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Abstract

Introduction: Fournier's gangrene (FG) is a sporadic, life-
threatening, necrotizing infection affecting the perineum,
perineal region, and genitals. Hyperbaric oxygenation (HBO)
improves tissue perfusion and promotes angiogenesis and
collagen synthesis. Despite these positive effects of HBO, the
indication and the effects on outcome as adjunct therapy in
FG remain controversial. Consequently, we decided to per-
form a systematic review to compare the treatment of FG
with or without the use of HBO as an adjunct therapy. Mate-
rials and Methods: We performed a systematic review fol-
lowing the recommendations provided in the Cochrane
Handbook of systematic Reviews and the PRISMA reporting
guidelines. Due to the paucity of data and a suspected lack
of randomized controlled trials, we considered all the avail-
able information for this systematic review. Results: The lit-
erature search for primary studies yielded 79 results. Finally,
13 studies were considered, which included a total of 376
patients with FG, of whom 202 received HBO therapy. Five of
these studies had a retrospective case-control design. How-

ever, these 5 studies included a total of 319 patients; 145 of
these patients were treated with adjunct HBO therapy. Over-
all, this leads to a mortality rate of 16.6% in the HBO group
and 25.9% in the non-HBO group. Overall, risk of bias was
assessed as moderate to high. Conclusions: We conclude
that despite the risk of bias, HBO has potential as an adjunct
in FG treatment, but it is challenging to carry out further
studies, mainly due to the rareness of FG and availability of

HBO. ©2020 The Author(s)
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Introduction

Fournier’s gangrene (FG) is a sporadic, life-threaten-
ing, necrotizing infection affecting the perineum, peri-
neal region, and genitals [1-3]. As the incidence is low,
most of the limited knowledge about FG arises from ret-
rospective single-institutional studies with very small pa-
tient cohorts [1, 4-16]. Unfortunately, FG also has a poor
prognosis. Early studies of FG reported a 20-88% mortal-
ity rate [1, 2, 17-19], but 2 studies from 2017 calculated a
mortality rate of 25-26% (3, 12], which is still worrisome.
Furthermore, Kranz et al. [1] reported in 2018 that the
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3> All patients with Fournier's gangrene (FG)

|
Intervention

Hyperbaric oxygenation (HBO) adjunct
to standard therapy with surgical debridement
and antibiotic therapy

Y

C
Comparison

Standard therapy with surgical debridement
and antibiotic therapy

Y

(0]
QOutcome

Primary: Mortality rate or overall survival

Y

Secondary: Duration of inpatient treatment,
duration of intensive care treatment, number of

Fig. 1. lllustration of the PICO question for
this systematic review. PICO, Patient Inter-
vention Comparison and Outcome.

surgical debridement'’s, quality of life

situation of FG patients is alarming since outcome of this
disease failed to improve over the last 10 years despite
more intensive critical care therapy.

Key points for the successful treatment of FG are im-
mediate surgical debridement, accompanied by forced
antibiotic therapy and, usually, intensive medical man-
agement [20]. However, hyperbaric oxygenation (HBO)
was first used by Boerema, who was a Dutch cardiovas-
cular surgeon. He observed that when surgery was per-
formed in an environment filled with pressure, vessels
could be contracted for a longer time, resulting in car-
diac repair [21, 22]. Additionally, HBO improves tissue
perfusion, promotes angiogenesis and collagen synthe-
sis, increases oxygen levels in tissues, and inhibits the
production of toxins. Therefore, HBO therapy is widely
used to treat mixed infections [20, 23, 24]. Despite these
positive effects of HBO, the indication and the effects on
outcome as adjunct therapy in FG remain controversial
[21].

Consequently, we decided to perform a systematic re-
view to compare the treatment of FG with or without the
use of HBO as an adjunct therapy. To enunciate our ques-
tion we used the PICO scheme (Patient Intervention
Comparison and Outcome), illustrated in Figure 1. The
primary aim of this review was to summarize the current
evidence for HBO use in patients with FG and thereof
knowledge for planning further clinical studies, especial-
ly prospective evaluations, which are warranted [1].
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Material and Methods

We followed the recommendations provided in the Cochrane
Handbook of systematic Reviews [25] and the PRISMA reporting
guidelines [26].

