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Introduction

Necrotizing otitis externa (NOE) is a severe infection that
starts in the external auditory canal and can spread to
surrounding tissue and, eventually, bone.1 It is potentially

fatal and, historically, it has a high mortality rate.2 Though
called malignant otitis externa (MOE) in the older literature,
it is non-cancerous.3 Hence, the term necrotizing otitis
externa (NOE) is more accurate, reflecting the severe and
rapidly-spreading nature of the disease.4 This condition
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Abstract Introduction Necrotizing otitis externa (NOE), also known as malignant otitis externa
(MOE), is a severe infection that begins in the external auditory canal and can extend to
adjacent tissues and bone. It primarily affects elderly, diabetic, and immuno-compro-
mised patients. Despite the advancements in antibiotics and surgical interventions,
NOE remains a condition with significant morbidity and mortality.
Objective To evaluate the efficacy of hyperbaric oxygen therapy (HBOT) as an
adjunctive treatment for NOE, focusing on clinical outcomes and the potential benefits
in refractory or advanced cases.
Methods We conducted a comprehensive literature search on the PubMed/MEDLINE
and Cochrane Library databases for articles published from January 1980 to Decem-
ber 2023. The search terms included hyperbaric oxygen therapy, necrotizing otitis
externa, and refractory otitis. A total of 8 studies met the inclusion criteria, comprising
case reports, observational studies, and case series. Study quality was assessed
through the Cochrane Risk of Bias tool and the Newcastle-Ottawa Scale.
Results The results indicate that HBOT shows promise in the treatment of NOE, with
several studies reporting complete resolution of infection and prevention of recur-
rence, especially in refractory cases.
Conclusion The current evidence is insufficient to establish HBOT as a standard
treatment for NOE; however, its potential benefits in improving clinical outcomes and
reducing morbidity are significant. High-quality research, including randomized
controlled trials, is necessary to validate the role of HBOT in NOE treatment. Where
hyperbaric facilities are accessible, HBOT should be considered for refractory NOE
cases.
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predominantly affects elderly individuals, diabetes patients,
and immunocompromised subjects.5 It is mostly caused by
the bacteria Pseudomonas aeruginosa; nonetheless, other
bacteria and fungi have also been reported.6–8 Accordingly,
topical and systematic antibiotics or antifungals are used in
the treatment, as well as surgical debridement of necrotic
tissue in the external auditory canal and surrounding struc-
tures in case of extensive disease.9,10 Despite the advance-
ments in medications and surgical management, NOE
remains a serious illness associated with considerable mor-
bidity and mortality.11,12

Hyperbaric oxygen therapy (HBOT) has emerged as a
potential adjunctive therapy for NOE in cases of refractory
or advanced disease;13,14 it involves intermittent administra-
tion of 100% oxygen, while the patient is inside a compression
chamber, followed by the application of pressures greater
than the atmospheric pressure.15 Although the American
Undersea and Hyperbaric Medical Society (UHMS) recom-
mends the use of HBOT in cases of refractory osteomyelitis
and necrotizing inflammation, it is not considered a definitive
treatment in NOE due to shortage of evidence in the litera-
ture.16 The present systematic review aims to investigate and
evaluate the latest evidence on the efficacy of HBOT as an
adjunctive therapy for NOE management.

Literature Review

Pathophysiology of NOE
The most common etiology of NOE is P. aeruginosa, a gram-
negative bacillus.17 Additionally, gram-negative bacteria,
such as Klebsiella and Proteus spp., have also been
reported.18,19 Fungal infections, especially by Candida and
Aspergillus spp., can cause NOE as well.20,21

This infection is most common in elderly, diabetic, and
immunocompromised patients, such as those with HIV or
those undergoing chemotherapy.5,17 Two factors make dia-
betic patients more susceptible to external otitis: poorly-
controlled diabetes can induce immune dysfunction and
small-vessel vasculopathy; and the external ear cerumen
(earwax) of diabetic patients presents a more basic pH and
decreased concentration of lysosomes, making the external
auditory canal more prone to infection.1 Immunocompro-
mise not related to diabetes can be caused by HIV and
chemotherapy, for example: these patients tend to develop
the infection at a younger age compared to diabetic sub-
jects,22 and they tend to have a worse prognosis.23

