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Prognostic scoring in necrotising otitis externa
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Abstract
Objective: To collect and analyse data from the published literature concerning the rare condition
necrotising otitis externa, in order to formulate a prognostic scoring model based on signs and symptoms.

Design: Retrospective data collection from published literature, and binary logistic regression analysis of
the effect on outcome of identified signs and symptoms.

Results: Six factors were identified as prognostic of a poorer outcome, including facial nerve
involvement, additional cranial nerve involvement, non-cranial nerve neurological involvement,
extensive granulations (or oedema) in the external auditory canal, bilateral symptoms and aspergillus
species as the causative organism. A four-point scoring model based on these findings is presented.

Conclusions: A novel, systematic method of data analysis was utilised to construct a prognostic scoring
model for necrotising otitis externa. This will better equip clinicians to treat this potentially fatal condition.
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Introduction

Necrotising otitis externa is a serious infection of the
temporal bones and surrounding soft tissues. The con-
dition was first described by Meltzer in 1959,1 and the
first case series of the condition was published by
Chandler in 1968.2 Chandler termed the condition
‘malignant external otitis’ to describe its aggressive
nature, and one 1977 series described it as having a
mortality rate of over 50 per cent.3 Although the mor-
tality rate for necrotising otitis externa has apparently
decreased since 1977, it remains a serious condition
which may present to physicians in several specialities.
Accurate diagnosis is imperative.

Necrotising otitis externa typically affects elderly
diabetic men.4,5 However, it is not limited to these
patients, and has been reported in children and in
immunocompromised patients.6,7 The frequency
with which the condition is diagnosed appears to be
increasing; it has been suggested that an increased
index of clinical suspicion is responsible for this.8

Pseudomonas aeruginosa has been reported as the
responsible organism in over 90 per cent of cases of
necrotising otitis externa.4 However, a number of
other organisms have also been isolated, notably sta-
phylococcus species,9 aspergillus species,10 candida
species,11 and, more rarely, organisms such as Malas-
sezia sympodialis12 and Klebsiella pseumoniae.13

Since the initial description of necrotising otitis
externa, several attempts have been made to stage

the progress of the disease. Most of these efforts
have been based on histological assessment14 or
imaging methods.15,16 Symptoms arising from the
facial nerve and other cranial nerves had
previously been used as predictors of prognosis.17 – 19

Thus far, attempts to accurately predict which
patients will have a poor outcome have been unsatis-
factory. As the condition is rare, clinicians need to
have a useful way of predicting potential outcome
in order to guide treatment and to avoid serious
complications.

In this study, we gathered data on signs and symp-
toms of necrotising otitis externa from previously
published cases, and used rigorous statistical tech-
niques to correlate these with outcomes. In this
way, we aimed to develop a clinically useful prognos-
tic scoring system.

Materials and methods

The Medline and Institute for Scientific Information
(ISI) Web of Knowledge databases were searched for
the years 1966 to 2007 to identify published cases of
necrotising otitis externa. Synonymous terms were
included in the search strategy. The initial literature
search yielded 104 abstracts warranting further
appraisal. Overall, 58 papers were included in the
analysis.2,6,7,9 – 13,15,16,20 – 67 Inclusion was considered
if papers contained sufficient case data within the

From the Faculty of Medicine and Dentistry, University of Bristol, and the *ENT Department, Southmead Hospital, North Bristol
Hospitals NHS Trust, Bristol, United Kingdom.
Accepted for publication: 5 March 2009. First published online 9 July 2009.

The Journal of Laryngology & Otology (2009), 123, 1097–1102.
# 2009 JLO (1984) Limited
doi:10.1017/S0022215109990491

1097

https://doi.org/10.1017/S0022215109990491 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215109990491


published article concerning age, sex, presenting fea-
tures, further symptoms, clinical signs or investi-
gations, and outcome of suspected cases. Papers
were excluded from analysis if they were not in the
English language, did not contain sufficient infor-
mation concerning the cases, were of the case series
type (unless individual outcome was ascertainable
from the published data), or were not deemed to
clinically describe necrotising otitis externa. For the
purposes of the analysis, osteomyelitis of the skull
base was deemed a separate clinical entity from
necrotising otitis externa, unless causal progression
from the condition was stated in the paper. (A full
list of exclusion criteria is available from the
authors upon request.)

