referred to our tertiary medical centre,
making them already prone to developing complica-
tions. From the point of view of an admitting medical
officer in a tertiary medical centre, this indicates that
a patient with acute mastoiditis treated with antibiotics
prior to admission might be suitable for more proactive
management such as early imaging and surgical inter-
vention, rather than a conservative approach.

• Acute mastoiditis is the most common acute
otitis media intra-temporal complication

• There is a lack of consensus and insufficient
evidence-based data regarding appropriate
antibiotic management of paediatric acute
mastoiditis

• Children with acute mastoiditis treated with
antibiotics prior to admission are at higher
risk of complications

• Oral antibiotic treatment is recommended for
10 days after hospital discharge in all
uncomplicated acute mastoiditis cases

Overall, the current study represents an initial approach
towards determining the optimal antibiotic manage-
ment of acute mastoiditis. Further studies, whether
they are prospective, controlled and double-blinded,
or follow outcome research methodology, are needed
to examine this heterogeneous group of individuals.

Conclusion
Patients with acute mastoiditis who receive pre-admis-
sion antibiotic therapy may require more proactive
management (early imaging and surgical intervention),
rather than conservative therapies alone. It is recom-
mended that oral antibiotic therapy is given for 10
days following hospital discharge in all uncomplicated

cases of treated acute mastoiditis. There is no evidence
to suggest that prolonged hospitalisation is necessary to
successfully treat acute mastoiditis, whether it be
during the summer or winter months.
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