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Abstract

The growing interest in the use of hyperbaric oxygen therapy in medicine prompted us to analyse the available re-
search reviews and meta-analyses and to systematize data on hyperbaric oxygen therapy. The second part of the ar-
ticle presents the use of hyperbaric oxygen therapy in the treatment of burns and skin grafts, difficult-to-heal wounds,
diabetic foot ulcers, air embolism, decompression sickness, anaemia, genitourinary disorders, carbon monoxide poi-
soning, chronic osteomyelitis, gas gangrene, radiation necrosis and anal fistulas.

Streszczenie

Wzrost zainteresowania wykorzystaniem hiperbarycznej terapii tlenowej w medycynie sktonit autoréw do przeana-
lizowania dostepnych przegladéw badan i metaanaliz oraz uszeregowania danych na jej temat. W drugiej czesci arty-
kutu przedstawiono zastosowanie hiperbarycznej terapii tlenowej w leczeniu oparzen, przeszczepow skory i trudno
gojacych sie ran, zespotu stopy cukrzycowej, zatoréw gazowych, choroby dekompresyjnej, niedokrwistosci, choréb
uktadu moczowo-ptciowego, zatru¢ czadem, przewlektych zapalen kosci i szpiku, zgorzeli gazowej, martwicy popro-
miennej oraz przetok odbytu.
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Introduction

The first part of the paper was a historical overview of re-
search on hyperbaric oxygen therapy (HBOT), the mech-
anism of a hyperbaric chamber, as well as indications and
contraindications for this form of treatment. Part two
discusses the use of HBOT in various medical fields ex-
cept for the treatment of diving incidents (including de-
compression sickness and arterial gas embolism) as this
is well known.

HBOT for burn treatment
A burn is an injury to the skin or, depending on the se-

verity, deeper tissues, characterised by the presence of
anecrotic zone surrounded by the zones of stasis and hy-

peraemia (hypoperfusion) accompanied by oedema [1].
A correlation between increased hypoxia and impaired
wound healing has been demonstrated [2]. HBOT is used
in the treatment of burns of various aetiologies to reduce
oedema, improve blood flow and reduce fluid loss due
to vascular damage [3]. In order to achieve an optimal
effect, HBOT should be included in surgical and symp-
tomatic treatment as soon as possible, preferably within
24 hours. HBOT is also used for bronchial burns, where,
in addition to reducing oedema, preventing anaerobic
bacterial growth is an equally important factor [4].

Knefel et al. assessed comprehensive treatment in
a group of patients with electrical burns, where 21 out
of 61 patients additionally received HBOT, showing that
the latter method improved overall treatment efficacy.
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There were no cases of mortality in the HBOT group and
the rate of late infectious complications was almost twice
as low. However, there were some negative effects com-
pared to the control group in terms of a higher number of
necessary amputations and longer hospital stays, which
were however blamed on the worse baseline clinical
condition of these patients [3]. HBOT is also used in the
treatment of pain in third-degree burns. A rat study pub-
lishedin 2019 suggested that prolonged use of this meth-
od may reduce burn-induced mechanical allodynia [5].
Early HBOT often allows for avoiding intubation in pa-
tients with airway burns. Furthermore, it can be used in
already intubated patients [6].

However, since not all studies to date have been of good
methodological quality and have sometimes yielded con-
tradictory results, research on the efficacy of HBOT in
burn care should continue [7].

HBOT for skin grafts

Although burns are a common indication for skin grafts,
the latter represent a separate medical problem. HBOT
can be used during allogeneic skin grafting. Misiuga et
al. assessed HBOT-assisted burn therapy in terms of
the time of graft adherence to the wound bed, length of
hospital stay and the number of autologous skin graft
procedures in two 20-patient groups. The study showed
statistically significant differences in all three areas;
HBOT-assisted treatment was associated with faster
wound healing, shorter hospital stay and fewer autolo-
gous skin graft procedures compared to the standard
treatment group [8].

