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Abstract

Background To determine the efficacy of hyperbaric oxygen therapy (HBO) in the treatment of necrotizing soft tis-
sue infections (NSTI), we conducted a meta-analysis of the available evidence.

Methods Data sources were PubMed, Embase, Web of Science, Cochrane Library, and reference lists. The study
included observational trials that compared HBO with non-HBO, or standard care. The primary outcome was the mor-
tality rate. Secondary outcomes were the number of debridement, amputation rate and complication rate. Relative
risks or standardized mean differences with 95% confidence intervals were calculated for dichotomous and continu-
ous outcomes, respectively.

Results A total of retrospective cohort and case-control studies were included, including 49,152 patients, 1448 who
received HBO and 47,704 in control. The mortality rate in the HBO group was significantly lower than that in the non-
HBO group [RR=10.522, 95% Cl (0.403, 0.677), p < 0.05]. However, the number of debridements performed in the HBO
group was higher than in the non-HBO group [SMD=0.611, 95% CI (0.012, 1.211), p <0.05]. There was no significant
difference in amputation rates between the two groups [RR=0.836, 95% Cl (0.619, 1.129), p>0.05]. In terms of com-
plications, the incidence of MODS was lower in the HBO group than in the non-HBO group [RR=0.205, 95% Cl (0.164,
0.256), p < 0.05]. There was no significant difference in the incidence of other complications, such as sepsis, shock,
myocardial infarction, pulmonary embolism, and pneumonia, between the two groups (p >0.05).

Conclusion The current evidence suggests that the use of HBO in the treatment of NSTI can significantly reduce the
mortality rates and the incidence rates of complications. However, due to the retrospective nature of the studies, the
evidence is weak, and further research is needed to establish its efficacy. It is also important to note that HBO is not
available in all hospitals, and its use should be carefully considered based on the patient’s individual circumstances.
Additionally, it is still worthwhile to stress the significance of promptly evaluating surgical risks to prevent missing the
optimal treatment time.
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Introduction

Necrotizing soft tissue infections (NSTI), also known
as necrotizing fasciitis (NF), are a rare but serious type
of infection that can rapidly progress and lead to life-
threatening consequences if not promptly and aggres-
sively treated [1-4]. NSTI can be secondary to any skin
injury or blood-borne transmission, such as postopera-
tive skin biopsy, lacerated wounds, insect bites, pricking
wounds, burns, surgical wounds, skin abscesses, herpes
zoster, and venous ulceration [5, 6]. Due to the inconsist-
ency between the early local symptoms and the systemic
symptoms and the lack of specificity in the clinical pres-
entation, NSTI is easily misdiagnosed in clinical practice.
The early stages of NSTI may not be evident, but the con-
dition can deteriorate rapidly within hours. The major
systemic symptoms can include sustained fever, tachy-
cardia, insufficient circulatory volume, hypoproteinemia,
electrolyte disturbances, hyperglycemia, etc. If treatment
is not timely, it can lead to septicemia, infectious shock,
multiple organ dysfunction syndrome (MODS) or even
death [2, 3]. Regardless of the underlying cause, NSTI
demands prompt and comprehensive surgical removal
of damaged tissue, antibiotics that are effective against a
wide range of bacteria, and intense supportive care [7].
NSTI differs from other soft tissue infections in that it
can spread quickly through the subcutaneous tissue and
fascia and has a high mortality rate, which has been esti-
mated to be between 20 and 30%, or even higher [8-10].
Given the high mortality rate of NSTI, the use of effec-
tive adjuvant therapies to improve treatment outcomes is
warranted. Hyperbaric oxygen therapy (HBO) is one of
these modalities [11].

