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ABSTRACT

Introduction: Necrotizing soft tissue infections (NSTI) are
rare but potentially lethal disorders, and adequate management
is time- and resource-demanding. This study aims to assess
whether variations in the treatment modalities — surgery, hyper-
baric oxygen (HBO,)therapy and negative pressure wound
therapy — had an impact on the length to definitive source
control in NSTI patients who underwent HBO,.

Methods: This is a retrospective study of all NSTI patients
treated with hyperbaric oxygen therapy between March 2007
and May 2015 at Unidade Local de Saide de Matosinhos (ULSM)
Hyperbaric Unit. A multiple linear regression model was used to
assess the impact of different treatment modalities in the post-
diagnosis time until source control.

Results: 58 patients were included; overall mortality was
13.8%. Mean time until source control was 10.4 days (£5.4).

All patients were under empiric and broad-spectrum antibiotics
on the day of diagnosis. Patients underwent an average of 0.62
(+0.29) surgical interventions and 1.06 (+0.52) HBO, sessions
per day. The regression model (R2=0.86) showed that after
adjusting for other covariates, doubling the number of HBO,
sessions per day shortened source control by five days (B= -5.25;
95% CI -6.49 to -4.01), and for each day that HBO, was delayed,
source control was achieved one day later (B = 1.03; 95% CI
0.82t0 1.24).

Conclusion: More intensive HBO, protocols with earlier and
more frequent sessions shorten the time until definitive source
control in necrotizing soft tissue infections, potentially lowering
the impact of systemic effects of infection and complications
associated with organ dysfunction.

INTRODUCTION

Necrotizing soft tissue infections (NSTI) are a group of
severe diseases that affect soft tissue compartments.
They are rare, with a global prevalence of four cases
per million, but with a potentially devastating outcome
due to major local tissue destruction and systemic
manifestations [1]. NSTI include a number of diseases
differentiated by location, pathogens involved and
clinical course (e.g., necrotizing fasciitis, Fournier’s
gangrene, gas gangrene, and other less frequently used
terms). More recently the term “necrotizing soft tissue
infections” has been used as an umbrella term for all
of these conditions, encouraging the use of the same
diagnostic and treatment strategies [2].

Clinically, patients usually present with pain, swelling
and erythema that are frequently attributed to other
causes. The appearance of bullae, skin necrosis and
crepitus are late signs that reflects the invasive nature
and subcutaneous progression of the infection [3].
Laboratory measurements are non-specific and imaging
studies have low sensitivity. Because of this, the diag-
nosis remains clinically based [2,3].

Adequate treatment of NSTI is time- and resource-
demanding, aiming for a rapid control of infection
spread. The mainstay of successful management consists
of early, thorough and repeated surgical debridement
with appropriate antibacterial therapy and wound care
[1]. Hyperbaric oxygen (HBO,) therapy is considered an
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adjunctive treatment for NSTI by the European Com-
mittee for Hyperbaric Medicine and the Undersea and
Hyperbaric Medical Society, even though high-quality
evidence from randomized clinical trials is lacking [4].

Hospital Pedro Hispano (HPH), in Matosinhos,
Portugal, provides advanced surgical care, HBO, and
intensive care support in the same facility, with ‘round-
the-clock availability, a setting that is unique in
continental Portugal. It has been recognized as a
referral center in the country for almost 10 years.

We hypothesize that more aggressive treatment
protocols may be associated with faster control of
infection. The aim of this study is to assess whether
variations in the treatment modalities — surgery, HBO,
and negative pressure wound therapy — had an impact
on the time to definitive source control in NSTI
patients who underwent HBO, therapy.

METHODS

We performed a retrospective observational study that
included all patients with a diagnosis of NSTI treat-
ed with HBO, in the period between March 2007 and
May 2015. Data were collected using medical chart
review, with approval from Institutional Review Board
and Ethics Committee (approval number 09/CE/JAS).

