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Background: Hyperbaric Oxygen Therapy (HBOT) is a recommended treatment for all hypoxic-ischemic
pathologies. It has been demonstrated that perfusion abnormalities are present in some areas of cerebral grey
matter in autistic children and there is a lack of connectivity in areas of the white matter. The cause of these
anomalies is still unknown. The areas involved (temporal lobes, frontal lobes, and other areas such as the
thalamus, limbic circuits, corpus callosum, and cerebellum) are connected to the symptoms and behavior of
these patients. The PET and SPECT scans demonstrate how low pressure HBOT facilitates the oxygenation
of hypoxic cerebral areas in autistic children. The clinical trials recorded in the literature are still insufficient
for clarifying many elements.

Goals: To demonstrate that HBOT leads to significant improvements in specific abilities and behavioral
symptoms tied to the functioning of the affected brain areas, and to show the safety of the HBOT
treatments.

Materials and Methods: Thirty children between five and nine years old, randomized, with autism
spectrum disorder (ASD) underwent HBOT at 1.5 ATA and 100% oxygen for a total of 40 sessions. The
following eight psychometric scales were used for the analysis: VMI (Visual-Motor Integration), PPVT
(receptive-auditory language), BRIEF (executive function), SRS (social responsiveness scale), VABS
(adaptive behavior), ABC (aberrant behavior), PSI (parental distress index), A.T.E.C. (analysis of treatment
outcomes). Multiple statistical tests were used, based on the requirements of each specific analysis.

Results: Improvement was found in the following areas/abilities: receptive-auditory vocabulary (p=0.016),
visual-motor integration (p=0.045), visual perception (p= 0.004), motor coordination (p=0.049), “SHIFT”
scale (p=0.013), subscale I/irritability (p=0.001), subscale Il/lethargy (p=0.015), subscale Ill/stereotypic
behavior (p=0.040), subscale IV/hyperactivity (p=0.000), subscale V/inappropriate speech (p=0.008) on the
ABC test, communication scale (p=0.000), global scale of adaptive behavior (p=0.001), and in the outcomes
of the treatment (p=0.029). A decrease was found on the social awareness subscale (p= 0.21). The analysis
of the ABC subscale revealed that there were also significant improvements during the course of the
treatment.

Conclusions: A significant probability of obtaining positive clinical results using HBOT in subjects
affected by ASD was demonstrated. No side effects were observed in any of the children who were treated.

Copyright © 2016, Vecchione et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Citation: Vecchione, R., Picariello, N., Haidar Hassan, K., Del Corso, F., Corcos, L., Nappi, A., Mauro, U. and Antonucci, N. 2016. “Low
pressure hyperbaric oxygen therapy in autism spectrum disorders: A prospective, randomized study of 30 children”, International Journal of Current

Research, 8, (05), 30587-30598.

INTRODUCTION

However, some neurological illnesses such as cerebral palsy
and autism spectrum disorder can be treated at lower pressures

Hyperbaric Oxygen Therapy (HBOT) consists of breathing
100% oxygen or enriched mixtures at pressures higher than
atmospheric pressure, in a suitable environment (hyperbaric
chamber). HBOT has been used for decades as a recommended
treatment for hypoxic-ischemic and infectious disorders. The
pressures utilized vary from 2.2 to 2.8 ATA (1-7).

*Corresponding author: Khodor, H. H.
Centro Iperbarico Nautilus-Istituto Prosperius (Nautilus Hyperbaric
Center — Prosperius Institute),

(1.3-1.75 ATA) (8, 9, 10). The optimal parameters for placing
the nerve cells in the best conditions of functioning are 1.5
ATA and 100% oxygen (10, 11).

The functions of hyperbaric oxygen (12-15), even in cases of
autism, in part demonstrated and in part hypothesized, are:

1. Increase in cerebral oxygenation (8, 9, 16-19);
2. Decrease in oxidative stress levels (12-14, 20-23);
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3. Anti-inflamatory-Anti-edemigenous Action (1-7, 20, 24-
27);

4. Immunomodulatory Action (27-34);

5. Increased production, mobilization, and differentiation of
stem cells (12, 13, 35-40).

Autism Spectrum Disorders (ASD) consist of neurological
development disorders that manifest before three years of age
and affect relationships and communication, including a series
of repetitive, obsessive, and stereotypic behaviors. Many
patients also manifest some physical symptoms such as chronic
diarrhea, persistent constipation, epilepsy, and changes of the
sleep-wake rhythm (41-46). PET scan (Positron Emission
Tomography) (47-56), SPECT scan (Single Photon Emission
Computed Tomography)(9,18,19, 57-60), fMRI (Functional
Magnetic Resonance Imaging) (61-65), and DTI (Diffusion
Tensor Imaging) (66-85) show some areas of hypoxic grey
matter and a lack of connectivity in cerebral white matter
represented by decreases, excess, or aberrations in the number
of synapses. The Superior Temporal Sulcus (STS) and the
Superior Temporal Gyrus (STG) are hypoperfused in 76% of
autistic children (19, 48-51, 55, 72). These cortical surfaces are
fundamental for the perception of social stimuli and for
connections with other important brain areas(12,13, 48-51, 61).
The inadequate perfusion was observed even in other cortical
areas located in the Frontal Lobes, parietal lobes, and the
Cerebellum (Tab. 1 e 2) (12, 13). Anomalies in the white
matter are frequent, above all in the Corpus Callosum(73-76),
which connects the two cerebral hemispheres, but lack of
connectivity was also found in numerous other bundles of
fibers, such as the inferior and superior longitudinal fasciculus,
the arcuate fasciculus, the left inferior occipitofrontal
fasciculus, the uncinate fasciculus, the thalamic radiation, the
internal capsule and the external capsule(79, 81, 83). Each
bundle of fibers, in normal conditions, connects areas of the
cerebral cortex and/or cerebral nuclei for superior executive
functions. Recent neuroscience studies have demonstrated that
changes in function in these areas and in these “circuits” are
responsible for autistic symptoms and behaviors (47, 62-66, 68,
71). KH. Holbach identified the pressure (1.5 ATA) and the
percent of oxygen (100%) that allow the nerve cells to obtain
the best metabolic balance. Observing those parameters, one
indeed obtains the best oxidative quotient of glucose, lesser
production of lactic acid and pyruvic acid, and therefore
aerobic glycolysis (10, 11).

Goals

The goals are to demonstrate that HBOT leads to significant
improvement in some specific abilities and in some behavioral
symptoms correlated with the functioning of the affected brain
areas and to demonstrate the safety of the treatment.

MATERIALS AND METHODS

Thirty children were randomly selected: 26 boys and 4 girls,
between 5 and 9 years old, with confirmed diagnoses of ASD,
who had never before undergone HBOT. The sample of
children was obtained observing the criteria of stratification
beginning with gender and extrapolating 3:1. The criteria of
exclusion were: Asperger's Syndrome, Rett Syndrome,

secondary autism and known metabolic or genetic illnesses,
and epilepsy.

Table 1. Brain structures in which Hypoperfusion is highlighted and main
clinical correlations

BRAIN AREAS CLINICAL CORRELATES

Thalamus Repetitive, Self Stimulatory Behavior

Obsessive Habits, Discomfort in
Communication

Temporal Lobes

Temporal Lobes and
Amygdala

Difficulty in processing facial expressions

Fusiform Gyrus Difficulty recognizing familiar faces

Broca's Area and
Wernicke's Area

Decrease in the development of language and
inability to process problems

Cerebellum Cognitive and Affective Difficulties

Temporal Lobes, Decrease in 1.Q.
Frontal Lobes and

Cerebellum

Table 2. Main connections between STS - STG and other cerebral areas

Broca's Area (area 44)

Wernicke's Area (area 22)

Primary Auditory Cortex (arca 41)

Secondary Auditory Cortex (area 42)

Primary Visual Cortex (17)

Area for eye movement (area 8)

Hippocampus-Amygdala

During the study, the participants did not undergo any
pharmaceutical or behavioral treatment. The research was
conducted in compliance with the norms of the 2008
Declaration of Helsinki and the families signed informed
consent. Each child underwent a cycle of 40 sessions of HBOT
over four weeks: two sessions daily, seven hours between
sessions, from Monday to Friday. A multiplace pressurized
hyperbaric chamber was used. The sessions were monitored by
specialized medical and technical personnel, with the aid of
audio visual devices, in compliance with regulations. The
specialist in hyperbaric medicine and an attendant for each
child were always present in the chamber. The sessions took
place over a total period of 65 minutes. There were ten minutes
of compression, 45 minutes of oxygen, and ten minutes of
decompression. Oxygen at 100% was administered at a
pressure of 1.5 ATA. The oxygen was breathed with the use of
Sea-Long® helmets. In the compression phase, the children
performed the equalization technique ear pressure by
swallowing small sips of water, aided by the trained attendant.

