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Introduction

Necrotizing otitis externa (NOE) is an invasive infection of
the external acoustic meatus (EAM) that spreads to adjacent
soft tissues, temporal bone, and skull base.1 Although rare,
epidemiological data shows a sharp increase in cases.2,3

The etiologic agent classically described is Pseudomonas
aeruginosa.4 However, in recent years, there has been an
increase in cases caused by other pathogens, both bacterial
and fungal.5

Necrotizing otitis externa generally occurs in elderly
patients with diabetes, immunosuppression, or other risk
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Abstract Introduction Necrotizing otitis externa has a high impact on the quality of life of
patients and has shown a significant increase in its incidence in recent years. There has
been a change in the profile of affected patients and a lack of consensus on the
management of these patients.
Objective To develop a practical and effective care protocol to standardize the
diagnostic and therapeutic management of necrotizing otitis externa.
Methods A retrospective cohort study of necrotizing otitis externa patients between
January 2015 and December 2020.
Results There were 34 patients with two bilateral cases, totaling 36 ears. The mean
age was 68.5, with a higher prevalence of males (76%). Diabetes was present in 97% of
the samples. The involvement of cranial pairs was identified in 35% of the sample.
Pseudomonas aeruginosa was the most frequent pathogen isolated, found in 50% of the
cases. Among the cultures with bacterial agents isolated, 35% showed resistance to
ciprofloxacin. The most frequent exam was computed tomography (94%). Hospital
admission was indicated for 31 patients (91%), and ceftazidime was the most
prescribed drug (35.5%). There were 11 recurrences (32%), and 12 patients (35%)
had complications during treatment. Among the unfavorable outcomes, 12% persisted
with some degree of peripheral facial paralysis, 6% maintained dysphagia, and 9% died
of the disease.
Conclusions The present study developed a diagnostic and therapeutic protocol for the
effective management of necrotizing otitis externa. This protocol is a dynamic tool and
should be revised and updated as new demands emerge during its implementation.
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factors.6 Clinically, it is similar to acute external otitis (AEO)
and does not present pathognomonic features on physical
examination, often leading to a delayed diagnosis.7

The culture of EAM secretion helps to evaluate antibiotic
therapy through an antibiogram analysis, which becomes
essential as studies show the increase of Pseudomonas
aeruginosa strains resistant to ciprofloxacin.8 Granulation
tissue biopsy is crucial for the differential diagnosis with
neoplastic processes in EAM, of which clinical and physical
examination are similar to NOE.9

Computed tomography (CT), magnetic resonance imaging
(MRI), and scintigraphy can be ordered for diagnosis and
clinical follow-up, each method with its advantages and
disadvantages. There is no standardization for the request
of these exams, the method of choice being up to the
professional.10

Treatment consists of constant EAM cleaning, control of
comorbidities, and prolonged use of antibiotics. However,
there is no systematization of the therapeutic management
of these patients. Even with treatment optimization, NOE
presents high morbidity andmortality rates for an infectious
disease.11

Given the changes in the profile of patients affected by
NOE and the heterogeneity of the disease, the present study
aims to develop a practical and effective care protocol based
on clinical, laboratory, and radiological criteria, to standard-
ize diagnostic and therapeutic management of NOE.

Materials and Methods

A retrospective cohort study of NOE patients was performed
between January 2015 and December 2020. The exclusion
criteria were clinical improvement after topical treatment
<3 weeks; records with limited data; discontinuation of
patient follow-upwithin the first 30 days; and biopsy results
with a final diagnosis of squamous cell carcinoma. The
institution approved the present study through its Research
Ethics Committee, opinion number 4.161.813.

Statistical Analysis
The categorical variables were described by absolute and
relative frequencies and compared using the chi-squared test
or the Fisher exact test, according to the applicability. The
continuous variables were assessed considering the normal-
ity asymmetry values (skewness) and kurtosis and were
expressed as medians and quartiles and compared through
the Mann-Whitney test.

All tests were two-tailed and final values of p<0.05 were
considered significant. Statistical analyses were performed
using IBM SPSS Statistics for Windows, version 24.0 (IBM
Corp. Armonk, NY, USA).

