
INTRODUCTION
Given the current global threat from 
increasing antimicrobial resistance, 
judicious use of antibiotics is a major public 
health challenge.1,2 Over 80% of antibiotic 
prescribing in England occurs in general 
practice,3 and the National Institute for Health 
and Care Excellence (NICE) estimates that 
respiratory tract infections (RTIs) account for 
60% of antibiotic prescribing.4 

Despite antibiotic stewardship activities, 
antibiotics are prescribed for up to 80% 
of RTIs in primary care,5 with prescribing 
particularly high for acute otitis media 
(AOM) and acute sinusitis (AS).5–7 Experts 
have suggested that many antibiotic 
prescriptions are unnecessary and that 
‘ideal’ levels of prescribing for RTIs should 
be much lower.7 

AOM is one of the commonest childhood 
infections,8 and AS is one of the commonest 
conditions diagnosed in primary care.9 Most 
episodes of AOM and AS resolve without 
antibiotics, and antibiotics offer little benefit 
in terms of symptom resolution.8–14 NICE 
currently recommends that most cases of 
AOM and AS be managed without antibiotics 
or with a back-up antibiotic prescription.15,16 
AOM and AS can be complicated by serious 
conditions, such as acute mastoiditis and 
orbital cellulitis respectively, and both are 
predisposing factors for brain abscess.17

The incidence of mastoiditis following otitis 
media and protective effect of antibiotics 
has been examined in two previous UK 

retrospective cohort studies.18,19 One of 
these studies only included children and 
both studies used a broad set of codes for 
otitis media, which is likely to have reduced 
their specificity in relation to the diagnosis 
of AOM. Risk of orbital abscess following 
sinusitis has been explored in a previous 
Swedish cohort study,20 but this study did 
not explore whether antibiotics modified 
this risk and, to the authors’ knowledge, 
no other studies exploring the risk of these 
complications at an individual level have 
been identified. 

Fear of serious complications can 
drive antibiotic prescribing in RTIs.21 
Therefore, understanding the risk of septic 
complications following AOM or AS, and 
whether antibiotics are protective, can help 
allay fears and may lead to more rational 
prescribing.

This study aimed to determine the 
incidence of acute mastoiditis and brain 
abscess following AOM, and of orbital 
cellulitis and brain abscess following AS, 
and to assess whether antibiotics are 
protective against the development of these 
complications. 

METHOD
Study design and population
A retrospective cohort study was undertaken 
of patients diagnosed in primary care with 
AOM or AS and recorded in the Clinical 
Practice Research Datalink (CPRD) 
database. CPRD contains anonymised 
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Abstract
Background
Most people with acute otitis media (AOM) and 
acute sinusitis (AS) do not benefit from antibiotics, 
and GPs are under increasing pressure to reduce 
antibiotic prescribing. Concern about the risk of 
complications can drive unnecessary prescribing. 

Aim
To describe the incidence of serious 
complications following AOM and AS, and to 
determine whether antibiotics are protective. 

Design and setting
This was a retrospective cohort study using the 
Clinical Practice Research Datalink database to 
identify patients diagnosed in general practice 
with AOM or AS between 1 January 1982 and 
31 December 2012.

Method
The incidence of brain abscess and acute 
mastoiditis following AOM, and of brain abscess 
and orbital cellulitis following AS, were calculated, 
as was the association between antibiotics and 
the development of these complications and 
numbers needed to treat (NNT).