The follow-up- was organized:

1. Qualifying physical exam with a pediatric specialist who
performed an otoscopic exam of the tympanic membranes
and filled out the medical chart.

2. Meeting between the educational psychologist and the
parents in the presence of the child and subsequent
scheduling and planning logistics for administering the
evaluation scale.

Cognitive-Behavioral and Ability Assessment Tools
The following assessment scales were chosen:

e VABS® -Vineland Adaptive Behavior Scales- (86).
e BRIEF® -Behavior Rating Inventory of Executive
Function-(87).



30589

International Journal of Current Research, Vol. 8, Issue, 05, pp.30587-30598, May, 2016

e SRS® -The Social Responsiveness Scale-(88).

o ABC® -Aberrant Behavior Checklist-Community- (89).

e VMI® -The Berry-Buktenica Developmental Test of
Visual-Motor Integration-(90).

e PPVT® -Peabody Picture Vocabulary Test- (91).

e PSI® -Parenting Stress Index- (92).

o ATEC® - Autism Treatment Evaluation Checklist-(93).

The most appropriate setting was chosen for the test in order to
create an atmosphere of trust with a medical professional and to
guarantee adequate conditions for the best possible cooperation
of the child.

Statistical Analyses

The statistical analyses of the children took into account all of
the available data without excluding any cases. Of the 30
children in the study, ten (33.33%) have not completed the
VMI test and the supplementary test, and eleven (36.66%) did
not meet the minimum score on the PPVT. The statistical tests
that were used necessitated the inclusion of statistical analyses
from this last group. The software used for the analyses was
IBM SPSS Statistics 20. The selection of the most appropriate
statistical test was made through a test for normality of the
differences between the scores and, subsequently, the
examination of the significant differences in scores on the
various scales before and after treatment. The Kolmogorov—
Smirnov test and the Shapiro-Wilk test with a significance
threshold of 95% were used as a point of reference. The
normally distributed variables underwent a t-test of differences
in means (Paired Samples Test), while the non-normal
variables underwent a nonparametric Wilcoxon test (Related
Samples Wilcoxon Signed Rank Test). An a priori
improvement of score was not hypothesized, but rather a
decrease with a significance threshold of 95%. For the scales
for which the scores were measured on more than two
occasions, an ANOVA test for repeated measurements was
used.

RESULTS

During the therapy the following behavioral improvement
was observed (Tab 3):

e Between the first and the second week of treatment, on
subscale I (Irritability) of the ABC scale (p=0.046);

e Between the second week and the fourth week, on subscale
IV (hyperactivity)(p=0.046);

e Between the second week and the fourth week, on subscale
V (inappropriate speech) (p=0.040).

At the end of therapy after completion of 40 sessions evident
improvement was observed on the following scales:

1) Receptive Vocabulary (PPVT) (p=0.016).

2) Visual-Motor Integration Ability (VMI) (p= 0.045); Visual
Perception (p=0.004) and Motor Coordination (p=0.049).

3) Cognitive Scale (BRIEF) (p=0.013).

4) All of the ABC subscales: 1 “Irritability” (p=0.001), II
“Lethargy” (p=0.015), III “Stereotypic Behavior” (p=0.040),

IV “Hyperactivity” (p=0.000), V “Inappropriate Speech” (p=
0.008).

5) VABS on the global scale (p=0.001) and the communication
scale (P=0.000).

6) ATEC scale total score (p=0.020).

No significant improvement was recorded on the PSI and SRS
scales.

A significant decrease was observed on the social awareness
subscale (P= 0.21). That data is not considered to be
“statistically independent aspect”, due to the way that the SRS
scale is structured(88).

Side Effects

Almost all of the studies of hyperbaric oxygen therapy report
side effects of moderate size that can be attributed, above all, to
tympanic barotrauma or, in extremely rare cases, to hyperossic
crises (epileptic)(94). None of the participants in our study
experienced any adverse effects, which is in line with the
results of other studies conducted with low pressure (20, 95-
101). The treatments were proven to be safe and tolerated-well.

Fig 1. Bitemporal hypoperfusion in a group of 21 autistic children.
Significant bitemporal hypoperfusion observed in a group of 21
autistic children compared to 10 non-autistic children (p<0.001). The
temporal hypoperfusion is shown on three-dimensional rendering of
images of the left and right surfaces of the lateral cortex.

From: Dysfonctionnement bitemporal dans 1'autisme infantile: étude
en tomographie par emission de positon. Boddaert N. et al. J Radiol
2002;83:1829-33

Fig 2. HBOT SPECT brain scan three-dimensional surface
reconstruction and processed transverse images. Note orbital frontal
and temporal lobe defects and diffuse heterogeneous pattern of blood
flow. From: Low pressure hyperbaric oxygen therapy and SPECT
brain imaging in the treatment of blast-induced chronic traumatic
brain injury (post-concussion syndrome) and post traumatic stress
disorder: a case report. Harch PG. Et al. Cases 2009 Jun 9;2:6538.
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Fig 3. HBOT SPECT brain scan three-dimensional surface reconstruction and processed transverse images. Note relative improvement in brain
blood flow to bilateral focal frontal and temporal defects and overall normalization of flow to a more homogeneous pattern. From: Low pressure
hyperbaric oxygen therapy and SPECT brain imaging in the treatment of blast-induced chronic traumatic brain injury (post-concussion syndrome)
and post traumatic stress disorder: a case report. Harch PG. Et al. Cases 2009 Jun 9;2:6538

Fig 4. Typical image from a PET scan that represents the cerebral metabolic activity. The cerebral cortex and the cerebellum show
elevated activity (red) while the deep structures are less active (green and blue)

Table 3. Total Results
SCALE POST TREATMENT RESULTS RESULTS DURING THE TREATMENT TEST ABC
expressed in p=
VABS® Global Scale 0.001
Communication | 0.000
Abilities
BRIEFZ 0.013
(Area Shift)
SRS® 0.21
ABCE First Wedk |Second Weelk|Third Wesk| Fourth Weel
[subscalel 0.001 0.046 0.046
|SubsmleII 0015 0.046 0.046
|Suhscale 111 0.040
[subseale IV 0.000
Subscale V 0.008 0.040 0.040
Mi® 0.045
isnal P erception 0.004
Motor Coordination 0.049
PPVT® 0.016
PSIE [ -
ATECE 0.020
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Table 4. Supposed mechanisms of cerebral hypoperfusion-
hypoxia in the case of ASD

