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Abstract

:

Background: In otorhinolaryngology and head and neck surgery, oxygen is a therapeutic tool used for various pathologies. Oxidative stress is the imbalance between the production of free radicals (ROS) and the antioxidant capacity of the body, which can represent the pathogenesis of several pathologies or contribute to their worsening. This narrative review aims to analyze the benefits, indications, and side effects of hyperbaric oxygen therapy (HBOT) in different head and neck disorders. Methods: The search was carried out on multiple electronic databases such as PubMed and Google Scholar, and prospective, randomized, and reviewed studies were analyzed from January 1982 to February 2024. Results and Conclusions: The most common tools used to manage oxidative stress in the ear, nose, and throat (ENT) field are continuous positive airway pressure (CPAP) and HBOT. A common ENT pathology, while the latter can be used for osteoradionecrosis treatment in head and neck cancer patients, infections, malignant external otitis, head and neck reconstruction, facial cosmetic surgery, and among patients with sudden sensorineural hearing loss. From our analysis, it emerged that HBOT is a currently used effective therapy in various ENT pathologies’ treatment, alone or in association with other treatments; it can guarantee functional recovery and healing depending on the type of pathology for which it is used and on its severity.
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1. Introduction


Mitochondrial dysfunction and oxidative stress are considered key etiological factors in the pathogenesis of several head and neck disorders. For example, many studies suggest that oxidative stress could be the main cause of sudden sensorineural hearing loss (SSHL) even though it is not completely clear the pathophysiological mechanism and the main cause of this pathology [1]. The lack of balance in the aerobic metabolism is caused by constant stressful agents that determine a biological stress response. Hair cells of the inner ear are high energy-demanding and oxygen-consuming cells; a condition of hypoxia that increases ROS levels can trigger cell death or damage to biomolecules and DNA. The predominant ROS molecule is the superoxide radical (O2•−), which is generated by univalent reduction of molecular oxygen, mainly during mitochondrial respiration but also by several enzymatic systems, such as xanthine oxidase, “uncoupled” endothelial nitric oxide synthase (eNOS) and reduced nicotinamide adenine dinucleotide phosphate (NADPH) oxidase from leukocytes and endothelial cell’s function [1]. The superoxide is a relatively weak radical, but reacting with other molecules can yield additional, more potent ROS molecules and oxidants such as hydrogen peroxide (H2O2), hydroxyl radical (•OH), and lipid peroxides. Additional toxic radicals, such as peroxynitrite (OONO-), which is formed by the reaction of superoxide with the primary vasodilator nitric oxide (NO), also contribute to oxidative/nitrosative stress. This reaction results in diminished NO availability and severely affects endothelial function [1]. Hyperbaric oxygen therapy could be potentially used to correct the molecular alterations mentioned above. A study conducted by Yamamoto et al. [2] aims to identify the effects of the hyperbaric treatment on the microcirculation and oxygenation of the tissues by examining the changes in peripheral blood flow and on the transcutaneous partial pressure of oxygen (TcPO2), demonstrating that the peripheral blood flow decreases while TcPO2 increases when the treatment is applied for a short duration. Increased TcPO2 at the beginning of treatment is followed by an increase in the levels of nitric oxide (NO) and superoxide (O2•−) that are produced by endothelial cells. O2•− reacts with NO to generate peroxynitrite (ONOO-) between the endothelium and vascular smooth muscle cells, leading to vasoconstriction while the vasodilatory effects of NO were antagonized [2]. This reaction has been considered the cause of decreased peripheral blood flow during a short duration of HBO exposure [2]. During HBO exposure, extracellular superoxide dismutase (SOD) is gradually activated between the endothelium and vascular smooth muscle cells [2]. SOD scavenges O2•− allows the improvement of NO effect. The restoration of the vasodilatory effect of NO during a longer HBO exposure allows an increase in peripheral blood flow and an increase in dissolved O2 in blood (Figure 1).



