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Improvement in mortality with hyperbaric oxygen therapy in
cervical necrotising fasciitis: a systematic review of the literature
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Background: Cervical necrotising fasciitis (CNF) is a rapidly progressive soft tissue infection with
poor prognosis and high mortality. The mainstay of treatment is early debridement and broad-spectrum
antibiotics, however the role of hyperbaric oxygen therapy (HBOT) as an adjuvant treatment is debated. We
performed a systematic review of the literature encompassing all patients with CNF who underwent HBOT.
review the use of HBOT in patients diagnosed with CNF to provide novel descriptive data and to review the
overall influence this has on prognosis.

Methods: A systematic review was conducted of all patients with CNF in the available literature from 1974
until 2022. A literature search was conducted of the PubMed, Medline and Embase databases to identify
all published cases of CNF. All publications including the use of HBOT were reviewed and this data was
collected. Non-English articles, paediatric (<18 years) cases, articles with no original data and irrelevant
articles were excluded. Articles were reviewed by two reviewers and assessed for bias using the Joanna Briggs
Institute checklist standardised tool developed for case reports and series. Data was electronically collated
using Microsoft Excel (Microsoft Corp, 2018, Redmond, Washington) and statistically assessed using STATA
2017 (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC.)
Results: A total of 161 patients from 28 articles were included. Primary infections in this subgroup were
most commonly odontogenic (57.1%) and the most prominent infectious agent was streptococcus (76%).
There was a total of 0.64 complications per patient and the overall mortality rate of patients was 7.5%.
Conclusions: HBOT may be a useful adjunct to urgent surgical debridement and antibiotic therapy in patients
with CNE Through our systematic review of the literature, we have collated information on the epidemiology,
aetiology, diagnosis, management, and outcome factors in these patents. The mortality rate of 7.5% in HBOT
padents is lower than the previously published rate of CNF in a comparative systematic review by Gunaratne et.
al in 2018. A randomised control trial regarding HBOT in CNF has not been historically feasible and there is
variability regarding the diagnostic criteria used to diagnose CNF in the literature, which may increase the risk of
bias within our study. Further research is required to identify the true value of HBOT in CNE
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Introduction

Necrotizing fasciitis is a soft tissue infection characterised
by progressive tissue destruction resulting in significant
morbidity and mortality (1,2). Involvement of the head
and neck region, although rare, has a particularly high
mortality rate due to close relationships to vital structures,
rapid spread throughout fascial planes, and communication
with the mediastinum (3,4). Cervical necrotising fasciitis
(CNF) refers specifically to infection located between the
mandible and clavicle, and anterior to the trapezius (5).
Mortality of CNF is as high as 25-35% and has decreased
over recent years due to early diagnosis and targeted
treatment regimens (1,2). Infection of the soft tissue and
superficial fascia is most commonly caused by streptococcus
species, however wound swabs can often show the presence
of polymicrobial organisms with propensity for aerobic,
anaerobic or mixed growth (2). The rapidly progressive soft
tissue necrosis is thought to occur secondary to both direct
tissue infection, as well as obliterative vasculitis resulting
in soft tissue ischaemic necrosis (2,6). Disease progression
occurs due to host immunosuppression, virulence factors of
bacteria, as well as delayed treatment (7).

Treatment of CNF consists of extensive surgical
debridement and empiric broad spectrum antibiotics
with the goal of addressing all infected and necrotic
tissue. Hyperbaric oxygen therapy (HBOT) is currently
recommended as a complementary treatment for CNF and
achieves its effects through increasing the partial pressure
of oxygen within the infected tissues (2,8). It is thought
to promote wound healing and attenuate further tissue
necrosis through the following mechanisms: (I) increasing
tissue oxygen perfusion to allow for continued cellular
metabolism and fibroblast proliferation within ischaemic
tissues; (IT) direct bactericidal effects on anaerobic bacteria;
(IIT) increased production of oxygen free radicals resulting
in amplification of the host immune response (2,4,9,10).
HBOT is administered via a pressure chamber or mask with
100% oxygen at pressures of 2-3 atmospheres, commonly
every 24 hours (6,8-11).

There is currently discordance in the literature regarding
the value of HBO'T in necrotising fasciitis, particularly in the
head and neck region (9,12). There are a limited number of
case series in the literature with significant demographic and
therapeutic heterogeneity, with a lack of randomised control
trials. Using a database of all CNF reported in the literature,
we aim to systematically review cases of CNF treated with
HBOT to describe the demographic, disease, and treatment
data, and determine the effects on patient morbidity and

© Australian Journal of Otolaryngology. All rights reserved.