Criteria for considering Studies for This Review

Types of Studies

Due to the paucity of data and a suspected lack of randomized
controlled trials (RCTSs) in this disease, we considered all the avail-
able information for this systematic review. Thus, all types of study
designs were included: randomized and quasi-randomized studies
(if available), comparative studies (e.g., cohorts, case and control),
and non-comparative studies (e.g., case series or case reports); the
only exclusion were made for narrative reviews. Full-text articles
and abstracts were considered. No exclusions were made by pub-
lication date. We only included German and English publications.

Types of Participants
All patients diagnosed with FG were included in this system-
atic review.

Types of Outcome Measures

Measurement of outcomes assessed in this review will not be
used as an eligibility criterion. The primary outcomes were mortal-
ity rate or overall survival. Secondary outcomes were accepted re-
porting of duration of inpatient treatment, duration of intensive
care treatment, number of surgical debridements, and quality of
life.

Search Methods for Identification of Studies
A combination of electronic and manual searches for the iden-
tification of studies was conducted.
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Electronic Searches

We searched the following databases: MEDLINE via PubMed
from 1946 to 2020 (search strategy: “fournier gangrene”[MeSH
Terms] OR (“fournier”[All Fields] AND “gangrene”[All Fields])
OR “fournier gangrene”[All Fields] OR (“fournier’s”[All Fields]
AND “gangrene”[All Fields]) OR “fournier’s gangrene”[All
Fields]) AND (“hyperbaric oxygenation”’[MeSH Terms] OR
(“hyperbaric”[All Fields] AND “oxygenation”[All Fields]) OR
“hyperbaric oxygenation”[All Fields]). Last search was conducted
on April 2020. The electronic searches were complemented by
searching the World Health Organization International Clinical
Trials Registry Platform Search Portal (WHO ICTRP) and Clini-
calTrials.gov by using the term “Fournier’s gangrene” (MeSH) to
identify possible completed or ongoing trials.

Searching Other Resources

The reference lists of included studies were hand-searched for
additional references. Conference proceedings of 8 journals (Eu-
ropean Urology, European Urology Supplements, European Urology
Focus, The Journal of Urology, British Journal of Urology Interna-
tional, World Journal of Urology, Urologia Internationalis, Central
European Journal of Urology) were hand-searched as well from the
year 2010 onwards.

Selection of Studies

Citavi 6.0 (Swiss Academic Software, Widenswil, Switzerland)
was used to manage the bibliographic references. Two review au-
thors (L.S. and J.K.) independently screened title and abstracts to
determine which studies should be assessed further. Two review
authors (L.S. and J.K.) have assessed all potentially relevant records
as full texts, mapped records to studies, and classified studies as
included studies, excluded studies, studies awaiting classification,
or ongoing studies in accordance with the criteria for each pro-
vided in the Cochrane Handbook for Systematic Reviews of Inter-
ventions[25]. Discrepancies will be resolved through consensus or
consultation of a third review author (P.A.).

Data Extraction and Management

For studies that fulfilled the inclusion criteria, 2 review authors
(L.S. and J.K.) have independently extracted the following infor-
mation: Study dates and settings, participant details, grade of evi-
dence SIGN (Scottish Intercollegiate Guideline Network), defini-
tions of relevant outcomes, method and timing of outcome mea-
surement, and any relevant subgroups (Table 1).

Measures of Treatment Effect

We extracted outcomes data relevant to this systematic review
as needed for calculation of summary statistics and measures of
variance. For dichotomous outcomes, we attempted to obtain
numbers of events and totals for population of a 2 x 2 table, as well
as summary statistics with corresponding measures of variance.
For continuous outcomes, we attempted to obtain means and stan-
dard deviations or data necessary to calculate this information. For
time-to-event outcomes, we attempted to obtain hazard ratios
with corresponding measures of variance or data necessary to cal-
culate this information.

We resolved any disagreements by discussion, or, if required,
by consultation with a third review author (P.A.). We attempted
to contact authors of included studies to obtain key missing data
as needed.