One of the largest prospective studies evaluated all oxidative mechanisms in patients affected by SSHL [3]. There is evidence that endothelium is the tissue that is mostly affected by ROS, inducing cell death. In this study, ROS levels were significantly elevated compared to healthy patients, suggesting that vascular impairment might be involved in the pathogenesis of SSHL. In this study, it was demonstrated, by taking blood samples between the two groups of patients, that total oxidant status (TOS) levels were higher in the group suffering from sudden sensorineural hearing loss compared to the healthy group. The data was statistically significant, although there were some limitations; for example, blood samples were taken from the systemic circulation while the deep position of the cochlea in the temporal bone does not allow the study of the cochlea microcirculation [3]. A condition of oxygen reduction (hypoxia) can stimulate a metabolic activation to re-establish tissue homeostasis, which determines the increase in ROS levels, it starts a mechanism that leads to an increase in levels of HIF-1 α, TNF-α, NF-κB, myeloperoxidase (MPO), intracellular adhesion molecule 1 (ICAM-1), IL-8, vascular cell adhesion protein (VCAM-1), L-selectin, and E-selectin, VE-cadherin cleavage with subsequent endothelial dysfunction and consequently increased endothelial permeability [4]. TNF-α is recognized as a critical factor in the development of atherosclerosis. In general, an increase in oxidative stress and a variation in tissue metabolism, such as observed in the case of infectious or tumor states, can benefit from oxygen therapy. This treatment allows the restoration of a state of equilibrium in case of a lack of balance in the aerobic metabolism caused by constant stressful agents that determine a biological stress response of the organism. This narrative review aims to analyze current scientific literature on the benefits, indications, and side effects of HBOT in different head and neck disorders.




2. Materials and Methods


The study aimed to evaluate the use and effectiveness of HBOT in ENT pathologies through scientific literature research. The search was carried out on multiple electronic databases such as PubMed and Google Scholar using the following keywords “hyperbaric oxygen head and neck”, “hyperbaric oxygen oxidative stress”, “hyperbaric oxygen sudden hearing loss”, “hyperbaric oxygen palsy’s bell”, “hyperbaric malignant otitis externa”, “hyperbaric oxygen infections”, “hyperbaric oxygen in osteoradionecrosis” and “hyperbaric ear avulsion”. Limitations on the publication date, study design, and language were applied in the search strategy. We limited the search to articles published in the English language over the past forty years. The title and abstracts of the identified records were initially screened and selected by two independent reviewers (F.Z., A.C.) based on their relevance to the review topic. The following set of inclusion criteria, chosen in a shared way, was applied individually to the selected articles in their full-text versions. The literature search produced 136 records. Subsequently, 102 studies were excluded because they did not meet the objective of our review. In total, 34 studies were included and discussed because they compared the clinical outcomes of using HBOT, either when pharmacological or surgical treatments failed or as a combination treatment (Figure 2 and Figure 3).




3. Results


3.1. HBOT in Obstructive Sleep Apnea Syndrome (OSAS)


OSAS is a common sleeping sickness disease that can be caused by obesity, craniofacial malformations or changes, pharyngeal neuropathy, altered muscle function in the upper airway, and fluid shift to the neck. Around 1 billion people are affected worldwide, aged 30–60 years (24% in men and 9% in women) [5,6]. OSAS is a pathology caused by at least five episodes per hour of airway obstruction (apnea) or reduction (hypopnea), in which there is a reduction in ventilation of at least 50%, resulting in oxygen desaturation ≥ 4%, with consequent intermittent hypoxemia, sympathetic hyperactivation, and sleep fragmentation. Blood oxygen desaturations are common findings after apnea and hypopnea events [7]. OSAS occurs mainly during REM sleep, in which there is a condition of muscle atony, and the severity of the pathology is defined by the number of sleep apneas and hypopneas per hour; this index is named the Apnea-Hypopnea Index (AHI). When the index is between 5 and 15, the disease is listed as mild, moderate between 15 and 29, and as severe when more than 30 episodes occur per hour of sleep [8]. These episodes are identified by polysomnography (PSG) monitoring, which represents the goal standard for diagnosing OSAS. CPAP could represent an important tool in treating this disease; it applies continuous positive airway pressure, expanding the alveolar surface area; in fact, increasing surface area aids oxygen diffusion over tissues [9]. Ryan S. et al. [10] showed that using CPAP for at least 6 weeks allowed a decrease in serum levels of TNF-α and IL-8. The role of inflammatory molecules in the development of atherosclerosis is well established. So, CPAP represents an effective treatment to lower this inflammatory response. CPAP has been confirmed as a valid antioxidant therapy, having the ability to reverse some of the alterations induced by oxidative stress, like eNOS, nitro-tyrosine, and NF-κB in the endothelium and circulating TNF-α [11].




