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Abstract. Background and aim: Acute mastoiditis (AM) is a common complication of acute otitis media in
children. There is currently no consensus on criteria for diagnosis. Head CT is the most frequent diagnos-
tic tool used in the ED although the increasing awareness on the use of ionized radiations in children has
questioned the use of C'T imaging versus solely using clinical criteria. Our research aimed to understand if CT
imaging was essential in making a diagnosis of AM. Methods: We retrospectively analyzed medical records
from pediatric patients who accessed our Pediatric Emergency Department (ED) between January 2014 and
December 2020, with a clinical suspicion of AM. We reviewed clinical symptoms upon presentation, head
CT and lab values (white blood cell count or WBC, C-Reactive Protein or CRP) when done, presence of
complications and discharge diagnosis. A multilogistic regression model was specified to establish the role
of clinical features and of CT in the diagnosis of AM based on 77 patients. Resu/ts: Otalgia (OR= 5.01;
95% CI=1.52-16.51), protrusion of the auricle (OR= 8.42; 95% CI=1.37-51.64) and hyperemia (OR= 4.07;
95% CI= 1.09-15.23) of the mastoid were the symptoms strongly associated with a higher probability
of AM. In addition to clinical features, the adjusted OR conferred by head CT was 3.09 (95% CI = 0.92-10.34).
Conclusions: Clinical signs were most likely predictive of AM in our sample when compared to Head CT.
Most common symptoms were protrusion of the auricle, hyperemia or swelling behind the ear and
otalgia. (www.actabiomedica.it)
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Introduction

Acute mastoiditis (AM) is a common complica-
tion of acute otitis media in children, complicating
about 0.004% of cases (1). In recent years, since the
introduction of modern antibiotic therapies, we have
observed a decrease in cases of AM although some au-
thors are describing a new surge likely due to the de-
velopment of antibiotic resistance (2). Its incidence is
currently estimated to be between 1.2 and 6.1 cases per
100.000 per year in the pediatric population between

0 and 14 years of age (3). Identifying specific criteria
for diagnosing AM remains a matter of debate, mostly
due to the fact that there is no definitive consensus
regarding the role of imaging in the diagnosis of AM
and of its complications (4). Gold standard in the diag-
nosis of AM is Magnetic Resonance Imaging (MRI)
enhanced with gadolinium, which is not an exam you
would perform in an Emergency Department (ED)
due to its length and to the fact it usually requires
pediatric patients to be sedated (5). Head Computed
tomography (CT) on the other hand is a quick exam,
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and is considered very sensitive, although its specificity
is not well assessed. Studies looking at histopathologi-
cal and surgical findings found CT to be 100% sensi-
tive but only 38% specific (6,7). Given the increasing
awareness in the medical field on the use of ionized ra-
diations in children there has been discussions regard-
ing the necessity of CT imaging in diagnosing AM
versus solely using clinical criteria. In this regard we
retrospectively analyzed cases of suspected AM which
accessed the ED of a major tertiary hospital in Rome
to further understand if CT imaging, when done, was
essential in making a diagnosis.

Patients and methods

We retrospectively analyzed medical records from
the pediatric patient population which accessed the
Pediatric ED of Policlinico Agostino Gemelli Hospital
between January 2014 and December 2020. All medi-
cal records of patients with a suspected diagnosis of
mastoiditis were reviewed. The inclusion criteria were
based on the presence of clinical features indicative of
AM such as otalgia, fever, protrusion of the auricle, hy-
peremia or swelling behind the ear, perforation on oto-
scopy or otorrhea. Presence of vomiting, facial nerve
palsy, lymphadenopathy, headache, lethargy, upper
respiratory infection (URI) or torticollis were also re-
viewed. Given the fact that there is no predefined algo-
rithm in our hospital for diagnosing AM, the decision
of performing a CT was based exclusively on physician
preference and comfort. Therefore, some patients had
CT performed and others didn't. Laboratory values
were also reviewed (white blood cell count or WBC,
C-Reactive Protein or CRP) as well as the presence of
complications and the discharge diagnosis. Based on
discharge diagnosis 36 patients out of 77 were found to
have simple acute otitis media, URI or other infections
involving the upper airways, but not AM. All infor-
mation was obtained from the clinical and electronic
archive of the hospital. The study was reviewed and
approved by the Institutional Review Board, Protocol
number 3738. The Kolmogorov-Smirnov test was used
to determine if the continuous variables were normally
distributed. The Mann-Whitney test was performed

to assess if differences between two groups were

statistically significant. Univariate logistic regression
analysis was performed for every single clinical feature
considered as well as CT scan relative to our primary
outcome (diagnosis of AM), odds ratio was calculated
as well as P value and CI. We further performed mul-
tivariate logistic regression analysis considering more
than one independent variable relative to our primary
outcome (dependent variable). Statistical analysis was

conducted using STATA and SPSS.

