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AbstrAct
Background: Recent clinical studies implementing 
Hyperbaric Oxygen Therapy (HBOT) show activity of 
angiogenesis, which might provide therapists with a safe 
and relevant tool to target tissue hypoxia and decreased 
perfusion. Among the relevant diseases that might gain 
from this outcome due to relevant pathophysiology are 
psychiatric disorders such as post-traumatic stress 
disorder (PTSD) with or without traumatic brain injury (TBI), 
depression, autism and schizophrenia. Despite cumulative 
evidence of a possible benefit of HBOT for TBI, its usage 
in psychiatry is limited as reviewed in published literature.

Method: We examined relevant clinical work done to date 
in several mental disorders in an attempt to show the logic 
of using HBOT in psychiatry and to determine whether this 
method should be introduced as another treatment tool.

Results: Current literature offers only a few relevant 
publications and even fewer reviews concerning major 
psychiatric disorders and HBOT. When PTSD was 
considered it was typically related to TBI. Similarly, 
depression was associated with post stroke or post 
spinal cord injury and was not investigated as a psychiatric 
disorder per se. For autism, a Cochrane review from 2016 
noted one study evaluating the usage of HBOT in this 
common developmental disorder, although it did not reach 
meaningful conclusions. Even less research and evidence 
were found regarding schizophrenia.

Conclusions: To date, given the poor quality and quantity of 
data, no unequivocal conclusion can be inferred. It is important 
to invest resources in order to derive high quality evidence 
of the potential benefits of HBOT in psychiatric illnesses.
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IntroductIon

Hyperbaric oxygen therapy (HBOT) is the use of oxy-
gen under pressure in order to facilitate tissue healing. 
Hyperbaric oxygen has been used routinely for almost 
40 years in the treatment of specific biological fields, 
mostly without leaving these boundaries of research. 
Today, HBOT is a well-established therapy for several 
pathological states, including air or gas embolism, carbon 
monoxide poisoning, decompression sickness, wounds 
and soft tissue infections. The procedure involves delivery 
of oxygen at 2-3 times typical atmospheric pressure in a 
pressurized chamber, resulting in higher arterial oxygen 
tension followed by higher tissue oxygen levels. 

The safety of HBOT is relatively high as long as 
guidelines of use are followed meticulously. Side effects 
of HBOT are mostly barotraumatic and rarely oxygen 
related. A prospective work analyzing HBOT complica-
tions among 782 patients reported 17% ear discomfort 
and minor 3.8% barotraumatic lesions. Seizures from 
oxygen toxicity were seen in only four patients (1)hyper-
baric oxygen (HBO. The protocol for using HBOT in 
neurologic and psychiatric fields usually is comprised 
of a series of 40 to 80 compressions, lasting 1-2 hours, 
at a 1.5-2.5 ATA pressurized chamber.

Tissue hypoxia and cell death, which are considered the 
primary targets of HBOT, are components of the patho-
genesis of various psychiatric diseases. Conditions such 
as post-traumatic stress disorder (PTSD) or major depres-
sion are known to co-occur and share common features 
with traumatic brain injury (TBI) (2). Tissue hypoxia 
and decreased perfusion is also suggested to be a part of 
the neurological insult in autism spectrum disorder (3).

The prevalence of mental disorders worldwide as 
well as their burden of illness is high and increasing (4). 
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Consequently, appropriate management is crucial and the 
demand for treatment is arising. While current treatment 
of psychiatric diseases is mostly pharmacologic (essentially 
targeting neurotransmitters in which an underlying mal-
function is involved in the pathogenesis of the disease) and 
psychotherapeutic, HBOT is a new non-pharmacologic 
approach which may have a rehabilitating effect on the same 
targets through its physiologically evident mechanism. 
Nevertheless, reports that evaluate the potential positive 
effects of HBOT are scarce, and the existing data are not 
comprehensive  or organized. The goal of the current study 
was to review the literature for evidence-based knowledge 
on HBOT in the field of psychiatry, while emphasizing the 
enormous gap between treatment possibilities and concrete 
proof, and thus facilitating future research.

Ptsd - wIth or wIthout tbI
PTSD is a severe, enduring condition with a prevalence 
of 8% in the general population. A Rand research sum-
ming 1.64 million U.S. troops that were deployed in 
Afghanistan and Iraq found that the rates of PTSD were 
14%, and those of TBI exceeded 19%. PTSD and TBI 
frequently occurred together, with nearly half of those 
suffering from PTSD had also fulfilled the criteria for TBI 
diagnosis. Of importance, approximately two-thirds of 
PTSD patients also suffered from major depression (5). 
Similar results come from a survey of U.S. Army soldiers 
comparing mild TBI with other injuries. Soldiers with TBI 
were significantly more prone to experience symptoms 
of PTSD, as 27-44% met the criteria for PTSD (6). 