Study population
Age, gender and the presence of the following co-
morbidities were recorded: diabetes, obesity, arterial
hypertension, chronic heart failure, coronary disease,
cerebrovascular disease, anticoagulation status, smok-
ing, chronic obstructive pulmonary disease, chronic re-
nal failure, ethanol abuse, illicit drug abuse, malignancy,
chemotherapy and chronic corticosteroid therapy [1, 5].
An acute physiology and chronic health evaluation
(APACHE) 1II score of patients in intensive care was
also recorded.

The presence of an NSTI was determined by the in-
traoperative finding of infection and necrosis of the
deep layers of skin, fascia and/or muscle. The type, site

and microbiology of the infection were recorded.

Treatment interventions

As for the main treatment interventions — surgery, anti-
biotics and HBO, therapy — we recorded the timing in
days and number of procedures/sessions performed
since diagnosis until definitive source control was
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achieved. These data were retrospectively analyzed and
quantify the actual treatment plan these patients re-
ceived regardless of surgical or HBO; protocol. Source
control was established when no new areas of necrotic
or inflammatory tissue were found intraoperatively,
which prompted interruption of HBO; therapy. Com-
plications attributed to HBO, treatment were recorded.
We also investigated whether negative pressure wound
therapy was used. HBO, was conducted in a multi-
place chamber (Haux Starmed 2200), with maintenance
of the level of monitoring and organ support required,
such as mechanical ventilation and hemodynamic sup-
port, attended by a team of critical care-trained physi-
cian and nurse during transport and HBO,. A stan-
dard protocol was used — 3.0 ATA, 100% O, 60 minutes
— with two daily sessions in the first 72 hours and
one session thereafter until source control.

Outcomes and statistical analysis
The main objective of this study was to determine the
30-day mortality of NSTI patients treated in our in-
stitution and secondly to investigate the impact of
the different treatment modalities on the number of
days required to achieve source control. For every
surviving patient we retrospectively analyzed, we used
a multiple linear regression model with five different
treatment variables:
» number of HBOj sessions per day after beginning

of treatment;
« delay in initiating HBO, after diagnosis of NSTI;
« use of negative pressure wound therapy;
» number of surgical debridement interventions

per day;
« delay in first debridement after diagnosis of NSTI.

The multiple linear regression model was performed
to determine the association between the secondary
outcome and these covariates, related to the main
treatment modalities used in the management of
these patients. “Number of HBO, sessions per day,
“delay in initiating HBO,”, “number of surgical debride-
ment interventions per day” and “delay in first de-
bridement” were introduced in the model as continuous
variables, while “use of negative pressure wound
therapy” was coded as a binary categorical variable.
We attributed statistical significance to a two-sided
P-value of less than 0.01. Statistical analysis was per-
formed using IBM® SPSS Statistics software version
22.0.
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RESULTS

Patient characteristics

The study included 58 patients diagnosed with necro-
tizing soft tissue infections. Thirty-four (59%) of them
were referred from other institutions. Median age was
58 (range 16-82), and 40 (69%) were male. Patient-related
comorbidities are presented in Table 1. Arterial hyper-
tension (48.3%) and diabetes mellitus (39.7%) were the
most prevalent comorbidities, and 21% of patients had
no associated risk factors. The most frequently affected
sites were the perineum (40%) and lower extremities
(38%), as described in Table 2.

NSTI are usually classified I-IV according to the micro-
bial agents isolated from the wound, which relates to the
clinical presentation and epidemiology (Type I, polymi-
crobial, more indolent; Type II, monomicrobial skin- and
throat-derived agents, aggressive; Type III, gram-neg-
ative monomicrobial, seafood ingestion or water con-
tamination; Type IV, fungal). Table 3 shows the number
of cases of each type (3). Thirty cases (52%) were clas-
sified as a type I NSTI, 23 (32%) as type II and one case
of type IV. In 3 cases (5%), no microbial pathogen was
isolated. Forty-seven patients (81%) were admitted in the
intensive care unit with multiple organ dysfunction. All
patients were under empiric and broad-spectrum anti-
biotic therapy on the day of diagnosis of NSTI as per
local protocol guidance (complying with standard
practice), and subsequently adjusted to microbiological
findings.

Four patients had complications during treatment
that required its interruption. This was due to severe
bronchospasm, growing dyspnea that required endo-
tracheal intubation, ear barotrauma and oxygen toxicity
with seizures.