Primary analysis concerned the prognostic value
of a number of stated symptoms and clinical find-
ings, including culture status. Secondary analysis
included the assessment of investigations and treat-
ments used in individual cases, including antibiotic
medications, hyperbaric oxygen therapy, various
imaging modalities and surgical treatments. Where
cases included secondary analysis objectives, these
were recorded also.

Case data were collected from each included
paper, and these data were checked again at a later
date for completeness. Data were then categorised
and entered into analysis using binary coding (e.g.
‘1’ for presence of a symptom and ‘0’ for its
absence). Analysis of the data was completed using
a ( forced entry) binary logistic regression model
(using the Statistical Package for the Social Sciences
version 16.0 software). Outcome was categorised as
either complete resolution, resolved with a signifi-
cant complication (leading to morbidity) or death
from the disease. For analysis, the latter two groups
were combined as one ‘poor outcome’ category. A
stepwise logistic regression model was created
which included all of the variables, to initially
assess which variables may influence outcome.

Data assessed as potential prognostic factors
included: hearing loss; facial nerve involvement;
other cranial nerve involvement; non-cranial nerve
neurological signs; evidence of significant external
auditory canal granulations, erythema or oedema;
periauricular pain or cellulitis (including significant
temporomandibular joint involvement); bilateral
symptomatology; Pseudomonas aeruginosa culture;
staphylococcus species culture; aspergillus species
culture; candida species culture; multiple organisms
cultured; or any positive fungal organism culture.
Patient age, diabetic status, immunological status
and gender were also included for use in the adjusted
models. For each variable, crude odds ratios were cal-
culated using binary logistic regression, models
adjusted for age, gender and diabetes status were cal-
culated, and, finally, models adjusted for age, gender,
diabetes and the presence of bilateral symptoms were
calculated. The latter analysis was to assess for the
influence of bilateral symptoms on the other vari-
ables. Otalgia and otorrhoea were only included in
the analysis to assess their potential impact on
other symptoms, as their presence was considered
potentially mandatory for diagnosis.

Statistical analysis was undertaken using a logistic
regression model. This was to allow the inclusion of
multiple factors into the analysis to ‘adjust’ for the
potentially confounding effects of variables such as
age and gender. Whilst this method was felt to be jus-
tifiable in our analysis, it has a number of intrinsic
problems which need to be addressed. The number
of cases in our sample is potentially restrictive in
such an analysis, as the model assumes an infinite
number of samples from the normal population.
We allowed for this by combining outcome groups
into the largest that could representatively be
made, and by rigorous testing of model validity by
Hosmer and Lemeshow tests and by plots of
Cook’s statistic versus predicted probabilities. By
only including previously identified potential risk
factors in our analysis, we avoided the possibility of
over-fitting of the model.

Results and analysis

The total number of cases in the series was 133. The
mean average age in the series was 60.09 years, and
the median age 66 years. The 25th and 75th percen-
tiles were 53 and 75 years, respectively. Males made
up 68 per cent of cases included in the series, and
females 32 per cent. For two cases, there was insuffi-
cient published data to ascertain gender. Of the
cases included in the analysis, 94 had confirmed dia-
betes or were diagnosed with diabetes mellitus at
presentation. The remaining 39 cases were found
not to have diabetes, or were not tested for it. Insuf-
ficient data were available to further sub-classify
cases as well controlled or poorly controlled
diabetes. Immunocompetency status was assessed
from published data for each of the cases included
in the analysis: 22 cases were classified as immuno-
compromised in some way, while the remaining
111 were classified as immunocompetent or unspe-
cified. Neither diabetic nor immunocompetency
status was found to have any effect on individual
outcome.