NEUROINFLAMATION®

ASTROGLIA? MICROGLIA

CEREBRAL MICROCIRCULATION

VASOCONSTRICTION

l

HYPOXIA <+

DISCUSSION

In children affected by ASD the images provided by the PET
scan (Positron Emission Tomography), SPECT scan (Single
Photon Emission Computed Tomography), fMRI (Functional
Magnetic Resonance Imaging), and DTI (Diffusion Tensor
Imaging) show anomalies both in the grey matter and the white
matter. Seventy six percent of the autistic children compared to
the control group and even children with mental delays of other
types, as reported by Zilbovicius, Boddaert et al. (Fig. 1), show
perfusion abnormalities in the Superior Temporal Sulcus (STS)
and the Superior Temporal Gyrus (STG) (48-51). These
anomalies therefore constitute a marker for autism because they
are only present in that situation. A lack of “connectivity” has
been observed in the white matter consisting of a lack and/or
overabundance of synaptic connections and/or abnormal
connections in some bundles of fibers. The frequency with
which these anomalies are manifested in the white matter is not
known and in total (white matter and grey matter) not even the
cause of these changes has been identified. According to the
most accepted theories, the perfusion abnormalities are
correlated with the “neuroinflammation” found in the autopsies
of autistic subjects. Neuroinflammation influences the cerebral
microcirculation, through the activation of the astroglia and the
microglia, and causes through vasoconstriction, hypoxic events
which, in a sort of vicious cycle, in turn promote the
inflammatory cerebral processes (27, 102-104) (Tab.4). The
anomalies in white matter could, instead, result from the altered
neural synaptogenesis migration in the first years of life, which
would build an abnormal neural structure (12, 13, 48-51, 105).
As previously stated, STS and GTS are not only extremely
important areas for perception of social stimuli, they are also
connected to the verbal areas (Broca and Wernicke), the
primary auditory area, the primary visual area, the area for eye
movement, and the hippocampus-amygdala. These last
structures are involved in the regulation of emotional-
instinctive functions and in memory. The above-mentioned
areas are the polymodal association portion of the cerebral
cortex in which information, from various sources, is integrated
and processed. The insufficient perfusion and lack of
“connectivity” in those association areas could explain the
inadequate, insufficient coordination of activity and therefore

some of the manifestations of clinical autism. In some subjects
it is also possible that anomalies in the white matter
predominate over those of the grey matter. This heterogeneity
could explain the differences in the quality and intensity of
responses to the hyperbaric treatment, considering that
supplying the cells with oxygen and returning them to good
metabolic conditions is without doubt a more rapid process
than stimulating the production and mobilization of stem cells
to substitute or change the connectivity of the damaged nerve
fibers. We report a summary of the clinical trials currently
published. The literature is somewhat controversial (106-109),
at present the double-blind studies are limited to those of
Rossignol et al. (2009) and of Granpeesheh et al. (2010).
Rossignol et al (2007) described an open-label study, in which
12 children between three and sixteen years old underwent 40
session of hyperbaric oxygen therapy at 1.5 ATA and 100%
oxygen for 45 minutes. A control group of six children was
treated at 1.3 ATA and 24% oxygen. The authors demonstrate
the decrease in the CRP (C-reactive protein) that is an indicator
of inflammation (in this case attributed to neuroinflammation
and to the entero-imflammation) and no variation of the
indicators of oxidative stress. The evaluation scales (ABC-C,
SRS, ATEC), administered before and after the treatment,
show significant improvement in the areas of sociability and
communication, of the state of awareness and eye contact (20).
Levy et al. (2008), in a review of the complementary and
alternative treatments for autism, Levy et al. discuss
Rossignol's open-label study and do not take a position,
limiting themselves to pointing out the necessity of randomized
and controlled trials (108).

Yldiz et al. (2008), in a letter to the editor, criticize the
methodology used in the Rossignol study. They conclude that,
given the modest difference between the subjects treated at 1.5
ATA and those treated at 1.3 ATA, hyperbaric oxygen is not
superior to breathing normobaric oxygen at a higher percentage
(110). Chungpaibulpatana et al. (2008), in a nonrandomized,
open-label study examined seven children after HBOT
treatments at 1.3 ATA and 100% oxygen. After ten sessions,
75% showed a significant level of improvement in five areas
(sociability, coordination, visual fine motor skills, language,
gross motor coordination skills, state of awareness) (95).
Lerman et al. (2008), treated three children with 40 HBOT
sessions at 1.3 ATA and 88% oxygen in a randomized trial. No
evident benefits were proven (96). It seems opportune to
discuss in greater detail the results obtained in a multicentric,
double-blind, randomized, controlled study by Rossignol et al.
(2009). In this study, 62 autistic children between two and
seven years of age underwent treatment with hyperbaric
oxygen. The first group, composed of 33 children, underwent
40 session of HBOT at 1.3 ATA and 24% oxygen. This group
was compared to a control group of 29 children who received
the same number of sessions at 1.03 ATA and 21% oxygen,
that is pressurized air. All of the children were evaluated on
three scales (CGI, ABC, and ATEC) before and after the
treatment. Eighty percent of the group treated with HBOT
showed significant improvement in the areas of receptive
language, social interaction, state of awareness, and eye
contact, as opposed to 38% of the control group (97).
Granpeesheh et al. (2010), treated 18 autistic children in a
randomized, double-blind trial. The children underwent 80
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session at 1.3 ATA and 24% oxygen. They showed that
treatment at that pressure and percentage of oxygen did not
produce statistically significant results. The results were
derived from an analyses of evaluation scales (ABC, ADOS,
BRIEF, CGI, PSI, SRS, VABS, RSB, PPVT, and VMI)
administered before, during, and after the treatment (98).
Analogously, Jepson et al. (2010), treated 16 autistic children
with HBOT at 1.3 ATA and 24% oxygen for 40 sessions and
did not find significant improvements (99). Conflicting results
were observed by Bent ef al. (2011), in a non controlled study
of ten autistic children who underwent 80 session of HBOT.
The authors observed two areas of improvement on the CGI-I
scale, but no change in levels of cytokines. The study found
that the improvements on the CGI-I scale might not be
attributable to the HBOT and that in any case the levels of
cytokines, found to be unchanging, were not correlated with the
degree of the autism (100).

Given that the positive results that appeared in the first
publications were not subsequently reconfirmed (111)
Ghanizadeh (2012), through meta-analysis of the studies on the
use of HBOT in autistic children, concluded that additional in-
depth studies would be advisable. In contrast, in the very recent
meta-analysis of all of the studies that have been published on
the subject, Rossignol et al. (2012), highlight the differences
between the two main studies examined and reconfirm the
efficacy of HBOT in the treatment of autism (112). Despite the
fact that the data provided by Sampanthavivat et al. (2012) is
difficult to interpret, it seemed to us that it would be useful and
correct to mention it. The authors compared 60 autistic
children, divided into two groups. The first group underwent 20
sessions of hyperbaric oxygen therapy at 1.5 ATA and 100%
oxygen. This group was compared with the second group that
underwent 20 pressurized air sessions. The two groups were
examined with the ATEC and CGI evaluation scales. Although
both groups demonstrated statistically significant behavioral
improvements, no differences were found between the two
groups (101). The explanation could be found in previous
hypotheses published by Rossignol et al. (2006-7-8) according
to whom the positive results could be attributed not only to the
oxygen, but also to the pressure used (12,13,14). The current
official position of the UHMS (Undersea Hyperbaric Medical
Society Position Paper, 2009), examining the scarce literature
on the subject, was stated by Bennett et al. They do not
recommend the routine use of HBOT in treatment for autism
and suggest further in- depth studies (113).