Results
The incidence of brain abscess and acute 
mastoiditis following AOM were 0.03 
(95% confidence interval [CI] = 0.01 to 0.20) 
and 5.62 (95% CI = 4.81 to 6.56) per 10 000 
AOM episodes, respectively. The incidence of 
brain abscess and orbital cellulitis following 
AS was 0.11 (95% CI = 0.05 to 0.26) and 1.50 
(95% CI = 1.17 to 1.90) per 10 000 AS episodes, 
respectively. Antibiotic prescription for AOM was 
associated with lower odds of developing acute 
mastoiditis (odds ratio [OR] 0.54; 95% CI = 0.37 
to 0.79); NNT to prevent one case was 2181 
(95% CI = 1196 to 5709). Antibiotic prescribing 
for AS was associated with lower odds of 
subsequent brain abscess (OR 0.12; 95% 
CI = 0.02 to 0.70); NNT to prevent one case was 
19 988 (95% CI = 4951 to 167 099). No significant 
association between antibiotic prescription and 
development of orbital cellulitis following AS 
were found (OR 0.56; 95% CI = 0.27 to 1.12).

Conclusion
Serious complications following AOM and AS are 
rare. Antibiotics are associated with lower odds of 
developing complications, but the NNT are large.

Keywords
acute otitis media; acute sinusitis; antibiotics; 
complications; general practice; retrospective 
studies.
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primary care records of approximately 7% 
of the UK population and its predecessor 
the General (G)PRD was identified as 
containing high-quality data.19,22

Defining the population
AOM and AS diagnoses between 
1 January 1982 and 31 December 2012 
in children (aged <20 years) and adults 
(aged ≥20 years) were identified using pre-
specified Read codes. Consultations were 
included if the diagnosis date occurred on 
or after the patients’ data were defined as 
‘acceptable’ by the CPRD. Consultations 
occurring within 14 days of initial AOM 
consultation and 28 days of initial AS 
consultation were defined as part of the 
same illness episode. Patients prescribed 
an antibiotic ≤14 days before AOM/AS 
diagnosis were excluded. Patients with >1 
illness episode were included in both AOM 
and AS cohorts.

Antibiotic exposure 
Antibiotic exposure was defined as 
prescription of an antibiotic on the same 
date as initial AOM/AS diagnosis. Antibiotics 
were defined as all oral antibiotics listed 
in the British National Formulary 64 
(chapter 5.1).23 

Outcome measures
Outcomes were identified from primary 
care Read codes or 10th Edition of the 
International Classification of Diseases/
Office of Population Censuses and 
Surveys Classification of Interventions and 
Procedures (version 4) codes identified from 

linked Hospital Episode Statistics (HES) 
data.

The outcomes defined were:

•	 brain abscess ≤90 days following AOM/AS 
diagnosis;

•	 acute mastoiditis ≤90 days following AOM 
diagnosis; and

•	 orbital cellulitis ≤90 days following AS 
diagnosis.

Incidence of complications
The incidence of acute mastoiditis and brain 
abscess following AOM was calculated, 
as was the incidence of orbital cellulitis 
and brain abscess following AS. Additional 
stratified analyses were undertaken to 
calculate incidence of outcomes for those 
aged ≤20 years and those aged >20 years. 
Ninety-five per cent confidence intervals 
(CIs) were calculated using the Wilson 
method.24

Primary analysis
The association between antibiotics and 
outcomes was assessed using logistic 
regression to calculate crude odds 
ratios (ORs). The association between 
potential confounders (age, smoking 
history, asplenia, HIV/AIDS, transplanted 
organ, cerebrospinal fluid shunt, diabetes 
mellitus, and severe chronic kidney 
disease) and antibiotic exposure, and 
the outcome of interest, were examined 
using logistic regression. Confounders 
significantly associated with both exposure 
and outcome (P<0.05) were included in 
multivariable logistic regression models. 
Sequential logistic regression modelling 
was undertaken to identify the model that 
provided the best fit of the data and final 
crude/adjusted ORs were obtained.

Additional logistic regression analyses 
for acute mastoiditis following AOM and for 
orbital cellulitis/brain abscess following AS 
were undertaken in those aged ≤20 years 
and >20 years. 

Numbers needed to treat
For outcomes significantly associated 
with antibiotic prescription, the numbers 
needed to treat (NNT) (1/risk difference) and 
associated 95% CIs were calculated using 
the Wilson method.24

Statistical analyses were undertaken 
using IBM SPSS Statistics (version 20.0). 