Results

Our sample included 77 patients who accessed
the Pediatric ED with a clinical suspicion for mastoid-
itis, 41 of which were confirmed to have AM. In the
AM group there were 25 males (61%) and 16 females
(39%), ages were between 2 months and 17 years of
age (mean age of 8). 39 patients had a CT performed,
25 of which were confirmed with a diagnosis of AM,
while another 16 patients from our total sample were
diagnosed with AM exclusively based on clinical cri-
teria for a total of 41 cases. CRP and WBC values
were obtained for 35 patients in the AM group. Mean
value for CRP was 76.49 mg/L in the AM group and
54.76 mg/L in the negative group; median value for
CRP was 37.3 mg/L in the AM group and 13.6 mg/L
in the negative group. Mean value for WBC was 14.56
x 10°L in the AM group, and 13.24 x 10°L in the neg-
ative group; median value for WBC was 13.3 x 10°L
in the AM group, and 11 x 10°L in the negative group.
Descriptive statistics are presented in Table 1.

7 patients in the AM group presented with intra
cranial complications, mainly erosion of the posterior
mastoid bone, intracranial abscess and in one case
thrombophlebitis. In the group diagnosed with AM,
24 patients had already started oral antibiotics. Fre-
quency of clinical features was as follows in the AM
group: 28 out of 41 patients (68%) presented with
otalgia, 28 patients presented with hyperemia or swell-
ing behind the ear, 21 patients (51%) presented with
protrusion of the auricle, and 21 patients presented
with fever. 21 patients had an upper respiratory infec-
tion, 19 patient (46%) had otorrhea. Less frequently
patients in the AM group presented with VII nerve
palsy (5%), torticollis (5%), tympanic membrane
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Table 1. Demographics, laboratory values and computed tomography performed in the acute mastoiditis (AM) group versus the non

acute mastoiditis group.

Acute Mastoiditis (total 41) Non Acute Mastoiditis (total 36) P value
Male 25 (61%) 19 (53%)
Female 16 (39%) 17 (47%)
Age, mean value 8y 5y
Computed Tomography 25 14
‘White blood count, median value 13,3 x 10°L 11 x 10°L 0.03
C-Reactive Protein, median value 37,3 mg/L 13,6 mg/L 0.09

perforation (5%) and lethargy (5%). On the other
hand, the negative group presented most frequently
with otalgia, hyperemia, and otorrhea although with
less frequency when compared to the AM group. In
univariable analysis (Table 2), the clinical variables of
otalgia, protrusion of the auricle and hyperemia of the
mastoid were found to be strongly associated with the
probability of AM diagnosis when compared to oblit-
eration of the mastoid on CT scan. In a multivariable
model, considering the most frequent clinical features,
protrusion (OR= 8.42; 95% CI= 1.37-51.64), otal-
gia (OR=5.01; 95% CI= 1.52-16.51) and hyperemia
(OR= 4.07; 95% CI= 1.09-15.23) were strongly and
independently associated with AM diagnosis prob-
ability. The odds ratio conferred by a CT scan, along
with the 3 major clinical features, was estimated to be
3.09 (95% CI = 0.92-10.34), lower than the clinical
symptoms previously reported. When considering the
3 main clinical features, CT scan, WBC and PCR,
we found the laboratory values to have the lowest OR
(0.93 and 1.01 respectively) and were not statistically
significant. While CT scan still had an OR lower than
the clinical features reported. This is most likely due
to the fact that we did not have laboratory data for all
patients, specifically we had 35 measurements in the

AM group and 20 in the non AM group.

Conclusions

Increasing awareness has been developing in
the scientific community towards the use of ioniz-
ing radiations for diagnostic imagining in Pediatrics.
Factors to consider are that a growing child has less

mature and rapidly dividing tissues as well as a smaller
weight and a longer life expectancy than an adult and
is therefore more susceptible to the effects of ionizing
radiation (8). The increased risk of cancer induced by
radiation must be carefully considered and CT scans
should be ordered judiciously (9). Some studies have
estimated the lifetime mortality cancer risk from ex-
posure due to a head CT in a one-year-old child to be
0.07% and 0.18% for an abdominal CT (10). Accord-
ing to Brenner et al. in the USA about 600.000 CT
scans are performed on children every year, of these
about 140.000 will eventually die of cancer and about
0.35% of them will have had a risk increase which can
be attributed to radiation (10). Although in most cases
the benefits of CT use outweigh the risk of radiation,
there is no clear indication of its use in the diagnosis
of AM (9). In our study we analyzed the contribution
of CT in making a diagnosis of AM versus just using
clinical criteria. An increasing body of evidence has
been published to better understand the role of CT in
making a diagnosis of AM. Luntz et al in 2012 in a
prospective case series observed the clinical course of
71 patients diagnosed with AM and found contrast-
enhanced CT to be indispensable for the diagnosis of
intra cranial complications (ICCs) and therefore con-
cluded that imaging was necessary to screen for ICCs
in every case of AM (11). Other retrospective reviews
based their diagnosis on both clinical and imaging
studies. Chien et al. found fever and coryza to be the
most frequent clinical features in cases of acute AM
and in their study CT was performed on 93% of their
sample and was found to be highly sensitive (12). In a
review of 11 years of experience in treating AM in the
pediatric population, Pang LHY at al. described the
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Table 2. Univariable odds ratio (95% confidence intervals) conferred by clinical signs, symptoms, and CT scan in predicting a

diagnosis of AM in a sample of 77 patients with suspected AM.