The discrepancies emerging from different studies gave rise to
the need for a study that would follow the parameters identified
by Holbach (1.5 ATA and 100% oxygen) to allow for the
proper functioning of the damaged nerve cells. The
improvements discovered at the end of the 40 HBOT sessions
are significant in the visuomotor area, but also independently in
visual perception and in motor coordination. The neurological
research indeed identifies separate cerebral pathways for
“what” (visual perception) and for “where” (visuomotor). The
cerebral areas dedicated to these abilities are precisely localized
in both the motor-sensory association areas (right hemisphere
and motor cortex opposing to the dominant hand), in the
cerebellum and in the subcortical nuclei. The lack of
development of neural connections in the white matter creates

visual motor and integrative difficulties (114-122). Important
results were also obtained from the values of receptive-
auditory vocabulary, abilities tied to the functions of Wernike's
Area and the Arcuate Fasciculus (123, 124). Improvements
were measured in the “shift” area of the executive functions
and also in all of the subscales of the test of abnormal behavior.
The executive functions depend on the prefrontal cortex.
Deficits there are manifested as behavioral symptoms. We
therefore attribute those results to the improved oxygenation of
the prefrontal cortex (125-134). The Vineland scale indicated
improvements in adaptive function, in particular the
communication scale. The A.T.E.C. scale showed
consistent improvements in both specific and total
examined areas:

Speech/Language/Communication, Sociability, Sensory/
Cognitive Awareness and Health/Physical/Behavior. In
particular the sleep-wake rhythm, consistency of the feces, eye
contact, and bladder and bowel control were positively
improved. That tool was indispensable for evaluating the areas
not considered by the other tests, for example the physical
symptoms and the state of health of the patient. The test also
allowed us to measure the parents' state of satisfaction with the
treatment. The data regarding significant decrease on the
“social awareness” subscale is difficult to interpret. By
definition, social awareness consists of the ability to understand
social signals through empathy (sensory aspects of social
reciprocal behavior). Our first point is that the SRS subscales
cannot be considered to be “statistically independent aspects”,
but must be considered in entirety. They can be considered
individually only for the purpose of determining personalized
therapeutic interventions. Our second point derives from the
observation that, while the communicative abilities are much
improved (as shown on the Vineland scale), the same
improvement was not shown for behavioral abilities. Rather,
the patients were not placed in a condition to learn other
people's behavioral models, or to acquire their own autonomy
to improve their sphere of social awareness (we emphasize that
participants in the study did not undergo any therapy during the
treatments).

The worsening that was observed could therefore be explained
by their improved ability for communication and the
contemporaneous lack of appropriate behavioral models which
would lead to the frustration of feeling inadequate on a social
level. But that hypothesis requires confirmation through
specific studies. It is of use to cite an isolated case, equally
difficult to interpret, of a boy included in our study who, at the
end of treatment, showed an increase in difficult to manage
behavior, accompanied by aggressive reactions, as reported by
the family. A possible explanation could lie in the fact that
some children affected by ASD have high baseline levels of
oxidative stress or a deficit in the “scavengers” due to which
they are not able to eliminate the excess of oxygen (free
radicals) administered through the treatment (20, 135-143). We
repeat that in the period in which the patients underwent the
hyperbaric treatment, they did not undergo any other treatment.
We therefore deduce that the changes that were observed can
be attributed the low pressure HBOT, recognized in the
international literature cited:

1. Increase in cerebral oxygenation (Fig 2 e 3).
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2. Decrease in levels of oxidative stress.
3. Antiinflamatory-oedematigenous actions

These actions occur at high pressure and at low pressure (4-
6,12-14). The other actions proposed (immunomodulatory
action and stem cells changes) were demonstrated at high
pressure (> 1.8 ATA), but, at the moment, there is not
sufficient evidence to verify them also at low pressure or at
percentages of oxygen less than 100%, as has also been
reported by other authors (12,13, 111).

We would like to make a few additional observations:

1) In normal conditions the cerebral cortex and the cerebellum
are more oxygenated and are therefore more metabolically
active than the deeper structures, as showed in the PET
images (Fig. 4). That situation could explain the motive for
which the autistic tied to certain areas of the cortex (STS
and GTS) responded favorably and more quickly than
symptomatology tied to deeper structures (for example the
limbic system and the amygdala) Therefore the levels of
sociability, receptive vocabulary, communication, etc,
respond in a more evident manner than the emotional or
instinctive levels, because they stimulate areas that begin
with a less serious base metabolic situation than the other
areas.

2) Since almost all of the current studies on the effect of
HBOT on stem cells were conducted at pressures of > 1.8
ATA, we could hypothesis protocols at pressures higher
than 1.5 ATA to increase the production, mobilization and
differentiation of the stem cells to their maximum, in those
situations where prevalent anomalies in the white matter
have been demonstrated (it is necessary to conduct
neuroimaging on all of the subjects)(144).

All of the elements mentioned above lead us to conclude that
there are sub-populations of patients affected by ASD with
evident and different characteristics, which are difficult to
identify. This hypothesis could also explain that percentage of
“non responders” identified in the literature (20, 95, 97, 98-
101) and the differences in the intensity of responses to the
hyperbaric treatment, varying from subject to subject.

Conclusion

The epidemiological and social characteristics of autism
spectrum disorder inspire researchers to search for ever more
effective treatments. In this randomized study, we administered
40 sessions of HBOT at 1.5 ATA and 100% oxygen to 30
children affected by ASD, with the aim of demonstrating that
this treatment leads to significant improvement in some
specific abilities and in some behavioral symptoms correlated
with the function of the affected cerebral areas. Within the
limits of the small sample treated, improvement in visuomotor
abilities emerged, of receptive language, of the cognitive
“shift” ability, as well as the adaptive functioning and the
abnormal behavior described above: irritability, social
withdrawal, stereotypic  behaviors, hyperactivity, and
inappropriate speech. This resulted in improvements even the
patients' level of attention, participation and presence (145).
The treatment was well-tolerated. All of the participants

demonstrated an excellent adaptability during the treatment and
no averse physical effects or side effects were observed. On the
basis of neuroscience studies which correlate the dysfunction of
some cerebral areas with clinical autism, the mechanisms of
action of the hyperbaric oxygen, and the results obtained in this
study, it is possible to confirm the efficacy of 'HBOT in the
treatment of ASD. Considering the importance of the subject, it
is necessary for confirmation and more in-depth research
through further studies with the end of identifying, for
example, different procedures, data from monitoring over
time, related to a new possibilities and data that will allow
future clinical progress.

Acknowledgements

We thank the Associazione Onlus Centostelle, Ente Cassa di
Risparmio of Florence and the Centro Iperbarico Nautilus
dell'Tstituto Prosperius of Florence that contributed morally and
financially to the study. Special thanks goes to the medical and
technical personnel of Centro Iperbarico Nautilus: Prof. M.
Bigazzi (owner of Centro Iperbarico), Dott. G. Oppo (manager
of Centro Iperbarico), Dott. V. Pasholli, Dott G. Bei and Dott.
C. Bausi (partner doctors), Sig. A. Cenci (managing technician
of Centro Iperbarico) and Sig M. Tarantino (hyperbaric
technician). And lastly, our immense gratitude goes to the
children and families who participated in the study, making this
article possible.

REFERENCES

1. Hyperbaric oxygen therapy. Learch RM, Rees PJ,
Wilmshurst P. BMJ, 1998, 317(7166). 1140-1143.

2. Ossigeno iperbarico. Fisiologia ed applicazioni
terapeutiche. Ed: Studio(Chieti), 1984.
3. Medicina subacquea iperbarica.Data PG. Ed: Studio

(Chieti), 1984.

4. Recenti acquisizioni fisiologiche sull'ossigeno in
iperbarismo.Sparacia A, Sparacia B. Minerva Anestesiol
1991, 57:187-204.

5. Ossigenoterapia iperbarica. Applicazioni cliniche. Oriani
G, Faglia E. Ed SIO, via Capelcelatro 69, 20129, Milano,
1999.

6. Textbook of Hyperbaric Medicine, Jain K.K Editon:5 Upd
Exp, April 3, 2009.

7.  Hyperbaric Oxygen Therapy. Committe Report Editor,
N:B: Hampson. Undersea and Hyperbaric Medical
Society, Kensington MD, 1999.

8. The effect of oxygen under pressure blood flow and
cerebral venous oxygen tension. Jacobson I, Harper DG.
The Lancet 1963, 2: 549.

9. Low pressure hyperbaric oxygen therapy and SPECT
brain imaging in the treatment of blast-induced chronic
traumatic brain injury (post-concussion syndrome) and
post traumatic stress disorder: a case report. Harch PG,
Fogarty EF, Staab PK, Van Meter K. Cases Journal,
2009, 2: 6538.