RESULTS
The number of AOM and AS episodes 
identified was 286 574 and 441 873, 
respectively (Figure 1 and 2). For patients 

How this fits in
Concern about reducing the risk of 
serious complications can drive antibiotic 
prescribing for common infections, such 
as acute otitis media (AOM) and acute 
sinusitis (AS), and use of antibiotics is the 
major driver of antibiotic resistance. The 
association between use of antibiotics for 
AOM and AS, and the subsequent risk 
of acute mastoiditis, brain abscess, and 
orbital cellulitis, has not been adequately 
explored. This study demonstrates that 
these serious complications are extremely 
uncommon. Antibiotic use was associated 
with a lower risk of acute mastoiditis 
following AOM and brain abscess 
following AS, but for both conditions 
thousands of patients would need to be 
treated to prevent a single instance of one 
complication. 
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with AOM, 86.9% (n = 249 086) were 
prescribed antibiotics at initial consultation 
(Table 1), as were 92.1% (n = 407 030) 
of patients with AS (Table 2). Baseline 
characteristics of both cohorts are shown 
in Table 1 and 2. 

Incidence of complications
Incidence of brain abscess following 
AOM was 0.03 per 10 000 AOM episodes 
(95% CI = 0.01 to 0.20). Incidence of acute 
mastoiditis following AOM was 5.62 per 
10 000 AOM episodes (95% CI = 4.81 to 
6.56). Incidence of brain abscess following 
AS was 0.11 per 10 000 AS episodes 
(95% CI = 0.05 to 0.26). Incidence of orbital 
cellulitis following AS was 1.50 per 10 000 
AS episodes (95% CI = 1.17 to 1.90) (Table 3). 

Incidence of acute mastoiditis following 
AOM in those aged ≤20 years was 3.74 per 
10 000 AOM consultations (95% CI = 3.01 to 
4.65), and 11.41 per 10 000 AOM episodes 
(95% CI = 9.17 to 14.19) in those aged 
>20 years. All episodes of brain abscess 
following AS occurred in those aged 
>20 years (incidence 0.12 per 10 000 AS 

episodes; 95% CI = 0.11 to 0.13). Incidence 
of orbital cellulitis following AS in those 
aged ≤20 years was 4.94 per 10 000 AS 
episodes (95% CI = 2.89 to 8.46), and 1.28 
per 10 000 AS episodes (95% CI = 1.17 to 
1.39) in those aged >20 years (Table 4).

Association between antibiotic 
prescription and outcomes
The incidence of septic complications for 
those patients who were and were not 
prescribed antibiotics at initial consultation, 
and the associated OR and NNT, are shown 
in Table 3. The models that best fit the 
data for the association between antibiotic 
prescription and acute mastoiditis following 
AOM, and for orbital cellulitis and brain 
abscess following AS, only included age as 
a confounding variable. There was only one 
episode of brain abscess following AOM; 
therefore, it was not possible to assess the 
association with antibiotic prescription. 

Antibiotic prescription at initial 
consultation was protective against 
development of acute mastoiditis following 
AOM (OR 0.54; 95% CI = 0.37 to 0.79) and 

Figure 1. CONSORT flow diagram for acute otitis 
media (AOM). CONSORT = Consolidated Standards of 
Reporting Trials. CPRD = Clinical Practice Research 
Datalink.

Consultations excluded where 
antibiotics were prescribed 
up to and including 14 days 

before the event date
(n = 29 486)

Number of AOM consultations 
included as per selected-inclusion
GP Read codes between 1 January 

1982 and 31 December 2012
(n = 430 454)

Number of remaining 
AOM consultations

(n = 400 968)

Number of remaining
AOM illness episodes

(n = 397 557)

Total number of CPRD-
eligible AOM illness episodes

(n = 286 574)

Number of consultations excluded 
occurring up to and including

14 days after the initial event date 
 (n = 3411)