The transplanted tissues vary in size, have an abnormal
blood supply and the nutrient supply depends on the re-
cipient’s body. HBOT improves fibroblast function and
thus increases neovascularisation and oxygenation of
blood vessels and tissues [4]. HBOT offers the possibility
of salvaging compromised grafts if the degenerated state
of the recipient’s wound bed was correctly and quickly
diagnosed [2]. A study in rats showed that HBOT pro-
moted neovascularisation of transplanted skin flaps, with
laser Doppler imaging (LDI) showing an increase in tis-
sue blood flow, consistent with histological findings [9].
The same study pointed to increased SDF-1 and CXCR4
protein expression as the cause of neovascularisation.
Further studies on the use of HBOT in skin graft healing
have shown a synergistic effect with subcutaneous hiru-
din [10]. HBOT allows stimulation of leukocyte function,
suppression of exotoxin production and a synergistic
effect of antibiotic therapy, demonstrating bactericidal
activity against anaerobic bacteria. In clinical practice,
HBOT has been used during surgical treatment in combi-
nation with negative pressure therapy, showing efficacy
despite Pseudomonas aeruginosa infection [11].

HBOT for difficult-to-heal wounds

Difficult-to-heal wounds are another challenge of mod-
ern medicine. Advanced age, overweight and obesity
(poorer blood supply to adipose tissue), chronic comor-
bidities (e.g. diabetes), poor nutritional and hydration sta-
tus, smoking and coinfections are factors that correlate
with anincreased risk of difficult wound healing [12].
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Wound oxygenation status is a determinant of heal-
ing outcomes, with wound hypoxia correlated with im-
paired healing. Oxygen supply, on the other hand, ac-
celerates the wound healing process [4]. Furthermore,
the use of HBOT in the treatment of difficult-to-heal
wounds increases nitric oxide (NO) production, which
contributes to the efficiency of the healing process [13].
In their meta-analysis, Longobardi et al. demonstrated
the efficacy of HBOT in the treatment of delayed heal-
ing ulcers [14]. As pointed out by the authors, the HBOT
protocol should be based on the outcomes of standard
comprehensive treatment. HBOT should be considered
when there is no response to standard therapy after
4-6 weeks [14, 15].

Single clinical case reports confirming the efficacy of
HBOT (usually >30 sessions) in the treatment of chronic
wounds in children may also be found [16].

HBOT for diabetic foot ulcers

HBOT is used to improve the healing process of ulcer-
ative wounds and necrotic soft tissue lesions within the
foot that develop as vascular complications of diabetes
(diabetic foot ulcers, DFUs) [4]. Knefel et al. included 24
patients (11 women and 13 men; mean age 48 years) in
their study. DFUs were managed with pharmacotherapy,
surgery and HBOT. Local lesions resolved completely and
radically in 5 and 8 patients, respectively, while elective
amputation was prevented in 5 patients [17]. Kaplan et
al. used HBOT as adjunctive treatment in 146 diabetic
foot patients. Full recovery and significant improvement
were reported in 69.6% and 17.9% of patients, respec-
tively [18].

In their meta-analysis of 20 randomised clinical trials,
Zhang et al. showed statistically significant differences in
HBOT-assisted therapy for DFUs compared to standard
treatment alone. These studies have shown the benefits
of HBOT in terms of faster wound healing, a reduced risk
of major amputations and pain relief [19].

The use of HBOT as an adjunctive treatment for DFUs
appears to be a common and proven standard. However,
there are some discrepancies in the literature regarding
the improvement of quality of life [20] and reducing the
number of total amputations [21].

HBOT for anaemia

HBOT can be used in anaemic patients with increasing
oxygen debt (symptoms such as tachycardia, dyspnoea,
fatigue, chest pain, metabolic acidosis and increased car-
diac enzymes) who cannot receive packed red blood cells
(PRBCs) (due to religious beliefs or massive autoimmune
haemolysis [22]), as well as in patients on the waiting list
for compatible blood products [23]. Importantly, pulse-
flow (intermittent) oxygen supply (normo- or hyperbaric)
induces an increase in RBC count in patients with both
acute and chronic anaemia [24].