HBO has been used to treat various conditions for
over 50 vyears, starting with Brummelkamp’s finding
that hyperbaric oxygen conditions can suppress anaero-
bic infections [12]. HBO has a bacteria-killing effect
on anaerobic infections and has been demonstrated to
improve tissue perfusion, promote angiogenesis, increase
the oxygen level in tissues, and inhibit toxin production
[13, 14]. It has also been used to treat mixed infections,
including NSTI. The high-oxygen environment cre-
ated by HBO can act as a barrier to prevent the spread
of infection in NSTI [7, 15]. An expert consensus from
China recommends HBO as an adjunctive therapy due to
its ability to improve oxygen delivery to local tissues and
increase survival rates, and provide favorable conditions
for wound healing [16]. However, some societies such as
the Infectious Disease Society of America recommend
against its use [10]. An international multi-society docu-
ment of skin and soft-tissue infections (SSTIs) in 2022
points that the role of HBO as an adjunctive treatment
has been debated. There is currently no valid research
evidence or published prospective randomized clinical
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trials (RCTs) that examine the impact of HBO on wound
healing [11]. Therefore, research progress on NSTI has
become extremely significant, and close attention should
be paid.

Given the rarity and seriousness of NSTI, and the
absence of evidence-based guidance on using HBO in its
treatment, we carried out a systematic review and meta-
analysis to assess the impact of HBO on the clinical out-
comes of NSTI and provide evidence-based guidance for
its use in this condition.

Methods

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines [17] (The PRISMA
2020 Checklist and  PRISMA 2020 for Abstracts
Checklist were showed in Additional file 1, 2). The
review protocol was registered in INPLASY register
(INPLASY202320119).

Search strategy

A literature search was conducted using PubMed,
Embase, Web of Science, and the Cochrane Database of
Systematic Reviews from their inception to November
28, 2022 to identify relevant studies on the use of HBO in
the treatment of NSTI, including NF and Fournier gan-
grene (FG). The search terms used were "necrotizing soft
tissue infection," "necrotizing fasciitis," "Fournier gan-
grene," and "hyperbaric oxygen therapy." The language of
the studies included in the review were restricted to Eng-
lish. The literature search strategy and full search string
can be found in Additional file 3: Appendix A.

"o

Selection criteria

The following criteria were used to determine eligibility
for inclusion in this study: (1) Clinical trials and obser-
vational studies published before November 28, 2022;
(2) Participants diagnosed with NSTI (or NF or FG); (3)
Studies that compared the use of HBO with no use of
HBO; (4) Studies that reported at least one outcome of
interest. The following types of studies were excluded:
(1) Conference abstracts, reviews, animal studies, case
reports, editorials, letters, etc.; (2) Duplicate studies; (2)
Full text unavailable; (3) Studies from which data could
not be extracted; (4) Studies with inappropriate out-
comes; (5) Studies with low sample sizes (total n<10).
Two reviewers (CH and YZ) independently reviewed
candidate studies by screening title and abstract, and
identified the studies which met the inclusion criteria.
In the event of uncertainty, the eligibility of a study was
discussed between the two reviewers (CH and YZ), and
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any disagreements were resolved depending on the third
independent reviewer (BH).

Data extraction

The following data were extracted from included studies,
if available: first author, year of publication, study design,
country or region of the study, sample size, mean or
median age, sex, body regions affected, confounders and
the outcome of interest.

Statistical analysis

Qualitative synthesis

Two reviewers independently evaluated the characteris-
tics and quality of the included studies using the Newcas-
tle Ottawa Scale [18]. Any discrepancies were resolved
through discussion and further review.

Quantitative synthesis

Relative risks (RRs) or standardized mean differences
(SMDs) with 95% confidence intervals (ClIs) were calcu-
lated for dichotomous and continuous outcomes, respec-
tively. As clinical heterogeneity and methodological
heterogeneity are inevitable at any time, we performed a
meta-analysis using a random effect model.

Sources of bias
Publication bias was evaluated by visual inspection of
funnel plots.

Subgroup analyses
Subgroup analyses were conducted based on pathological
entity.

Statistical software

All statistical analyses were carried out using R software
(version 4.0.2). A p value <0.05 was considered statisti-
cally significant.