Given the co-occurrence of brain injury and psychiatric 
conditions such as PTSD and depression, the latter may be 
a consequence of TBI and stem from a similar biological 
insult, and consequently benefit from the same treatment. 
This notion was thoroughly inspected in a review that 
focused primarily on the cognitive impairment in the rela-
tionship between TBI and PTSD, as well as the implications 
of treatment. They emphasized a prominent comorbid-
ity between the two, assessed shared symptoms of sleep 
disturbance, emotional dysregulation, concentration and 
memory deficits, and discussed possible neuroanatomical 
similarities. Furthermore, they suggested that other than the 
common symptomatology and pathogenesis, TBI worsens 
PTSD symptoms, and both have other overlapping numer-
ous  comorbidities (7). Thus, as treatment for PTSD today is 
largely focused on pharmacotherapy and psycho-cognitive 
measures, perhaps there is room for new directions that 
emphasize the direct effects of the underlying injury.  

Traumatic brain injury (TBI) is a brain insult due to 
external force, characterized by two stages: a primary 
injury from the direct insult, and secondary injury due 
to tissue swelling that causes inflammation, hypoxia and 
cell death. Owing to the second response, HBOT has also 
been proposed to improve outcome of TBI. HBOT as a 
treatment of TBI has been extensively researched and 
results show overall efficacy but are rather inconclusive. 
A Cochrane review published in 2012 assessed seven tri-
als, indicating an overall improvement in mortality and a 
reduction in patients who remained in a severely disabled 
state. However, since there was a significant change in the 
lower levels of Glasgow coma scale but not in actual clinical 
outcome, it may be inferred that HBOT lowers mortality 
but does not have a significant effect on morbidity (8). 
Nonetheless, several recent studies show changes in higher 
functions following HBOT. For example, a randomized 
controlled trial evaluating mild TBI patients 1–5 years after 
injury showed an improvement in both cognitive function 
and quality of life after 40 HBOT sessions, 1 hour each, with 
100% oxygen at 1.5 ATA (9)and up to 25% of them will not 
recover and suffer chronic neurocognitive impairments. 
The main pathology in these cases involves diffuse brain 
injuries, which are hard to detect by anatomical imaging 
yet noticeable in metabolic imaging. The current study 
tested the effectiveness of Hyperbaric Oxygen Therapy 
(HBOT. Another study examining the effects of HBOT 
on military subjects with both TBI and PTSD presented 
notable improvements in cognitive, physical and emotional 
symptoms as tested through physical exams, question-
naires and SPECT imaging. This study is specified below 
focusing on PTSD (10).

Trials examining the effect of HBOT on PTSD in 
humans have mainly been conducted on patients suf-
fering both TBI and PTSD combined. A recent review 
summarized some of these trials and showed that while 
there was some advantage to HBOT compared with no 
treatment for both TBI and PTSD, data are highly con-
tradictory, and moreover lack appropriate controls and 
other methodologic issues such as randomization and 
blindness of associates (11)resulting in many returning 
soldiers suffering from some degree of TBI. A biphasic 
response is observed which is first directly injury-related, 
and second due to hypoxia, increased oxidative stress, 
and inflammation. A proportion of the returning soldiers 
also suffer from post-traumatic stress disorder (PTSD.

Despite growing interest in HBOT for PTSD as 
expressed in reviews and case reports, actual outcomes 
of studies related to PTSD specifically are surprisingly 
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scarce. Nevertheless, there are several ongoing trials in 
different stages that hold promise of high quality evidence 
of the efficacy of HBOT in PTSD (11)resulting in many 
returning soldiers suffering from some degree of TBI. 
A biphasic response is observed which is first directly 
injury-related, and second due to hypoxia, increased 
oxidative stress, and inflammation. A proportion of the 
returning soldiers also suffer from post-traumatic stress 
disorder (PTSD. 