A wide range of micro-organisms were recorded in
the case data. The individual organisms were classi-
fied separately when possible, or classified by group
when not. When multiple organisms were cultured,
all of the stated organisms in the published data
were recorded. The names of some of the organisms,
particularly from the older data, were updated in
keeping with modern naming conventions. Pseudo-
monas aeruginosa was by far the most commonly
recorded cultured organism, making up 59.31 per
cent of all cultured organisms in the entire series.
The next most common organism was Staphylococ-
cus aureus, making up 9.66 per cent of all cultured
organisms (Table I).

The following six factors were found to have a stat-
istically significant effect on outcome: facial nerve
involvement; other cranial nerve involvement; non-
cranial nerve neurological signs; evidence of signifi-
cant external auditory canal granulations, erythema
or oedema; bilateral symptoms; and positive aspergil-
lus culture.
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These factors were used as the basis for the scoring
system. For the scoring model, each of the identified
variables gave a ‘score’ of one, cumulative up to a
maximum of six. The data gathered from the initial
analyses were then reassessed and scores obtained
for each of the cases in the series. Outcome was
then correlated with score based on these measure-
ments (Table II).

Discussion

This study identified several factors seemingly indica-
tive of a poorer outcome for patients with necrotising
otitis externa. From this, we constructed a scoring
system to facilitate clinical prediction of outcomes.
A prognostic factor score of one was associated
with a poor outcome in 27 per cent of cases,
whereas a score of four or more was associated with
a poor outcome in 100 per cent of cases (Table III).

The wealth of existing observational data was
reviewed, combined and sensitively analysed. This
method may be transferable to the study of other
rare diseases for which more conventional methods
of analysis prove impracticable. However, we must
accept and acknowledge the limitations of this
method.

Firstly, this was a retrospective, observational
analysis of case data, and thus was not as robust at
excluding confounding factors and eliminating
potential bias, compared with prospective data col-
lection methods. For example, our analysis was
heavily skewed by the potential for publication
bias. If only those cases which were different from
normal were published, then our analysis was not
representative of the normal disease population,
but rather a subset representing those with unusual
disease presentation or process. Equally, if only
those cases with a positive result were published
(e.g. in studies assessing new treatment methods or
attempting to establish the validity of an existing
treatment), our analysis would be overly optimistic
in terms of outcomes.

We included adjustment for positive aspergillus
species culture, even though the association
between this factor and outcomes had only border-
line statistical significance. It has been suggested
that necrotising otitis externa due to aspergillus
may be associated with a delay in diagnosis,68 and
that immunocompromised patients may have
aspergillus-mediated disease.8 The epidemiology of
necrotising otitis externa is changing, with more pre-
sentations amongst the immunocompromised.8,46,69

In the future, it is probable that more patients will

TABLE II

PROGNOSTIC FACTORS INCLUDED IN SCORING MODEL, AND RELATION TO POOR OUTCOMES

Prognostic factor Adjusted� parameters for poor outcome Pts with prognostic factor (%)

OR 95% CI p

VIIth CN involvement 2.76 1.29–5.91 0.009 41
Other CN involvement 2.85 1.18–6.90 0.02 26
Non-CN neurological involvement 3.07 1.00–9.39 0.05 15
Extensive EAC granulations 2.52 1.06–6.00 0.04 78
Bilateral symptoms 3.48 1.38–8.75 0.008 24
Aspergillus sp as causative organism† 6.99 0.83–58.72 0.074 6

�For age, sex and diabetes status. †See Discussion for explanation of inclusion. OR ¼ odds ratio; CI ¼ confidence intervals; pts ¼
patients; CN ¼ cranial nerves; EAC ¼ external auditory canal