Primary outcome — mortality

Overall mortality was 13.8% (eight patients), with a
mean time until death of 9.3 days after diagnostic
(minimum <24 hours, maximum Day 22). Mortality
in the subgroup of patients with multiple organ dys-

function was 19%.

Secondary outcome — time to source control
Surviving patients were managed with a daily average
number of 0.62 (+0.29) surgical interventions and
1.06 (+0.52) HBO, sessions. Negative pressure wound
therapy was used in 24 (41.4%) patients.
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Table 1: NSTI patient-related comorhidities

risk factor number percent
hypertension 28 48.3
diabetes 23 39.7
obesity 15 25.9
ethanol abuse 12 20.7
smoking 10 17.2
coronary disease & 5.2
other 17 29.1
healthy 12 20.7

Patient-related comorbidities in our population of NSTI patients.
About 80% of cases had an associated comorbidity.

Table 2 - Extent of infection

site of infection number percent
perineum 23 40
lower extremity 22 38
upper extremity 10 17
abdomen 7 12
neck 3 5
thorax 1 2

Extent of infection based on anatomic areas.
Some patients had involvement of multiple body regions.

Table 3 - Classification of NSTI

type number percent
1 30 51.7
2 23 39.7
3 0 0
4 1 1.7
no isolate 3 5.2
unknown 1 1.7

Classification of NSTI necrotizing soft tissue infection according
to the microbiological findings, based on a classification described
by Morgan (Morgan MS. J Hosp Infect. 2010;75:249-57).

A multiple regression was performed to assess the
relation between time until source control and the
different treatment variables such as number of HBO,
sessions per day after beginning of treatment; delay
in initiating HBO, after diagnosis of NSTIL use of
negative pressure wound therapy; number of surgical
debridement interventions per day and delay in first
debridement after diagnosis of NSTI. Number of HBO,
sessions per day after beginning of treatment and de-
lay in initiating HBO, after diagnosis of NSTTI statisti-
cally significantly predicted time until source control
(R2 = 0.86, P < .001). The other three variables did not
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add statistical significance to the prediction, P > .01
(Table 4). According to our model, time until source
control is determined by the following equation:

Time (number of days) = 14.8 + 1 (delay in initiating HBO, in days)
— 5.2 (number of HBO, sessions per day)

Thus, a delay in initiating HBO, therapy was correlated
with delayed source control (P<0.01) (Figure 1), and a
higher number of HBO, sessions per day was correlated
with earlier source control (P<0.01) (Figure 2). The
other covariates analyzed do not contribute to the
multiple regression model, after adjustment.

The patients’ clinical severity may influence the time
until source control. To evaluate this effect we calculated
a model including the APACHE II score of our ICU
patients (n=35) and found it had no significant effect
on this outcome (regression ANOVA: P<0.001; ad-
justed R20.82; APACHE II P=0.154).

DISCUSSION

Necrotizing soft tissue infections are highly lethal. Even
though their incidence is relatively rare, several factors
contribute to their being a significant public health
problem. Historically, mortality has been very high,
reaching 76% [6]. Contemporary reports of mortality
are highly variable, having recently been determined
at 21.4% [2,7]. There is a growing prevalence of factors
that increase the susceptibility to the development of
soft tissue infections, and its clinical presentation in
initial stages may be subtle. This leads to patients
presenting to the emergency department with substantial
progression of the infection and severe systemic in-
volvement [3,5]. It is well accepted that these patients
benefit greatly from early recognition and intervention,
despite the fact that it represents a major diagnostic
and therapeutic challenge.

Surgical debridement is the primary treatment mo-
dality for NSTI. This should be done promptly and
radically, including necrosectomy and fasciotomy in
cases presenting with compartment syndrome [1,8].
The Infectious Diseases Societies of America (IDSA)
recommends that most patients with necrotizing fasci-
itis be operated upon daily until there is no need for
further debridement [9].