HBOT for genitourinary disorders

There are also many reports on the use of HBOT in geni-
tourinary disorders, including:



B Fournier’s gangrene [25], where HBOT reduces both
length of hospital stay and the extent of limb amputa-
tion [4];

B cystitis (radiation-induced, interstitial and haemor-
rhagic [26]), where HBOT limits tissue inflammation,
oedema and capillary pressure, as well as promotes
activation of fibroblasts and reversal of negative
changes associated with abnormal angiogenesis [26];

B pelvic radiation disease following radiation therapy
(radiation proctopathy);

W dystrophic calcifications of the prostate.

Further indications include priapism (a case report of an
11-year-old boy with sickle cell anaemia [27]) and erec-
tile dysfunctions (secondary to urethral repair) [26].
HBOT has also been suggested for overactive bladder
syndrome and chronic pelvic pain [25].

HBOT for CO poisoning

HBOT is a well-established treatment for carbon monox-
ide (CO) poisoning, significantly reducing mortality [4].
Short-term exposure to CO causes influenza-like symp-
toms, headaches and cognitive impairment, whereas
long-term exposure is associated with neuro- and cardio-
toxic effects [28]. Unfortunately, up to 30% of recovered
patients [28] experience neurocognitive complications
(headaches, irritability, personality disorders, confusion,
memory loss [29], sleep disorders and impaired concen-
tration, psychotic symptoms and parkinsonism [28]) for
up to a year after CO poisoning, which may develop im-
mediately after poisoning or within days to weeks after-
wards [28, 29]. The prevention and treatment of these
complications is a major area of research on the use of
HBOT in this group of patients [29].

HBOT for osteomyelitis

HBOT is successfully used as an adjunctive treatment
(in parallel to antibiotic therapy and surgical wound de-
bridement) in patients with chronic refractory osteomy-
elitis (which is most commonly caused by Staphylococcus
aureus [30], but there are also case reports on Strepto-
coccus pneumoniae aetiology [31]), as a complication of
open bone fractures or intraoperative infection. The use
of HBOT was assessed in patients with grade Il and IV
osteomyelitis (Cierny-Mader classification system) of the
femur [32], tibia [33] and ankle [31]. The beneficial ef-
fects of HBOT in osteomyelitis are attributed to the ac-
tivation of neutrophils, inhibition of bacterial pathogens,
enhancement of antimicrobial action and healing mecha-
nisms, as well as reduction of inflammation. Adjunctive
HBOT inhibited the infection in 60-85% of patients with
chronicrefractory osteomyelitis [34]. This is important as
antimicrobials induce selection pressure among patho-
genic microorganisms, resulting in the emergence of
resistant strains (which is observed for all classes of an-
tibiotics, regardless of chemical properties or molecular
mechanisms [35]). Therefore, the incorporation of HBOT
as an effective adjunctive treatment may enable a quan-
titative and qualitative reduction in the use of antimicro-
bials, which would certainly be in line with the mission of
the National Program to Protect Antibiotics.
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HBOT in necrotizing soft tissue infections
(gas gangrene)

HBOT is also used to treat necrotizing soft tissue in-
fections (NSTI) involving the fascia, muscles, tendons,
ligaments, etc. [31]. Early diagnosis and treatment are
crucial, as shown in a Finnish study, where 12 (22.6%)
out of 53 NSTI patients infected with Clostridium perfrin-
gens [36], responsible for 80% of cases [37, 38] (other
culprits included C. novyi, C. septicum, C. hemoliticum,
C. sordelli [38]), died after surgical debridement of the
wound, broad-spectrum antibiotic therapy and HBOT
(2.5 atm) [36]. The mortality rate is 100% in untreated
patients, 25-30% with properly implemented treat-
ment (a decrease to 20% has been reported in recent
years [37]), and up to 5-10% with HBOT [38] (depending
on the patient’s general health condition, age, immune
status and comorbidities [37]). Unfortunately, compre-
hensive treatment of NSTI with HBOT is usually not pos-
sible due to lack of reimbursement from social insurance
(the costs of HBO treatment for NSTI patients is approxi-
mately 8,000-25,000 euros/patient [39]) and the meth-
od is not available in emergency/surgical departments.
At the same time, any delay in surgical treatment due to
the use of HBOT would be unacceptable [39], especially
since, due to the rapid progression of NSTI, wound revi-
sion and repeated debridement is usually necessary after
4-6 hours[38].