Evidence certainty

The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) system was used to access
the overall certainty of evidence. By GRADE system, the
certainty of evidence derived from cohort studies receive
an initial grade of low quality. The quality of evidence
from cohort studies can be improved at larger effect sizes
(RR>2 or<0. 5), dose—-response gradients, or attenua-
tion by plausible confounding after excluding various fac-
tors that could lead to downgrading. Finally, the evidence
of outcomes can be graded as being of high, moderate,
low, or very low.
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Results

Data extraction and quality assessment

Systematic review process

A literature search identified a total of 2349 studies, of
which 1508 were removed due to duplication or overlap.
An additional 750 studies were excluded after screening
titles and abstracts, leaving 91 full-text studies. Of these,
68 studies that did not meet the inclusion criteria were
excluded, leaving 23 studies that were eligible for inclu-
sion in the review. Figure 1 shows a flow chart illustrating
the process of selecting publications for inclusion.

Quality assessment

The Newcastle-Ottawa quality assessment scale was
used to evaluate the quality of the evidence. According
to this scale, all of the selected studies received at least 5
stars, indicating a low to moderate risk of bias (Table 1).

Characteristics of eligible studies

All 23 studies [3, 7, 19-39] included were retrospective
studies with a total of 49,152 patients, and 1448 patients
were treated HBO, versus 47,704 patients treated with-
out HBO. Ten studies came from North America (8 from
USA, 2 from Canada). Six studies came from Europe (2
from Germany, 2 from Italy, 2 from Denmark). Four stud-
ies came from Asia (1 from China, 1 from Taiwan, 1 from
Singapore, and 1 from Israel). Two studies came from
South America (Brazil), and only 1 study came from Oce-
ania (Australia). 65.2% of the patients were males. The
body regions infected varied among the studies, and the
major body regions affected were head and neck, truncal,
perianal, anorectal, perineal and genital areas. The pri-
mary outcome included the mortality rate. The second-
ary outcomes included the amputation rate, the number
of debridement and complications. The complications in
this meta-analysis were sepsis, shock, myocardial infarc-
tion, pulmonary embolism, pneumonia and MODS. The
characteristics of the included studies are summarized in
Table 2.

Evidence synthesis

Primary outcomes

As the primary outcome, the mortality rate was reported
in all included studies. The mean mortality rate in the
HBO group was 10.6% [95% CI (6.7, 14.5)] and the mean
mortality rate in the non-HBO group was 25.6% [95%
CI (19.5, 31.7)]. The study found that the mortality rate
in the HBO group was significantly lower than that in
the non-HBO group [RR=0.522, 95% CI (0.403, 0.677),
p<0.05] (Fig. 2).
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Fig. 1 Flow chart of the selection of publications included in the meta-analysis

Secondary outcomes

The number of debridements was reported in 8 stud-
ies [3, 7, 23, 25, 29, 31, 37, 38]. The study found that the
number of debridements in the HBO group was higher
than in the non-HBO group [SMD=0.611, 95% CI
(0.012, 1.211), p<0.05] (Fig. 3).

The amputation rate was reported in 6 studies [3, 23,
27-29, 34]. The study found no statistical significance
in the amputation rate between the HBO group and
non-HBO group [RR=0.836, 95% CI (0.619, 1.129),
p>0.05] (Fig. 4).

Complications were reported in 5 studies [3, 7, 22,
27, 33], including sepsis, shock, myocardial infarction,
pulmonary embolism, pneumonia, and MODS. Data
on the incidence of MODS was available for analysis
from 2 studies [27, 33]. The study found that the inci-
dence of MODS in the HBO group was lower than in

the non-HBO group [RR=0.205, 95% CI (0.164, 0.256),
p<0.05]. However, there was no statistical significance
in the incidence of other complications, such as sepsis,
shock, myocardial infarction, pulmonary embolism,
and pneumonia, between the two groups (p>0.05)
(Fig. 5).