3.2. HBOT in Bell’s Palsy


Bell’s palsy is an acute unilateral facial disease, which may include a unilateral lower motor neuron weakness of the face. The pathophysiology includes facial nerve hypoxia caused by swelling in the facial canal of the temporal bone. This leads to a phenomenon of reversible neuropraxia due to ischemia and inflammation of the nerve. HBOT could be an alternative tool to reduce nerve hypoxia levels. In the literature, there are not numerous studies to study the use of HBOT in Bell’s palsy. An important study conducted by Racic in 1997 [12] suggested that hyperbaric oxygen therapy may be an effective treatment for moderate to severe Bell’s palsy, but this study was excluded because treatment allocation was not blinded. The trial involved 79 participants in which the use of steroids was compared with the HBOT. The trial divided participants into two groups, each of whom was assigned the same treatment program. The HBOT group (n = 42) was exposed to 2.8 atm abs of 100% oxygen for 60 min, twice a day, 5 days a week, and was given a placebo orally, while the prednisone-treated group (n = 37) was exposed to 2.8 atm abs of 7% oxygen (equivalent to 21% oxygen in air at normal pressure). Prednisone was given orally (total of 450 mg in 8 days): 40 mg twice daily on days one to four; 30 mg twice daily on day five; 20 mg twice daily on day six; 10 mg twice daily on day seven; 10 mg once on day eight. Placebo tablets in the HBOT group were divided in the same manner. The group treated with HBOT received placebo tablets, not prednisone. Both study groups underwent equivalent dosing schedules of hyperbaric treatment. The patients were followed for nine months, and the dives were stopped when facial function returned to normal (maximum 30 dives). Nerve excitability testing (NET) was performed daily to determine the degree of facial nerve degeneration and subsequent recovery. Positive NET was found in 2 of 42 participants treated with HBOT at nine months and 9 of 37 treated with prednisone at nine months. The average time to complete the recovery in the HBOT group was 22 days as opposed to 34.4 days in the control group (p < 0.001). Those subjected to the hyperbaric oxygen treatment recovered more quickly (95% versus 76%), but the assessors of facial function knew what treatment the participants had undergone [12,13]. Despite the low quality of the study due to the mentioned bias, it suggests, however, that HBOT may have a more valid effect than the use of corticosteroids [12,13].




3.3. HBOT in the Treatment of Sudden Sensorineural Hearing Loss


Sudden sensorineural hearing loss (SSNHL) is an acute, usually unilateral, deficit of the hearing. It develops suddenly, within a few hours, or occurs upon awakening. Many patients complained of tinnitus, and some had dizziness, vertigo, or both. Diagnostic criteria include a hearing loss of at least 30 decibels or greater over at least three contiguous test frequencies occurring within 72 h.



The incidence of SSNHL is 5–27 per 100,000 people annually. The main causes of this pathology are various and include viral infections, tumors, acute acoustic trauma, vascular occlusions, immune-mediated mechanisms, and cochlear membrane damage, but in more than 90%, it is idiopathic. So, a correct medical anamnesis is the basis for the choice of the best therapy and to improve symptoms [14,15,16]. Nowadays, there is no standard treatment for ISSHL: therapy can be based on a rational approach.



Systemic steroids are historically the primary therapy, although the mechanism of action is not known; probably, the reduction of cochlear and auditory nerve inflammation or reducing oxidative stress and the reversing of the apoptotic pathway of the injured cochlear hair cells could explain their effectiveness [17].



Over the last two decades, intratympanic steroids (ITS) and hyperbaric oxygen therapy (HBOT) have been proposed as salvage treatments in case of failure of systemic steroids.



The hypothesis that SSHL may occur due to hypoxia in the cochlea makes the use of the HBOT an effective therapeutic opportunity. The antioxidant systems can lead to alterations of the microcirculation, such as the increase in peroxynitrite, which is noticed especially in OSAS patients and causes an increase in NO and superoxide in the endothelial tissue [18,19].