Results

In the final analysis, 34 patients were included, with 2
bilateral cases totaling 36 affected ears. The mean age was
68.5 years old, with a higher prevalence of males (76%).
Diabetes was the most prevalent comorbidity (97%).

The most prevalent symptom was otalgia (100%). As for
the physical examination, the most frequent finding was
otorrhea (97%). The involvement of cranial pairs was identi-
fied in 35% of the sample. A total of 10 (29%) had peripheral
facial palsy (PFP), and 5 (15%) showed alterations of other
cranial pairs (IX-XII). Onefinding in all of themwas vocal fold
paralysis. All findings are detailed in ►Table 1.

The mean value of total leukocytes was 10,631/µL (range:
4,660–26,870), with leukocytosis present in 11 patients
(32%). Eight of them had mild leukocytosis (� 15,000/µL), 1
moderate (15,000–20,000/µL), and 2 severe (>20,000/µL).

The mean blood glucose of the sample was 220mg/dL
(range: 83–494mg/dL) and the mean glycated hemoglobin
was 9.0% (range: 5.8–16%). As for the inflammation tests, 97%
had altered C-reactive protein (CRP) and/or erythrocyte
sedimentation rate (ESR), and 76% had both values above
normal. The mean CRP value was 40.6mg/L (range: 3.9–
175.3), and the ESR was 58.7mm (range: 5.0–123).

Pseudomonas aeruginosa was the most frequent patho-
gen, present in 50% of the samples and isolated in 33%. Out of
the 26 cultures with bacterial agents isolated, 17 (65%)
showed sensitivity toward ciprofloxacin. The etiological
agents isolated are described in ►Table 2.

Admission CT scan was performed in 32 patients (94%).
External acoustic meatus soft tissue thickening was present
in 91% of the sample. Erosion of the bony part of the EAM,
present in 59%, occurred mainly in the anteroinferior wall
and on its most medial portion. The changes found in the
masticatory space were fat densification and muscle thick-
ening, with the lateral pterygoid muscle being the most
compromised.

Magnetic resonance imaging was performed in 14
patients (41%). The most prevalent finding was soft tissue
involvement in the retrocondylar and subtemporal regions,
each with a 79% prevalence. Involvement of the masticatory
space happened in 57% of the sample. Scintigraphy was
performed in only 10 patients (29%).

All patients received topical and/or oral antibiotic therapy
for an average of 27 days before being admitted to the
institution. Hospital admissionwas indicated for 31 patients
(91%). Three patients who underwent outpatient follow-up
took ciprofloxacin 750mg twice daily orally for a mean
duration of 98 days (range: 60–150; median 85).

The main pharmacological options initially prescribed to
inpatients are shown in ►Table 3. Two patients (6%) under-
went tympanomastoidectomy in the early phase of treat-
ment for local debridement and collection of material for
biopsy. The average length of hospitalization was 60 days.

Eight patients (23%) had recurrence of NOE. Three of them
twice, totaling 11 clinical relapses (32%). The recurrence in all
8 patients occurred an average of 100 days after the termi-
nation of the initial therapy regimen. Among the unfavorable
outcomes, 12% persisted with some degree of PFP, 6% main-
tained dysphagia, and 9% died of the disease.

Complications during hospital stay occurred in 12
patients (35%). Acute renal failure was the most common,
with hemodialysis required in 6 cases (18%). The average
follow-up time was 16 months (range: 1–60).
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Discussion

The diagnosis of NOE is commonly based on the combination
of three parameters: clinical, laboratory, and imaging tests.12

Among the clinical criteria, a lackof response to conventional
therapy is considered a key indicator for the diagnosis. That is
because AEO is the principal differential diagnosis for NOE
and usually shows satisfactory clinical resolution after 1 to
3 weeks of conservative treatment.13

In the present study, for a more reliable statistical analy-
sis, only patientswho had not achieved clinical improvement
after 3 weeks of treatment were included. However, to
increase the diagnostic sensitivity of the developed protocol
(►Fig. 1), the 2-weekcriterionwas chosen. This criterionwas
established asmandatory since the lackof clinical response is
a key to differentiating between AEO and NOE.