Subgroup analyses

We did a subgroup analysis with pathological entity into
two categories: FG subgroup and Non-FG subgroup. The
FG subgroup consisted of 10 studies [7, 19-21, 24, 25, 30,
33, 35, 36]. The Non-FG consisted of 13 studies [3, 22,
23, 26-29, 31, 32, 34, 37-39]. The mortality rate was sig-
nificantly lower in the HBO group compared to the non-
HBO group in both non-FG [RR=0.580, 95% CI (0.436,
0.770), p<0.05] and FG subgroups [RR=0.389, 95% CI
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Table 1 Newcastle-Ottawa Scale for risk of bias assessment of studies included in the meta-analysis
Study Selection Comparability Outcome Overall

Representativeness Selection of Ascertainment Outcome Assessment  Adequate Adequacy

of exposed cohort  nonexposed  of exposure not present of outcome  follow-up of

at start length follow-up

Mladenov (3) * * * * * * * * 8
Tutino (19) * * * * * * * * 7
Omar (20) * * * * * * * * 7
Creta (21) * * * * * * * * 7
Anheuser (7) * * * * * * * * 5
Thrane (22) * * * * * * * * 6
Devaney (23) * * * * * * * * 5
Hung (24) * * * * * * * * 7
Li (25) * * * * * * * * 5
Shaw (26) * * * * * * * * 6
Chai (27) * * * * * %k * * * 9
Massey (28) * * * * * * * * 5
Hassan (29) * * * * * * * * 6
Mehl (30) * * * * * * * * 5
George (31) * * * * * * * * 6
Krenk (32) * * * * * * * * 5
Steven (33) * * * * * * * * 8
Wilkinson (34) * * * * * * * * 5
Dahm (35) * * * * * * * * 6
Hollabaugh (36) * * * * * * * * 8
Shupak (37) * * * * * * * * 7
Brown (38) * * * * * * * * 6
Riseman (39) * * * * * * * * 7

%, zero score; %, one score; % %, two scores

(0.209, 0.723), p<0.05]. The number of debridements in
the HBO group was higher than in the non-HBO group
[SMD =0.614, 95% CI (0.453, 0.775), p <0.05] in the non-
FG subgroup, while there was no statistical significance
of the number of debridements between the HBO group
and non-HBO group [SMD=0.340, 95% CI (—3.032,
3.712), p>0.05] in the FG subgroup. There was no statis-
tical significance in the incidence rate of sepsis between
the HBO group and non-HBO group [RR=10.800, 95% CI
(0.304, 2.108), p>0.05] in the non-FG subgroup, as well
as in the FG subgroup [RR=1.319, 95% CI (0.943, 1.843),
p>0.05]. (Table 3). The forest plots of subgroup analyses
are showed in Additional file 4.

Publication bias
The funnel plot did not show significant publication
bias for the mortality rate (»=0.086). The funnel plot is
shown in Fig. 6.

Evidence certainty
The GRADE level of evidence is very low for mor-
tality rate, amputation rate, very low for number of

debridement. GRADE evidence certainty for the out-
comes is shown in Table 4.