HBOT for radiation-induced necrosis of bone or soft tissue

Osteoradionecrosis (ORN) is among the most serious
complications of cancer treatment, head and neck tu-
mours in particular [40]. About 9% of patients in this
group who received a radiation dose of >60 Gy will de-
velop ORN [41]. Radiation therapy results in vascular
endothelial inflammation and obliteration, as well as
tissue hypoxia, which leads to fibroblast dysfunction
and subperiosteal fibrosis, death of osteoblasts and os-
teoclasts, and bone marrow atrophy, in line with the
“3H rule: hypovascular, hypocellular, hypoxic” [40]. If no
spontaneous healing occurs, chronic osteomyelitis de-
velops, which can lead to mandibular fracture and soft
tissue necrosis [41]. It should be noted that patients are
usually unaware of ORN, with a non-healing wound after
tooth extraction being the first sign of the disorder [40];
therefore, it seems important to assess the impact of pro-
phylactic HBOT. Shaw et al. [42] conducted their study
in 100 patients following radiotherapy to the head and
neck (>50 Gy), who required tooth extraction or implant
placement in the mandible and were randomised into
two equal groups. All patients received chlorhexidine
(mouthwash) and antibiotics. The study group addition-
ally received HBOT (2.4 atm, 80-90 minutes for 30 days).
Six months postoperatively, there was a similar number
of patients with ORN in the study group (6.4%) vs. con-
trol group (5.7%) based on blinded evaluation of clinical
and radiographic images, quality of life, acute symptoms
and pain intensity. It was found that HBOT could not re-
place surgery (removal of necrotic tissue [43]) and tar-
geted antibiotic therapy [41, 43] in ORN, and its efficacy
was comparable to that of pharmacotherapy (antibiotics
and antifibrotics) [43].
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HBOT for anal fistula

HBOT is also used to treat anal fistulas [44] in the course
of Crohn’s disease, including those refractory to other
forms of therapy. Since about 20-30% of patients in this
group develop fistula at least once within 20 years of
diagnosis [43, 45], it represents a serious medical and
social problem. Although some cases are almost asymp-
tomatic, a fistula can lead to pelvic abscess formation
and sepsis [44]. Permanent remission is rarely achieved,
with high recurrence rates necessitating re-intervention
or stoma formation [45]. Lansdorp et al. [44] described
a long-term (12 months) follow-up of 20 patients with at
least one active, chronic (average of 4 years) treatment-
resistant perianal fistula who received HBOT (2.5 atm,
80 min, 40 treatments over 8 weeks) as an adjunct to bio-
logical therapy. At week 16, significant improvement was
observed in 13 of the 20 patients, expressed as a reduc-
tion in perianal disease activity index (7.5 vs. 4; a score
<4 indicates remission), modified van Assche index
(9.2 vs. 7.3), fistula drainage, as well as C-reactive protein
(4.2 vs. 2.2 mg/mL) and faecal calprotectin (399 vs. 31 ug/g).

Conclusions

The current state of knowledge has prompted many re-
searchers to seek HBOT-assisted treatments for various
disorders. Such practice seems reasonable for difficult-
to-heal wounds and skin grafts. There is, however, less
evidence for the efficacy of HBOT in the treatment of anal
fistulas and diabetic foot ulcers (there are discrepancies
in the literature regarding improved QoL and number of
amputations). It should be noted that although HBOT
cannot replace routine treatment (e.g., in the case of
ORN surgery), it may be used in parallel with standard of
care in many cases. The rapid growth of interest in HBOT,
evident in scientific publications in recent years, is a good
prognosticator for the development of the method itself.
However, although many studies on its utility (e.g., treat-
ment of burns) still need to be continued, the procedure
itself, due to its simplicity, versatility and accessibility, is
likely to enjoy growing popularity in the coming years.