Australian Journal of Otolaryngology, 2023

mortality. To our knowledge, this is the largest database
of cases of CNF treated with HBOT in the literature. We
present this article in accordance with the PRISMA reporting
checklist (available at https://www.theajo.com/article/
view/10.21037/ajo-23-5/rc).

Methods
Search strategy and study preparation

We completed a literature search of PubMed, Medline (1946
to 2022) and Embase (1974 to 2022). Four main search
domains were combined with the Boolean operators “AND”
and “OR”. The key words within the first two searches
were “cervical” OR “neck”. The second two searches
were “necrotizing fasciitis” or “necrotising fasciitis”. Both
searches were combined with Boolean operator “AND”.
The final search was completed on 20 July 2022, limited
to articles from 1974 until July 2022. The bibliographies
of the relevant studies were reviewed to identify additional
citations. All cases fulfilling the search criteria were reviewed
by two reviewers for reference to HBOT usage, and cases
with relevant demographic, treatment and outcome data
were compiled into a database. Duplicate reports were not
included. The study was not registered prior to completion.
A review protocol was not used throughout the study. No
financial or non-financial support was provided for the study.

Study inclusion/exclusion criteria

Cases with a diagnosis of necrotizing fasciitis involving an
anatomical region between the mandible and clavicles were
included in the database. This was either the primary site
of infection, or as a secondary site of infectious spread from
other subsites of the head and neck region or the thoracic
region. Only cases that used HBOT as a treatment of CNF
were included in the study. Cases that did not use HBOT or
did not have a diagnosis of CNF were not included. These
were either in case studies or case series. Paediatric cases
(<18 years of age) and articles that did not have an English
translation available were excluded from final analysis.
Eligible articles were screened by title and abstract. Studies
deemed relevant were examined by full text, and data
extraction was performed. The search, article review and
data extraction were completed by two authors (Figure I).
Risk of bias was assessed using the Joanna Briggs Institute
checklist standardised tool developed for case reports
and series (13) (Appendix 1). Each article was reviewed
by two independent authors and the bias assessment tool
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Identification of studies via databases

Records identified from Medline,
Embase and PubMed databases:
(n=1,571)

Identification

A

Records screened
(n=1,571)

Records excluded (n=1,255):

A

* Age <18 years old

* Duplicate articles

* Non-English articles
* No original data

* Not relevant to CNF

Reports sought for retrieval
(n=316)

Screening

Reports not retrieved

Y

(n=0)

A

Reports assessed for eligibility
(n=316)

Reports excluded:

y

Studies included in review
(n=28)

Included

* Not relevant to hyperbaric oxygen
therapy (n=284)
® Incomplete or mixed data (n=4)

Figure 1 PRISMA 2020 flow diagram describing the study selection process and identification of eligible cases. CNF, cervical necrotising

fasciitis.

was completed. Cases of disparity were discussed, and a
consensus decision was made if required. Final decision
on case inclusion was completed by the primary author
(Table 1).

Study outcomes

After careful assessment of the included articles,
demographic and outcome data was collected of each
included patient, and this was collated in our database.
This included demographic data, background medical
history, and aetiologic source, as well as empiric treatments
provided (surgical debridements, antibiotics and HBOT),
microbiologic findings, and outcome data (complications,
length of stay and mortality). This was collated in our
spreadsheet and prepared for statistical analysis. If patients
were grouped within the article, then this was represented
in the database. If any subset of data was not available, then
it was marked as such, and these cases were excluded in
statistical analysis.

© Australian Journal of Otolaryngology. All rights reserved.

Statistical analysis

Microsoft Excel 16.64 (Microsoft Corporation, Redmond,
WA, USA) was used for data collection and STATA statistical
analysis software (StataCorp. 2021. Stata Statistical Software:
Release 17. College Station, TX, USA) was used for formal
data analysis. Demographic and outcome data were compiled
via standard summary statistical methods. Where individual
patient data was available (ungrouped data), cases were
added to the spreadsheet as individual cases and subgroup
analysis was performed. Where patient data was already
combined (grouped data), demographic, treatment and
outcome data were presented as means and medians. The
pooled proportion of mortality 95% confidence interval was
calculated using the Wilson score method (38).