Discussion

NSTI are a type of rapidly progressing infection that
can be highly destructive to the skin, subcutaneous tis-
sue, and superficial fascia [40]. These infections involve
the breakdown of tissues and fascia and can spread along
tissue planes, sometimes resulting in myonecrosis and
variable involvement of the skin above [28]. The speed
at which the necrotic area progresses is thought to be
around 2-3 cm/h [41]. NSTI are also known as NF or FG,
and have been referred to as "flesh-eating bug disease."
[34] Clinical features of NSTI include grey necrotic tis-
sue, swelling of the fascia, thin, watery, foul-smelling
fluid, and blocked vessels [41]. If NSTT is not diagnosed
and treated promptly, it can have serious consequences
such as limb loss or death [42]. The mortality rate of
NSTI has been historically reported to be as high as 76%
[43]. Despite advances in diagnostic approaches and
treatment regimens, more recent literature has reported
mortality rates of NSTI to be between 9 and 25%, or even
higher [7]. NSTI often result in local tissue hypoxia. The
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interaction between tissue hypoxia and infections, along
with postoperative incision poor drainage or other fac-
tors, can lead to rapid spread of the infection. HBO is a
comprehensive treatment that uses a medical hyperbaric
oxygen chamber as a carrier and oxygen as the core.
Under 0.2 MPa hyperbaric oxygen, physical dissolved
oxygen can increase by 17 times, muscle oxygen partial
pressure increases by 8 times, and tissue oxygen partial
pressure increases by 4 times. Under high pressure, the
effective diffusion radius of oxygen extends and the diffu-
sion range expands. HBO has a direct effect on anaerobic
bacteria through the formation of oxygen free radicals.
During phagocytosis, neutrophil oxygen consumption
increases, and HBO can enhance neutrophil activity.
HBO can also promote the growth of fibroblasts and the
formation of blood vessels, thus promoting wound heal-
ing. HBO can alleviate inflammation, reduce inflamma-
tory immune cytokines, stimulate wound repair, maintain
wound oxygenation, increase antioxidant enzymes, and
treat tissue hypoxemia and radiation necrosis [44—46].
However, there has been ongoing controversy regard-
ing the effectiveness of HBO in terms of mortality and
other clinical outcomes in patients with NSTI [25]. Some
studies have shown that HBO is significantly beneficial
in these patients, while others have found the opposite
[28]. To increase the body of evidence, we carried out a
systematic review and meta-analysis to compare the out-
comes of NSTI patients who were treated with or with-
out HBO.

In this study, 23 eligible retrospective studies were
identified, with 65.2% of the patients being male. Pre-
vious research has shown that NSTI is more common
among elderly males, with a mean age of over 50 years,
which is consistent with the findings of this study [47].
The literature reports on the relationship between the
incidence of NSTI in patients and gender differences
vary, and may be related to the number of cases col-
lected and regional differences. The reason for the differ-
ent incidence of NSTI between men and women is not
yet clear. Zhang et al. [47] reported that this sex differ-
ence and age feature may be associated with an increase
in the number of conditions that can increase the risk of
NSTL In our study, almost all patients with NSTI had
comorbidities, the most common of which were diabe-
tes mellitus, hypertension, alcoholism, smoking, obesity,
anorectal diseases, renal disease, malignancy, coronary
artery disease, peripheral vascular disease, intravenous
drug use, and immunosuppression. Among these pre-
disposing diseases, diabetes mellitus was identified as
the most common comorbidity associated with NSTI,
which may accelerate bacterial infection progression
and result in a poor prognosis, even increasing the risk
of mortality [48]. Consistent with the literature, over half
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of our participants suffered from this comorbidity. High
blood sugar is itself a good culture medium for bacteria,
and NSTI complicated with diabetes is the result of the
combined action of various pathogenic bacteria (aero-
bic bacteria, anaerobic bacteria, and fungi) [49]. Various
pathogenic bacteria can invade the subcutaneous and
fascia tissue through the wound. The irritative gases, such
as H2, N2, H2S, and CH4, produced by bacteria accu-
mulate in the soft tissue. At the same time, active sub-
stances, such as alidase and heparinase, are released to
decompose and destroy the tissue, causing corresponding
tissue edema and ischemic necrosis [50]. Patients with
diabetes are at a higher risk for developing NSTI due to
their decreased immune function and increased pres-
ence of bacteria on the skin. Diabetic patients also have
a decreased ability to phagocytize and a higher potential
for local bacterial proliferation, which provides condi-
tions for the proliferation of bacteria. Thus, it is crucial
to closely monitor and control blood sugar levels dur-
ing the treatment of NSTL. It is generally considered that
keeping blood sugar levels below 10.0 mmol/L is ben-
eficial for controlling wound infections and granulation
growth [51]. Due to the high mortality rate associated
with NSTI, we considered mortality to be the primary
outcome in this study. Hollabaugh et al. [36] reported a
mortality rate of 7% for the HBO group and 42% for the
Non-HBO group. Creta et al. [21] reported that mortal-
ity due to NSTI occurred in 32 (36.0%) of patients who
did not undergo HBO and in 14 (19.4%) of patients who
did undergo HBO (p=0.01). Some studies even reported
that no patients in the HBO group died [52]. According
to the results of this meta-analysis, the mean mortality
rate for the HBO group was 10.6% and the mean mortal-
ity rate for the Non-HBO group was 25.6%. The mortal-
ity rate for the HBO group was significantly lower than
that of the Non-HBO group. It is believed that the use
of HBO may contribute to this difference by increasing
oxygen transport and diffusion to injured, oedematous,
and infected hypoxic tissues and by creating a high pres-
sure of oxygen around infected tissue, which can effec-
tively prevent the invasion of microorganisms [16, 23].
Additionally, HBO may narrow the affected region, pre-
vent the extension of necrosis, reduce systemic toxicity,
and decrease the mortality rate when used in conjunc-
tion with surgical debridement and broad-spectrum
antibiotic therapy. The results of this study also showed
that the amputation rate was not significantly different
between the HBO group and the Non-HBO group. How-
ever, it is worth noting that the number of debridements
performed in the HBO group was higher than that in the
Non-HBO group. Similarly, Tharakaram et al. [53] also
observed a higher number of surgical debridements in
the HBO group. Usually, debridement surgery has three
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Miladenov 2022 22 83 24 98 5 e 1.082 [0.657; 1.783] 7.3% 10.5%
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Heterogeneity: /* = 38%, * = 0.1032, p = 0.03 ! ! ' !
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Fig. 2 Forest plot of the mortality rate
Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl  Weight
Mladenov 2022 83 9.100 5.8000 98 6.000 4.1000 - 0.623 [0.324; 0.923] 13.6%
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Fig. 3 Forest plot of the number of debridement