HBO for Fournier’s Gangrene

Assessment of Risk of Bias in Included Studies

We have attempted to assess the risk of bias by using the Co-
chrane risk of bias tool for RCTs and quasi-RCTs [25], the SIGN
tool for cohort studies, case-control studies, and case series [27].

Assessment of Study Heterogeneity and Data Synthesis

Due to the different study designs of included studies and their
different end points, we could finally not perform a synthesis of
results, and therefore no meta-analysis was performed.

Results

The literature search for primary studies yielded 79 re-
sults. Finally, 13 studies were considered, which included
a total of 376 patients with FG, of whom 202 (53.7%) re-
ceived HBO therapy (Fig. 2) [20, 21, 28-38]. We could
only identify retrospective studies for this review. At the
time of this review, 1 prospective study was registered at
WHO ICTRP or ClinicalTrials.gov, named “Prognosis
and treatment of Necrotizing Soft Tissue Infections: A
Prospective Cohort Study” from Copenhagen University
Hospital (Denmark). This study is completed but not yet
published. Table 1 shows the main characteristics, inter-
ventions, end points, and main results of the 13 included
studies.

The included studies are very heterogeneous, especial-
ly in terms of the administration of the HBO therapy.
However, Table 2 gives a specification of administration
of HBO in the included studies. Due to this heterogeneity,
we were not able to perform a meta-analysis of the data.

On the whole, 12 of the included studies concluded
that adjunct HBO to standard treatment of FG has posi-
tive effects, especially in terms of mortality rate, and fur-
ther investigations are reasonable. In contrast, Mindrup
et al. [31] reported that the data do not support routine
HBO in the treatment of FG. There was a trend towards
higher baseline morbidity in the HBO group, suggesting
that more severely ill patients were selected for HBO
treatment.

Furthermore, 5 of the 13 included studies had a retro-
spective case-control design [20, 21, 28, 31, 33]. Mortality
rate in these studies ranged from 0 to 26.9% in the HBO
groups. All authors reported a significant lower mortality
rate in the HBO group except Mindrup et al. [31] (12.5%
non-HBO vs. 26.9% HBO). Interestingly, Creta et al. [28]
identified surgical debridement and HBO as independent
predictors for lower mortality in multivariate analysis.
Additionally, Li et al. [21] indicated that the difference in
the number of surgical debridements, indwelling drain-
age tube time, and curative time were significantly lower
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Records identified through
database searching
(n=178)

Additional records identified
through other sources
(n =47)

| Included | | Eligibility | | Screening | |Identiﬁcation|

Fig. 2. PRISMA flowchart.

Y Y

Records after duplicates removed
(n=179)

Y

Records excluded
(n =62)

Records screened
(n=79)

Y

Y

Full-text articles assessed
for eligibility
(n=17)

Full-text articles excluded
(n=4)

Y

Y

Studies included in
qualitative synthesis
(n=13)

in the HBO group. However, these 5 case-control studies
included a total of 319 patients; 145 of these patients were
treated with adjunct HBO therapy. Overall, this is leading
to a mortality rate of 16.6% in the HBO group and 25.9%
in the non-HBO group [20, 21, 28, 31, 33].

Reporting of methodological quality parameters was
incomplete in all of the 13 studies. Overall, risk of bias was
assessed as moderate to high and the quality of evidence
was rated rather low. Table 3 shows the summary of risk
of bias assessment using SIGN methodology checklist for
each included study.

Discussion

We conducted a systematic review to compare the
treatment of FG with or without the use of HBO as an
adjunct therapy. This is a crucial topic since FG is a rare
but severe disease with a high mortality rate, and final
outcome of FG failed to improve over the last 10 years
despite more intensive critical-care therapy [1]. On the
whole, we were able to identify 13 retrospective studies
for our review. Furthermore, 5 of the included studies had
a case control design with a total of 319 patients; 145 of
these patients were treated with adjunct HBO [20, 21, 28,
31, 33].