Results

A total of 161 patients who underwent HBOT for CNF were
identified in 28 published articles. This included 92 males and
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Table 2 Summary of demographic, disease, treatment, and outcome data

Author Ye.ar gf Popglation Age Gender Number of bacteria Length of stay Survival Mortality
publications size (years)* (male) grown (mean) (days, mean) (number) (%)
Krespi 1981 1 31 1 NA NA 1 0
Rapoport 1991 1 50 0 4 NA 1 0
Gaukroger 1992 1 76 0 2 50 1 0
Maisel 1994 4 41 3 25 29.8 4 0
Langford 1995 6 52 4 2.5 31.6 6 0
Jackson 1995 1 63 1 3 37 1 0
Mathieu 1995 45 42 31 2.7 NA 35 22.2
De Backer 1996 1 20 1 4 23 1 0
Ray 1997 1 74 0 1 NA 1 0
Burstin 1999 1 47 0 1 22 1 0
Dale 1999 1 63 0 3 129 1 0
Djupesland 2000 2 37.5 2 1.5 11 1 50
Whitesides 2000 12 50.5 7 3.3 29.9 12 0
Francque 2001 1 44 1 2 NA 0 100
Krenk 2007 11 59.5 3 1.1 30.8 11 0
Flanagan 2009 9 42 4 1.3 11 9 0
Ulubil 2009 1 27 1 0 17 1 0
Treasure 2010 1 54 1 5 34 1 0
Wolf 2010 13 . 8 1 NA 13 0
Chunduri 2013 1 43 1 2 NA 1 0
Gunaratne 2018 1 43 1 2 56 1 0
Cortese 2017 2 73.5 1 1 NA 2 0
Bayetto 2017 3 78 2 NA NA NA NA
Inan 2017 1 33 0 1 NA 1 0
Fauno 2017 30 55 15 1 NA 30 0
Thrane
sideris 2020 4 37 0 0.3 NA 4 0
Rodrigues 2020 1 67 1 3 35 1 0
Silva
Mcgowan 2021 5 44.5 3 1.6 18.8 5 0

*, rounded to the nearest 0.5 years. NA, not available.

69 females (57% male) with a mean age of 50 years (Table 2). (92, 57.1%), followed by tonsillar/peritonsillar (29,

Of the listed comorbidities, diabetes was the most common, 18.0%) and postoperative/traumatic (27, 16.8%). The

present in 20% of cases where documented, and 21% of cases remaining cases were either from a cutaneous origin,

had a documented history of chronic alcohol abuse. pharyngolaryngeal origin, oesophageal, salivary, or
Odontogenic source infections were the most common originating from an extra-cervical region.
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Table 3 Antimicrobial data—those which could not be individually
identified

Bacterial growth Patients (n) % total
Number of organisms (mean) 21

No growth 7 6%
Staphylococcus spp. 16 13%
Streptococcus spp. 96 76%
Eubacterium 1 1%
Enterobacter 6 5%
Enterococcus 2 2%
Acinetobacter 2 2%
Fusobacterium 18 14%
Propinonibacter acnes 2 2%
Lactobacillus spp. 1 1%
Peptostreptococcus spp. 27 21%
Serratia spp. 1 1%
Eubacterium 4 3%
Klebsiella spp. 3 2%
Pseudomonas spp. 5 4%
Proteus 2 2%
E.coli 8 6%
Candida 8 6%
Bacteroides 14 11%
Corynebacterium 4 3%
Haemophilus 3 2%
Veillonella 2 2%
Clostridium spp. 3 2%
Eikenella 1 1%
Neisseria 4 3%
Arcanobacterium 1 1%
Prevotella 26 20%

All cases were treated with a combination of empiric
antibiotics and surgical debridement. The mean number of
debridements per patient was 3 (range, 1-10). One hundred
and thirteen cases included specific antibiotic data. The
most common antibiotic used was penicillin (67, 59.3%)
followed by metronidazole (57, 50.4%), clindamycin
(54, 47.7%) and meropenum (46, 40%). In all cases with

© Australian Journal of Otolaryngology. All rights reserved.
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documented antibiotic regimens, multiple antibiotics were
used simultaneously. The specific antibiotic regimen was
not specified in 48 cases.

The mean number of organisms was 2.1 per patient.
Where specific microbial growth was mentioned (grouped
or ungrouped, 127 total cases), streptococcus species were
most common either as a single organism or part of
polymicrobial infection (76%), followed by Peptostreptococcus
species (21%), Prevotella (20%) and Staphylococcus species
(13%). There was no growth in 6% of these cases (Table 3).

Where ungrouped individual patient growth data was
available (32 patients) 56% of cases were polymicrobial;
31.3% of patients had a purely aerobic culture, 12.5%
of patients had purely anaerobic growth and 37.5% had
both aerobic and anaerobic growth (mixed). There was
no growth in 18.7% of ungrouped cases (1able 4). In these
patients there were two mortalities which both occurred in
patients with only aerobic bacterial growth; There were no
mortalities in the mixed or anaerobic groups.