Only one published trial so far demonstrated statisti-
cally significant improvement with HBOT, but it had 
no control group. This was a pilot study examining 16 
military subjects with one or more mild to moderate TBIs 
resulting from blast injury; 14 of them had PTSD as well, 
as assessed by military or civilian specialists. Subjects 
completed 40 HBOT sessions lasting an hour with pres-
sure of 1.5 ATA. Improvement in PTSD symptoms after 
HBOT was tested through the PTSD Checklist-Military 
(PCL-M) questionnaire. Results indicated a steep drop in 
PCL-M scores, of approximately 30%. In fact, more than 
half of the subjects no longer met the PCL-M threshold 
criteria for the diagnosis of PTSD. In addition, there was 
an increase in blood flow as seen on SPECT, after one 
HBOT session and after 40 sessions (10).

In a more recent trial 50 subjects with a history of TBI 
were randomized to receive 30 sessions of either HBOT at 
2.4 ATA or a control  treatment. Marked improvement was 
shown in both groups without any statistically significant 
differences between them. A subgroup analysis revealed 
that improvement in the PCL-M questionnaire score was 
seen in patients who suffered of multiple exposures but 
had no concussive symptoms (12). This finding suggests a 
circumstantial basis to PTSD rather than a physiological 
one, and raises the question of whether HBOT might chiefly 
be beneficial for mental deficiencies. Furthermore, the con-
siderable overlap between TBI and PTSD could potentially 
explain the results supporting the effects of HBOT on TBI. 
Nonetheless, another possible explanation for the robust 
but similar improvement for both groups can be attributed 
to study limitations such as control group selection. Given 
that the dose-response curve of HBOT is still unknown 
treatment with 1.3 ATA may be as effective as 2.4 ATA.

Another study of HBOT, conducted on 72 military 
members who suffered from TBI and were randomized 
to receive either 40 HBOT sessions administered at 1.5 
ATA for 1 hour or a control treatment at 1.2 ATA, found 
that both intervention groups presented better outcomes 
in a Rivermead Post-Concussion Questionnaire. No 
significant differences were demonstrated between the 

groups (13). Similarly, a recent study that tested subjects 
with combat-related TBI, using the same protocol only in 
a pressure of 2 ATA, revealed no significant differences 
in PCL-M but did find differences on individual items 
such as noise sensitivity and impatience (14).

To summarize, treatment with HBOT for patients 
suffering from PTSD with or without TBI has some 
support but much more should be done before making 
it an evidence-based treatment. Since PTSD is a clinical 
diagnosis stemming from various causes and a vast array 
of outcomes, research should start focusing on causes and 
level of morbidity (like single rape victims with moderate 
diagnosis or combat PTSD without concussion, with 
multiple exposures and a severe clinical manifestation). 

dePressIon
Depression is one of the most prevalent disorders in 
medicine, with a life prevalence of 20%, causing death 
mostly due to suicide and a debilitating morbidity. Despite 
the many drug treatment options for the disorder, we still 
face around 30% of non-responders to treatment. As with 
any prevalent disorder, it has been studied for many years 
and in many aspects; in the search for etiopathogenesis, 
there are many findings in the fMRI studies of changes in 
brain blood flow, mainly to the pre-frontal cortex. Also, 
there are cumulative proofs for involvement of inflam-
matory and neurodegenerative processes in depression at 
any age (15), as well as comorbidity between them (16). 
Even with these findings, no focused research of HBOT 
as a treatment tool for major depressive disorder (MDD) 
has been found in the current literature.

 Depression is highly linked to PTSD and can be 
seen in association with TBI as well (5). This associa-
tion might provide the basis of assessing the effect of 
HBOT on depression as a separate component of analysis. 
Nevertheless, clinical trial data on HBOT in depression 
are particularly lacking. 

One example for this effect comes from the aforemen-
tioned single-group study of military members diagnosed 
with TBI and PTSD (10). Following HBOT, subjects 
reported a substantial decrease in depression and anxiety, 
with concomitant improvement in perceived quality of life 
and suicidal ideation. As these results could reflect only 
a secondary response to the improvement of symptoms 
and especially symptoms of PTSD, other studies from a 
different medical field exhibited below show a similar trend.