Number of patients without full 
CPRD eligibility excluded

(n = 110 983)
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Figure 2. CONSORT flow diagram for acute sinusitis 
(AS). CONSORT = Consolidated Standards of Reporting 
Trials. CPRD = Clinical Practice Research Datalink.

brain abscess following AS (OR 0.12; 
95% CI = 0.02 to 0.70) (Table 3). However, 
as these are rare complications, the NNT to 
prevent one case was 2181 (95% CI = 1196 
to 5709) for acute mastoiditis following AOM 
and 19 988 (95% CI = 4951 to 167 099) for 
brain abscess following AS. No statistically 
significant association was identified 
between antibiotic prescription and 
development of orbital cellulitis following 
AS; however, the point estimate was in the 
direction of reduced odds.

Stratified analyses
The association between antibiotic 
prescription and septic complications 
stratified by age are shown in Table 4. 
Antibiotics showed a stronger protective 
benefit against development of acute 
mastoiditis following AOM in those aged 
≤20 years than in the whole cohort; however, 
no statistically significant association was 
seen in those aged >20 years. 

All cases of brain abscess following AS 
occurred in those aged >20 years, and a 
statistically significant association was seen 

between antibiotic prescription and odds 
of developing brain abscess following AS in 
this age group (Table 4). 

In those aged ≤20 years a statistically 
significant association was demonstrated 
between antibiotic prescription and 
development of orbital cellulitis following 
AS (Table 4); however, as it is rare, the 
NNT to prevent one such case was 691 
(95% CI = 260 to 2695).

DISCUSSION
Summary
These findings confirm that the incidence 
of serious complications following AOM 
and AS is very low, with only one out of 
300 000 patients with AOM developing a 
brain abscess, up to an incidence of 5.62 
per 10 000 episodes for acute mastoiditis 
following AOM. Evidence was found that 
antibiotic prescription is associated with 
reduced odds of acute mastoiditis following 
AOM and brain abscess following AS, with 
NNT of 2181 and 19 988, respectively. A 
non-significant association was found 
between antibiotic prescription and orbital 

Consultations excluded where 
antibiotics were prescribed 
up to and including 14 days 

before the event date
(n = 40 231)

Number of remaining 
AS consultations

(n = 566 367)

Number of remaining
AS illness episodes

(n = 552 826)

Total number of CPRD-
eligible AS illness episodes

(n = 441 873)

Number of consultations excluded 
occurring up to and including 

28 days after the initial event date 
 (n = 13 541)

Number of patients without full 
CPRD eligibility excluded

(n = 110 953)

Number of AS consultations
included as per selected-
inclusion GP Read codes 
between 1 January 1982
and 31 December 2012 

(n = 606 598)
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cellulitis following AS. In stratified analyses, 
antibiotic prescribing was only associated 
with a reduced odds of acute mastoiditis 
following AOM, and orbital cellulitis following 
AS, in those aged ≤20 years. Cases of brain 
abscess following AS only occurred in those 
aged >20 years, and antibiotic prescription 
was found to significantly reduce the 
likelihood of this outcome in this age group. 

Strengths and limitations 
This was a large study investigating the 
development of serious complications 
following common RTIs. Use of the CPRD 
database facilitated inclusion of a large 
number of patients from a range of UK 
general practices, providing a highly 
representative sample. The CPRD is a 
widely used and well-validated database.19,22 
The cohort design enabled estimation of the 
incidence of serious complications following 
episodes of AOM and AS; the effect of 
antibiotic prescription on the risk of such 
complications; and the number of patients 
that need to be treated with antibiotics in 
order to prevent a single instance of one 
such complication. 