TABLE I

RESULTS OF LOGISTIC REGRESSION ANALYSIS

Prognostic factor Pts with
factor

Crude analysis Adjusted for age, sex &
diabetes

Adjusted for age, sex,
diabetes & bilateral

symptomatology

n % OR (95% CI) p OR (95% CI) p OR (95% CI) p

EAC oedema, granulation or erythema 104 78 2.43 (1.03–5.76) 0.04 2.52 (1.06–6.00) 0.04 2.53 (1.03–6.22) 0.042
Pseudomonas culture 86 65 0.88 (0.43–1.81) 0.73 0.89 (0.43–1.88) 0.77 0.82 (0.38–1.77) 0.62
VIIth CN involvement 54 41 2.68 (1.29–5.58) 0.008 2.76 (1.29–5.91) 0.009 2.98 (1.35–6.59) 0.007
Hearing loss 39 29 0.80 (0.37–1.74) 0.58 0.82 (0.37–1.79) 0.61 0.87 (0.39–1.96) 0.74
Periauricular pain or cellulitis 39 29 1.75 (0.80–3.85) 0.16 1.75 (0.79–3.89) 0.17 2.31 (1.00–5.34) 0.051
Other CN involvement 35 26 2.85 (1.22–6.64) 0.02 2.85 (1.18–6.90) 0.02 3.16 (1.26–7.89) 0.014
Bilateral symptoms 32 24 3.45 (1.40–8.52) 0.007 3.48 (1.38–8.75) 0.008 NA NA
Multiple organism culture 24 18 1.30 (0.52–3.23) 0.57 1.24 (0.49–3.16) 0.65 1.43 (0.54–3.75) 0.47
Non-CN neurological signs 20 15 3.13 (1.05–9.93) 0.04 3.07 (1.00–9.39) 0.05 3.28 (1.05–10.28) 0.041
Any fungal species culture 17 13 2.58 (0.85–7.82) 0.09 2.43 (0.80–7.44) 0.12 3.08 (0.97–9.71) 0.056
Staph species culture 16 12 0.95 (0.33–2.70) 0.92 0.85 (0.29–2.49) 0.77 0.76 (0.25–2.32) 0.63
Aspergillus species culture 8 6 7.36 (0.88–61.7) 0.07 6.99 (0.83–58.72) 0.074 8.70 (1.01–74.77) 0.049
Candida species culture 7 5 1.29 (0.28–6.01) 0.75 1.19 (0.25–5.64) 0.83 1.40 (0.29–6.83) 0.68

Pts ¼ patients; diabetes ¼ diabetic status; OR ¼ odds ratio; CI ¼ confidence intervals; EAC ¼ external auditory canal; CN ¼
cranial nerve; staph ¼ staphylococci
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present with disease due to aspergillus, as the human
immunodeficiency virus positive and acquired immu-
nodeficiency syndrome positive populations increase.
Insufficient evidence exists, either from this analysis
or from the literature, to ascertain whether patients
with aspergillus necrotising otitis externa truly have
a worse prognosis than those with disease caused
by other organisms. However, on the balance of
probabilities, it seems likely that they do (in this
series, 87.5 per cent of those with aspergillus had a
poor outcome). Aspergillus species culture was thus
included in the scoring system.

The emergence of quinolone-resistant pseudomo-
nas is a growing problem,8,55,70 and introduces diffi-
culties regarding adequate treatment of this
potentially lethal condition. At present, there is
insufficient information to justify inclusion of resist-
ant pseudomonas as a variable in the current
scoring system. However, if the growing trend in
resistant organisms continues, this may become a
factor to consider in the prognostic scoring of necro-
tising otitis externa.

. Necrotising otitis externa is a rare, aggressive
infection of the temporal region generally
affecting elderly, diabetic men, and is often
caused by Pseudomonas aeruginosa

. The condition usually presents with severe
otalgia, otorrhoea and hearing loss, but
symptoms may also include cranial nerve
involvement as the disease spreads

. Most cases respond to fluoroquinolone
antibiotics, but a high index of suspicion is
needed to effectively treat atypical organisms
such as aspergillus species

. Data from 41 years of case literature were
analysed to identify clinical signs, symptoms or
findings statistically related to patient
outcomes

. Using these data, a four-point scoring model
predicting poorer patient prognosis was
constructed