Depression secondary to injuries resulted in brain 
tissue hypoxia can also be a potential target to HBOT. 
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Sixty patients with depression in the convalescent stage 
of cerebral infarction were evaluated 2-6 months after 
the event via the Hamilton Depression Scale and nerve 
function defect scores. Subsequently, participants were 
divided into a HBOT group and a control group. After 
30 HBOT sessions at 2 ATA for 70 minutes, there was a 
significant difference between the treatment group and 
the control group for both measures, suggesting a role for 
HBOT in the recovery from stroke both in the emotional 
aspect as well as neurological one (17). Correspondingly, 
the correlation between the scores may propose a new 
perspective of a neurobiological etiology for the benefits of 
HBOT. Similarly, a trial assessed 90 patients with depres-
sion one month post stroke, again using the Hamilton 
Depression Scale and nerve function defect scoring. This 
time patients were assigned randomly to three groups: 
combined treatment of fluoxetine and 20 HBOT sessions 
(2ATA/70mins) versus either one treatment or the other 
alone. They revealed a total efficacy rate higher for the 
combined treatment group (18). A meta-analysis assessing 
post-stroke depression randomized controlled trials of 
HBOT presented some relief for depression symptoms in 
the HBOT group compared to its control counterpart. In 
addition, no severe adverse events occurred (19). 

After spinal cord injury, there is usually a component 
of disturbance to nerve function, and psychological reac-
tions of depression and anxiety are common as well. A 
randomized controlled trial examining the effects of 
HBOT was performed on 60 patients with incomplete spi-
nal cord injury combined with suffering from depression 
and anxiety. Along with the oxygen treatment all patients 
received rehabilitation therapy. Patients were randomly 
assigned to three groups: HBOT, psychotherapy and 
control. The pressure reached 2.0 ATA, patients received 
48 HBOT sessions, each one lasting 110 minutes. All 
managements for all patients lasted for a total of 8 weeks. 
Generally, the effects of HBOT on depression and anxiety 
showed improvement equal to psychotherapy. The ques-
tion remains, would HBOT have an added effect if given 
combined with psychotherapy? Overall, it appears there 
are several promising results in the field of depression, 
particularly relating to neurologic etiologies. 

AutIsm sPectrum dIsorder 
Autism spectrum disorder (ASD) describes a range of 
neurodevelopmental disorders affecting just over 1 in 
59 children according to the CDC, characterized by 
impairments in social interaction and communication, 

and a restricted range of activities and interests. The 
disorder’s prevalence is rapidly accumulating and there 
are many theories for the change and for the condition, 
yet no one solid answer for both the prevalence and the 
etiology has been found. 

Here, the foundation for HBOT is the cerebral hypo-
perfusion, oxidative stress and inflammation observed 
in ASD (20). Of note, despite having a neurovascular 
pathogenesis, none of the studies presented below used 
imaging as an additional means of assessment. As with 
PTSD and depression, there have been very few valid 
trials done to investigate the effects of HBOT on ASD. 
Thus, most of the reports that suggested an improve-
ment with HBOT are preliminary, non-randomized or 
lacking a control group. A study conducted in Thailand 
examining seven autistic children assessed the effect of 
10 HBOT sessions (1.3 ATA and 100% oxygen) on social 
and motor skills, language and behavior. Improvement 
was shown in all of these areas for five of the seven chil-
dren (21). However, other than being a non-randomized 
single group study, the assessment of these children was 
subjective and lacked specification of any operational 
definitions.

Likewise, a single group study analyzing the behavioral 
changes of 10 children with ASD, after completing 80 
HBOT sessions at 1.5 ATA for 1 h, exhibited improvement 
in the clinician-rated Clinical Global Impression rating 
scale and in parents’ reports. Nonetheless, as inflamma-
tion markers may be a sign of disease activity, cytokine 
levels did not change from baseline and were not cor-
related with behavior (22).

Another single group pilot study assessed 18 children 
with ASD after 40 hyperbaric sessions of 45 minutes and 
either 1.5 ATA/100% oxygen or 1.3 ATA/24% oxygen. 
For both groups results showed decreased inflammation 
as measured by serum C-reactive protein, as well as some 
behavioral change reported by parents (20). Following 
these reassuring results, the same authors conducted a 
multicenter, randomized, double-blind, controlled trial 
targeting the same question; 62 autistic children were ran-
domly assigned to a treatment group of standard treating 
protocol oxygen or to a control group in an only slightly 
pressurized room. Outcomes were measured via acknowl-
edged scores evaluating general functioning and fields of 
language, sociality and behavioral problems. A significant 
improvement in the abovementioned scores was exhibited 
in children in the treatment group, receiving 40 sessions 
lasting 1 hour at 1.3atm and 24% oxygen. Improvement was 
shown in function, receptive language, social interaction, 
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eye contact and negative behavior traits such as irritability, 
stereotyping, hyperactivity and speech (23).