The use of routine data meant that the 
authors had to rely on the presence and 
accuracy of Read codes assigned by GPs 
to identify patients with AOM and AS, as 
opposed to the use of strictly defined case 
definitions. Up to one-third of antibiotic 
prescriptions have been shown to have 
no associated diagnosis or symptom Read 
code;25 therefore, a number of patients with 
AOM or AS may not have been coded at 
all and will have been missed from this 
study. However, while coding of RTIs in 
primary care records is not sensitive, it is 
likely to be specific, and variability in coding 
may be related to GP rather than patient 
characteristics. Therefore, the incidence of 
consultations for these RTIs is likely to 
be underestimated from these data. It is 
nonetheless unlikely that acute mastoiditis, 
orbital cellulitis, and brain abscess have 
been misclassified, as such serious 
diagnoses would usually be made following 
extensive investigation in secondary care 
and are usually well-coded in HES and/or 
GP data. Therefore, the authors believe that 
the estimates of the incidence of serious 
complications following AOM or AS, and the 
changes in risk associated with antibiotic 

Table 1. Baseline characteristics of the acute otitis media cohort

	 Whole sample,	 Prescribed antibiotics, 	 Not prescribed antibiotics, 
Characteristic, n (%)	 N = 286 574	 N = 249 086 (86.9%)	 N = 37 488 (13.1%)

Sex
Male	 140 787 (49.1)	 122 352 (49.1)	 18 435 (49.2)
Female	 145 787 (50.9)	 126 734 (50.9)	 19 053 (50.8)

Age, years
Mediana	 6	 6	 6
Interquartile range 	 3–20	 3–19	 3–23

Age, years
0–2	 55 999 (19.5)	 49 262 (19.8)	 6737 (18.0)
3–5 	 72 164 (25.2)	 62 704 (25.2)	 9460 (25.2)
6–10	 55 968 (19.5)	 48 226 (19.4)	 7742 (20.7)
11–20	 32 318 (11.3)	 28 577 (11.5)	 3741 (10.0)
21–30	 16 050 (5.6)	 13 984 (5.6)	 2066 (5.5)
31–40	 18 510 (6.5)	 16 029 (6.4)	 2481 (6.6)
41–50	 14 040 (4.9)	 12 095 (4.9)	 1945 (5.2)
51–60	 10 427 (3.6)	 8954 (3.6)	 1473 (3.9)
61–70	 6527 (2.3)	 5543 (2.2)	 984 (2.6)
71–80	 3334 (1.2)	 2731 (1.1)	 603 (1.6)
≥81 	 1237 (0.4)	 981 (0.4)	 256 (0.7)

Asplenic 	 47 (0.02)	 45 (0.02)	 2 (0.005) 
Chronic kidney disease 	 95 (0.03)	 81 (0.03)	 14 (0.04) 
CSF shunt	 61 (0.02)	 49 (0.02)	 12 (0.03) 
HIV	 15 (0.005)	 14 (0.006)	 1 (0.003) 
Immunocompromised	 151 (0.05)	 137 (0.06)	 14 (0.04) 
Smoker	 14 990 (5.2)	 12 948 (5.2)	 2042 (5.4) 
Transplanted organ	 89 (0.03)	 78 (0.03)	 11 (0.03) 
Diabetes mellitus	 3485 (1.2)	 2980 (1.2)	 505 (1.3)

aMedian was used to describe summary of age as data were skewed to the left. CSF = cerebrospinal fluid.
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prescribing, are likely to be valid. Routine 
primary care data only provide information 
on antibiotic prescribing and not antibiotic 
consumption; therefore, these estimates 
reflect the association between being 
prescribed an antibiotic and developing 
a complication, as opposed to taking an 
antibiotic and developing a complication. 

This study was also unable to identify the 
use of delayed antibiotic prescriptions, but 
there is no evidence that delayed prescribing 
was commonly used before 2012. 