The mean number of complications per patient was
0.64. There were 39 documented cases of mediastinitis,
38 cases of multiorgan failure and 7 vascular complications.
The mean number of days in hospital was 35.4 days. The
mortality rate of patients treated with HBOT was 7.6%.
Based on the Wilson score method, the pooled portion
of mortality was 0.759 (95% CI: 0.0040-0.1281) and
the pooled proportion of survivors was 0.9241 (95% CI:
0.8719-0.9560) (38).

Discussion

CNF (also known as necrotising soft tissue infection) is a
rare condition, with a reported prevalence of approximately
2 per million population (4). It is a rapidly progressive
condition with mortality rates as high as 13.36% (5).
Regional spread (including mediastinitis), vascular
compromise, airway compromise and systemic sepsis can
lead to severe morbidity and death (39).

The mainstay of treatment of CNF includes early
and aggressive surgical debridement with broad spectrum
antibiotic therapy (25,26,39). The goal of debridement
is to remove infected and necrotic debris, disrupting the
cycle of ischaemic necrosis and allowing tissue healing and
revascularization to take place. This is a well-established
paradigm, however the role of HBOT in CNF remains
unclear (5,9,35,39,40). HBOT is considered to be valuable
in improving healing and preventing further tissue damage
through the increase in the partial pressure of oxygen

Aust 7 Otolaryngol 2023;6:8 | https://dx.doi.org/10.21037/ajo-23-5
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Table 4 Antimicrobial data—those which could be individually
identified

Microbial growth (genus) Number of patients % of patients

No growth 6 19%
Polymicrobial 18 56%
Staphylococcus 4 13%
Streptococcus 24 75%
Eubacterium 1 3%
Enterobacter 3 9%
Acinetobacter 1 3%
Fusobacterium 3 9%
Lactobacillus 1 3%
Peptostreptococcus 2 6%
Serratia spp. 1 3%
Eubacterium 1 3%
Klebsiella 1 3%
Pseudomonas 1 3%
Escherichia coli 1 3%
Candida 2 6%
Bacteroides 8 25%
Haemophilus 1 3%
Veillonella 1 3%
Eikenella 1 3%
Neisseria 2 6%
Prevotella 1 3%

within infected soft tissues. This allows for continued
cellular metabolism, increases fibroblast proliferation and
maturation, promotes neutrophilic phagocytosis, inhibits
the proliferation of anaerobic bacteria, and is thought to
increase the protective immunological effects of oxygen free
radicals (4,9,10,41-43).

The largest and most recent systematic review of CNF
performed by Gunaratne et a/. in 2018 reviewed mortality
outcomes in 861 patients through 201 articles (5). Articles
were isolated according to the same search criteria and
involved the same database as our study (until 2017). We
used the same search criteria as this study, with similar
inclusion/exclusion criteria, however our study only

included articles with patients who had undergone HBOT.

© Australian Journal of Otolaryngology. All rights reserved.
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In the Gunaratne study, the overall mortality rate was
13.36% in all patients with CNE, with or without the use of
HBOT. In our study of only HBOT patients, the mortality
rate of 7.6% is significantly less (difference in proportion
=-0.058, Z=-2.13, P=0.017).

CNF can be caused by monomicrobial or polymicrobial
infection (5,6). In accordance with the literature, cultures
identified within our study were most commonly
polymicrobial (60%, mean number of organisms 2.1)
which may include opportunistic growth, particularly in
the case of anaerobic organisms, representing a synergistic
pattern of growth once ischaemic necrosis has already taken
place (2,44). In the context of CNF, HBOT is thought to
be valuable in its antibacterial effect against anaerobes,
however there is limited clinical evidence of this. Within
our study, 34 patients had clearly documented microbial
growth, of these, there were only two mortalities, both of
which occurred in the context of purely aerobic growth
(patient 1: Streptococcus species alone, patient 2: Staphylococcus
and Strepotococcus mixed growth). We theorise that the
antimicrobial effects of HBOT may be more valuable in
infections which include anaerobic bacteria and may be
less efficacious in patients with purely anaerobic growth,
however this result is limited by small case numbers. This
finding will require further assessment in future studies with
larger population groups.