Negative pressure wound therapy has been used in-
creasingly in the management of complicated wounds.
Nevertheless its applicability in NSTI has not been as
extensively studied. This treatment modality is thought
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to improve local conditions, namely by improving
blood flow, increasing the migration of inflammatory
cells, accelerating the formation of granulation tissue
and removing bacterial contamination, exudate and
necrotic debris [10-12].

HBO, exerts an antimicrobial effect through several
mechanisms: bacteriostatic and bactericidal effect on
agents involved in NSTI (Clostridia, Escherichia coli,
Pseudomonas) [13]; inhibition of clostridial a-toxin
production [14]; optimization of local microcirculatory
conditions of infected areas [15]; enhanced activity of
granulocytes and macrophages (increased phagocytic
capacity and oxidative burst) [16]. Additionally, a syn-
ergistic effect of HBO, and a number of antibiotics
used against bacteria isolated in NSTI has been
demonstrated [15,17].

The utility of HBO, therapy in NSTI was initially
demonstrated in clostridial gas gangrene [14,18,19]. Its
role in the treatment of NSTI is defined as an adjuvant
to surgical treatment and antibiotic therapy. There are
no randomized clinical trials demonstrating its effec-
tiveness, as reported in a recent Cochrane review [20].
Nevertheless, a number of case series and retrospec-
tive reports have studied the impact of HBO, on the
mortality of patients with NSTI [21-28]. From this
evidence, it seems that HBO, has a beneficial effect
when used as a complementary treatment [4,29-33].
However, two studies state that patients treated with
HBO, in addition to surgery and antibiotics had higher
morbidity and mortality, but they can arguably be at-
tributed to a selection bias, as these patients were more
severely ill [34,35]. In fact, other authors state that
the sickest patients benefit the most from HBO, [32].

The existing protocols for application of HBO, in
NSTI patients are variable and supported by limited
data. Due to the absence of studies, not much has
changed since the pioneer studies of gas gangrene
models on rats, and most centers use a protocol of
253-304 kPa (2.5-3.0 atmospheres absolute/ATA) during
60 to 90 minutes [36]. In our hyperbaric medicine
unit, the standard protocol is 3.0 ATA100% oxygen for
60 minutes, with two daily sessions in the first 72 hours
and one session thereafter until source control.

A number of factors, however, may interfere with
patient treatment plans, such as the need for further
operative debridement, cardiovascular or respiratory
instability, logistical problems, or medical decision
to increase or decrease the number of sessions ac-
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Figure 1: Impact of delay in initiating HBO,
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cording to disease progress. For example, less severe
infections with little systemic derangement may be
treated with one daily sessions, and in the most severe
cases we may continue with two daily sessions until the
patient responds favorably, even after the first 72 hours.
Similarly, the surgical debridement strategy is not the
same for every patient, due to a variety of factors, and
the utilization of negative pressure wound therapy in the
presence of an active infection is controversial [1,37].
Therefore, we hypothesized that all these different cri-
teria can influence patient outcomes, which was the
objective of this study: to determine whether control
of the infection was more effective in the patients who
had either more aggressive surgical or HBO, protocols.
Our patients’ mortality results compare favorably with
recently published literature [27,31,32,38].

Data suggest that the period of acute disease and ini-
tial management is the time when mortality is greater,
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mostly due to the systemic effects of infection, with
consequently higher demand for intensive care support
and complications associated with organ dysfunction.
Source control is a fundamental step in the management
of septic patients, and patients with NSTI need multiple
surgical interventions to achieve it [39]. Therefore,
halting the progression of infection in a shorter period
of time may result in a decreased incidence of mor-
tality-related complications such as refractory septic
shock, acute respiratory distress syndrome and in a
decreased requirement for mechanical ventilation,
which are major contributors to the morbidity and
mortality associated with NSTI [37].