252 Urol Int 2021;105:247-256
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To our knowledge, this is the first systematic review on
HBO therapy in FG. Interestingly, a narrative review
about this topic was published early in 1986 by Eltorai et
al. [39]. The authors concluded that in the exceedingly
early stage, HBO may avert gangrene or reduce it. It is
important to have a high index of awareness of this dis-
ease amongst the medical profession. More work is need-
ed for the more precise definition, classification, and
management of the complex syndrome of FG [39]. How-
ever, systematic reviews have been published about dif-
ferent entities of necrotizing soft tissue infections, also
including FG. The newest 1, published in 2019, by Fauno
and Ovesen [40], included 21 studies, of which 19 were
case series with a control group. The authors stated that
the evidence of HBO therapy in necrotizing soft tissue
infection is weak and biased. There is a strong need for
RCTs.

Furthermore, we were not able to include 1 study
which met our inclusion criteria since there was only an
English abstract available, while the full-text article is in
Portuguese. Rosa and Guerreiro [41] reported a retro-
spective case series of 34 patients over the last 25 years in
2015. In the abstract, the following conclusion was stat-
ed: Although FG is a rare condition, it is nevertheless a
fatal illness, namely, in patients with comorbidities. HBO
therapy is recommended as an adjunct to conventional
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Table 2. Specification of administration of HBO in the included studies (n = 13)

Reference

Administration of HBO

Creta et al. [28]

No exact specification

Anheuser et al. [20]

No exact specification

Lietal. [21]

After initial debridement, HBO was given twice a day for 5-7 days (2.5 units of absolute atmospheric

oxygen, 90-120 min each time, interval for 10 h)

Zagli et al. [29]
debridement

HBO therapy (20 min each at 2.4 units of ATA, 100% oxygen, 14 sessions) was started after surgical

Yoshida et al. [30] No exact specification

Mindrup et al. [23] No exact specification

Korhonen et al. [32]

After the initial debridement each patient was exposed to pure oxygen at 2.5 ATA for 90-120 min. Two

or 3 such treatments were given during the first 24 h after admission. Thereafter, the treatments were
continued twice daily. A total of 7-10 treatments was usually sufficient

Hollabaugh et al. [33] No exact specification

Pizzorno et al. [34]

All patients received HBO (minimum 5 and maximum 24 cycles, consisting of 90 min 2.5 ATA)

Baykal et al. [35]

After initial debridement HBO therapy was given at a pressure of 2.8 ATA for 60 min, a 5-min air break,

and then 2.0 ATA for 60 min 3 times a day for the first 3 days. The next 3 days, the patient received HBO
at 2.0 ATA for 120 min twice a day, and the last days he received 2.0 ATA for 120 min once a day

Lucca et al. [36]

Immediately after surgical debridement, the patient was treated with 100% oxygen at 2.5 atmospheres of

pressure. He was treated twice daily for 2 days, and daily thereafter for a total of 20 treatments

Ziser et al. [37]

After initial surgical debridement, a total of 7 HBO treatments were given, 100% oxygen at a pressure of

2.8t0 3.0 ATA. Total oxygen breathing time was 90 min, corresponding to two 45-min cycles dived by a
5-min air break. Three treatments were given in the first 24 h and 1 every 12 h thereafter

Riegels-Nielsen et al. [38]

No exact specification, but it is said that 3.0 ATA was used

HBO, hyperbaric oxygenation; ATA, absolute atmospheric pressure.

treatment and should be considered whenever available.
To further assess the role of HBO therapy in the treat-
ment of this condition, additional studies should be car-
ried out [41]. Still, we identified another interesting
study, with a full text only available in Spanish, which
included FG patients receiving HBO therapy, but the
study focused on the benefit as well as use of FG severity
index (FGSI). The author concluded that FGSI score did
not predict disease severity and the patient’s survival.
Metabolic aberrations and extent of disease seemed to be
significant risk factors for predicting FG severity and pa-
tient’s survival [42].

The data of the included studies for this systematic re-
view were very heterogeneous; thus, we were not able to
perform a meta-analysis. Most notable are the differences
in administering HBO therapy. Several of the included
studies did not describe how HBO was administered.