Typically, NOE starts as a simple soft-tissue infection of
the auricle and external auditory canal (EAC).1 It can then
progress from cellulitis to chondritis, periostitis, and, even-
tually, osteomyelitis.24 The pathway of the infection extends
to the osseocartilaginous junction of the EAC through the
fissures of Santorini until it reaches the dural sinuses and
petrous apex via the fascial and vascular planes,25 resulting
in bony erosion and invasion of collateral tissues until
structures such as the skull base and cranial nerves are
involved.26 Hence, inflammation in areas such as the hypo-
glossal canals and the stylomastoid and jugular foramina,
along with all their structures, is known to occur.27

The patients mainly present with symptoms of deep ear
pain that gets worse with motion, ear discharge, and hearing
loss.28 Due to deeper tissue invasions, symptoms may also
manifest as palsies of the following cranial nerves: facial
(VII), glossopharyngeal (IX), vagus (X), accessory (XI), and
hypoglossal (XII).29 Subsequently, patients may also present
with hoarseness, shoulder weakness, dysphagia, and facial
and tongue weakness.27

Additionally, the limited blood supply to cartilage, which
is further exacerbated by the vasculopathy of diabetes,
presents a significant challenge in the treatment of NOE.25

Even parenteral antibiotics are slow to achieve bactericidal
levels in cartilage.25 Hyperbaric oxygen therapy helps oxy-
genate the tissues, and natural immune processes work
better when the necessary cells have sufficient oxygen.

Rationale for HBOT
The primary treatment for NOE involves long-term topical
and systemic antibiotics (for 4–6 weeks) in addition to
careful monitoring of blood glucose levels.30,31 If the infec-
tion is of fungal origin, then, intensive antifungals are
required.32 In severe cases or when primary treatment is
ineffective, surgical debridement of necrotic tissue or abscess
drainage may also be required.33 Even though new antimi-
crobials are now used, resistant strains might emerge, and
the disease can enter a refractory stage when surgical and
non-surgical treatments are ineffective.34 As previously
mentioned, diabetes is highly prevalent in NOE: more than
80% of NOE patients suffer from diabetes.35 The diabetic
effects of microangiopathy-induced hypoxia and leukocyte
immunosuppression predispose toNOE exacerbations.36 The
hypoxia and hypoperfusion caused by diabetic microangi-
opathy inhibit the oxygen-dependent antimicrobial activity
of leukocytes, while the infection, in turn, consumes most of
the oxygen in the tissue via bacterial absorption and inflam-
matory processes.37,38 Since oxygen deficiency in tissues is
what leads to necrosis and quick expansion of the NOE
infection, exposure to hyperbaric oxygen could be used to
counter these effects by increasing the levels of oxygen in the
tissue and promoting its healing and angiogenesis. Hence,
HBOT has been proposed as a potential adjunctive therapy
due to its ability to enhance tissue oxygenation, promote
capillary angiogenesis, and exert antimicrobial effects.39,40

Moreover, clinical success has been reported43,44 regarding
HBOT in the adjunctive treatment of chronic or refractory
osteomyelitis.

Methods

Search Strategy
We conducted a comprehensive literature search in the
PubMed/MEDLINE and Cochrane Library databases for
articles published from January 1980 to December 2023.
The search terms included hyperbaric oxygen therapy,malig-
nant otitis externa, necrotizing otitis externa, and refractory
otitis. We selected studies published in English on the use of
HBOT in NOE, including case reports, observational studies,
and clinical trials.
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Study Selection
The Inclusion criterium for article selection was studies on
HBOT as an adjunctive therapy for NOE, and the exclusion
criteria were studies not involving HBOT, reviews, and edi-
torials. Two independent reviewers screened the titles and
abstracts of all identified studies and then reviewed the full
texts of potentially relevant studies. Disagreements were
resolved through discussion and consensus. A total of 78
studies were identified through the database search. After
removing duplicates and screening titles and abstracts, 55
full-text articles were assessed for eligibility; 8
studies,40–45,48,49 which included case reports, observational
studies, and case series, met the inclusion criterium (►Fig. 1).

Data Extraction
Datawere extracted using a standardized form that included
study characteristics (author, year, study design), patient
characteristics (age, comorbidities), intervention details
(HBOT protocol), and outcomes (infection resolution, recur-
rence, adverse effects).