10. Cerebral energy metabolism in patients with brain lesions
of normo and hyperbaric oxygen pressures. Holbach KH,
Caroli A, Wassmann H. J Neur., 1977, 21(1):17-30.



30594 Vecchione et al. Low pressure hyperbaric oxygen therapy in autism spectrum disorders: A prospective, randomized study of 30 children

11. Ossigenoterapia iperbarica nel trauma cranico e spinale.  27. Immunity, neuroglia, and neuroinflammation in
Zanon v, Garetto G, Bosco G, Camporesi EM. Medicina autism. Pardo C, Vargas DL, Zimmerman AW. Int  Rev
Subacquea e Iperbarica, 2008 Set; 23-34. Psychiatry, 2005, 17(6): 485-495.

12. Hyperbaric oxygen therapy might improve certain 28. Differential sensitivities to hyperbaric oxygen of
pathophysiological findings in autism. Rossignol DA. lymphocyte subpopulations of normal and  autoimmune
Med. Hypotheses 2007, 68(6):1208-27. Epub 2006 Dec 4. mice. Xu X, Yi H, Kato M, et al. Immunol Lett.,

13. Hyperbaric oxygen therapy may improve symptoms in 1997,59(2):79-84.
autistic children. Rossignol DA, Rossignol LW. Med 29. Use of hyperbaric oxygen in rheumatic diseases: case
Hypotheses 2006, 67(2):216-28. Epub 2006 Mar 22. report and critical analysis. Wallace DJ, Silverman S,

14. The use of hyperbaric oxygen therapy in autism. Goldstein J, Hughes D. Lupus 1995,4(3):172-5.
Rossignol DA. In: Hyperbaric oxygen for neurological 30. Hyperbaric oxygenation in the comprehensive therapy of
disorders. Edited by Zhang JH: Flagstaff AZ: Best patients with rheumatoid arthritis. Lukich VL, Poliakova
Publishing Company; 2008: 209-288. LV, Sotnikova TI, Belokrinitskii DV. Fiziol Zh 1991,

15. Hyperoxygenation effect on cognitive functioning in the 37(5):55-60.
aged. Jacobs EA, Winter PM, Alvis HJ, Small SM. N. 31. Early hyperbaric oxygen therapy attenuates disease
England J Med 1969, 281(14):753-757. severity in lupus-prone autoimmune (NZB X NZW) Fl

16. Identification of hypometabolic areas in the brain using mice. Chen SY, Chen YC, Wang JK, et al. Clin Immunol.,
imaging and hyperbaric oxygen. Neubauer Ra, Gottlieb 2003; 108(2): 103-10.

SF, Miale A jr. Disabil Rehabil 2006, 28(22):1379-1386. 32. The role of immune dysfunction in the pathophysiology

17. Improvement in cerebral metabolism in chronic brain- of autism. Onore C, Careaga M, Ashwood P. Brain Behav
injury after Hyperbaric oxygen. Golden ZL, Neubauer R, Immun 2011, Aug 28 Epub ahead of print.

Golden CJ, Greene L, Marsh J, Mleko A. Neurosci., 2002,  33. Ossigenoterapia iperbarica ed immunopatologia. Zannini
112(2): 119-131. D, Vlewicz K. In: Atti del VII Congresso Nazionale di

18. Treatment of Neurologically impaired adults and children Medicina Subacquea e Iperbarica, Palermo, Nov. 1986;
with “mild” hyperbaric oxygen (1.3 ATA and 24% 172-81.
oxygen). Heuser G, Heuser SA, Rodelander D, Aguilera  34. Hyperbaric Oxygen Therapy for Treatment of Debilitating
O, Uszler M. The Proceeding of the 2nd International Fatigue Associated wjth HIV/AIDS. Michelle R. Janac
Symposium on Hyperbaric Oxygenation in Cerebral Palsy 1993, 4: 33-8.
and the Brain-Injured Child. 35. Hyperbaric oxygen induced endogenous neural stem cells

19. La modifica dell'irroramento del cervello to proliferate and differentiate in hypoxic-ischemic brain
dopo ossigenoterapia nei bambini autistici. 33°  Meeting damage in neonatal rats. Yang YJ, Wang XL, Yu XH,
Scientifico Annuale del European Underwater and Wang X, Xie M, Liu CT. Undersea Hyperb Med., 2008,
Baromedical Society on Diving & Hyperbaric Medicine. Mar-Apr ; 35(2):113-29.

Sharm el-Sheikh, Sinai, Egitto. 8-15 Settembre 2007. 36. Effect of Hyperbaric oxygenation on differentiation of

20. The effects of hyperbaric oxygen therapy on oxidative implanted humanneural stem cells into neurons in vivo.
stress, inflammation, and symptoms in children Bai J, Luan Z, Zhou CL, Qu SQ, Jiang Y, Wang ZY.
with autism: an open-label pilot study. Rossignol DA, Zhongguo Dang Dai Er Ke Za Zhi 2008, Apr; 10(2):
Rossignol LW, James SJ, Melnyk S, Mumper E. BMC 195-8.

Pediatr., 2007, Nov 16; 7:36. 37. Oxygen measurements in brain stem slices exposed to

21. Metabolic biomarkers of increased oxidative stress and normobaric hyperoxia and hyperbaric oxygen. Mulkey
impaired methylation capacity in children with autism. Dk, Henderson RA III, Olson JE. Putnam RW, Dean. J
James SJ, Cutler P, Melnik, S, et al. Am J Clin Nutr., Appl Physiol., 2001, 90:1887-1889.
2004,80:1611-7. 38. Effect of hyperbaric oxygenation on neural cells and

22. Oxidative stress in autism. McGinnis WR. Altern Ther myelin in neonatal rats with hypoxic-ischemic brain
Health Med., 2004, 10(6):22-36. damage. Yu XH, Yang Wang X, Wang QH, Xie M, QI

23. Change in nitric oxide levels and antioxidant BX, Liu CT et al. Zhongguo Dang Dai Er Ke Za Zhi
enzyme activities may have a role in the 2006, Feb; ((1): 33-7.
pathophysiological mechanisms involved in autism. Sogut ~ 39. Stem cell mobilization by hyperbaric oxygen. Thom SR,
S, Zoroglu SS, Ozyurt H, et al. Clin Chim Acta., 2003, Bhopale VM, Velazquez OC, Goldstein LJ, Thom LH,
331:111-7. Buerk DG. Am J Physiol Heart Circ Physiol 2006, Apr;

24. Hyperbaric oxygen therapy for severe ulcerative colitis. 290(4):H1378-86. Epub 2005 Nov 18.

Buchman AL, Fife C, Torres C, Smith L, Aristizibal J. J 40. Proliferation of neural stem cells correlates with Wnt-3
Clin Gastroenterol., 2001, 33(4): 337-339. protein in hypoxic- ischemic neonate rats after hyperbaric

25. Hyperbaric oxygen as adjunct therapy for Crohn's oxygen therapy. Wang XL, Yang YJ, Xie M, Yu XH, Liu
intractable enteric ulcer. Takeshima F, Makiyama K, Doi CT, Wang X. Neuroreport., 2007, Oct 29; 18(16):1753-6.
T. Am J Gastroenterol., 1999, 94(11): 3374-3375. 41. American Psychiatric Association: Diagnostic and

26. Effect of hyperbaric oxygen on experimental acute distal Statistical Manual of Mental Disorders. ~ 4th  edition.
colitis.Gulec B, Yasar M, Yldiz S, Oter S, Alkay C, Washington, DC. American Psychiatric Press; 1994.
Deveci S, Sen D. Physiol Res., 2004, 53(5): 493-499. 42. Theoretical aspects of autism: Causes-A rewiew.

Ratajczak HV. J Immunotoxicol., 2011, 8 (1): 68-79.



30595

International Journal of Current Research, Vol. 8, Issue, 05, pp.30587-30598, May, 2016

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Prevalence of disorders of the autism spectrum in a
population cohort of children in South Thames: The
Special Needs and Autism Project (SNAP). Baird G,
Simonoff E, Pickles A, Chandler S, Meldrum TD,
Charman T. The Lancet, 2006, Jul 15;Vol. 368, Issue
9351:210-215.