References

1. Edwards M, Singh M, Selesny S, et al. Hyperbaric Treatment
of Thermal Burns. In StatPearls. Treasure Island (FL),
StatPearls Publishing, 2020

2. Shah J. Hyperbaric oxygen therapy. J Am Col Certif Wound
Spec, 2010; 2: 9-13. doi: 10.1016/j.jcws.2010.04.001

3. Knefel G, Kawecki M, Szymanska B, et al. Wykorzystanie
hiperbarycznej terapii tlenowej (HBO) w kompleksowym
leczeniu oparzen elektrycznych. Acta Bio-Opt Inf Med
Biomed Eng, 2008; 14: 45-70

4. ktatka U, Kulinski W, Knefel G, et al. Aktualny stan medycyny
hiperbarycznejw Polsce. Baln Pol, 2009; 51: 7-17

5. Wu ZS, Wu SH, Lee SS, et al. Dose-dependent effect of hy-
perbaric oxygen treatment on burn-induced neuropathic
pain in rats. Int J Mol Sci, 2019; 20: 1951. doi: 10.3390/
ijms20081951

6. Wréblewski P, Knefel G, Trzaska M, et al. Oparzenia drég
oddechowych. Adv Respir Med, 2011; 79: 298-304. doi:
10.5603/ARM.27650

10 Hyperbaric oxygen therapy - Part 2. Possibilities of use in medicine
Matgorzata Chochowska, tukasz Martowski

7. Villanueva E, Bennett MH, Wasiak J, et al. Hyperbaric oxy-
gen therapy for thermal burns. Cochrane Database Syst
Rev, 2004; 2004(3): CD004727. doi: 10.1002/14651858.
CD004727.pub2

8. Misiuga M, Glik J, Kawecki M, Dziurzynska I, et al. Wptyw
tlenu hiperbarycznego na gojenie sie ran oparzeniowych
zaopatrzonych przeszczepami ze skéry allogenicznej.
J Orthop Trauma Surg Relat Res, 2016; 1: 37-47

9. LiuX, Yang J, Li Z, et al. Hyperbaric oxygen preconditioning
promotes neovascularization of transplanted skin flaps in
rats. Int J Clin Exp Pathol, 2014; 7: 4734-4744

10. Cai J, Lin B, Pan X, et al. [Effects of combined natural hiru-
din and hyperbaric oxygen therapy on survival of trans-
planted random-pattern skin flap in rats]. Zhongguo
XiuFu Chongjian Waike Zazhi, 2018; 32: 484-490. doi:
10.7507/1002-1892.201711135

11. Stabryta P, Kulinska J, Warchot , et al. Uraz skalpacyjny
podudzia - znaczenie terapii wspomagajacych leczenie chi-
rurgiczne: terapii podcisnieniowej oraz hiperbarii tlenowe;.
Pol J Surg, 2018; 90: 5-9. doi: 10.5604/01.3001.0011.7453

12. Thomas Hess C. Checklist for factors affecting wound heal-
ing. Adv Skin Wound Care, 2011; 24: 192. doi: 10.1097/01.
ASW.0000396300.04173.ec

13. Boykin JV Jr, Baylis C. Hyperbaric oxygen therapy mediates
increased nitric oxide production associated with wound
healing: a preliminary study. Adv Skin Wound Care, 2007; 20:
382-388. doi: 10.1097/01.ASW.0000280198.81130.d5

14. Longobardi P, Hoxha K, Bennett MH. Is there a role for
hyperbaric oxygen therapy in the treatment of refractory
wounds of rare etiology? Diving Hyperb Med, 2019; 49:
216-224.doi: 10.28920/dhm49.3.216-224