This study is at risk of indication/
selection bias, in that individuals with a 
more severe illness are more likely to have 
been prescribed antibiotics, and more likely 

Table 2. Baseline characteristics of the acute sinusitis cohort

	 Whole sample	 Prescribed antibiotics 	 Not prescribed antibiotics  
Characteristic, n (%)	 N = 441 873	 N = 407 030 (92.1%)	 N = 34 843 (7.9%)

Sex
Male	 124 781 (28.2)	 113 934 (28.0)	 10 847 (31.1)
Female	 317 091 (71.8) 	 293 096 (72.0)	 23 995 (68.9)  
Unknown	 1 (0.0002)	 0 (0)	 1 (0.002)

Age, years
Mean	 45.6	 45.8	 43.8
SD	 16.4	 16.4	 16.4

Age, years, n (%)
0–2	 342 (0.1)	 314 (0.1)	 28 (0.1)
3–5	 832 (0.2)	 732 (0.2)	 100 (0.3)
6–10	 2835 (0.6)	 2479 (0.6)	 356 (1.0)
11–20	 22 281 (5.0)	 19 968 (4.9)	 2313 (6.6)
21–30	 53 078 (12.0)	 47 976 (11.8)	 5102 (14.6)
31–40	 99 511 (22.5)	 91 277 (22.4)	 8234 (23.6)
41–50	 95 828 (21.7)	 89 020 (21.9)	 6808 (19.5)
51–60	 81 055 (18.3)	 75 465 (18.5)	 5590 (16.0)
61–70 	 54 158 (12.3)	 50 442 (12.4)	 3716 (10.7)
71–80	 24 418 (5.5)	 22 549 (5.5)	 1869 (5.4)
≥81	 7535 (1.7)	 6808 (1.7)	 727 (2.1)

Asplenic 	 285 (0.1)	 266 (0.1)	 19 (0.1) 
Chronic kidney disease 	 472 (0.1)	 437 (0.1)	 35 (0.1) 
CSF shunt 	 102 (0.02)	 94 (0.02)	 8 (0.02) 
HIV 	 73 (0.02)	 67 (0.02)	 6 (0.02) 
Immunocompromised 	 681 (0.2)	 631 (0.2)	 50 (0.1) 
Smoker	 82 188 (18.6)	 76 006 (18.7)	 6182 (17.7) 
Transplanted organ	 326 (0.1)	 301 (0.1)	 25 (0.1) 
Diabetes mellitus 	 19 477 (4.4)	 18 077 (4.4)	 1400 (4.0)

CSF = cerebrospinal fluid.

Table 3. Association between antibiotic prescription and complications

	 Complications, n	 Incidencea (95% CI)	 OR (95% CI)

Complication	 Total	 Antibiotics	 No antibiotics	 Overall incidence	 Antibiotics	 No antibiotics	 Crude	 Adjustedb	 NNT

Brain abscess	 1	 1	 0	 0.03 (0.01 to 0.20)	 0.04	 N/A	 N/A	 N/A	 N/A 
following AOM					     (0.03 to 0.05)

Acute mastoiditis	 161	 125	 36	 5.62 (4.81 to 6.56)	 5.02	 9.60	 0.52	 0.54	 2181 
following AOM					     (4.21 to 5.98)	 (6.94 to 13.29)	 (0.36 to 0.76)	 (0.37 to 0.79)	 (1196 to 5709)

Brain abscess	 5	 3	 2	 0.11 (0.05 to 0.26)	 0.07	 0.57	 0.13	 0.12	 19 988 
following AS					     (0.03 to 0.22)	 (0.16 to 2.10)	 (0.02 to 0.77)	 (0.02 to 0.70)	 (4951 to 167 099)

Orbital cellulitis	 66	 57	 9	 1.50 (1.17 to 1.90)	 1.40	 2.58	 0.54	 0.56	 N/A 
following AS					     (1.08 to 1.81)	 (1.36 to 4.91)	 (0.27 to 1.10)	 (0.27 to 1.12)

aPer 10 000 AOM/AS primary care consultations. bAdjusted for patient’s age at the time of consultation. AOM = acute otitis media. AS = acute sinusitis. CI = confidence interval. 

N/A = not applicable. NNT = numbers needed to treat. OR = odds ratio.
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to develop complications. As such, the 
identified beneficial effects of antibiotics 
may have been diluted and the associated 
NNTs overestimated. 