It has been found that untreated OSAS can lead to damage to the hearing system; the oxidative stress caused by intermittent hypoxia is the main pathogenetic mechanism of damage [19]. pO2 in the perilymph during HBOT is inclined to increase. Oxygen is diffused from various terminal cochlear capillary networks into the perilymph and cortilymph, supplying the sensor and peripheral neuronal structures of the inner ear. About this, the pO2 in the perilymph and cortilymph will show a constant increase only after an extreme increase in the arterial pO2 and, thus, the arterio-perilymphatic difference in oxygen concentration. This condition can only be achieved by HBO therapy [20].



A study investigated the effects of the hyperbaric oxygen in some substructures of the cochlea regarding the upregulation of constitutive nitric oxide synthase (NOS), which is a protective enzyme, on adult male albino guinea pigs. NO released from constitutive NOS, such as eNOS, protects the cochlear circulatory system; it was upregulated after HBOT [21]. In 2023, it was conducted a major study that analyzed the medical charts of patients who suffered from SSNHL between 1 January 2012 and 31 December 2021, and these were subjected, early, within 72 h of symptoms, to the HBOT alone, without corticosteroids, for at least 10 sessions of 85 min each, with pure oxygen inhalation at 2.5 atmospheres absolute pressure, observing that 71.4% patients had complete hearing recovery; it suggests that HBOT could have a positive impact on patients with idiopathic SSNHL [22]. A retrospective analysis was conducted on patients with Idiopathic Sudden Sensorineural Hearing Loss (ISSHL) between January 2016 and December 2021 and underwent HBOT. Data were analyzed for 102 patients after 1 to 5 therapy sessions and for 46 patients after 6 to 10 therapy sessions. Results showed an improvement of 44.1% in the first group and similar in the second group. It was highlighted that the improvement was more significant when the severity of the pathology was greater and, above all, if the therapy was started early [23]. Another study conducted by Cavaliere et al. [24] confirmed what has just been described above; it was conducted in a randomized controlled trial in which the use of steroids alone, the HBOT alone, and steroids + HBOT were compared, evaluating them among patients who received therapy within 7 days, 14 days and beyond 14 days from the onset of symptoms. The HBOT (either alone or with steroids) was a more effective treatment than steroids alone, especially if it was started within 14 days of onset.



Thus, it is shared that the effectiveness of HBO is time-dependent, also Capuano et al. demonstrated that recovery is certainly more significant if treatment with HBOT is started within the first 14 days of symptoms compared to those treated after 14 days [25]. Holy et al. found an improvement if treatment was started within the first 10 days [26].



The American Academy of Otolaryngology-Head and Neck Surgery guidelines for the treatment of SSHL suggest that HBOT is recommended as adjunctive therapy with steroid therapy for either initial or salvage therapy after the failure of pharmacological treatment [27]. In literature, several studies confirm the indications of the American Academy of Otolaryngology-Head and Neck Surgery guidelines. Ajduk et al. measured the effect of hyperbaric oxygen therapy as salvage therapy after the failure of steroid therapy on ninety-three patients, in which 43 patients received additional HBO therapy while 50 did not. There was a great recovery in patients with a hearing loss of >61 dB, while those with a hearing loss of <60 dB had a significant improvement only at 250 and 500 Hz. Patients not undergoing HBO treatment showed no hearing improvement [28].



Pezzolli et al. [29] studied 58 patients who failed to recover after primary treatment with IV steroids. Patients treated with HBO had a mean improvement of 15.6 dB, while those who had not been treated had a spontaneous mean improvement of 5.0 dB. Patients with worst hearing had a greater degree of improvement if they were treated in the first 10 days after the onset of the hearing loss or between 11 and 30 days.



Zirong Huo et al. analyzed 92 patients with SSNHL. All patients were managed by intravenous dexamethasone, and 72 cases were treated with additional HBOT for 10 consecutive days. The overall hearing recovery rate was higher in the Intravenous steroids + HBOT group than in the IV-only group, suggesting that HBOT may have additional therapeutic benefits when it is combined with intravenous steroids. In this study, the level of hemoglobin (HGB), hematocrit (HCT), and superoxide dismutase (SOD) was significantly higher after HBOT in patients with better hearing improvements. It suggests that higher HGB, HCT, and SOD might be protective factors for hearing recovery, and HBOT may be more efficient when the level of available oxygen transporter is sufficient in blood [30].