In this study, the secondary analysis included an
investigation of which treatments may affect

outcome. The only treatment which was suitable
for this analysis was hyperbaric oxygen therapy. We
found no evidence that hyperbaric oxygen had any
significant effect on any outcome measure. Whilst
this finding is in keeping with the Cochrane review
on this subject,71 the authors accept that retrospec-
tive, observational studies are not the appropriate
method for evaluating treatments. A number of
studies have found hyperbaric oxygen to have a posi-
tive effect;31,54,72 however, there have been no truly
decisive studies proving its efficacy. It is the opinion
of the authors that insufficient evidence exists to
either prove or disprove the rational use of this treat-
ment for necrotising otitis externa, and further
research is thus needed into this contentious area.

Conclusion

In this article, we have introduced a method of ana-
lysing published case data to ascertain prognostic
factors strongly associated with poor outcome for
patients with necrotising otitis externa. From this
analysis, it was possible to construct a rational
scoring system for patients, based on a number of
easily identifiable clinical characteristics. It is hoped
that this will better equip clinicians to treat patients
with suspected necrotising otitis externa. Whilst this
type of analysis has recognised limitations, future
studies of the effectiveness of this scoring model
may show that such analysis is reliable and transfer-
able to other areas of medical science.

Acknowledgements

The authors extend many thanks to Professor Glyn
Lewis from the Department of Academic Medicine
and Psychiatry, University of Bristol, UK, for his
valuable input.

References

1 Meltzer PE, Kelemen G. Pyocyaneous osteomyelitis of the
temporal bone, mandible and zygoma. Laryngoscope 1959;
169:1300–16

2 Chandler JR. Malignant external otitis. Laryngoscope
1968;78:1257–94

3 Meyerhoff WL, Gates GA, Montalbo PJ. Pseudomonas
mastoiditis. Laryngoscope 1977;87:483–92

4 Rubin J, Yu VL. Malignant external otitis: insights into
pathogenesis, clinical manifestations, diagnosis, and
therapy. Am J Med 1988;85:391–8

5 Giamarellou H. Malignant otitis externa: the therapeutic
evolution of a lethal infection. J Antimicrob Chemother
1992;30:745–51

6 Coser PL, Stamm AE, Lobo RC, Pinto JA. Malignant
external otitis in infants. Laryngoscope 1980;90:312–16

7 Ress BD, Luntz M, Telischi FF, Balkany TJ, Whiteman
ML. Necrotizing external otitis in patients with AIDS. Lar-
yngoscope 1997;107:456–60

8 Rubin Grandis J, Branstetter BFT, Yu VL. The changing
face of malignant (necrotising) external otitis: clinical,
radiological, and anatomic correlations. Lancet Infect Dis
2004;4:34–9

9 Keay DG, Murray JA. Malignant otitis externa due to sta-
phylococcus infection. J Laryngol Otol 1988;102:926–7

10 Munoz A, Martinez-Chamorro E. Necrotizing external
otitis caused by Aspergillus fumigatus: computed tomogra-
phy and high resolution magnetic resonance imaging in an
AIDS patient. J Laryngol Otol 1998;112:98–102

11 Bae WK, Lee KS, Park JW, Bae EH, Ma SK, Kim NH et al.
A case of malignant otitis externa caused by Candida

TABLE III

PROGNOSTIC SCORING MODEL

Score Pts with good outcome (n) Pts with poor
outcome

n % 95%CI

0–1 41 15 27 16–40
2 15 26 63 47–78
3 7 17 71 49–87
�4 0 11 100 72–100�

�97.5% CI one-sided. Pts ¼ patients; good outcome ¼ com-
plete resolution without significant complication; poor
outcome ¼ significant complication or death as a result of
necrotising otitis externa; CI ¼ confidence intervals

M O EVELEIGH, C E J HALL, D L BALDWIN1100

https://doi.org/10.1017/S0022215109990491 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215109990491


glabrata in a patient receiving haemodialysis. Scand J Infect
Dis 2007;39:370–2

12 Chai FC, Auret K, Christiansen K, Yuen PW, Gardam D.
Malignant otitis externa caused by Malassezia sympodialis.
Head Neck 2000;22:87–9