The delivery of HBOT varies depending on institution
and protocol, however the general principles of delivery
are similar universally. It can be delivered through either
a masks or a pressure chamber, with the use of 100%
oxygen with controlled pressure of approximately 2-3
atm for 90-120 mins, ether 12 hourly or 24 hourly (35).
Contraindications to hyperbaric oxygen include
pneumothorax active pulmonary infections, pregnancy,
claustrophobia, malignancy, active chemotherapy, seizure
disorders and emphysema (9,45). Patients with severe
medical comorbidities may be unable to be transferred to
a HBOT facility or may have limited ability to tolerate the
treatment environment. These patients may also require
high level medical and surgical care which may be limited
in an HBOT facility. Treatment may be complicated by
pulmonary, middle ear, sinus or dental barotrauma, oxygen
toxicity with seizures, decompression sickness or visual
disturbance. In addition, hyperbaric oxygen is an expensive,
and not a universally accessible therapy (9,35,40,45,46).

As a result of this systematic review, we suggest that
the ideal management of CNF includes urgent airway and
haemodynamic management, early surgical debridement

Aust 7 Otolaryngol 2023;6:8 | https://dx.doi.org/10.21037/ajo-23-5
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of necrotic tissues (repeated as required until only healthy,
bleeding tissue is present), empiric broad spectrum
antibiotic therapy (followed by targeted therapy guided by
intraoperative cultures) and the addition of HBOT when
available. There is currently limited evidence to support
any specific HBOT schedule and dosage, and this remains
dependant on facility guidelines at present.

The findings of this systematic review suggest that
there is an improvement in mortality in patients who have
undergone HBOT for CNE, however the limitations of
this study are acknowledged. Due to the infrequency of
CNF and the limited availability of HBOT, there are no
randomised trials reviewing this topic, and as such, data
is limited to case studies and case series. Additionally, the
criteria used to diagnose patients with CNF varies between
studies, ranging from clinical, to radiologic, to histologic.
In the majority of the included studies, the criteria used
for diagnosis was not specified or unclear. Additionally, the
heterogeneity of demographic data, severity of primary
infection, comorbidities and treatment regimens made
comparison between groups problematic. There were
limited case series which presented individual patient
data and outcomes clearly, and many were presented in a
grouped format with grouped analysis, limiting the data
available to perform a meta-analysis. It is also acknowledged
that in treatment of CNF, antibiotic regimens and the
administration of HBOT vary both geographically and
chronologically. Of the 12 mortalities in our systematic
review, 10 were from a single paper which acts as an outlier
and limits the reliability of our analysis (33). In addition,
the omission of HBOT in critically unwell patients is a
confounding factor that is likely to impact the primary
mortality outcome, which may skew the survival data in the
favour of HBOT. We also recognize a likely publication
bias when discussing mortality rate, however this bias may
be negated as our mortality rate has been compared directly
with the mortality rate of a similar systematic review with
similar inclusion and exclusion criteria.

Conclusions

This study utilises the largest database of patients with
CNF treated with HBOT in the literature to identify all
relevant epidemiologic and aetiologic data, diagnostic and
management characteristics and outcome factors in these
patients. The mortality rate of 7.5% in HBOT patients
is lower than the previously published rate of CNF in a
comparative systematic review published by Gunaratne ez a/.

© Australian Journal of Otolaryngology. All rights reserved.
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in 2018. As a result, we recommend that HBOT may be a
useful adjunct to urgent surgical debridement and antibiotic
therapy in patients with CNE. This treatment may be less
efficacious in aerobic infections. The implication of these
findings may assist in the future clinical management of
CNE, however further prospective research is required to
identify the true benefit of treatment.
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Supplementary

Appendix 1

JBI checklists for bias assessment

The JBI checklist for case reports and series consists of 8 and 10 questions respectively and is available online from https://jbi.
global/criticalappraisal-tools (13).

JBI checklist for case reports

1. Were patient’s demographic characteristics clearly described?

2. Was the patient’s history clearly described and presented as a timeline?

3. Was the current clinical condition of the patient on presentation clearly described?
4. Were diagnostic tests or assessment methods and the results clearly described?

5. Was the intervention(s) or treatment procedure(s) clearly described?

6. Was the post-intervention clinical condition clearly described?

7. Were adverse events (harms) or unanticipated events identified and described?

8. Does the case report provide takeaway lessons?

JBI checklist for case series

1. Were there clear criteria for inclusion in the case series?

2. Was the condition measured in a standard, reliable way for all participants included in the case series?

3. Were valid methods used for identification of the condition for all participants included in the case series?
4. Did the case series have consecutive inclusion of participants?

5. Did the case series have complete inclusion of participants?

6. Was there clear reporting of the demographics of the participants in the study?

7. Was there clear reporting of clinical information of the participants?

8. Were the outcomes or follow up results of cases clearly reported?

9. Was there clear reporting of the presenting site(s)/clinic(s) demographic information?

10. Was statistical analysis appropriate?
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