Some studies do not confirm the evidence found by other authors, as in the case of the study by Dova et al. [31], in which two groups of patients were compared: those who received therapy with intravenous steroids alone and those with combined therapy (hyperbaric oxygen therapy + IV steroids). No significant hearing improvements were observed. These results agree with other studies, which did not show a significant improvement after the addition of HBOT [32,33].




3.4. HBOT in Radiation Necrosis


The HBOT may represent a therapeutic intervention that manages one of the late complications of Radiation Therapy (RT), like radiation necrosis (RN), through three mechanisms, including angiogenesis, anti-inflammatory modulation, and cellular repair [34].



RT causes a hypoxic, hypocellular, and hypo-vascular environment.



One of the most severe complications of radiation therapy in the head and neck field is osteoradionecrosis (ORN).



The radiation can generate hypo vascularization and necrosis, creating negative sequelae for the patient’s quality of life, such as areas of exposed bone in the mouth, loss of teeth and supporting structures, or soft tissue oro-cutaneous fistula [35].



HBOT can increase cellular oxygen levels in osteoblasts and fibroblasts, promoting angiogenesis and, consequently, the production of new tissue [36].



The use of hyperbaric oxygen has been suggested as a means of prevention and treatment.



It seems that the HBOT may have a better therapeutic effect on early-stage lesions because they can benefit from conservative treatment. The most severe stage lesions probably need to be managed by early bone debridement or bone resection and subsequently treated with HBOT. Early surgery can reduce the number of HBOT sessions [37].



An important study was conducted by the University of Pennsylvania between 1989 and 1994 on hyperbaric oxygen therapy for the treatment of radiation-induced sequelae in children. HBO treatment has been studied both in the form of prophylaxis and in the therapeutic field. The outcome was excellent, as demonstrated by the disappearance of signs and symptoms of radio necrosis and new bone growth on a follow-up computed tomography scan. It is a potentially valuable tool both in the prevention and treatment of radiation-related complications [38].



Several pieces of evidence showed that HBOT improves local tumor control and mortality for cancers of the head and neck, reducing the chance of local tumor recurrence in cancers of the head and neck after receiving radiation therapy with HBOT [39].



Leach et al. [40] recommend preventing mandibular osteonecrosis after surgery on irradiated facial and neck tissue by 30 preoperative 90-min sessions and 10 postoperative sessions. In fact, in their research, they point out that comparing osteoradionecrosis at six months postoperatively, the incidence was 5% in patients receiving 30 preoperative hyperbaric oxygen treatments compared with 30% in patients who received only preoperative antibiotics.



Forner et al. [41] compared a group of patients with surgical removal of necrotic mandibular bone supplemented by 30 pre- and 10 postoperative HBO exposures at 243 kPa for 90 min each with a group with surgical removal of necrotic bone only. In the first group, 70% healed compared to 51% in the second group. They showed that a combination of HBO + surgery had a beneficial effect on RT-induced xerostomia, unstimulated salivary flow rate, and dysphagia. Unfortunately, the trial was underpowered, and the results were not significant, but the results obtained encouraged the benefits that HBOT could have on RT.



A study conducted on 9 years of experience and 30 patients, observed how the hyperbaric chamber is useful in the management of osteoradionecrosis and post-irradiation wounds and it is therapeutic in some post-irradiated wounds where we cannot offer surgical correction [42].




3.5. Could the HBOT Be an Effective Treatment for Malignant Otitis Externa?


Malignant otitis externa (MOE) is an aggressive necrotizing infection of the soft tissues of the external auditory canal and surrounding structures, which spreads to involve the periosteum and bone of the skull base. The most common causative agent is Pseudomonas aeruginosa followed by Aspergillus spp., Staphylococcus aureus, Candida spp., and fungi and affected patients are typically elderly, uncontrolled diabetics or immunocompromised [43].



They complain of symptoms such as pain, otalgia, purulent otorrhea, edema, exudate, granulations, micro abscess (when operated), positive bone scan, or failure of local treatment, often for more than 1 week [44].