13 Yang TH, Kuo ST, Young YH. Necrotizing external otitis
in a patient caused by Klebsiella pneumoniae. Eur Arch
Otorhinolaryngol 2006;263:344–6

14 Benecke JE Jr. Management of osteomyelitis of the skull
base. Laryngoscope 1989;99:1220–3

15 Stokkel MP, Boot CN, van Eck-Smit BL. SPECT gallium
scintigraphy in malignant external otitis: initial staging
and follow-up. Laryngoscope 1996;106:338–40

16 Kwon BJ, Han MH, Oh SH, Song JJ, Chang KH. MRI find-
ings and spreading patterns of necrotizing external otitis:
is a poor outcome predictable? Clin Radiol 2006;61:
495–504

17 Chandler JR. Malignant external otitis and facial paralysis.
Otolaryngol Clin North Am 1974;7:375–83

18 Mani N, Sudhoff H, Rajagopal S, Moffat D, Axon PR.
Cranial nerve involvement in malignant external otitis:
implications for clinical outcome. Laryngoscope 2007;117:
907–10

19 Soudry E, Joshua BZ, Sulkes J, Nageris BI. Characteristics
and prognosis of malignant external otitis with facial
paralysis. Arch Otolaryngol Head Neck Surg 2007;133:
1002–4

20 Aldous EW, Shinn JB. Far advanced malignant external
otitis: report of a survival. Laryngoscope 1973;83:1810–15

21 Evans IT, Richards SH. Malignant (necrotising) otitis
externa. J Laryngol Otol 1973;87:13–20

22 Zaky DA, Bentley DW, Lowy K, Betts RF, Douglas RG Jr.
Malignant external otitis: a severe form of otitis in diabetic
patients. Am J Med 1976;61:298–302

23 Dawson DA. Malignant otitis externa. J Laryngol Otol
1978;92:803–10

24 Soliman AE. A rare case of malignant otitis externa in a
non-diabetic patient. J Laryngol Otol 1978;92:811–12

25 Kohut RI, Lindsay JR. Necrotizing (“malignant”) external
otitis histopathologic processes. Ann Otol Rhinol Laryngol
1979;88:714–20

26 Raines JM, Schindler RA. The surgical management of
recalcitrant malignant external otitis. Laryngoscope 1980;
90:369–78

27 Sherman P, Black S, Grossman M. Malignant external
otitis due to Pseudomonas aeruginosa in childhood. Pedi-
atrics 1980;66:782–3

28 Merritt WT, Bass JW, Bruhn FW. Malignant external otitis
in an adolescent with diabetes. J Pediatr 1980;96:872–3

29 Ostfeld E, Aviel A, Pelet D. Malignant external otitis: the
diagnostic value of bone scintigraphy. Laryngoscope 1981;
91:960–4

30 Obiako MN. Malignant external otitis: not entirely a
disease of the elderly. Practitioner 1981;225:1617–18

31 Mader JT, Love JT. Malignant external otitis. Cure with
adjunctive hyperbaric oxygen therapy. Arch Otolaryngol
1982;108:38–40

32 Haverkos HW, Caparosa R, Yu VL, Kamerer D. Moxalac-
tam therapy. Its use in chronic suppurative otitis media and
malignant external otitis. Arch Otolaryngol 1982;108:
329–33

33 Reiter D, Bilaniuk LT, Zimmerman RA. Diagnostic
imaging in malignant otitis externa. Otolaryngol Head
Neck Surg 1982;90:606–9

34 Shamboul K, Burns H. Malignant external otitis in a young
diabetic patient. J Laryngol Otol 1983;97:247–9

35 Youngs R, Bagley J. Sphenoidal sinusitis secondary
to malignant external otitis. J Laryngol Otol 1986;100:
341–4

36 Gherini SG, Brackmann DE, Bradley WG. Magnetic res-
onance imaging and computerized tomography in malig-
nant external otitis. Laryngoscope 1986;96:542–8