Although a number of potential 
confounding factors were assessed for their 
association between antibiotic prescription 
and the outcomes, and the results adjusted 
for the effect of age, it is a possibility that 
unmeasured confounding may have biased 
the reported associations. 

Comparison with existing literature
Several previous studies have examined 
the risk of serious complications following 
common RTIs, and attempted to assess 
whether antibiotics confer a protective effect. 
Two previous studies have used CPRD data 
to explore the risk of mastoiditis following 
AOM, but neither looked at the risk of brain 
abscess following AOM or AS, or orbital 
cellulitis following AS.18,19 Petersen et al18 
did not report an incidence of mastoiditis 
following AOM, and Thompson et al19 only 
assessed the risk in children, reporting an 
incidence of mastoiditis within 3 months of 
otitis media of 2.4 per 10 000 otitis media 
episodes. The incidence calculated by 
Thompson et al 19 is lower than the 5.62 per 
10 000 identified in the present study, but 
the findings in the present study may be 
more representative of the actual incidence 

as the inclusion criteria was more specific 
and only included codes for AOM. Both of 
these previous studies also explored the 
protective effect of prescribing antibiotics 
for AOM on the risk of mastoiditis, and 
reported ORs remarkably similar to the 
present study (Petersen et al OR 0.56; 
95% CI = 0.37 to 0.86); (Thompson et al OR 
0.56; 95% CI = 0.44 to 0.71); (present study 
OR 0.54; 95% CI = 0.37 to 0.79).18,19 However, 
these results demonstrated a larger 
absolute difference and therefore smaller 
NNT to prevent a single instance of one 
complication (Peterson et al NNT = 4064; 
Thompson et al NNT = 4831; present study 
NNT = 2181).18,19 Again, this is likely due to 
the increased specificity of the diagnostic 
codes for AOM used in the present study. 

A Swedish study20 used both an 
ecological time-trend analysis and a 
prospective cohort to explore the risk of 
serious complications following RTIs, and 
the association with antibiotic prescribing. 
They calculated a lower risk of orbital 
abscess following sinusitis than the present 
study (0.16 per 10 000 consultations for 
those not prescribed antibiotics; 0.05 per 
10 000 consultations for those prescribed 
antibiotics), but a similar risk of brain 
abscess following sinusitis (0.16 per 10 000 
consultations for those not prescribed 
antibiotics; 0.10 per 10 000 consultations 

Table 4. Association between antibiotic prescription and complications in those aged ≤20 years and 
>20 years

Patients aged ≤20 years

	 Complications, n	 Incidencea (95% CI)	 	

Complication	 Total	 On antibiotics	 No antibiotics	 Overall incidence	 On antibiotics	 No antibiotics	 OR (95% CI)	 NNT (95% CI)

Acute mastoiditis	 81	 61	 20	 3.74	 3.23	 7.23	 0.45 (0.27 to 0.74)	 2504 
following AOM				    (3.01 to 4.65)	 (2.52 to 4.15)	 (4.68 to 11.16)		  (1251–7776)

Brain abscess	 0	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A 
following AS

Orbital cellulitis	 13	 8	 5	 4.94	 3.41	 17.88	 0.19 (0.06 to 0.58)	 691 (260–2695) 
following AS				    (2.89 to 8.46)	 (1.73 to 6.72)	 (7.64 to 41.78)

Patients aged >20 years

	 Number of complications	 Incidencea (95% CI)	 	

Complication	 Total	 On antibiotics	 No antibiotics	 Overall incidence	 On antibiotics	 No antibiotics	 OR (95% CI)	 NNT (95% CI)

Acute mastoiditis	 80	 64	 16	 11.41	 10.61	 16.31	 0.65 (0.37 to 1.13)	 N/A 
following AOM				    (9.17 to 14.19)	 (8.31 to 13.55)	 (10.04 to 26.48)