The primary treatment of MOE is long-term antimicrobial therapy, including topical and systemic administration, close follow-up of blood glucose levels and inflammation markers, and surgical debridement of the external auditory canal. In cases where antibiotic or surgical therapy fails, adjuvant treatment has been proposed with hyperbaric oxygen therapy [45]. The pathogenesis of MOE in diabetics is based on the impairment of leukocyte activity and on microangiopathy, which causes tissue hypoperfusion and hypoxia and further impairs the oxygen-dependent antimicrobial activity of leukocytes. Thus, hyperbaric oxygenation has been shown to increase the oxygen partial pressure in infected tissues, enhancing oxygen-mediated leukocyte killing of pathogens [46].



A retrospective study of 42 diabetic patients who were treated either by only antibiotic therapy (23 cases) or with both antibiotic therapy and hyperbaric oxygen therapy (19 cases) observed a 100% recovery in patients treated with HBOT compared to 74% of patients treated with antibiotic therapy alone and improving a typical complication such as facial nerve paralysis by 75%. There was also a rapid disappearance of clinical symptoms in the group treated with hyperbaric oxygen. This testifies to the effectiveness of hyperbaric oxygen therapy in this disease [47].



Another retrospective study conducted on 16 patients (15 had diabetes) found similar results. This suggests how necessary it is to support and standardize HBOT treatment protocols [48]. However, in the Tenth European Consensus Conference, it was decided that there is no indication for the use of the HBOT in malignant otitis externa owing to very low levels of evidence [49].



Some literature supports the effectiveness of HBOT as a treatment modality for MOE, highlighting how it is a promising and effective tool [50,51,52,53,54,55].



Unfortunately, most of these studies had a limited number of samples, which prevented the results obtained from being objectified. The difficulty of organizing prospective, randomized, or double-blind studies due to the rarity of the disease must certainly be recognized.
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Figure 3. The diagram shows the main information obtained from the analysis of the articles evaluated among the main ENT fields in which HBOT therapy is currently applied. 
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3.6. Primary Repair of Ear Avulsion with Adjuvant Hyperbaric Therapy


Ear avulsion can represent a serious and difficult problem to afford, given the different techniques described in the literature; primary repair is almost always the first choice, although viable tissue is not always available to allow the operation to be successful. Adjuvant hyperbaric oxygen therapy has been an option for some years.



Favede et al. [56] reported 2 cases of pediatric patients with near-total ear avulsion who underwent primary reattachment followed by adjuvant HBOT. These represented the first cases in the literature; the results were favorable to the use of HBOT with good aesthetic and functional outcomes. The authors believe that both treatments may contribute to a positive outcome, but there is a need for further studies to evaluate whether the cost and effort are necessary compared to surgery alone without adjuvant therapy. Unfortunately, there is still no universal consensus. Archibald et al. [57], analyzing the same two cases, underlined how the additional effect of the HBOT and the use of a nitroglycerin ointment after the surgical treatment achieved a complete graft take for one patient and 90% graft take for the other, obtaining a good aesthetic result.




3.7. HBOT and Infections


HBOT is also effective in the treatment of severe soft tissue infections or necrotizing states of the head and neck. Infections create hypoxia in the tissues, which compromises the phagocytic activity of leukocytes and, consequently, the growth of anaerobic organisms. HBOT provides reoxygenation of the ischemic area, restoring phagocytic activity. HBOT can also act as a bactericidal or bacteriostatic or have a synergistic effect with antibiotics [58,59]. Maroon [60], in his personal case report, found a precipitous decrease in inflammatory protein clusters around session 40. Wound healing is a multifactorial process involving three phases (inflammation, proliferation, and remodeling) with the participation of leukocytes, fibroblasts, and cytokines [61]. The release of chemoattractants into the circulation involves the recruitment of neutrophils (at the beginning) and macrophages (later). The recruitment of leukocytes allows the release of proinflammatory cytokines such as interleukin (IL)-1β and IL-6, tumor necrosis factor-α (TNF-α), and growth factors, such as vascular endothelial growth factor (VEGF) and insulin-like growth factor-1 (IGF-1) [62].



Oxygen has an important role in normal wound healing; bacterial killing by phagocytosis depends on a high partial pressure of oxygen. During phagocytosis, the neutrophil membrane produces superoxide, which combines with oxygen molecules and undergoes further changes to produce reactive oxygen species (ROS) [63]. Oxygen in wounds is consumed to produce ROS, which plays a role in killing bacteria, collagen production, and epithelialization [64]. Capò et al. [65] highlighted that HBOT induces an increase in ROS production and reduces inflammation, tissue edema, and oxidative stress. HBOT can also induce an increase in the production of several growth factors, such as hypoxia-inducible factor 1 (HIF-1), which could induce angiogenesis and cell proliferation. It can increase the upregulation of vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF), which contribute to wound healing.



