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Abstract

Introduction: Necrotising otitis externa (NOE) is a serious, progressive infection of the external ear canal. If untreated, it
can invade into temporal bone, skull-base and surrounding tissue resulting in cranial nerve palsies, neurological infections and
death. Patients present with unremitting, severe otalgia, otorrhoea and oedematous ear canals containing granulation. Surgery
has a limited role; the mainstay of treatment involves a long course of intravenous antibiotics. Currently, there is no data on
the complications of antibiotic treatment for NOE. This project aims to provide evidence on the nature/frequency of severe
treatment-related complications requiring a change in antibiotic regime. Methods: A retrospective 5-year cohort analysis was
performed on 64 patients who were treated for confirmed NOE with intravenous antibiotic therapy. Clinical notes, blood
results and antibiotic prescriptions were documented and analysed. Results: Average duration of treatment was 11 weeks
(range=38 weeks). There was an average of 2.1 antibiotic regimes per patient with 10 cases requiring inpatient admission
due to treatment-related complications. 63% of treatment changes were directly related to adverse effects of intravenous
antibiotics. Drug allergy/intolerance (n=18) and clinical deterioration i.e. Lack of symptomatic improvement and/or worsening
inflammatory markers (n=18), were the most common reasons for antibiotic change. Neutropenia, deranged liver function tests
and acute kidney injury were also recognised adverse effects of treatment. Conclusion: This study provides the first evidence
on the notable frequency of antibiotic-related complications in NOE patients. Larger, multicentre studies are required in the
future to validate our findings and will better inform both clinicians and patients of the risks of treatment.

Abstract

Keywords: necrotising otitis externa, malignant otitis externa, antibiotic, complications

Introduction – Necrotising otitis externa (NOE) is a serious, progressive infection of the external ear canal.
If untreated, it can invade into temporal bone, skull-base and surrounding tissue resulting in cranial nerve
palsies, neurological infections and death. Patients present with unremitting, severe otalgia, otorrhoea and
oedematous ear canals containing granulation. Surgery has a limited role; the mainstay of treatment involves
a long course of intravenous antibiotics. Currently, there is no data on the complications of antibiotic
treatment for NOE. This project aims to provide evidence on the nature/frequency of severe treatment-
related complications requiring a change in antibiotic regime.

Methods – A retrospective 5-year cohort analysis was performed on 64 patients who were treated for
confirmed NOE with intravenous antibiotic therapy. Clinical notes, blood results and antibiotic prescriptions
were documented and analysed.

Results – Average duration of treatment was 11 weeks (range=38 weeks). There was an average of 2.1
antibiotic regimes per patient with 10 cases requiring inpatient admission due to treatment-related compli-
cations. 63% of treatment changes were directly related to adverse effects of intravenous antibiotics. Drug
allergy/intolerance (n=18) and clinical deterioration i.e. Lack of symptomatic improvement and/or wors-
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ening inflammatory markers (n=18), were the most common reasons for antibiotic change. Neutropenia,
deranged liver function tests and acute kidney injury were also recognised adverse effects of treatment.

Conclusion – This study provides the first evidence on the notable frequency of antibiotic-related compli-
cations in NOE patients. Larger, multicentre studies are required in the future to validate our findings and
will better inform both clinicians and patients of the risks of treatment.

Key points

• NOE is a rare but life-threatening condition. Treatment is long-term intravenous antibiotics. However,
there is no evidence on the complications of antimicrobial treatment in this complex cohort of patients

• In our study, patients on average are initiated on two different antibiotic regimes
• 63% of these changes in regimen are due to direct adverse effects from treatment including drug

intolerance and lack of significant clinical response leading to deterioration and morbid complications
• This novel data provides information clinicians can use when initiating treatment for NOE and counsel

patients appropriately
• The increasing incidence of NOE with an ageing population and the rise in antibiotic resistances will

likely further complicate management of this condition and prolong treatment duration

Introduction

Necrotising otitis externa (NOE), sometimes referred to as malignant otitis externa, is a rare but serious
complication of acute otitis externa. It is a progressive infection of the external ear canal. If allowed to
progress, there is a significant morbidity and mortality (1)(2)(3)(4).