15. de Andrade SM, Santos ICRV. Oxigenoterapia hiperbarica
para tratamento de feridas. Rev Gaucha Enferm, 2016; 37:
e59257

16. Pasek J,Majda D, Cieslar G, et al. Treatment of a forearm cut
wound using localised hyperbaric oxygen therapy-a case
report. Ann Acad Med Siles, 2017; 71: 246-251. doi:
10.18794/aams/65032

17. Knefel G, Kawecki M, Szymanska B, et al. Hiperbaryczna tera-
pia tlenowa jako uzupetnienie chirurgicznego leczenia zespo-
tu stopy cukrzycowej. Acta Bio-Opt Inf Med, 2008; 14:47-50

18. Kaplan ST, Hemsinli D, Kaplan S, et al. Amputation predic-
tors in diabetic foot ulcers treated with hyperbaric oxy-
gen. J Wound Care, 2017; 26: 361-366. doi: 10.12968/
jowc.2017.26.7.361

19.Zhang Z, Zhang W, Xu Y, et al. Efficacy of hyperbaric oxygen
therapy for diabetic foot ulcers: an updated systematic re-
view and meta-analysis. Asian J Surg, 2022; 45: 68-78. doi:
10.1016/j.asjsur.2021.07.047

20. Brouwer RJ, Lalieu RC, Hoencamp R, et al. A systematic re-
view and meta-analysis of hyperbaric oxygen therapy for
diabetic foot ulcers with arterial insufficiency. J Vasc Surg,
2020;71: 682-692.e1.doi: 10.1016/j.jvs.2019.07.082

21.Stoekenbroek RM, Santema TB, Legemate DA, et al.
Hyperbaric oxygen for the treatment of diabetic foot ul-
cers: a systematic review. Eur J Vasc Endovasc Surg, 2014;
47:647-655.doi: 10.1016/j.ejvs.2014.03.005

22. Johnson-Arbor K, Cooper JS. Hyperbaric Therapy in Blood
Loss Anemia. In: StatPearls. Treasure Island (FL), StatPearls
Publishing, 2023.

23. Leung JK, Lam RP. Hyperbaric oxygen therapy: its use in med-
ical emergencies and its development in Hong Kong. Hong
KongMed J,2018; 24: 191-199. doi: 10.12809/hkmj176875



24.Van Meter KW. The effect of hyperbaric oxygen on severe
anemia. Undersea Hyperb Med, 2012; 39: 937-942

25. Passavanti G. The use of the hyperbaric oxygenation thera-
py in urology. Arch Ital Urol Androl, 2010; 82: 173-176

26. Gandhi J, Seyam O, Smith NL, et al. Clinical utility of hyper-
baric oxygen therapy in genitourinary medicine. Med Gas
Res, 2018; 8: 29-33. doi: 10.4103/2045-9912.229601

27.Azik FM, Atay A, Kirekci AE, et al. Treatment of pria-
pism with automated red cell exchange and hyperbaric
oxygen in an 11-year-old patient with sickle cell dis-
ease. Turk J Haematol, 2012; 29: 270-273. doi: 10.5505/
tjh.2012.78553

28.Ning K, Zhou YY, Zhang N, et al. Neurocognitive se-
quelae after carbon monoxide poisoning and hyperbar-
ic oxygen therapy. Med Gas Res, 2020; 10: 30-36. doi:
10.4103/2045-9912.279981

29.Lin ChH, SuWH, Chen YCh, et al. Treatment with normobar-
ic or hyperbaric oxygen and its effect on neuropsychometric
dysfunction after carbon monoxide poisoning: a systematic
review and meta-analysis of randomized controlled trials.
Medicine (Baltimore), 2018; 97: e12456. doi: 10.1097/
MD.0000000000012456

30. SavvidouOD,KaspirisA,BolialK,etal.Effectivenessofhyper-
baric oxygen therapy for the management of chronic osteo-
myelitis: a systematic review of the literature. Orthopedics,
2018;41:193-199.doi: 10.3928/01477447-20180628-02