To the best of our knowledge, this is the first study that
compares treatment interventions with time to source
control. Our results demonstrate that HBO, treat-
ment influences the time it takes to achieve complete
source control. Objectively, as described in Table 4, our
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Table 4
variables adjusted  (95% Cl) P-value
number of HBO, sessions per day after beginning of treatment -5.25 (-6.49 t0 -4.014) <0.01
delay in initiating HBO, after diagnosis 1.03 (0.82 to 1.24) <0.01
negative pressure wound therapy 0.52 (-0.7910 1.82) 0.430
delay in first debridement after diagnosis 0.29 (-0.36 to 0.94) 0.373
number of surgical interventions per day -0.08 (-3.54 t0 3.38) 0.963

The adjusted B coefficient reports the independent effects of each treatment variable on the number of days until source
control, based on our regression model. Delay in initiating HBO, and the number of HBO, sessions have a statistically

significant effect.

analysis shows that for every day that we anticipate the
initiation of HBO,; treatment, source control was
achieved one 1.03 days earlier (0.82 to 1.24, 95% confi-
dence interval, P<0.01), and increasing the number of
daily sessions of HBO; by one reduces by 5.25 days the
time until source control (4.01 to 6.49, 95% confidence
interval, P<0.01). Therefore, early initiation of HBO,
therapy with multiple daily sessions are statistically
significant independent predictors of earlier achieve-
ment of source control. We believe that, as with anti-
biotics, HBO, therapy must be initiated early and in
a sufficient “dosage” (i.e,, more frequent treatment
sessions).

Neither the utilization of negative pressure therapy,
timing of first operative intervention, or number of de-
bridement procedures caused a statistically signifi-
cant difference in the time of source control. Regarding
surgical aggressiveness, indicated by the number of
debridement interventions per day, the statistical model
demonstrated that before adjustment for the other
covariables there was an inverse association between
the number of interventions per day and time to
source control. However, this effect was lost after
adjustment for the other covariables.

These findings are not consistent with the available
literature [6,9,40]. We attributed this to the fact that
this study is underpowered to detect differences that
result from the surgical strategy, since all but nine
patients were operated upon in the first 24 hours after
diagnosis, as supported by current best evidence.

We understand from our experience that, due to the
persisting controversy regarding the applicability of
HBO, therapy, some patients are transferred following
several days of standard operative and antibacterial
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therapy and failure of infection control. This consti-
tutes a bias on outcomes, either because patients die
prior to transport to our institution or because they
are referred in a later phase of the disease progression.

Additionally, interhospital transfer exposes patients
to an increased risk of complications, and this risk
must be balanced against the potential benefit [41].
In NSTI patients, the existing evidence suggests that
patients benefit from an initial operative debridement
at the original hospital, with subsequent transport to
a referral center with more adequate resources, as
opposed to transferring patients before the initial
surgical debridement [27].

LIMITATIONS

A limitation of our study is that due to its retrospec-
tive design, the timing of interventions could be deter-
mined in days only, not hours. Additionally, this is a
single-center study with a limited number of patients.
Finally, the data collection spans a nine-year period,
sufficient for medical practice to change significantly,
particularly in the multidisciplinary management of
critical care patients.

CONCLUSION
In summary, our data demonstrate that a more aggres-
sive HBO, protocol with earlier and more frequent
sessions shortens the time until definitive source
control in necrotizing soft tissue infections, potentially
lowering the impact of systemic effects of infection
and complications associated with organ dysfunction.
Further multicenter research is necessary to determine
the clinical significance of our findings and the ideal
treatment protocol for patients with NSTI.

|

Ferreira AP, Vide S, Fernandes TD, et al.



UHM 2017,VOL. 44, NO. 6 - HBO; IN NECROTIZING INFECTIONS

Acknowledgments

The authors wish to thank Dr. Hélio Alves from the
Faculty of Medicine, University of Porto, and Dr. Ana
Castro from Centro Hospitalar do Porto for assistance
with the statistical analysis.

The authors declare that no conflicts of interest exist
with this submission.

REFERENCES

1. Misiakos EP, Bagias G, Patapis P, Sotiropoulos D, Kanavidis P,
Machairas A. Current concepts in the management of necrotizing
fasciitis. Front Surg. 2014;1:36.

2. Anaya DA, Dellinger EP. Necrotizing soft-tissue infection:
diagnosis and management. Clin Infect Dis. 2007 Mar 1; 44(5):
705-710.

3. Morgan MS. Diagnosis and management of necrotising fasciitis:
a multiparametric approach. J Hosp Infect. 2010 Aug; 75(4): 249-257.