HBO for Fournier’s Gangrene

This makes the results difficult to compare, even in a de-
scriptive manner, and raises questions, as follows: When
is the right time point to start HBO therapy? Which ab-
solute atmospheric pressure should be used? At the mo-
ment, there is no established therapy protocol for HBO in
FG patients available. Therefore, further studies are ur-
gently warranted to address these questions. Further-
more, the study populations are very heterogeneous in
terms of mortality rate. Interestingly, only 2 studies give
a detailed information of how severe the disease has pre-
sented prior to inclusion and treatment with HBO in-
cluding FGSI [21, 28]. Furthermore, there is a moderate
to high risk of bias in all included studies, mostly due to
the retrospective study design.

The most important result of this systematic review
arises from the 5 case-control studies. Overall, this is
leading to a mortality rate of 16.6% in the HBO group

Urol Int 2021;105:247-256 253
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Table 3. Risk of bias summary of all included studies (SIGN)

Reference SIGN overall qualityMain reasons

for decision

Selection bias
Reporting bias

Creta et al. [28] Acceptable

Selection bias
Reporting bias

Anheuser et al. [20] Acceptable

Lietal. [21] Selection bias

Detection bias

Acceptable

Selection bias
Detection bias
Reporting bias

Zagli et al. [29] Unacceptable

Yoshida et al. [30] Selection bias
Detection bias

Reporting bias

Unacceptable

Mindrup et al. [23] Selection bias

Reporting bias

Acceptable

Korhonen et al. [32] Selection bias

Reporting bias

Acceptable

Selection bias
Reporting bias

Hollabaugh et al. [33] Acceptable

Selection bias
Detection bias
Reporting bias

Pizzorno et al. [34] Unacceptable

Selection bias
Detection bias
Reporting bias

Baykal et al. [35] Unacceptable

Lucca et al. [36] Selection bias
Detection bias

Reporting bias

Unacceptable

Ziser et al. [37] Selection bias

Detection bias

Unacceptable

Selection bias
Detection bias
Reporting bias

Riegels-Nielsen et al. [38]  Unacceptable

SIGN, Scottish Intercollegiate Guidelines Network.

and 25.9% in the non-HBO group [20, 21, 28, 31, 33]. All
authors of these studies reported a significant lower
mortality rate in the HBO group except Mindrup et al.
[31]. They discussed their results critically and stated
that there was a trend toward higher baseline morbidity
in the HBO group, suggesting that treatment may have
been given to patients who were more severely ill [31].
Interestingly, Anheuser et al. [20] described that despite

254 Urol Int 2021;105:247-256
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the fact that the HBO treated group was better in terms
of mortality, the wound debridement frequency and
length of hospitalization were significantly higher in the
HBO group. On the whole, these facts suggest that some
patients might benefit from adjunct HBO therapy espe-
cially in terms of mortality rate, but FG is still a very
complex disease, which is sometimes difficult to predict
[42]. So, a defined patient group who will benefit from
HBO in FG must be identified in further investigations.
It is also noteworthy that the results for HBO therapy in
FG in this systematic review are slightly better than the
results from the review of HBO in other necrotizing soft
tissue infections [40]. This might be due to multiple un-
derlying conditions, such as pathogen spectrum and
pathogenicity or different wound healing conditions in
the various body areas. This might be a hint that necro-
tizing soft tissue infections are actually a group of dis-
eases and each group should precisely be defined. This
will also be problematic with the unpublished registered
prospective trial on HBO from Copenhagen University
Hospital since all entities of necrotizing soft tissue infec-
tions are included.

Even if HBO has potential in FG therapy, not every
hospital has fast access to an HBO chamber. Further-
more, there is no established therapy protocol for HBO.
Finally, we must assume that this systematic review has
limitations, we only included English and German publi-
cations, which is a selection bias.

Conclusions

We conclude that, despite the risk of bias, HBO has the
potential as an adjunct in FG treatment, but it is challeng-
ing to carry out further studies or even RCTs due to the
rareness of this disease, restricted availability of HBO and
the complex character of FG. We, therefore, suggest a
prospective register trial first to answer some of the pri-
mary open questions and then plan a proper RCT to pre-
cisely define the role of HBO in FG treatment.
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