Despite being an unspecific complaint, otalgia was also
included in the protocol due to its high prevalence and for
presenting unique characteristics such as its intensity, which
is usually not consistent with the physical examination, as
well as the tendency to worsen at night, waking up the
patient.14,15

Table 1 Sample characterization

Variable n¼34

Age (years old) 69.5 (61.0–76.7)

Male 26 (76%)

Comorbidities

Diabetes 33 (97%)

Systemic arterial hypertension 26 (76%)

Dyslipidemia 17 (50%)

Chronic renal failure 11 (32%)

Coronary heart disease 6 (18%)

Hypothyroidism 6 (18%)

History of stroke 6 (18%)

History of acute myocardial infarction 3 (9%)

Neoplasia 3 (9%)

Transplantation history 3 (9%)

Peripheral arterial obstructive disease 2 (6%)

Arrhythmia 2 (6%)

Clinical presentation

Affected side

Left 18 (53%)

Right 14 (41%)

Bilateral 2 (6%)

Clinical Complaints

Otalgia 34 (100%)

Hypoacusis 12 (35%)

Cephalea 10 (29%)

Aural fullness 9 (26%)

Dysphagia 7 (21%)

Dysphonia 6 (18%)

Physical examination

Otorrhea 33 (97%)

Edema 30 (88%)

Granulation tissue 24 (70%)

Hyperemia 19 (56%)

Nerve involvement (VII-XII) 12 (35%)

Preauricular involvement 9 (26%)

Trismus 2 (6%)

Lymphadenomegaly 1 (3%)

Perichondritis 1 (3%)

Parotid gland involvement 1 (3%)

Risk Factors

Absent 25 (73%)

PSAP 3 (9%)

Trauma 3 (9%)

Iatrogenic or aquatic activity 3 (9%)

Abbreviation: PSAP, personal sound amplification product.
Data presented as median (p25-p75) or n(%).
Notes: VII¼ facial nerve; IX¼glossopharyngeal nerve; X¼ vagus nerve;
XII¼ hypoglossal nerve;

Table 2 Culture results

Variable n¼ 30

Pathogens

Pseudomonas aeruginosa 15(50%)

Staphylococcus aureus 5(17%)

Candida spp 5(17%)

Coagulase negative Staphylococcus 3(10%)

Proteus mirabilis 2(7%)

Aspergillus fumigatus 1(3%)

Klebsiella pneumoniae 1(3%)

Culture-negative 4(13%)

Data presented as n (%).

Table 3 Pharmacological options in hospitalized patients

Variable n¼ 31

Antibiotic

Ceftazidime 11(35.5%)

Piperacillin/Tazobactam 4(13%)

CeftazidimeþCiprofloxacin IV 4(13%)

Cefepime 4(13%)

Meropenem 3(10%)

Ciprofloxacin IV 2(6.5%)

Piperacillin/Tazobactamþ Fluconazole 1(3%)

CefepimeþClindamycin 1(3%)

MeropenemþVancomycin 1(3%)

Abbreviation: IV, intravenous.
Data presented as n (%).
Note: IV¼ intravenous.
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In our study, all patients had comorbidities related to
immunosuppression, diabetes being the most prevalent
(97%), corroborating the classical description of the disease.6

Nonetheless, there are reports of NOE in elderly patients
without any other factor of immune system depression.16

Thus, to make the diagnosis more sensitive, in addition to
diabetes and immunosuppression, the age of � 65 years old
was added to the protocol as a risk factor capable of provok-
ing the disease. That is because elderly patients have a low
capacity to promote an effective immune response, resulting

in dysregulation in cytokine production, defective hemato-
poiesis, and chronic thymus involution.16

Although the studied patients did not report any previous
otologic surgery, some authors describe its association as a
predisposing factor for NOE.17 Thus, we chose to include it as
a risk factor in the diagnostic criteria of the algorithm
developed in the present study.