37 Holder CD, Gurucharri M, Bartels LJ, Colman MF. Malig-
nant external otitis with optic neuritis. Laryngoscope 1986;
96:1021–3

38 Cunningham M, Yu VL, Turner J, Curtin H. Necrotizing
otitis externa due to Aspergillus in an immunocompetent
patient. Arch Otolaryngol Head Neck Surg 1988;114:554–6

39 Morrison GA, Bailey CM. Relapsing malignant otitis
externa successfully treated with ciprofloxacin. J Laryngol
Otol 1988;102:872–6

40 Osborne JE, Blair RL, Davey P. Successful treatment of
malignant otitis externa with oral ciprofloxacin. J Infect
1989;18:298–9

41 Shupak A, Greenberg E, Hardoff R, Gordon C, Melamed
Y, Meyer WS. Hyperbaric oxygenation for necrotizing
(malignant) otitis externa. Arch Otolaryngol Head Neck
Surg 1989;115:1470–5

42 Nir D, Nir T, Danino J, Joachims HZ. Malignant external
otitis in an infant. J Laryngol Otol 1990;104:488–90

43 Barrow HN, Levenson MJ. Necrotizing ‘malignant’ exter-
nal otitis caused by Staphylococcus epidermidis. Arch Oto-
laryngol Head Neck Surg 1992;118:94–6

44 Davis JC, Gates GA, Lerner C, Davis MG Jr, Mader JT,
Dinesman A. Adjuvant hyperbaric oxygen in malignant
external otitis. Arch Otolaryngol Head Neck Surg 1992;
118:89–93

45 Lee WC, Sharp JF. Bing-Neel syndrome or malignant
external otitis in Waldenstrom’s macroglobulinaemia?
J Laryngol Otol 1994;108:492–3

46 Hern JD, Almeyda J, Thomas DM, Main J, Patel KS.
Malignant otitis externa in HIV and AIDS. J Laryngol
Otol 1996;110:770–5

47 Kountakis SE, Kemper JV Jr, Chang CY, DiMaio DJ,
Stiernberg CM. Osteomyelitis of the base of the
skull secondary to Aspergillus. Am J Otolaryngol 1997;
18:19–22

48 Bath AP, Rowe JR, Innes AJ. Malignant otitis externa with
optic neuritis. J Laryngol Otol 1998;112:274–7

49 Soldati D, Mudry A, Monnier P. Necrotizing otitis externa
caused by Staphylococcus epidermidis. Eur Arch Otorhino-
laryngol 1999;256:439–41

50 Paul AC, Justus A, Balraj A, Job A, Kirubakaran CP.
Malignant otitis externa in an infant with selective IgA
deficiency: a case report. Int J Pediatr Otorhinolaryngol
2001;60:141–5

51 Karantanas AH, Karantzas G, Katsiva V, Proikas K,
Sandris V. CT and MRI in malignant external otitis: a
report of four cases. Comput Med Imaging Graph 2003;
27:27–34

52 Shimizu T, Ishinaga H, Seno S, Majima Y. Malignant
external otitis: treatment with prolonged usage of anti-
biotics and Burow’s solution. Auris Nasus Larynx 2005;
32:403–6

53 Singh A, Al Khabori M, Hyder MJ. Skull base osteo-
myelitis: diagnostic and therapeutic challenges in
atypical presentation. Otolaryngol Head Neck Surg 2005;
133:121–5

54 Narozny W, Kuczkowski J, Stankiewicz C, Kot J, Mikas-
zewski B, Przewozny T. Value of hyperbaric oxygen in bac-
terial and fungal malignant external otitis treatment. Eur
Arch Otorhinolaryngol 2006;263:680–4

55 Bernstein JM, Holland NJ, Porter GC, Maw AR. Resist-
ance of pseudomonas to ciprofloxacin: implications for
the treatment of malignant otitis externa. J Laryngol
Otol 2007;121:118–23