Brain abscess	 5	 3	 2	 0.12	 0.08	 0.62	 0.13 (0.02 to 0.75)	 18 319 
following AS				    (0.11 to 0.13)	 (0.07 to 0.09)	 (0.54 to 0.72)		  (4549–146 666)

Orbital cellulitis	 53	 49	 4	 1.28	 1.28	 1.25	 1.02 (0.37 to 2.84)	 N/A 
following AS				    (1.17 to 1.39)	 (1.17 to 1.40)	 (1.13 to 1.38)

aPer 10 000 AOM/AS primary care consultations. AOM = acute otitis media. AS = acute sinusitis. CI = confidence interval. N/A = not applicable. NNT = numbers needed to treat. 

OR = odds ratio.
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for those prescribed antibiotics).20 However, 
the Swedish study did not calculate the 
relative risk of developing orbital abscess 
or brain abscess following sinusitis in 
those prescribed antibiotics compared with 
those not prescribed antibiotics. In their 
ecological study they found no association 
between antibiotic use and incidence of 
bacterial complications, such as mastoiditis 
and extradural/subdural abscess, despite 
a significant decrease in the volume of 
antibiotics dispensed between 2006 and 
2015. 

Gulliford et al explored practice-level 
associations between antibiotic prescribing 
for RTIs and incidence of pneumonia, 
peritonsillar abscess, mastoiditis, 
empyema, meningitis, intracranial abscess, 
and Lemierre’s syndrome. They found 
associations between antibiotic prescribing 
and both pneumonia and peritonsillar 
abscess, but not for mastoiditis or brain 
abscess.26 They also conducted a cluster 
randomised controlled trial in UK general 
practice that resulted in a 12% reduction in 
antibiotic prescribing for RTIs in intervention 
practices, but found no evidence of an 
increase in serious bacterial complications 
such as mastoiditis and intracranial abscess 
in these practices.27 

Finally, a US study28 of hospital admissions 
where both intracranial abscess and 
rhinosinusitis had been coded estimated 
an incidence of brain abscess following 
sinusitis of 2.7–4.4 per million child-years, 
and a systematic review of cases of brain 
abscess identified that 30% had associated 
otitis media or mastoiditis.29 However, no 
other studies were found examining the 
association between antibiotic prescribing 
and brain abscess at the individual level.

Implications for research and practice
A key message emerging from the present 
study is that acute mastoiditis following 
AOM and orbital cellulitis following AS 
are rare events, and brain abscess is very 

rare following AOM or AS. These findings 
suggest that not prescribing antibiotics 
for AOM and AS may be associated with 
very small increases in the risk of serious 
complications, but that very large numbers 
would need to be treated to prevent each 
complication. These findings also indicate 
that antibiotic protection is not complete, as 
even those who were prescribed antibiotics 
had a small risk of these complications. 
Therefore, given the current threat from 
antibiotic resistance, lack of symptomatic 
benefit from antibiotic use for these 
conditions, and risk of adverse effects 
from antibiotics, these results should not 
change current recommendations to not 
prescribe antibiotics for the majority of 
cases of AOM and AS. However, these 
findings highlight the importance of 
ensuring that consultations for AOM and 
AS include discussion around the natural 
history of the disease and routinely provide 
safety-netting advice. The present study 
did not assess whether any specific risk 
factors were associated with development 
of these serious complications; therefore, 
future research focusing on predisposing 
conditions/clinical features that may 
increase the risk of such complications 
would add valuable evidence to current 
knowledge on this topic.

The present study’s findings provide 
reassurance that serious complications of 
AOM and AS are rare. Although it was 
identified that prescription of antibiotics 
at initial consultation may reduce the risk 
of acute mastoiditis following AOM and 
brain abscess following AS, large numbers 
of patients would need to be treated to 
prevent one complication, and even those 
prescribed antibiotics had a very small 
risk of such complications. Therefore, the 
authors do not advocate changing current 
recommendations to avoid prescription of 
antibiotics in the majority of cases of AOM 
and AS. 
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