4. Bennett M, Levitt D, Millar I, editors. The treatment of necro-
tising fasciitis with hyperbaric oxygen therapy - a meta-analysis of
observational data. Reunion 2013 - Tricontinental Scientific Meeting
on Diving and Hyperbaric Medicine Organised by EUBS, SPUMS,
SAUHMA and ARESUB 2013; La Reunion, France.

5. Martinschek A, Evers B, Lampl L, Gerngross H, Schmidt R,
Sparwasser C. Prognostic aspects, survival rate, and predisposing
risk factors in patients with Fournier’s gangrene and necrotizing soft
tissue infections: evaluation of clinical outcome of 55 patients.

Urol Int. 2012; 89(2): 173-179.

6. McHenry CR, Piotrowski JJ, Petrinic D, Malangoni MA.
Determinants of mortality for necrotizing soft-tissue infections.
Ann Surg. 1995 May;221(5):558-63; discussion 63-65.

7. Goh T, Goh LG, Ang CH, Wong CH. Early diagnosis of necrotizing
fasciitis. Br J Surg. 2014 Jan; 101(1): e119-25.

8. Eckmann C. The importance of source control in the manage-
ment of severe skin and soft tissue infections. Curr Opin Infect Dis.
2016 Apr; 29(2): 139-144.

9. Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ,
Gorbach SL, et al. Practice guidelines for the diagnosis and manage-
ment of skin and soft tissue infections: 2014 update by the Infectious
Diseases Society of America. Clin Infect Dis. 2014 Jul 15; 59(2):
e10-52.

10. Chennamsetty A, Khourdaji I, Burks F, Killinger KA. Contemporary
diagnosis and management of Fournier’s gangrene. Ther Adv Urol.
2015 Aug;7(4):203-215.

11. Cuccia G, Mucciardi G, Morgia G, Stagno d’Alcontres E, Gali A,
Cotrufo S, et al. Vacuum-assisted closure for the treatment of
Fournier’s gangrene. Urol Int. 2009; 82(4): 426-431.

12. Czymek R, Schmidt A, Eckmann C, Bouchard R, Wulff B,
Laubert T, et al. Fournier’s gangrene: vacuum-assisted closure versus
conventional dressings. Am J Surg. 2009 Feb;197(2):168-76.

Ferreira AP, Vide S, Fernandes TD, et al.

13. Pakman LM. Inhibition of Pseudomonas aeruginosa by hy-
perbaric oxygen. 1. Sulfonamide activity enhancement and reversal.
Infect Immun. 1971 Oct; 4(4): 479-487.

14. Holland JA, Hill GB, Wolfe WG, Osterhout S, Saltzman HA,
Brown IW, Jr. Experimental and clinical experience with hyperbaric
oxygen in the treatment of clostridial myonecrosis. Surgery. 1975
Jan;77(1): 75-85.

15. Kaide CG, Khandelwal S. Hyperbaric oxygen: applications in
infectious disease. Emerg Med Clin North Am. 2008 May; 26(2):
571-595, xi.

16. Cimsit M, Uzun G, Yildiz S. Hyperbaric oxygen therapy as an
anti-infective agent. Expert Rev Anti Infect Ther. 2009 Oct; 7(8):
1015-1026.

17. Park MK, Muhvich KH, Myers RA, Marzella L. Hyperoxia
prolongs the aminoglycoside-induced postantibiotic effect in
Pseudomonas aeruginosa. Antimicrob Agents Chemother. 1991 Apr;
35(4): 691-695.

18. Hitchcock CR, Haglin JJ, Arnar O. Treatment of clostridial in-
fections with hyperbaric oxygen. Surgery. 1967 Oct; 62(4): 759-769.

19. Hill GB, Osterhout S. Experimental effects of hyperbaric oxygen
on selected clostridial species. II. In-vitro studies in mice. J Infect
Dis. 1972 Jan; 125(1): 26-35.

20. Levett D, Bennett MH, Millar I. Adjunctive hyperbaric oxygen
for necrotizing fasciitis. Cochrane Database Syst Rev. 2015; 1:
CD007937.

