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Abstract Hyperbaric oxygen therapy (HBOT) has been
used to treat individuals with autism. However, few studies
of its effectiveness have been completed. The current study
examined the effects of 40 HBOT sessions at 24% oxygen
at 1.3 ATA on 11 topographies of directly observed
behavior. Five replications of multiple baselines were
completed across a total of 16 participants with autism
spectrum disorders. No consistent effects were observed
across any group or within any individual participant,
demonstrating that HBOT was not an effective treatment
for the participants in this study. This study represents the
first relatively large-scale controlled study evaluating the
effects of HBOT at the level of the individual participant,
on a wide array of behaviors.

Clinical Trials Government Identifier: NCT00406159.

Andrew Wakefield is no longer affiliated with The Thoughtful House.

B. Jepson - C. Stott - A. Wakefield
Thoughtful House Center for Children, Austin, TX, USA

D. Granpeesheh - J. Tarbox (P<) - M. L. Olive - S. Braud -
J. H. Yoo - M. S. Allen

Center for Autism and Related Disorders, Inc.,

19019 Ventura Blvd., Tarzana, CA 91356, USA

e-mail: j.tarbox @centerforautism.com

Present Address:

J. H. Yoo

New York State Institute for Basic Research, New York, NY,
USA

S. Braud
HOPE Reach, Holland, MI, USA

M. S. Allen
Connecticut Behavioral Heath, Middletown, CT, USA

Keywords Hyperbaric oxygen therapy - Autism -
Behavioral pharmacology

Introduction

Autism spectrum disorders (ASDs) are developmental
disorders which are characterized by impairment in two or
more of the following areas: communication, social inter-
action, and stereotypic or repetitive behaviors (American
Psychiatric Association 2000). The current prevalence in
the United States is estimated, on the basis of a 2007
reporting period, at 1 in 91 children (Kogan et al. 2009).
The large scope of the problem demands an equivalent
large response by the medical and scientific community to
look for novel and effective ways to treat the disorder.
Unfortunately, in practice, the desire to develop novel
treatment approaches often exceeds the scientific commu-
nity’s pace at rigorously evaluating them. Thus, over 100
treatments for autism are in wide use (Green et al. 2006),
despite the fact that the effectiveness of very few has been
directly researched.

Previous Studies on Hyperbaric Oxygen Therapy

One such treatment that has been growing in popularity
over recent years is hyperbaric oxygen therapy (HBOT).
HBOT consists of the use of an increased concentration of
ambient oxygen delivered under pressurized conditions,
above the regular atmospheric pressure of 1 atmosphere
absolute (ATA). HBOT has been used as a treatment
modality since the 1930s when Behnke and Shaw used
pressurized chambers to treat patients with decompression
sickness (Jain 2004). Currently, HBOT is approved by the
Undersea and Hyperbaric Medical Society (UHMS) and
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the Food and Drug Administration for conditions ranging
from carbon monoxide poisoning to compromised skin
grafts (Gessell 2008).

Hyperbaric oxygen therapy has been investigated in the
treatment of many neurological conditions including stroke
(Anderson et al. 1991; Nighoghossian & Trouillas 1995;
Rusyniak et al. 2003; Singhal 2007), traumatic brain injury
(Bennett et al. 2004; McDonagh et al. 2004; Rockswold
et al. 2007; Shi et al. 2006), cerebral palsy (Collet et al.
2001; Hardy et al. 2002; McDonagh et al. 2007), and
multiple sclerosis (Bennett & Heard 2004; Kleijnen &
Knipschild 1995).

Proposed Mechanism of Action

The proposed mechanisms of effect in neurological disor-
ders includes the relief of hypoxia, improvement of
microcirculation, relief of cerebral edema by a vasocon-
strictive effect, preservation of partially damaged tissue,
and improvement of cerebral metabolism. Little sound
research on the use of HBOT to treat neurological condi-
tions has been published thus far, with the exception of
cerebral palsy. A review of the current state of the research
in HBOT and cerebral palsy reports that although small
improvements in motor function were noted in observa-
tional studies, there was no difference between the control
group and the treatment group in either of the two con-
trolled studies published to date (Collet et al. 2001; Hardy
et al. 2002).

HBOT has emerged as an adjunctive treatment option in
autism in response to preliminary evidence of several
potential underlying pathophysiological mechanisms which
might be amenable to hyperbaric treatment. Several studies
using single photon emission computed tomography
(SPECT) scans have shown a decrease in blood flow
(hypoperfusion) to various brain regions in individuals with
autism (Ryu et al. 1999; Starkstein et al. 2000; Wilcox
et al. 2002). It has been hypothesized by some that this
might leave certain brain cells at risk of dysfunction due to
a chronic state of hypoxia (Rossignol 2007; Rossignol &
Rossignol 2006). Preliminary evidence shows some benefit
from HBOT on cerebral tissues (Helms et al. 2005).