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Mladenov 2022 20 83 21 98 - 1.124  [0.657; 1.926] 11.4% 22.0%
Devaney 2015 21 275 10 66 —!—J; 0.504 [0.249; 1.018] 9.5% 14.7%
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Wilkinson 2004 0 12 2 4 —o—i-- 0.072  [0.004; 1.231] 2.1% 1.1%
Common effect model 836 45762 ; 0.892 [0.729; 1.091] 100.0% -—
Random effects model q 0.836 [0.619; 1.129] - 100.0%
Heterogeneity: /2 = 31%, 12 = 0.0318, p = 0.20 ! ! ! ! !
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Fig. 4 Forest plot of the amputation rate
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Experimental Control Weight Weight
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Fig. 5 Forest plot of the incidences of complications

Table 3 Subgroup analysis with pathological entity into two categories

Outcomes Fournier gangrene Necrotizing soft tissue infection

(FG subgroup) (Non-FG subgroup)

No. of No. of OR (95%Cl) P for No. of No. of OR (95%Cl) P for

studies  particip interac studies  particip interac

ants tion ants tion

The mortality rate 10 683 0.389(0.209, 0.723) 0.12 13 48,469 0.580(0.436, 0.770) 0.07
The number of debridements 2 90 0.340(—3.032,3.712)  <0.01 6 758 0.614(0.453,0.775) 0.71
The incidence of sepsis 2 104 1.319(0.943, 1.843) 0.31 2 46,094 0.800(0.304, 2.108) <0.01