31. Goerger E, Honnorat E, Savini H, et al. Anti-infective ther-
apy without antimicrobials: apparent successful treat-
ment of multidrug resistant osteomyelitis with hyperbaric
oxygen therapy. IDCases, 2016; 6: 60-64. doi: 10.1016/j.
idcr.2016.09.008

32.Chen ChE, Ko JY, Fu TH, et al. Results of chronic osteomyeli-
tis of the femur treated with hyperbaric oxygen: a prelimi-
nary report. Chang Gung Med J, 2004; 27: 91-97

33.Chen CY, Lee SS, Chan YS, et al. Chronic refractory tibia
osteomyelitis treated with adjuvent hyperbaric oxygen:
a preliminary report. Changgeng Yi Xue Za Zhi, 1998; 21:
165-171

34. Hopf HW, Holm J. Hyperoxia and infection. Best Pract
Res Clin Anaesthesiol, 2008; 22: 553-569. doi: 10.1016/j.
bpa.2008.06.001

2024NR 1VOL. 102

35. Memar MY, Yekani M, Alizadeh N, et al. Hyperbaric oxygen
therapy: antimicrobial mechanisms and clinical application
for infections. Biomed Pharmacother, 2019; 109: 440-447.
doi: 10.1016/j.biopha.2018.10.142

36. Korhonen K. Hyperbaric oxygen therapy in acute necrotizing
infections with a special reference to the effects on tissue gas
tensions. Ann Chir Gynaecol, 2000; 89 Suppl 214: 7-36

37.Bonne S, Kadri SS. Evaluation and management of necrotiz-
ing soft tissue infections. Infect Dis Clin North Am, 2017;
31:497-511.doi: 10.1016/].idc.2017.05.011

38. Zareba KP, Dawidziuk T, Zinczuk J, et al. Problem zgorze-
li gazowej na ostrym dyzurze chirurgicznym - doswiad-
czenia wtasne. Pol Przegl Chir, 2019: 91(6): 1-5. doi:
10.5604/01.3001.0013.5076

39. Willy C, Rieger H, Vogt D. Hyperbaric oxygen therapy for
necrotizing soft tissue infections: contra. Chirurg, 2012; 83:
960-972. doi: 10.1007/s00104-012-2284-z

40. Jedrusik-Pawtowska M, Drugacz J, Borgiel-Marek H, et al.
Osteoradionekroza zuchwy - ocena czynnikéw promuja-
cych i sposobdéw leczenia w materiale wtasnym. Chir Pol,
2004: 6:245-251

41. Davis DD, Hanley ME, Cooper JS. Osteoradionecrosis. In
StatPearls. Treasure Island (FL), StatPearls Publishing, 2023

42.Shaw RJ, Butterworth ChlJ, Silcocks P, et al. HOPON
(Hyperbaric Oxygen for the Prevention of Osteoradio-
necrosis): a randomized controlled trial of hyperbaric oxy-
gen to prevent osteoradionecrosis of the irradiated mandi-
ble after dentoalveolar surgery. Int J Radiat Oncol Biol Phys,
2019; 104: 530-539. doi: 10.1016/j.ijrobp.2019.02.044

43.YinY, Zeng W, Jing W, et al. Evaluation of hyperbaric oxygen
therapy for the osteoradionecrosis of the jaws: meta-analy-
sis. Hua Xi Kou Qiang Yi Xue Za Zhi, 2021; 39: 690-697. doi:
10.7518/hxkq.2021.06.010

44, Lansdorp CA, Gecse KB, Buskens ChlJ, et al. Hyperbaric oxy-
gen therapy for the treatment of perianal fistulas in 20 pa-
tients with Crohn’s disease. Aliment Pharmacol Ther, 2021;
53:587-597.doi: 10.1111/apt.16228

45, Armuzzi A, Pugliese D. Hyperbaric oxygen therapy: More
hope than hype for future treatment of perianal fistulizing
Crohn’s disease? United European Gastroenterol J, 2022;
10: 143-144. doi: 10.1002/ueg2.12195