Granulation tissue in EAM was also established in the
protocol as one of the criteria to assist the diagnosis of NOE.
However, a suspected diagnosis should not depend on its

Fig. 1 Proposed new NOE treatment algorithm.
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presence in the findings since it is not unanimous nor
pathognomonic of NOE and may occur in simple AEO, and
in cases of squamous cell carcinoma.15,18

The involvement of cranial pairs (VII-XII) was incorpo-
rated into the protocol because it is considered a “red flag”
when suspecting NOE. On the other hand, PFP, dysphagia,
and/or dysphonia are usually late findings and are not
exclusive to this disease.14

In the culture exams, Pseudomonas aeruginosa was the
most frequent causal agent, which is consistent with
the literature.6 However, there is a tendency to increase
the prevalence of other pathogens in the etiology of NOE.17

Therefore, although the isolation of Pseudomonas aeruginosa
corroborates the diagnosis of NOE, its presence should not be
considered mandatory, so it wasn’t included in the criteria.

The association between NOE and cranial nerve involve-
ment is well-established in the literature.19 In the present
study, vocal fold paralysis was present in 15% of the sample.
Therefore, in addition to the research on cranial pairs, we
suggest nasofibrolaryngoscopy as part of the routine evalu-
ation of these patients.

Regarding laboratory tests, only 32% of patients had
leukocytosis, mostly mild (up to 15,000/µL), as confirmed
by the literature.20,21 Consequently, we chose not to use this
parameter as a diagnostic criterion, but it should be
requested regularly in the follow-up of these patients.

The intrinsic relationship between NOE and diabetes was
evident in the study. Although some studies suggest that
patients with good glycemic control do not progress to more
severe forms of NOE, this relationship was not compelling.17

However, glycemic control is crucial to prevent complica-
tions and better clinical management. Thus, serial measure-
ments of blood glucose and glycated hemoglobin are
recommended.14,22

In the study, 32% of the patients had chronic renal failure,
and 18% developed acute renal failure during treatment,
often related to the use of nephrotoxic medications. Thus,
serial laboratory evaluation of renal function is recom-
mended throughout the treatment, even if the patient
reports no previous renal comorbidities.

The inflammatory tests ESR and CRP are important
parameters used in the diagnosis and follow-up of NOE
cases.4 In the study, 97% of patients had at least one of these
values altered, and 76% had both above normality, justifying
the recommendation of joint assessment of both tests.
However, 3% of the sample had normal CRP and ESR values,
demonstrating the importance of using more than one
parameter in the management of these patients.

The culture of EAM secretion should be performed in all
patients to guide the choice of antibiotics. This measure
becomes more relevant with the increasing reports of bac-
terial resistance in NOE.23 In our study, 35% of cultures with
bacterial agents isolated showed resistance to ciprofloxacin.

Biopsy was performed in only 59% of the sample, despite
the presence of granulation tissue in 70% of the cases.
The histopathological analysis is extremely important for
the differential diagnosis since the neoplastic pictures
strongly resemble NOE and is recommended in all patients.15

Computed tomographywasperformed in 94% of the cases,
demonstrating its high availability. Therefore, CT was sug-
gested for all patients with suspected NOE. Computed to-
mography provides data that can corroborate the diagnosis;
moreover, it assists in investigation of the disease extent and
ruling out possible differential diagnoses.18

Magnetic resonance imaging should always be
requested for greater detail of soft tissue and intracranial
alterations.18 Given the limitations of the institution, it
should be prioritized in case of bilateral involvement,
involvement of cranial pairs (VII-XII), nasopharyngeal
lesions, or intracranial/vascular alterations on imaging
exams. In the study by Kwon et al.7, the most prevalent
finding on initial MRI, 93% of the sample, was retrocondy-
lar fat infiltration. Our study obtained a similar finding,
with a prevalence of retrocondylar soft tissue involvement
of 79%. It suggests an early involvement of this region and
demonstrates the importance of its evaluation in sus-
pected cases of NOE.

Studies show that professionals tend not to request
nuclear medicine exams, given their low availability, due
to the conditions of the institution.10 These exams have been
requested in only 29% of the sample. For the effectiveness of
the protocol, Tc99m scintigraphywas suggested only in cases
of high clinical suspicion and normal CT. If scintigraphy is not
available, an empirical NOE treatment should be initiated
until the culture result is ready.