Prevalence of autism in a United States population: the
Brick Township, New Jersey investigation. Bertrand ~ J,
Mars A, Boyle C, Bove F, Yeargin- Allsopp M, Decoufle
P. Pediatric., 2001, 108(5):1155-1161.

Prevalence of autism spectrum disorders-autism and
developmental disabilities monitoring network, 14 sites,
United States, 2002. Rice C. MMWR, 2007, 56: 12-18.
Epidemiology of autistic disorders and other pervasive
developmental disorders. Fombonne E. J Clin Psychiatry,
2005, 66 Suppl 10: 3-8.

Neuroimaging Research in Autism: The Next Decade.
Schultz RT. Autism Research, 2008; 1:317-19.

Temporal lobe dysfunction in childhood autism: a PET
study. Positron emission tomography. Zilbovicius M,
Boddaert N, Belin P, Poline JB, Remy P, Mangin JF,
Thiward L,Barthelemy C, Samson Y. Am. J Psychiatry
2000, 157(12):1988-1993.

Functional neuroimaging and childhood autism. Boddaert
N, Zilbovicius M. Pediatr Radiol 2002, 32(1):1-7.
Bitemporal lobe dysfunction in infantile autism: positron
emission tomography study. Boddaert N, Chabane N,
Barthelemy C, Bourgeois M, Poline JB, Brunelle F,
Samson Y, Zilbovicius M. J Radiol 2002, 83 (12 pt 1):
1829-1833.

Autism  severity and temporal lobe functional
abnormalities. Gendry Meresse I, Zilbovicius M,
Boddaert N, Robel L, Philippe A, Sfaello I, Laurier L,
Brunelle F, Samson Y, Mouren MC et al. Ann Neurol
2005, 58(3): 466-469.

Anterior Cingulate Gyrus Volume and Glucose
Metabolism in Autistic Disorder. Mehemet Haznedar M,
Buchsbaum Monte S, Metzger M, Solimando A, Spiegel-
Cohen J, Hollander E. Am J Psychiatry, 1997; 154:1047-
50.

Limbic Circuitry in Patients With Autism Spectrum.
Disorders Studies With Positron Emission Tomography
and Magnetic Resonance Imaging. Mehemet Haznedar M,
Buchsbaum Monte S, Tse-Chung W, Hof PR, Cartwrigth
C, Bienstok CA, Hollander E. Am J Psychiatry, 2000;
157:1994-2001.

Volumetric analysis and thre-dimensional glucose
metabolic mapping of the Striatum and Thalumus in
patients with autism spectrum disorders. Mehemet
Haznedar M, Buchsbaum MS, Hazlett EA, LiCalzi EM,
Cartwright C, Hollander E. Am J Psychiatry 2006, 163:
1252-63.

Autism: Neuroimaging. Zilbovicius M, Meresse |1,
Boddaert N. Rev Bras Psiquiatr 2006, 28 (Supl I): S21-8.
Enhanced Salience and Emotion Recognition in Autism:
A PET Study. Hall G, Szechtman H, Nahmias C. Am  J
Psychiatry, 2003; 160:1439-41.

Abnormal regional cerebral blood flow in childhood
autism. Ohnishi T, Matsuda H, Hashimoto T, Kunihiro T,
Nishikawa M, Uema T, Sasaki M. Brain 2000, 123(Pt9):
1838-1844.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

SPECT findings in mentally retarded autistic individuals.
Starkstein SE, Vazquez S, Vrancic D, Nanclares V,
Manes F, Piven J, Plebst C.J  Neuropsyghiatriy ~ Clin
Neurosci 2000, 12(3): 370-375.

Brain perfusion in autism varies with age. Wilcox J,
Tsuang MT, Ledger E, Algeo J, Schnurr T.
Neuropsycobiology 2002, 46(1): 13-16.

Cerebral blood flow abnormalities in adult with infantile
autism. George MS, Costa DC, Kouris K, Ring HA, Ell
PJ. J Nev Ment Dis 1992, Jul; 180 (7): 413-7.

Social perception from visual cues: role of the STS
region. Allison T, Puce A, McCarthy G. Trends Cogn Sci.
2000, Jul; 4(7): 267-278.

Cortical Sulcal Maps in Autism. Levitt JG, Blanton RE,

Smalley S, Thompson PM, Guthrie D, McCracken JT,
Sadoun T, Heinichen L, Toga AW. Cerebral Cortex, Jul
2003; 13:728-35.

Reading affect in the face and voice: neural correlates of
interpreting communicative intent in children and
adolescents with autism spectrum disorders. Wang AT,
Lee SS, Sigman M, Dapretto M. Arch  Gen Psychiatry
2007, Jun; 64(6): 698-708.

Differential Effects of Development Cerebellar
Abnormality on Cognitive and Motor Functions in the
Cerebellum: An fMRI Study of Autism. Allen G,
Courchesne E. Am J Psychiatry, 2003; 160:262-73.
Neuroimaging of the functional and structural networks
underlying visuospatial vs. linguistic reasoning in high-
functioning autism. Sahyoun CP, Belliveau JN, Souliéres
I, Schwartz S, Mody M. Neuropsychologia, 2010; 48:86-

95.

The anatomy of extended limbic pathways in Asperger

Syndrome: A preliminary diffusion tensor imaging
tractography study. Pugliese L, Catani M, Ameis S,
Dell'Acqua F, Thiebout de Schotten M, Murphy C,
Robertson D, Deeley Q, Daly E, Murphy DGM.
Neuroimage, 2009; 47:427-434.

A Study of Diffusion Tensor Imaging by Tissue-Specific,

Smoothing- Compensated Voxel-Based Analysis. Lee JE,
Chung MK, Lazar M, Dubray MB, Kim J, Bigler ED,
Lainhart JE, Alexander AL. Neuroimage, 2009 February
1; 44(3): 870-83.

Diffusion tensor imaging (DTI)-based white matter
mapping in brain research: a review. Assaf Y, Pasternak
0. J Mol Neurosci 2008, 34 (1): 51-61.

Accelerated maturation of white matter in young
children with autism: A high b value DWI study. Bashat
DB, Kronfeld-Duenias V, Zachor DA, Ekstein PM,
Hendler T, Tarrasch R, Even A, Levy Y, Ben Sira L.
Neuroimage, 2007; 37: 40-7.

White matter impairments in autism evidence from voxel-
based morphometry and diffusion tensor imaging. Ke X,
Tang T, Hong S, Hang Y, Zou B, Li H, Zhou Z, Ruan Z,
LuZ, Tao G, Liu Y. Brain Research, 2009; 1265: 171-77.
Neuronal fiber pathway abnormalities in autism: An
initial MRI diffusion tensor tracking study of
hippocampo-fusiform and amygdalo-fusiform pathways.
Conturo TE, Williams DL, Smith CD, Gultepe E,
Akbudak E, Minshew NJ. J Int Neur Soc, 2008; 14: 933-
46.



30596

Vecchione et al. Low pressure hyperbaric oxygen therapy in autism spectrum disorders: A prospective, randomized study of 30 children

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

84.

85.

Diffusion tensor imaging of white matter in the superior
temporal gyrus and temporal stem in autism. Lee JE,
Bigler ED, Alexander AL, Lazar M, Dubray MB, Chung
MK, Johnson M, Morgan J, Miller JN, McMahon WM,
Lu J, Jeong EK, Lainhart JE. Neuroscience Letters, 2007;
424:127-32.

Diffusion tensor imaging of the corpus callosum in
Autism.Alexander AL, Lee JE, Lazar M, Boudos R,
DuBray MB, Oakes TR, Miller JN, Lu J, Jeong EK,
McMahon WM, Bigler ED, Lainhart JE. Neuroimage
2007, Jan 1;34(1):61-73.