OR, Odds ratio; Cl, Confidence interval
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Fig. 6 Funnel plot assessing publication bias based on the mortalityrate

main purposes, including: to clearly define the extent of
infection; to evaluate whether debridement or amputa-
tion is necessary; to obtain samples and stain and cul-
ture them for bacterial identification. In cases of highly
suspected NSTI, performing an effective exploration and
sending the sample for pathological and microbiological
examination remains the direct evidence for establish-
ing a diagnosis. Therefore, all suspected cases should be
promptly explored to establish a clear diagnosis. One
study suggested that tissue samples taken for microbio-
logic analysis were counted as debridement, which may
have contributed to the higher number of surgeries in the
HBO group due to improved survival [16]. However, fur-
ther evidence is needed to support this conclusion. It may
be inappropriate to use the number of debridements as a
measure of the efficacy of HBO. Given the poor progno-
sis and potential for relapse associated with this disease,
the survival rate with HBO based on long-term follow-
up should be considered a primary outcome in future
meta-analyses. In terms of complications, the results
of this study showed that the incidence of MODS was
lower in the HBO group than in the Non-HBO group.
However, there was no significant difference in the inci-
dence of sepsis, shock, myocardial infarction, pulmonary
embolism, or pneumonia between the two groups. These
results suggest that the use of HBO is generally safe.
HBO can cause oxygen poisoning, sinus barotrauma,
middle ear barotrauma or pulmonary barotrauma and
other adverse reactions, and induce claustrophobia in
severe cases. As a consequence, we should closely moni-
tor all adverse reactions and correct them timely during
the treatment of HBO for NSTI. Based on the safety, it
is essential to control and regulate the pressure value

and time value of HBO, in order to avoid causing serious
complications. As FG and NF diseases exhibit distinct
epidemiology and pathological characteristics, we con-
ducted a subgroup analysis by categorizing them into two
pathological entities. We were limited by the amount of
literature available and thus only examined the mortality
rate, number of debridements, and incidence rate of sep-
sis. Among these variables, the number of debridements
did not show a significant difference between the HBO
and non-HBO groups in the FG subgroup. However,
since only two studies were included, further verification
is required to confirm the result. Nonetheless, the other
subgroup analyses were consistent with previous find-
ings, which suggests the stability of our results.

There are several limitations to be considered in this
systematic review and meta-analysis of the effectiveness
of HBO in patients with NSTI. Firstly, the retrospective
study design may result in inconsistent data quality and
availability of certain clinical and laboratory parameters.
While this is a limitation, it is worth noting that it would
not be ethical to deprive patients of HBO treatment in
many cases, and therefore it would not be feasible to con-
duct a prospective randomized controlled trial [8, 27].
Secondly, the duration and frequency of HBO treatment
varied across studies, which could potentially affect the
outcomes. It is important to establish unified therapy cri-
teria for HBO in order to ensure consistent treatment.
Additionally, the pooled results may be affected by the
inclusion of data from different stages of treatment and
different diagnostic criteria, courses of treatment, and
lengths of follow-up. It is necessary to conduct independ-
ent systematic evaluation and analysis according to the
different onset sites of NSTI to improve the reliability and
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stability of outcomes such as mortality rate, amputation
rate, and survival rate. Compared with the number of
debridement, we think that survival rate should be used
as the main outcome indicator for NSTI. Generally, the
use of antibiotics in the treatment of NSTI is commonly
longer, the scope of debridement is wide, and the healing
time is long. Therefore, long-term follow-up of survival
patients with NSTTI treated with HBO should be carried
out to observe the recurrence rate, complications, and
quality of life. This should be an important direction for
future research. Research on the diagnosis and treatment
of NSTI has made some progress in recent years, but the
mortality rates and amputation rates of NSTI have not
been significantly controlled yet. The main reason is that
the progression of NSTI is rapid and early identification
is difficult, and the diagnostic criteria are not clear. These
are the key points for future research on NSTL

Conclusion

The current evidence suggests that the use of HBO in
the treatment of NSTI can significantly reduce the mor-
tality rates and the incidence rates of complications.
However, due to the retrospective nature of the studies,
the evidence is weak, and further research is needed to
establish its efficacy. It is also important to note that
HBO is not available in all hospitals, and its use should
be carefully considered based on the patient’s individ-
ual circumstances. Additionally, it is still worthwhile
to stress the significance of promptly evaluating surgi-
cal risks to prevent missing the optimal treatment time.
Given the rarity of the disease, it is essential to continue
producing high-quality research to provide guidance to
clinicians.
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