The protocol established the possibility of treatment
at the outpatient level if all the following are present:
clinical and financial conditions of the patient; lack of PFP,
dysphagia, dysphonia, and trismus; previous treatment
restricted to eardrops; the possibility of spacing the auric-
ular aspiration weekly; pain control with a common anal-
gesic and CT without masticatory, vascular, or intracranial
space involvement.

The recommendation in these cases is oral ciprofloxacin
750mg every 12hours until the culture results are available.
This dose may change depending on the creatinine clearance
of the patient. Auricular aspiration is an essential part of the
treatment, so the use of ear drops may be considered,
especially in the first 2 weeks.15 Regarding laboratory tests,
they should be performed weekly to facilitate the manage-
ment of these cases.

Treatment should last at least 4 to 6 weeks. However, in
the case of new symptoms or no clinical outcome in 2 to
3 weeks, hospitalization should be considered.

When hospitalization is required, to optimize treatment
and reduce possible complications, we decided on the use of
intravenous ceftazidime as the drug of choice until an anti-
biogram is available.

We recommended a minimum of 6 weeks of intravenous
antibiotic treatment. To reduce recurrences after hospital
discharge, we suggest switching from intravenous to oral
medication during hospitalization for 1 week to evaluate the
therapeutic response of the patient. As long as normalized
inflammatory tests, normal otoscopy, and a lackof otalgia are
maintained, patients are discharged with subsequent outpa-
tient follow-up.
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All patients should undergo auricular cleaning and be
assessed daily for analgesia. Muscle relaxants may be con-
sidered given their good analgesic response in cases of
NOE.24 Drops or otologic dressing may be used initially,
especially for the first 2 to 3 weeks or until normalization
of otoscopy.25 Based on the guideline prepared by Nash
et al.26, we established that laboratory tests are to be
performed in hospitalized patients twice a week and ESR
weekly.

Indication of surgery as adjunctive therapy is possible in
the face of poor clinical response after 3 weeks of optimal
antibiotic therapy, especially in cases of sterile cultures. Due
to the suspicion of a fungal agent involvement in these cases,
surgery, besides promoting local debridement, allows the
collection of tissue for culture and histopathological analy-
sis.27 The decision of which surgical technique to use should
be individualized according to the case and the preference of
the surgeon.

Hyperbaric oxygenwas not included in the protocol due to
restricted access by the BrazilianUnifiedHealth System (SUS,
in the Portuguese acronym) as well as the lack of evidence of
its benefits in NOE.28

The resolution criteria established in the protocol were:
improvement of otalgia without analgesics, normalization of
the otoscopic appearance, and resolution of inflammatory
tests (ESR and CRP).

Cançado et al.29 suggest, in addition to normalization of
ESR, performing gallium scintigraphy after 6 weeks of treat-
ment to assess disease control. If the test result is negative,
the treatment is suspended. However, due to the limited
access to nuclear medicine exams, we opted to indicate it
only in doubtful cases. If scintigraphy is not available, CT
and/or MRI are performed for comparison with the same
tests performed at admission.

Death within 60 to 90 days is considered disease-related
mortality.20,27 In the present study, its prevalence was 9%. In
the literature, this prevalence ranges from 2.5 to 42%.30,31

The follow-up time is not registered. Some studies suggest
a follow-up of 6 to 12months.21,31However, considering that
in our study relapses occurred 3 years after the initial
presentation, we suggest the follow-up should be longer.

The retrospective nature and small sample size identified
here are common limitations, also found in corresponding
studies, and are justified by the low prevalence of the disease
and the need for extended follow-up.

Conclusion

Necrotizing otitis externa is a serious infection with high
morbidity and mortality rates and has shown a sharp
increase in prevalence. It is related to delays in its diagnosis
and difficulties in treatment choice. Therefore, the present
study developed a protocol to guide diagnostic and thera-
peutic management of this population, aiming at consistent
conduct considering the limitations of the institution with-
out losing its effectiveness. It is worth mentioning that the
protocol is a dynamic tool and may change depending on

each case and should be revised and updated as new needs
arise during its application.
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