Quality Assessment
The quality of the included studies was assessed through
the Cochrane Risk of Bias tool for randomized controlled trials
(RoB 1, The Cochrane Collaboration, London, United Kingdom)
and the Newcastle-Ottawa Scale (NOS) for observational

studies. Each study was evaluated in terms of bias in selection,
performance, detection, attrition, and reporting. The quality
assessment revealed a range of methodological limitations
across the studies, including small sample sizes, lack of control
groups, and potential selection bias. Most studies were rated as
presenting moderate to high risk of bias.

Discussion

Early data on HBOT adjunctive therapy for NOE treatment
were conflicting. The first case was reported as early as the
1980s, when Mader and Love40 opted for HBOT therapy in a
refractory case of NOE in a patient with diabetes undergoing
moxalactam disodium therapy. In total 20 sessions took
place with the HBOT set at 2.5 atmospheric pressure inside
the chamber for 90minutes. The infection resolved
completely, with no recurrence. In contrast, Joachims
et al.41 reported a series of 4 cases of NOE which did not
respond to the accepted treatment of long-term systemic
antibiotics followed by surgical intervention, with HBOT
supplementation in refractory cases; the HBOT setting was
similar to that used by Mader and Love,40 with 40 sessions
that were unsuccessful until ciprofloxacin, a newly-devel-
oped fluoroquinolone, was administered. This raises suspi-
cion regarding any confounding variables between the
adjunctive HBOT, and the class of antibiotics used. Similarly,

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the study selection process.
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Gordon and Giddings42 reported two cases of fungal NOE
refractory to HBOT, successful treatment was only achieved
when amore potent course of antifungals was administered.
Conversely, in a retrospective observational study, Davis
et al.43 evaluated 16 patients successfully treated with
HBOT, with no recurrence or adverse effects even after years
of follow-up examinations. More recently, with the develop-
ment of the newest generation of antibiotics and advanced
surgical techniques, HBOT adjunctive therapy found much
more effective results. Another retrospective study, by
Amaro et al.,44 presented 16 patients, 60% of whom had
nerve palsies and were in a refractory state; HBOT was
performed on an average of 34 sessions, and the result was
successful for all patients. However, data on follow-up was
not available; hence, information on adverse effects and
recurrence could not be collected. Singh et al.45 performed
a retrospective analysis of three cases of inadequately
treated NOE in elderly diabetic individuals; two of the three
cases died of the disease despite aggressive treatment. One
case was treated successfully with a combination of anti-
pseudomonal microbial drugs for 8 to 12 weeks and HBOT.
Narozny et al. highlighted the therapeutic benefit of HBOT in
both bacterial and fungal NOE cases, suggesting its versatility

as an adjunct treatment.46 Given the aggressive nature of
NOE and the importance of timely intervention, accurate
diagnosis is essential for guiding therapy, including HBOT.
Okpala et al. underscored the value of radionuclide imaging
in detecting skull base involvement, which is critical in
identifying candidates for adjunctive HBOT.47 Ling and
Sader48 reported a case of a patient with fungal NOE treated
with HBOT who presented complete recovery. The HBOT
settings across the included studies were inconsistent, with
variations in pressure, duration, and total number of ses-
sions. While some studies clearly described their protocols
–such as Mader and Love (20 sessions at 2.5 atm for 90
minutes),40 Amaro et al. (average of 34 sessions),44 and Al
Siyabi et al. (average of 29 sessions)49 –others either lacked
precise descriptions or did not report the parameters at all,
including the studies by Gordon and Giddings42, Davis et
al.,43 Singh et al.,45 and Ling and Sader.48 Finally, in 2023, Al
Siyabi et al.49 reported a case series of 20 patients submitted
to an average of 29 HBOT sessions in which 19 were cured.

The synthesis of the results indicates that HBOT, as an
adjunctive therapy, showed promise in the treatment of
refractory or advanced cases of NOE. Several case reports
and observational studies have reported complete resolution

Table 1 Summary of HBOT studies and their outcomes

Type of study Author (year) Description Outcome

Case report Mader and Love40 (1982) HBOT in refractory case of NOE
in a patient with diabetes
undergoing moxalactam
disodium therapy

The infection resolved completely
with no recurrence

Case series Joachims et al.41 (1988) Four cases of NOE which did not
respond to the accepted
treatment of long-term systemic
antibiotics followed by surgical
intervention, with HBOT
supplementation in refractory
cases

No success until ciprofloxacin
administration

Case report Gordon and
Giddings42 (1994)