56 Mardinger O, Rosen D, Minkow B, Tulzinsky Z, Ophir D,
Hirshberg A. Temporomandibular joint involvement in
malignant external otitis. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2003;96:398–403

57 Tuzcu A, Bahceci M, Celen MK, Kilinc N, Ozmen S.
Necrotizing (malignant) otitis externa: an unusual localiz-
ation of mucormycosis. Indian J Med Microbiol 2006;24:
289–91

58 Plummer C, Litewka L. The march of malignant otitis
externa. Intern Med J 2007;37:729–30

59 Kondziella D, Skagervik I. Malignant external otitis with
extensive cranial neuropathy but no facial paralysis. J
Neurol 2007;254:1298–9

60 Gattaz G, Sperotto LS, Reboucas LM. Malignant
otitis externa. Rev Bras Otorrinolaringol (Engl Ed) 2007;
73:134

61 Fonseca AS, Andrade NA, Andrade Neto ML, Santos VM.
Bilateral hipoglossal nerve palsy in necrotizing
otitis externa. Rev Bras Otorrinolaringol (Engl Ed) 2007;
73:576

PROGNOSTIC SCORING IN NECROTISING OTITIS EXTERNA 1101

https://doi.org/10.1017/S0022215109990491 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215109990491


62 Midwinter KI, Gill KS, Spencer JA, Fraser ID. Osteomyel-
itis of the temporomandibular joint in patients with malig-
nant otitis externa. J Laryngol Otol 1999;113:451–3

63 Patel SK, McPartlin DW, Philpott JM, Abramovich S. A
case of malignant otitis externa following mastoidectomy.
J Laryngol Otol 1999;113:1095–7

64 Lancaster J, Alderson DJ, McCormick M. Non-
pseudomonal malignant otitis externa and jugular
foramen syndrome secondary to cyclosporin-induced
hypertrichosis in a diabetic renal transplant patient. J Lar-
yngol Otol 2000;114:366–9

65 Ismail H, Hellier WP, Batty V. Use of magnetic resonance
imaging as the primary imaging modality in the diagnosis
and follow-up of malignant external otitis. J Laryngol
Otol 2004;118:576–9

66 Dobbyn L, O’shea C, McLoughlin P. Malignant (invasive)
otitis externa involving the temporomandibular joint. J
Laryngol Otol 2005;119:61–3

67 Okpala NC, Siraj QH, Nilssen E, Pringle M. Radiological
and radionuclide investigation of malignant otitis externa.
J Laryngol Otol 2005;119:71–5

68 Shelton JC, Antonelli PJ, Hackett R. Skull base fungal
osteomyelitis in an immunocompromised host. Otolaryn-
gol Head Neck Surg 2002;126:76–8

69 Lasisi OA, Bakare RA, Usman MA. Human immunodefi-
ciency virus and invasive external otitis – a case report.
West Afr J Med 2003;22:103–5

70 Berenholz L, Katzenell U, Harell M. Evolving resistant
pseudomonas to ciprofloxacin in malignant otitis externa.
Laryngoscope 2002;112:1619–22

71 Phillips JS, Jones SE. Hyperbaric oxygen as an adjuvant
treatment for malignant otitis externa. Cochrane Database
Syst Rev 2005;(2):CD004617

72 Narozny W, Kuczkowski J, Mikaszewski B. Hyperbaric
oxygen to treat malignant external otitis. Am Fam Phys-
ician 2004;70:1860

Address for correspondence:
Dr Mark Eveleigh,
c/o Mr David Baldwin,
ENT Department,
Southmead Hospital,
Westbury-on-Trym,
Bristol BS10 5NB, UK.

Fax: (þ44) 1179 595850
E-mail: moeveleigh@doctors.org.uk

Mr M O Eveleigh takes responsibility for the integrity of the
content of the paper.
Competing interests: None declared

M O EVELEIGH, C E J HALL, D L BALDWIN1102

https://doi.org/10.1017/S0022215109990491 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215109990491