21. Hirn M, Niinikoski J. Hyperbaric oxygen in the treatment of
clostridial gas gangrene. Ann Chir Gynaecol. 1988; 77(1): 37-40.

22. Pizzorno R, Bonini F, Donelli A, Stubinski R, Medica M,
Carmignani G. Hyperbaric oxygen therapy in the treatment of
Fournier’s disease in 11 male patients. J Urol. 1997 Sep; 158(3 Pt 1):
837-640.

23. Korhonen K, Hirn M, Niinikoski J. Hyperbaric oxygen in the
treatment of Fournier’s gangrene. Eur J Surg - Acta chirurgica. 1998
Apr; 164(4): 251-255.

24. Escobar §J, Slade JB, Jr., Hunt TK, Cianci P. Adjuvant hyperbaric
oxygen therapy (HBO,) for treatment of necrotizing fasciitis reduces
mortality and amputation rate. Undersea Hyperb Med. 2005 Nov-Dec;
32(6): 437-443.

25. Flanagan CE, Daramola 00, Maisel RH, Adkinson C, Odland RM.
Surgical debridement and adjunctive hyperbaric oxygen in cervical
necrotizing fasciitis. Otolaryngol Head Neck Surg. 2009 May;
140(5): 730-734.

541



UHM 2017,VOL. 44, NO. 6 - HBO; IN NECROTIZING INFECTIONS

26. Kocaman F, editor. Fournier’s gangrene: a retrospective analysis
of 21 cases treated with hyperbaric oxygen. EUBS 36th annual
meeting of the European Underwater and Baromedical Soc; 2010;
Istanbul, Turkey.

27. Brink M, Arnell P, Lycke H, Rosemar A, Hagberg L. A series
of severe necrotising soft-tissue infections in a regional centre in
Sweden. Acta Anaesthesiol Scand. 2014 Aug; 58(7): 882-890.

28. Devaney B, Frawley G, Frawley L, Pilcher DV. Necrotising
soft tissue infections: the effect of hyperbaric oxygen on mortality.
Anaesth Intensive Care. 2015 Nov; 43(6): 685-692.

29. Riseman JA, Zamboni WA, Curtis A, Graham DR, Konrad HR,
Ross DS. Hyperbaric oxygen therapy for necrotizing fasciitis reduces
mortality and the need for debridements. Surgery. 1990 Nov; 108(5):
847-850.

30. Wilkinson D, Doolette D. Hyperbaric oxygen treatment and
survival from necrotizing soft tissue infection. Arch Surg. 2004
Dec;139(12):1339-1345.

31. Soh CR, Pietrobon R, Freiberger JJ, Chew ST, Rajgor D,

Gandhi M, et al. Hyperbaric oxygen therapy in necrotising soft tissue
infections: a study of patients in the United States Nationwide Inpatient
Sample. Intensive Care Med. 2012 Jul; 38(7): 1143-1151.

542

32. Shaw JJ, Psoinos C, Emhoff TA, Shah SA, Santry HP. Not just full
of hot air: hyperbaric oxygen therapy increases survival in cases of
necrotizing soft tissue infections. Surg Infect. 2014 Jun; 15(3):
328-335.

33. Li G, Zhou X, Liu LE, Qi E, Chen JB, Zu XB. Hyperbaric oxygen
therapy as an adjuvant therapy for comprehensive treatment of
Fournier’s gangrene. Urol Int. 2015; 94(4): 453-458.

34. Shupak A, Shoshani O, Goldenberg I, Barzilai A, Moskuna R,
Bursztein S. Necrotizing fasciitis: an indication for hyperbaric
oxygenation therapy? Surgery. 1995 Nov; 118(5): 873-878.

35. Mindrup SR, Kealey GP, Fallon B. Hyperbaric oxygen for the
treatment of Fournier’s gangrene. J Urol. 2005 Jun;173(6):1975-
1977.

36. Mathieu D. FR, Cesari JF., Wattel F. Necrotizing soft tissue
infections. In: Mathieu D, editor. Handbook on Hyperbaric Medicine.
The Netherlands: Springer; 2006. 263-290.

*

Ferreira AP, Vide S, Fernandes TD, et al.