Patients usually present with severe unremitting otalgia, otorrhoea, hearing loss, and in more advanced cases
cranial nerve palsy, neurological infection and sepsis. Well-established risk factors for NOE are age, diabetes
and other conditions that compromise immune function. (1) First coined ‘malignant’ otitis externa in 1968
(5), incidence of the disease appears to be increasing. Pseudomonas aeruginosa has historically been the
most common causative organism. More recently non-pseudomonal bacteria such as methicillin-resistant
staphylococcus aureus (MRSA) and even fungal infections such as Candida are frequently being recognised
(6)(7).

The mainstay of treatment is long-term, high dose intravenous antibiotics (1)(8). Treatment duration may
vary from 6 weeks to 3 months, dependent on individual patient risk factors (9). Although there is a role
for local surgical debridement , the benefits are limited and it serves primarily to obtain deep samples for
microbiology in resistant cases for those with severe complications or who are non-responsive to medical
therapy (10)(11).

Despite this prolonged treatment, there is no robust data on the complications of antibiotic-related ther-
apy of NOE. Anecdotally, patients are required to change antimicrobial therapy multiple times throughout
treatment as a direct result of these complications.

The objective of this study was to: Calculate the number of different antibiotic regimes typically used in the
treatment of NOE and classify the different clinical reasons mandating a change in antibiotic therapy

Methods

Ethical consideration and reporting

A retrospective cohort analysis was performed on all patients with a diagnosis of necrotising otitis externa
at “blinded for review” between June 2016 and January 2021. This data was collected and analysed in June
2021. STROBE guidelines were used for methodology. There are no ethical issues raised.

Participants

All patients with a confirmed diagnosis of necrotising otitis externa based on typical population risk groups,
clinical findings, CT, and post contrast MRI scans were recorded. Patient characteristics such as age, gender

2
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and medical history were collected. Additionally, all patients baseline blood tests (full blood count, renal and
liver function) prior to starting treatment were documented. Only patients requiring intravenous antibiotics
as treatment were included in the analysis. All patients with NOE were discussed at MDT meetings involving
ENT, microbiology and infectious disease teams to guide selection of antibiotic treatment.

Data measurement

Electronically scanned notes and prescriptions were used to record the antimicrobials prescribed for each
patient. This included antibiotic prescribed and duration. All drug discontinuations and clinical rationale
were documented. Any significant events over the duration of treatment such as hospital admissions or
complications were also documented.

In our study, a single antibiotic regime was recorded as any prescribed antibiotics, given as either monother-
apy or as combination antibiotic therapy. A change in regime was recorded when there was a switch in
antibiotic prescription. This could be an addition, removal, or replacement of antibiotic.

All data was collected and analysed anonymously using Excel (Microsoft Corporation). Statistical analysis
was performed using independent t-tests and Spearman’s rank correlation with 95% confidence interval using
SPSS v26 (IBM).

Results

Participants:

64 patients were identified on recruitment and one patient was excluded due to being managed on oral
antibiotics. The cohort had a mean age of 74 (standard deviation (SD)± 13.7) years and a male: female
ratio of 2.2:1. 70% of the group had a diagnosis of diabetes, of which 50% were treated with insulin. 11% of
the cohort were at risk of immunosuppression due to long-term steroid use or regular immunosuppressant
medication. eGFR was 62.3 ± 19.4 ml/min/1.73m2, 86% of patients had a chronic kidney disease staging of
2 to 3 (12). The mean Charlson Comorbidity Index score was 5 (SD± 1.99). (Illustrated in table 1).

Antibiotic Courses:

There were a total number of 133 different intravenous antibiotic regimes given as treatment of NOE to
this patient cohort. Mean number of intravenous antibiotic regimes per patient is 2.1. 41% received one
antibiotic regime for the duration of treatment, 24% received two different antibiotic regimes, 22% received
three different antibiotic regimes and 13% received four or five different antibiotic regimes.

A further 13 of the 63 patients (21%) went on to complete the full treatment with oral antibiotics. The mean
total days of treatment with intravenous antibiotics was 82.1 days (SD ±53.3; median 67 days, range 266
days)

The mean duration of treatment in patients requiring one antibiotic regime, 61.1 days was significantly
shorter (p=0.024) than those requiring two or more different antibiotic regimes, mean of 97.7 days.

When comparing risk factors; age was similar between the two groups (p=0.770). Diabetes (p<0.001) and
insulin use (p<0.001) were significantly higher in patients requiring two or more different antibiotic regimes.
There was no correlation or significant association between the Charlson Comorbidity Index and the number
of courses required (p=0.093) or duration of treatment (p=0.158).