An MRI Study of the Corpus Callosum in Autism. Joseph
Piven MD, James Bailey BS, Bonnie J. Ranson BA,
Stephan Arndt Ph D. Am J Psychiatry 1997, 144:1051-56.
An MRI Study of the Corpus Callosum and Cerebellum in
Mentally Retarded Autistic Individuals. Facundo Manes
MD, Joseph Piven MD, Vrancic D, Nanclares V, Plebst
C, Starkstein SE. The Journal of Neuropsichiatry and
Clinical Neurosciences, 1997; 154:1051-56.

A Meta-Analysis of the Corpus Callosum in Autism.
Frazier TW, Hardan AY. Biol Psychiatry, 2009;
November 15; 66(10):935-41.

Offering to Share: How to Put Heads Together in Autism
Neuroimaging. Belmonte MK, Mazziotta JC, Minshew
NJ, Evans AC, Courchesne E, Dager SR, Bookheimer SY,
Aylwaed EH, Amaral DG efal.J Autism Dev Disord,
2008; 38:2-13.

White matter structure in autism: preliminary evidence
from diffusion tensor imaging. Barnea-Goraly N, Kwona
H, Menona V, Eliezeb S, Lotspeicha L, Reissa AL.
Biological Psychiatry, 2004, Vol 55, Issue 3, 323-326.
Clinical findings and white matter abnormalities seen an
diffusion tensor imaging in adolescents with very low
birth weight. Skranes J, Vanberg TR, Kulseng S,
Indredavik MS, Evensen KAL, Mertnussen M, Dale AM,
Haraldseth O, Brubakk M. Brain, 2007; 130, 654-66.
Diffusion Tensor Imaging of Frontal Lobe in Autism
Spectrum Disorder. Sundaram SK, Kumar A, Makki MI,
Behen ME, Chugani HT, Chugani DC. Cerebral = Cortex,
2008 November; 18: 2659-65.

Voxel-based meta-analysis of regional white-matter
volume differences in autism spectrum disorder versus
healthy controls. Radua J, Via E, Catani M, Mataix-Cols
D. Psychol Med, 2010; Nov 16: 1-12.

Sex-linked white matter microstructure of the social and
analytic brain. Chou KH, Cheng Y, Chen IY, Lin CP, Chu
WC. Neuroimage, 2011; 54: 725-33.

Tract-specific analyses of diffusion tensor imaging show
widespread white matter compromise in autism spectrum
disorder. Shukla DK, Keehn B, Muller RA. J Child
Psychol Psychiatry, 2010; Nov 12: 1-10.

Gray matter abnormalities in autism spectrum disorder
revealed by T2 relaxation. Petropoulos H, Friedman SD,
Shaw MD, Artru AA, Dawson G, Dager SR. Neurology,
2006; 67:632-36.

Language laterality in autism spectrum disorder and
typical control: A functional, volumetric, and diffusion
tensor MRI study. Knaus TA, Silver AM, Kennedy M,
Lindgren KA, Dominick KC, Siegel J, Tager-Flusberg H.
Brain & Language, 2010; 112: 113-20.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Vineland adaptive behavior scales (2nd ed). Sparrow  SS,
Cicchetti DV, & Balla DA. Circle Pines, MN: American
Guidance Service, 2005.

Behavior rating inventory of executive function. Gioia
GA, Isquith PK, Guy SC, & Kenworthy L. Odessa,
Psychological Assessment Resources, 2000.

The social responsiveness scale manual. Constantino JN,
& Gruber CP. Los  Angeles: Western Psychological
Services, 2005.

Aberrant behavior checklist-community: Supplementary
manual. Aman MG, & Singh NN. East  Aurora, NY:
Slosson Educational Publications, 1994.

The Berry-Buktenica developmental test of visual-motor
integration: Administration, score, and teaching manual.
Berry KE, & Berry NA. Minneapolis, Mn: NCS Pearson,
2004.

Peabody picture vocabulary test (3rd ed). Dunn LM, &
Dunn LA. Circle Pines, MN: American Guidance Service,
1997.

Parenting stress index Professional manual, (3rd ed).
Abidin RR. Lutz, FL:  Psychological  Assessment
Resources, 1995.

Autism Treatment Evaluation Checklist. Autism Research
Institute. Retrieved November 2008, from
http://www.autism.com/ari/atec/.

Treatment of Children's Epilepsy by Hyperbaric
Oxygenation: Analysis of 100 cases. Qibiao W, Hongjun
W, Linzheng C, Cuiyun Z. Proc 11th International
Congress on Hyperbaric Medicine Fuzhou, China Sep
1993, Best Publishers Flagstaff Arizona.

Hyperbaric oxygen therapy in Thai autistic children.
Chungpaibulpatana J, Sumpatanarax T, Thadakul N,
Chantharatreerat C, Konkaew M, Aroonlimsawas M. J.
Med Assoc Thai 2008, Aug; 91(8):1232-8.

Using Behavior Analysis to Examine the Outcomes of
Unproven Therapies: An  Evaluation of Hyperbaric
Oxygen Therapy for Children with Autism. Lerman DC,
Sansbury TS, Hovanetz A, Wolever E, Garcia A, O' Brien
E. Behav Anal Pract 2008, Winter;1(2): 50-58.
Hyperbaric treatment for children with autism: a
multicenter, randomized, double-blind, controlled  trial.
Rossignol DA, Rossignol LW, Smith S, Schneider C,
Logerquist S, Usman A, Neubrander J, Madren EM, Hintz
G, Grushkin B, Mumper EA. BCM Pediatr 2009, Mar 13;
9:21.

Randomized trial of hyperbaric oxygen therapy for
children with autism. Granpeesheh D, Tarbox J, Dixon
DR, Wilke AE, Allen MS, Bradstreet JJ. Research in
Autism Spectrum Disorders 2010, 4: 268-275.

Controlled evaluation of the effects of hyperbaric oxygen
therapy on the behavioral of 16 children with autism
spectrum disorders. Jepson B, Granpeesheh D, Tarbox J,
Olive ML, Stott C, Braud S, Yoo JH, Wakefield A, Allen
MS. J Autism Dev Disord 2011, May; 41(5): 575-88.
Brief Report: Hyperbaric Oxygen Therapy (HBOT) in
children with Autism Spectrum Disorders: A Clinical
Trial. Bent S, Bertoglio K, Ashwood P, Nemeth E,
Hendren RL. J Autism Dev Disord 2011, Aug 5 ( Epub
ahead of print).

Hyperbaric oxygen in the treatment of childhood autism:
a randomised controlled trial. Sampanthavivat M,

FL:



30597

International Journal of Current Research, Vol. 8, Issue, 05, pp.30587-30598, May, 2016

102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.

118.

119.

Singkhwa W, Chaiyakul T, Karoonyawanich S, Ajpru H.
Diving Hyperb Med. 2012 Sep;42(3):128-33.

Neuroglial activation and neuroinflammation in the brain

of patients with autism. Vargas DL, Nascimbene C,
Krishnan C, Zimmerman AW, Pardo CA. Ann Neurol
2005, 57(1): 67-81.

A clinicopathological study of autism. Bailey A, Luthert
P, Dean A, Harding B, Janota M, Montgomery M, Rutter
M, Lantos P. Brain 1998, 889-905.

Hypoxia and Inflammation.Eltzschig HK, Carmeliet P. N
Engl J Med 2011; 364:656-65.

Patches of Disorganization in the Neocortex of Children
with Autism. Stoner R, Chown ML, Boyle MP, Sunkin

SM, Mouton PR, Roy S, Wynshaw-Boris A, Colamarino
SA et al. N Engl J Med 2014, March 27; 370:1209-19.
Controversial Issues in Hyperbaric Oxygen Therapy: a
European Committee for  Hyperbaric Medicine
Workshop.Kot J, Mathieu D. Diving Hyperb Med 2011,
Jun; 41(2): 101-4.