Two patients with NOE cause by
Aspergillus flavus

No success with HBOT; successful
treatment with more potent
course of antifungals

Observational
study

Davis et al.43 (1992) Retrospective observational
study with 16 patients treated
with HBOT

Complete treatment with no
recurrence or adverse effects

Observational
study

Amaro et al.44 (2019) HBOT performed for 16
patients, 60% with nerve palsies
and refractory state

Successful treatment for all
patients, but no follow-up data
available

Case report Singh et al.45 (2005) Retrospective analysis of three
cases of inadequately treated
NOE in elderly diabetic
individuals

Two of the three cases died of the
disease despite aggressive
treatment. One case was treated
successfully with a combination of
antipseudomonal microbial drugs
for 8 to 12 weeks and HBOT

Case report Ling and Sader48 (2008) One patient with fungal NOE
treated with HBOT

Complete recovery

Case series Al Siyabi et al.49 (2023) Twenty patients who underwent
an average of 29 sessions of
HBOT

19 out of 20 patients were cured

Abbreviations: HBOT, hyperbaric oxygen therapy; NOE, necrotizing otitis externa.
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of infection and prevention of recurrencewith HBOT, includ-
ing those by Mader and Love,40 Davis et al.,43 Amaro et al.,44

and Al Siyabi et al.49 However, the heterogeneity in study
designs and HBOT protocols, along with the lack of random-
ized controlled trials, limits the ability to draw definitive
conclusions. (►Table 1) summarizes the studies.

Hyperbaric oxygen therapy can improve oxygenation in
hypoxic tissues, enhancing immune mechanisms depen-
dent on oxygen. It also has bacteriostatic and bactericidal
properties against certain pathogens such as P. aerugi-
nosa.53 In a retrospective analysis of 15 patients, Gomes
et al.53 reported that HBOT led to complete disease remis-
sion in all cases after 40 to 60 sessions, with no reported
mortality or recurrence during a 1-year follow-up. They53

highlighted the usefulness of HBOT in the management of
refractory NOE, noting its synergy with antibiotics and
limited adverse effects. However, prolonged treatment
durations (typically 40–60 sessions) and associated costs
remain barriers.53

Thefindings of the current systematic review suggest that
HBOT may be a beneficial adjunctive therapy for NOE,
particularly in refractory or advanced cases. The mechanism
of action, enhancing tissue oxygenation and promoting
healing, aligns with the pathophysiology of NOE. Despite
the promising results, the lack of randomized controlled
trials and the heterogeneity of existing studies highlight
the need for more rigorous research.

Limitations

Notably, no randomized controlled trials have been con-
ducted on the efficacy of HBOT as an adjunctive treatment
for NOE, nor has the efficacy of HBOT been compared with
that of the antibiotic and surgical treatments.30,53 The lack
of randomized controlled trials remains a major limitation,
as also emphasized by the Cochrane Review by Phillips
and Jones.51 The lack of such evidence could be attributed
to the rarity of NOE as well as the poor accessibility to
hyperbaric facilities.35,51

Most of the data herein contained was extracted from
retrospective observational studies and case reports in
different clinical settings. Thus, much of the evidence
may have been under the risk of reporting bias. There is
no controlled setting, and the administrators of the hyper-
baric chamber may be subject to researcher bias or human
errors. This issue becomes more prominent when we assess
the fact that in some of the cases mentioned here,41–43 the
groups of patients either had a 100% cure rate or a 0% cure
rate.

Moreover, it must be considered that older studies may
not be as reliable today due to the use of older generations of
medications and surgeries which may explain why older
studies tended to report fewer positive outcomes,41,42 espe-
cially since more potent antibiotics were still being manu-
factured at the time and new debridement techniques hadn’t
yet been developed. This was observed in two studies40,41 in
which the treatment was only successful after the adminis-
tration of newly manufactured antibiotics and antifungals.

Incidentally, there is no data about the difference between
fungal and bacterial NOE in the context of HBOT therapy.
Aside from the typical side effects of fatigue and lighthead-
edness,52 no adverse effects were of note in any of the
studies.

Conclusion

There is no definitive evidence backed by randomized con-
trolled trials about the efficacy of HBOT as an adjunctive
therapy for NOE. However, the success of treatment out-
comes in recent years makes HBOT highly recommended
where facilities are available, especially in refractory cases.
Future research should focus on conducting well-designed
randomized controlled trials to establish the role of HBOT in
NOE treatment.
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