Reasons for antibiotics changes:

The reasons for changing antibiotic course are outlined in table 2. Adverse effects directly caused by in-
travenous antibiotic use represented over two-thirds (68%) of the documented reasons mandating a change
in medication The most common reasons were due to drug intolerance/allergy (19%), clinical deteriorati-
on/rising inflammatory markers (19%), microbiology advice and drug resistances (14%) and deranged liver
function tests (12%). Further detail on microbiology advice is outlined in figure 3.
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When accounting for multiple reasons for one change i.e., deranged liver function tests and thrombocytopenia,
adverse effects from treatment represents 63% of all reasons for changing antibiotic therapy. There was a
total of 10 inpatient admissions that were directly related to adverse effects of treatment.

Other non-injurious causes for antibiotic change were drug shortages, non-compliance, administrative error,
and changes for outpatient antibiotic therapy (OPAT) suitability (18% total).

Antibiotic selection:

A total of 9 different intravenous antibiotics were used in this patient cohort. The difference between mo-
notherapy and combination therapy is illustrated in figure 4. Piperacillin with tazobactam (Tazocin) was
the most used antibiotic, given as 69 separate courses (45% of all intravenous antibiotic courses) and used
as monotherapy in most cases (93%). Ceftazidime (25%), Teicoplanin (16%) and Meropenem (9%) were the
next most common.

Oral and topical antibiotics commonly used were ciprofloxacin, amoxicillin and gentamicin.

Discussion

NOE Cohort and antibiotic therapy

Our results have shown that in our cohort of 63 patients, they have received, on average, two different in-
travenous antibiotic regimes (mean=2.1 courses). Over one third of patients (35%) receive three or more
intravenous courses. 63% of these changes are attributed to significant adverse effects from high-dose intra-
venous antibiotics. This does not include milder reactions or blood derangements that also occurred but did
not necessitate a change in antibiotic. There were 10 hospital admissions directly related to adverse effects
from treatment. 4 due to severe acute kidney infection (AKI), 2 due to deranged LFTs, 2 due to progression
of NOE, and 1 for adverse reaction and clostridium difficile infection.

Recognised risk factors were prevalent in our cohort; with a mean age of 77, predominantly male (44 male,
19 female). 70% had diabetes with half of this group taking insulin. These characteristics are similar to other
population studies (1)(13)(14). A Charlson Comorbidity Index score of 5 is significantly higher than the
average population (15) and reflects the general susceptibility this typical patient cohort has to developing
NOE.

The intravenous antibiotics used most were tazocin (45%) and ceftazidime (25%). This is in line with other
UK trusts; a survey on NOE antibiotic selection showed comparable figures, where Tazocin was used first-
line in 41% of cases and ceftazidime in 7% (8). Similarly, treatment duration was 80.1 days on average, or a
median of 65 days which better accounts for outliers. Although there is no agreed exact duration within the
literature, this length of treatment appears consistent with other centres (9)(16). Therefore, both our cohort
attributes and antimicrobial management appear representative of the UK NOE population.

We know that more medically complicated, multimorbid patients are likely to require longer treatment (13).
6 of the 8 patients requiring 4 or 5 intravenous antibiotic regimes were admitted as an inpatient and/or were
treated with meropenem. The duration of treatment for those requiring multiple different antibiotic regimes
(mean= 97.7 days) was significantly longer (p=0.024) than those treated successfully with one course (61.1
days). Diabetes was statistically more prevalent in those requiring multiple regimes. This may suggest that
adverse effects of treatment may more frequently affect those with comorbidities and contribute to prolonged
duration of treatment.

The problems of treatment

Antibiotic treatment is the globally accepted standard and delayed treatment has clearly identifiable compli-
cations (1)(17)(18). However, we are not aware of any current evidence on the complications of intravenous
antibiotics in the NOE patient cohort.

It is well recognised that antibiotic use is associated with allergy, intolerance and adverse effects. Adverse
events in short-term antibiotic use in hospitalised patients is as high as 20% with an increasing risk for every

4
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additional 10 days of use (19)(20). Prolonged use of tazocin is an independent risk factor for leukopenia and
neutropenia; occurring in 10-16% of cases (21). A large multi-centre study comparing tazocin and ceftazidime
has shown that kidney injury, diarrhoea and rash occur with similar frequency (18-20% risk cumulatively)
(22).