In contrast to this work, several others found no change 
in autistic behavior following HBOT. A study examined 
the effects of HBOT on a total of 16 subjects in a con-
trolled trial of replication groups, using the same protocol 
described above. The design of this study involved a 
multiple-baseline intervention, treating one participant 
while showing that the second participant did not improve 
until the same treatment was administered. Replications 
across participants then followed one after the other. 
Social and verbal functioning and difficult behaviors 
were evaluated through video observation play sessions. 
Results showed no significant effects for any subject in 
this study either as an individual or as a group (24). 

A Cochrane review from 2016 narrowed down over 
800 citations that were found on an initial search to only 
one qualified trial conducted in 2012 that exhibited no 
improvement related to social and cognitive skills or to 
problematic behavior (25). However, as stated by the 
review, the report had low quality of evidence related 
to sample size and confidence interval (26). Likewise, a 
recent review assessing case series and three randomized 
controlled studies determined that there is no evidence 
to support benefits for the use of HBOT for ASD (27). 
Moreover, the Food and Drug Administration has pub-
lished a warning against the hazardous ineffective use 
of HBOT for ASD (28). 

schIzoPhrenIA
Schizophrenia is a severe, chronic mental illness with 
approximately 0.3–0.7% of the global population affected 
(29). HBOT is of particular interest as a treatment for 
schizophrenia as it is a neurodegenerative disease, and 
there are in vivo confirmations of oxidative stress injury 
underlying its pathogenesis (30). Nevertheless, HBOT has 
rarely been investigated clinically for schizophrenic patients.

Normobaric hyperoxia is another method of raising 
plasma oxygen level, and thus may also be neuroprotective 
in relation to psychiatric disorders via similar physiologi-
cal reasoning. A randomized controlled trial assessing 
the effect of normobaric hyperoxia given through nasal 
tube to 24 patients suffering from schizophrenia showed 
positive effects on memory and attention as evaluated 
by clinical rating tests (31). 

This study is presented here in order to show the pos-
sible advantages of increased oxygen for psychiatric states 
involving neurocognitive insults. Another proof of con-

cept comes from two Russian articles published in 1987 
and 1995 showing improvement with HBOT on patients 
exhibiting resistance to conventional pharmacological 
therapy (32, 33). Importantly, since then no reliable study 
has been conducted to reexamine these results and the 
efficacy of HBOT in schizophrenia in general. As there 
is a minor sample of encouraging results, therefore, we 
believe this ought to be the next target in mapping and 
listing the potential arenas that may benefit from HBOT.

conclusIon And Future dIrectIons
Psychiatric disorders are prevalent, debilitating men-
tal and behavioral patterns, usually with a complex bio-
psycho-social etiology, eventually leading to irreversible 
brain changes. These changes are comprised of chemical 
and anatomical alterations in neurotransmitter signal 
transduction pathways which also serve as the pharma-
cologic target of most current drug therapy. Accordingly, 
other mental disorders with a solid pathophysiological 
base of knowledge, such as anxiety disorders, eating 
disorders, etc., may benefit from the use of HBOT as 
well. In the same manner, as to disorders discussed in this 
article, research into PTSD and depression does not stand 
on its own and is always related to physiological insults 
with biological mechanisms of ischemia, hypoxia and 
inflammation. Thus, perhaps these have more potential 
for improvement with HBOT.

To date, given the overall quality of data, the efficacy 
of HBOT in the field of psychiatry cannot be determined. 
Nonetheless, there are positive results showing neural 
improvement under treatment with HBOT found in the field 
of psychiatry and related areas, such as TBI and fibromyalgia 
syndrome. Through physiological mechanisms of oxygen-
ation HBOT may alter neuroplasticity affecting cognitive 
function and memory retrieval. A recent work presenting 
three case-studies of women suffering from fibromyalgia 
exhibited recollection of suppressed traumatic memories 
childhood sexual abuse after a series of HBOT sessions, 
in a dose-dependent manner. Notably, participants were 
not exposed to any psychological intervention during the 
time of HBOT. Along with treatment progress and memory 
restoration, fibromyalgia symptoms decreased (34). 

While treatment with HBOT is relatively benign 
and not invasive, it is vital to continue and intensify the 
research. Clinical studies done in the fields of PTSD, 
depression, schizophrenia and ASD are mostly single-
group, non-randomized, and highly biased. Moreover, 
the results of these are contradictive and do not show any 
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trend. Clearly, trials with tight methodology are lacking, 
partly for financial reasons such as patient protection and 
lack of corporate sponsors. As the use of HBOT is growing 
and rapidly developing, and data from qualified studies 
are scarce, it is important to invest resources in order 
to derive high quality evidence of the potential benefits  
of HBOT.
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