TNF-α and IL-1β, as markers of the inflammatory status, change the effect of HBOT. TNF-α plasma levels decrease after 5 days of treatment and reach their lowest levels 28 days after wound recovery. IL-1β plasma levels also reduced progressively throughout the HBOT [66]. The anti-inflammatory activity associated with HBOT seemed to be mediated by the inhibition of pro-inflammatory nuclear factor κB (NF-κB) [67].




3.8. Side Effects of Hyperbaric Oxygen Treatment


Despite all the positive benefits, the HBOT can induce side effects too and in literature the two most common are certainly barotrauma and claustrophobia. Rarer ones may be concerned with effects on the eye such as progressive myopia and pulmonary dyspnea [68].



A retrospective observational study of 5962 patients who underwent HBO therapy found an incidence of barotrauma of 9% among all patients, and the percentage reached 20% of patients who had hearing problems that pre-existed during the treatment [69].



Middle ear barotrauma (MEB) can represent a common condition responsible for many premature discontinuations of HBOT [70].



HBOT leads to ventilatory dysfunction of the eustachian tube (ET), favoring MEB [64].



Myopia may occur as a direct toxic effect of oxygen on the crystalline lens, and since HBOT can induce reversible myopia and prolonged exposure to HBOT can also induce cataracts but while myopia may be reversible, cataracts may show no signs of regressing [71].





4. Discussion and Conclusions


The literature provides various scientific evidence regarding the benefits that HBOT showed in the treatment of several ENT diseases. Its ability to provide 100% oxygen allows it to oxygenate necrotic or hypoxic tissues, promoting angiogenesis and the proliferation of new vital tissue. From our research, it was possible to deduce that the disease’s rarity and the lack of possibility of having numerous centers that have the hyperbaric chamber available as a treatment do not allow us to provide precise indications on the use of this therapy. The results presented in various trials are promising; the scientific evidence is more concrete regarding sudden sensorineural hearing loss in which it seems that HBOT is more effective when used as an adjuvant treatment to steroid therapy, especially when the hearing loss is severe and if the treatment is used during the first days of symptoms. HBOT up-regulates constitutive nitric oxide synthase [21], increases superoxide dismutase levels, and improves hemoglobin levels [30], and this highlights the ability to oxygenate tissues and, therefore, also be able to heal from infections. Although the Tenth European Consensus Conference does not recommend the use of HBOT in malignant otitis externa [49], we may disagree as there are studies, such as the one by Mardassi et al. [43], which document how there can also be a 100% recovery with HBOT compared to antibiotic therapy alone. However, the small number of cases analyzed in the trials does not allow us to have strong scientific evidence. However, this can stimulate us to work on prospective or randomized studies that could have a higher number of patients to standardize HBOT treatment protocols. HBOT could prevent the use of surgery, which always represents a risk for the patient, thanks to its being bactericidal and bacteriostatic; it can prevent osteoradionecrosis, improving the quality of life of patients. It can also be a tool that works in synergy with surgery, such as in the case of ear avulsion, improving functional and aesthetic outcomes. Multicentric studies, collaboration, additional studies with larger sample sizes, and randomized clinical trials are needed to establish new therapeutic protocols and to confirm the results already obtained. Evaluating the current evidence and clarifying the effect that HBOT may have on hypoxic or necrotic tissues could accelerate the indication of strong recommendations for some ENT diseases. There are currently recommendations to use HBOT in sudden sensorineural hearing loss, osteoradionecrosis of the jaw, and prevention of osteoradionecrosis and infections [49]. There are no indications for its use in malignant otitis externa and Bell’s palsy [49], while just two articles [56,57] on ear avulsion are not sufficient to be sure of the effectiveness of HBOT on this pathology.
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Figure 1. The diagram shows the effect of the HBOT on peripheral blood flow. 
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Figure 2. The diagram shows the information flow through different phases of the review and illustrates the number of records that were identified and included. 
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