Restorative neuroscience: concept and perspectives.
Andres RH, Meyer M, Ducray AD, Widmer HR. Swiss
Med Wkly 2008, 38: 155-72.

Complementary and Alternative Medicine Treatments for
Children with Autism Spectrum Disorders. Levy SE,
Hyman SL. Child Adolesc Psychiatr Clin N Am 2008,
Oct; 17(4): 803-20.

A review of recent reports on autism: 1000 studies
published in 2007. Hughes JR. Epilepsy Behav 2008, Oct;
13(3):425-37. Epub 2008 Jul 31. Rewiew.

Hyperbaric oxygen therapy in autism: is there evidence?
Yildiz S, Aktas S, Uzun G. Undersea Hyperb Med 2008,
Nov-Dec; 35(6):453-5.

Hyperbaric oxygen therapy for treatment of children with
autism: a systematic review of randomized trials.
Ghanizadeh A. Medical Gas Research 2012, May 11;2:13
Hyperbaric oxygen treatment in autism spectrum
disorders. Rossignol DA, Bradstreet JJ, Van Dyke K,
Schneider C, Freedenfeld SH, O’Hara N, Cave S, Buckley
JA, Mumper EA and Frye RE. Medical Gas Research
2012, 2:16.

The treatment of children with autism spectrum disorder
with hyperbaric oxygen therapy. Bennett M, Hart B.
Undersea and Hyperbaric Medical Society (UHMS)
Position Paper 2009, December 5.

Comparative psychology of mental development. Werner
H. International Universities Press, New York, 1957.
Visual-motor integration monograph. Beery KE. Follet
Publishing Company, Chicago IL, 1967.

The Developmental Test of Visual-Motor Integration.
Beery KE. Modern Curriculum Press, Cleveland OH,
1967, 1982, 1989.

Rhythm and motor ability in developmental disabled

children. Liemhon W. ERIC # 107637, 1975.
Perceptual and motor development. Williams
Prentice-Hall, Englewood Cliffs NJ, 1983.
Differential effectiveness of receptive language and
visual-motor assessment in identifying academically
gifted elementary school students. Knoff HM, et al.
Perceptual & Motor Skills 1986, 63; 719-25.

HG.

120.

121.

122.

123.

124.

125.

126

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Hemispheric specialization in visual, tactile and cross-
modal assembling tasks. Halshaband U, Homberg V.
Cortex 1990, 26:(4); 625-37.

Influence of anatomical factors and spatial compatibility
on the stimulus response relationship in the absence of the
corpus callosum. Di Stefano M, Sauerwein HC, Lassonde
M. Neuropsychologia 1992, 30:(2); 177-85.

Exposure to environmental lead and visual-motor
integration at age 7 years: the Port Pirie Cohort Study.
Baghurst PA, McMichael AJ, Tong S, Wigg NR, Vimpani
GV, Robertson EF. Epidemiology 1995, 6: (2); 104-9.
Structural and functional underconnectivity as negative
predictor for language in autism. Verly M, Verhoeven J,
Zink I, Mantini D, Oudenhove LV, Lagae L, Sunaert S,
Rommel N. Hum Brain Mapp 2013, Dec 21, Ed: Peter T.
Fox and Jack L. Lancaster.

Maturation of the Language Network: from inter-to
intrahemispheric connectivities. Friederici AD, Brauer J,
Lohmann G. Plos One 2011, June; Vol. 6, Issue 6; 1-7.
Projections from behaviorally defined sectors of the
prefrontal cortex to the basal  ganglia, septum, and
diencephalon of the monkey. Johnson TN, Rosvold HE,
Mishkin M. Experimental Neurology 1968, 21, 20.
Formal assessment of problem solving and planning
processes in preschool children. Klahr D, Robinson M.
Cognitive Psychology 1981, 13; 113-48.

A cortical network for directed attention and unilateral
neglect. Mesulam MM. Annals of Neurology 1981, 10;
309-25.

Brainstem innervation of prefrontal and anterior cingulate
cortex in the rhesus monkey revealed by  retrograde
transport of HRP. Porrino L, Goldman-Rakik PS. Journal
of Comparative Neurology 1982, 205; 63-76.
Neuropsychological development of behavior attributed to
frontal lobe functioning in children. Passler MA, Isaac W,
Hynd GW. Developmental Neuropsychology 1985, 1;
349-70.

Developmental norms for Wisconsin Card Sorting Test.
Chelune GJ, Baer RL. Journal of Clinical and
Experimental Neuropsychology 1986, 8; 210-28.

Can learning disabilities be determined from working
memory performance? Swanson HL, Cochran KF, Ewers
CA. Journal of Learning Disabilities 1990, 23; 59-67.
Behavioral changes after closed head injury in children.
Fletcher JM, Ewing-Cobbs L, Miner ME, Levin HS,
Eisenberg H. Consulting and Clinical Psychology 1990,
58; 93-98.

Assessing frontal lobe functioning in children: views from
developmental psychology. Welch MC, Pennington BF.
Developmental Neuropsychology 1988, 4; 199-230.
Executive functions and working memory: theoretical and
measurement issues. Pennington ~ BF,  Bennetto L,
McAleer OK, Roberts RJ. In G.R. Lyon & N.A Krasnegor
(Eds), 1996.

Investigation of antioxidant enzymes in children with
autistic disorder. Yorbik O, Sayal A, Akay C, Akbiyik
DI, Sohmen T. Prostaglandins Leukot Essent Fatty Acids
2002, 67(5): 314-343.

Increased oxidative stress and altered activities of
erythrocyte free radical scavenging enzymes in autism.
Zoroglu SS, Armuctu F, Ozen S, Gurel A, Sivasli E,



30598

Vecchione et al. Low pressure hyperbaric oxygen therapy in autism spectrum disorders: A prospective, randomized study of 30 children

137.

138.

139.

140.

141.

Yetkin O, Meram I. Eur Arch Psychiatry Clin Neurosci
2004, 254(3): 143-147.

Oxidative stress in autism: increased lipid peroxidation
and reduced serum levels of ceruloplasmin and transferrin
— the antioxidant proteins. Chauhan A, Chauhan V,
Brown WT, Cohen I. Life Sci 2004, 75(21): 2539-2549.
Oxidative stress in autism. McGinnis WR. Altern The
Health Med 2004, 10: 22-36.

Metabolic biomarkers of increased oxidative stress and
impaired methylation capacity in children with autism.
James SJ, Cutler P, Melnyk S, Jernigan S, Janak L,
Gaylor DW, Neubrander JA. Am J Clin Nutr 2004, 80(6):
1611-1617.

Oxidative stress in autism. Chauhan
Pathophysioloy 2006, 13 (3):171-181.
Metabolic endophenotype and related genotypes are
associated with oxidative stress in children with autism.

A, Chauhan V.

142.

143.

144.

145.

James SJ, Melnyk S, Jernigan S, Cleves MA, Halsted CH,
Wong DH, et al. Am J Med Genet B Neuropsychiatr
Genet 2006, 141(8). 947-956.

Role of Nad+ oxydative stress, and tryptophan
metabolism in Autism spectrum Disorders. Mustapha ME,
Selvaraju S, Nady B, Samir A, Chai KL, Tamilarasan M,
Gilees JG. Int J Tryptophan Res, 2013, 6(suppl): 15-28.
Mitochondrial dysfunction and Oxidative damage in
Autism spectrum Disorders. Yui K, Sato A, Imataka G.
Mini Rev Med Chen, 2015; 15(5):373-89.

Hyperbaric Oxygen Therapy promotes neurogenesis:
where do we stand? Mu J, Krafft PR, Zhang JH. Medical
Gas Research 2011, Jun 27; 1-14.

Hyperbaric oxygen therapy improves spatial learning and
memory in a rat model of chronic traumatic brain injury.
Harch PG, Kriedt C, Van Meter KW, Sutherland RIJ.
Brain Res, 2007 Oct 12;1174:120-9. Epub 2007 Aug 16.

seskeskoskoskockok