However, this paper adds evidence specific to treatment within NOE patients. It shows that in complex
patients with concomitant medical issues who will be on a prolonged course of treatment, these known
adverse effects occur at a high rate. Uniquely, we have found the rate of alteration of treatment secondary
to adverse effects to be remarkably high.

To our knowledge, we show the first study of antibiotic use in NOE, and we demonstrate that in these
prolonged courses of antibiotics (mean >60 days) adverse effects are more common than in shorter courses of
antibiotics. Intravenous antibiotic treatment (mean of 7 days) of 767 hospitalised patients with P. aeruginosa
bacteraemia had a 1% discontinuation rate due to adverse effects (22). When including patients who did not
respond to treatment in this group, this still only represents 38-46% vs 63% seen in our cohort. Long-term
intravenous antibiotic use in other infective conditions found a 45% incidence rate of adverse drug effects and
an increased duration of treatment in those affected (23). They did not report the frequency of antibiotic
regime changes or dose alterations.

Antibiotic resistances and microbiology

Incidence of NOE is rising within the UK and with an increasing elderly population with multiple comor-
bidities, this trend is expected to continue (2)(6). There is also an increase in MRSA causing NOE with an
associated decrease in Pseudomonas infection; which has previously been the most common causative orga-
nism (7)(13). This changing pathology mandates a change in antibiotic and may require longer treatment
(7). The global rise in antibiotic resistance may further complicate treatment of this condition (24), 14% of
our cohort required change in antibiotic therapy as a result of microbiological advice. This worrying pattern
may mean more prolonged, multi-course antibiotic treatment in the future.

Limitations

Although this study provides novel data, it is primarily limited by cohort size. Larger groups would allow
for risk stratification of patients to identify patient-specific risk factors that result in multiple courses of
antibiotics or susceptibility to adverse treatment events. Additionally, multi-centre studies would reduce
chance of error and offer statistical comparisons with our own cohort.

Adverse effects from treatment can also be caused by other confounding factors, particularly in this multi-
morbid patient group. Therefore, we did not count all abnormal results in our research to avoid this. We only
evidenced drug discontinuations that clinicians felt was directly related to the antibiotic and subsequently
required change. Additionally, other clinical deterioration and inpatient admissions that occurred during
treatment that was not thought to be directly related to antibiotic treatment were excluded.

Conclusion

This retrospective cohort study adds new evidence to the significant and frequent complications of treatment
in NOE. Identification of the commonly occurring issues and the potential impact this will have on antibiotic
regimes, allows clinicians to counsel patients appropriately when initiating treatment. It can also increase
awareness and inform appropriate monitoring for adverse events. Further data may help identify which
patients may be more susceptible to these adverse effects and managed appropriately.

Figure legend

Figure/Table 1: Patient demographics and risk factors

Figure/Table 2: Reasons for changing antibiotic regime

Figure 3: Reasons for antibiotic change due to microbiology (n=13)
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Figure 4: Antibiotic selection for treatment of NOE and use as mono or combined therapy
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Cohort characteristic Patients n=63

Mean age (±SD) 74 (±13.7) years

Male:Female ratio 44 Male: 19 Female

Diabetes (%) 44 (70%)

Immunosuppresed (%) 7 (11.1%)

Liver disease (%) 2 (3.2%)

eGFR (±SD) 62.3 (±19.4) ml/min/1.73m²

Mean Charlson Comorbidity Index (±SD) 5 (±1.99)  

Table 1: Patient cohort demographics and risk factors 
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Reason for change Patient number (n=) n (%)

Allergy/drug intolerance 18 18.9

Raised inflammatory markers/clinical deterioration 18 18.9

Micro advice/resistances 13 13.7

Deranged liver function tests 11 11.6

OPAT suitability 11 11.6

Neutropenia 8 8.4

Acute kidney injury 7 7.4

Drug shortages 3 3.2

Thrombocytopenia 3 3.2

Non-compliance 2 2.1

Administration error 1 1

Total reasons for antibiotic therapy change 95 100  

Table 2: Reasons for changing antibiotic regime 
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Figure 3: Reasons for antibiotic change due to microbiology 
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Figure 1: Antibiotic selection for treatment of NOE and use as mono or 
combined therapy 
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