N. of AM patients | Total number of patients 95% confidence
(% total) (% total) OR intervals P value

CT head scan 25 (60%) 39 (51%) 2.445 0.980 6.149 | 0.053
Fever 21 (51%) 30 (39%) 3.150 1.192 8.323 | 0.019
Otalgia 28 (68%) 38 (49%) 5.600 2.097 14.953 | 0.000
Protrusion or swelling 21 (51%) 23 (30%) 17.850 3.781 84.267 | 0.000
of the auricle

Hyperemia of the mastoid bone 28 (68%) 37 (48%) 6.462 2.375 17.580 | 0.000
Perforation 2 (5%) 4 (5%) 0.872 0.116 6.527 | 0.894
Otorrhea 19 (46%) 30 (39%) 1.963 0.768 5.014 | 0.156
7th nerve palsy 2 (5%) 3 (4%) 1.795 0.156 20.664 | 0.635

most common clinical features indicative of AM to be
otalgia, mastoid tenderness, pain, erythema, auricular
swelling and fever. In this review CT was performed
in 59% of the sample and mostly in those who had
failed medical management or in whom there was a
suspicion of a complication (13). More recently other
authors have been arguing that CT should be only
used in cases of suspected ICCs. In Israel, Mansour et
al. reviewed a sample of 166 patients which all under-
went CT scanning as part of a standardized protocol
of management for diagnosing AM. Based on the CT
results and laboratory values, the authors were able
to identify factors that increase the risk of ICC and
that pose an indication for CT scanning on admission.
These are patients with a history of prior antibiotic
use and CRP >93.5 mg/L (14). This is probably due
to the fact that a prior antibiotic therapy could favor
the growth of antibiotic resistant bacteria predisposing
patients to development of ICCs. Also in Israel, Tamir
et al. reported that in a population of 46 patients who
were diagnosed with AM, 92% did not require imag-
ing and were treated conservatively based only on clin-
ical criteria, specifically most frequent symtpoms were
bulging tympanic membrane in 100% of the sample,
postauricular edema and hyperemia (94% and 90%
respectively). In this series indications for imaging
were mainly 3, presence of neurological involvement
(stupor), history of cholesteatoma and cranial nerve
involvement (4). Lastly Marom et al., retrospectively
reviewed 88 episodes of AM and their management.

In their sample 23% of the patient population had a
CT performed, mainly because ICCs were suspected,
all the remaining patients were diagnosed clinically
and did well with IV treatment without any further
complications on a follow up period of 3 months. The
clinical signs of AM most commonly seen were bulging
and redness of the tympanic membrane (97%), tender-
ness and erythema of the postauricular region (83%)
and protrusion of the auricle (89%) (15). Overall,
in a systematic review looking at all literature on the
subject over 27 years, the most common clinical crite-
ria used to diagnose AM were signs of postauricular
swelling, erythema, tenderness and protrusion of the
auricle. In this literature review CT imaging was per-
formed on 68% of patients when reported. The arti-
cle concluded that there was no consensus regarding
clinical criteria for the diagnosis of AM or the use of
head CT (2). A case note review by Attlmayr et al.
in the UK, compared demographic data, clinical man-
agement and complications in a cohort of children
with AM between 2003-2012 and 1995-2000. Even
if the use of CT and MRI was equally distributed be-
tween the two time frames, more ICCs were found
in the 2003-2012 cohort, which is explained by the
improved resolution and quality of the CT and MRI
images in identifying ICCs (16). The increase in the
number of ICCs diagnosed, despite the reduction of
AM cases, could be explained by the improvements
in radiological techniques and the amount of CT and
MRI scans performed, detecting subtle and missed
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abnormalities (16). MRI enhanced with gadolinium is
able to evidence subtle intracranial abnormalities that
might not be visible on CT: if a suspicion of ICCs per-
sists despite a negative CT, a MRI should be done (5).
Based on recent literature it appears that the main
role of radiology is to recognize the complications of
AM (4,5,14). In our sample, we were able to identify
the clinical signs and symptoms that most powerfully
predicted diagnosis of AM which were protrusion of
the auricle, hyperemia or swelling behind the ear and
otalgia. CT was not as powerful in predicting the out-
come, although this is also due to the fact that CT was
not done for the whole sample with AM. Regardless,
our analysis shows that clinical signs and symptoms
could be enough to diagnose AM, start IV treatment
and monitor for signs of ICC, which would warrant
further imaging. Limits of the study are that it is retro-
spective, therefore data is not complete for the whole
sample considered, also CT scanning was only per-
formed in selected cases based on physician comfort
and not a specific diagnostic algorithm. But overall,
our results confirm most recent literature, where in-
creasing evidence shows that clinical signs and symp-
toms should suffice for the diagnosis of AM and the
use of CT scanning, given the exposure to ionized ra-
diations, should be reserved to selected cases.
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