Research has also documented chronic inflammation,
both in the gut (Ashwood et al. 2003; Ashwood et al. 2004;
Balzola et al. 2005; Furlano et al. 2001; Horvath et al.
1999; Torrente et al. 2002; Wakefield et al. 2000) and in
the brain (Pardo et al. 2005; Vargas et al. 2005; Zimmer-
man et al. 2005) in individuals with autism. HBOT has
been shown to be effective at treating inflammation in
various tissues, including the gut (Al-Waili & Butler 2006;
Buchman et al. 2001; Gorgulu et al. 2006; Gulec et al.
2004; Gurbuz et al. 2003a, b; Nikfarjam et al. 2007; Vlo-
davsky et al. 2006; Wilson et al. 2007; Wilson et al. 2006).

@ Springer

Autism HBOT Studies and Limitations

To date, few studies have been completed regarding the
effectiveness of HBOT as a treatment for autism. Two dis-
cussion papers by Rossignol and colleagues presented
hypotheses, based on a retrospective case series of 6 children
(Rossignol 2007; Rossignol & Rossignol 2006). However,
based on the lack of an experimental design, the improve-
ments noted within the small group should not be attributed
to HBOT. Replication of study results with additional par-
ticipants within the context of valid experimental method-
ology would be necessary to draw causal conclusions.

The same research group followed up with a small open-
label pilot study looking at safety and efficacy (Rossignol
et al. 2007). They measured biomarkers of inflammation (C-
reactive protein) and oxidative stress (e.g. oxidized gluta-
thione), as well as parent reports of behavior in 18 children
with autism over a treatment course of 40 sessions. Six of the
children were treated with 1.5 ATA pressure and 100%
oxygen, while 12 children were treated with 1.3 ATA
pressure and 24% oxygen (using an air concentrator). They
reported no significant worsening of oxidative stress, a non-
significant trend of improvement in C-reactive protein val-
ues (in a small subgroup that started out high) and
improvement in parent reports of some measures associated
with autism (speech, motivation and cognitive awareness).
However, the weaknesses of the open-label design and the
lack of a control group make it difficult to reach definitive
conclusions. Specifically, it is possible that the improvement
in parent report measures was due to a placebo effect, or due
to improvement over time due to other concurrent treat-
ments taking place outside of the HBOT.

In the first controlled study of HBOT, Lerman et al.
(2008) evaluated the effects of HBOT on direct measures
of task engagement, spontaneous communication, and
problem behavior. The study employed a multiple baseline
across three children. HBOT was delivered at 88% oxygen
and 1.3 ATA. Two participants received 40 sessions of
HBOT and the third received 27. One participant demon-
strated a potential increase in communication during
HBOT treatment but the effect was not replicated across
the other two participants. In addition, one participant
demonstrated a potential decrease in challenging behavior
during HBOT treatment and subsequent worsening of the
behavior when HBOT was removed. However, this too was
not replicated across participants. The decrease in behavior
during HBOT could have been accounted for by the overall
decrease in demands during days in which HBOT treat-
ment was delivered.

The Lerman et al. (2008) study made a significant
contribution by including direct measures of behavior.
Overall, participants might have experienced positive
changes but the changes were not observed consistently
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across the 3 participants. Replication of the treatment effect
across participants is required to demonstrate experimental
control in a multiple baseline design. The lack of such
replication in the Lerman et al. (2008) study makes it
difficult to determine whether the potential effects
observed were due to HBOT or some other concurrent
treatment.

Rossignol et al. (2009) conducted a randomized, double-
blind placebo-controlled trial on the effects of HBOT using
1.3 ATA and 24% oxygen. Participants received 40 sessions
comprised of two 1-h HBOT sessions per day, 5 days per
week over 4 consecutive weeks. Although forty sessions is a
commonly studied dosing regimen, the weekly intensity of
HBOT treatment hours (i.e., 10) was higher than in previous
HBOT-autism studies. The outcome measures included a
physician-reported response to question 2 on the Clinical
Global Impression Scale (CGI: Guy 1976). Outcome mea-
sures also included several parent report measures: the
Aberrant Behavior Checklist (ABC: Aman & Singh 1994);
the Autism Treatment Evaluation Checklist (ATEC: Autism
Research Institute 2007) and the CGI.

A statistically significant difference in outcomes between
groups was observed on the Sensory/Cognitive subscale of
the ATEC, but not on any other ATEC subscales. There
were no statistically significant differences on any ABC
subscale when comparing the HBOT group to the placebo
group. The results indicated that both groups improved over
the course of the study which suggests either a placebo
effect and/or treatment effects from concurrent treatments
other than HBOT. It should be noted that the ATEC has not
been validated in the scientific community subjecting its use
in a study such as this to be questionable. Additionally, the
authors reported a significant difference between groups on
both the physician CGI (P < 0.0008) and the parent CGI
(P < 0.0336). It should be noted that no baseline measure
was completed by the physicians prohibiting the authors
from detecting a pre-post effect based on their ratings.
Moreover, the physicians failed to complete the entire CGI
and instead focused on one item.

The authors analyzed individual participant treatment
data further and reported a statistically significant
improvement in several subscales. While the authors
attributed the differences to a treatment effect, the authors
failed to note that the study design did not allow for such a
comparison to be made. The authors interpreted the overall
findings as positive and recommended HBOT for the
treatment of autism.

In a subsequent study, Granpeesheh et al. (2010) con-
ducted a randomized, double-blind, placebo controlled
evaluation of HBOT, consisting of 80 1-h sessions at 24%
oxygen and 1.3 ATA. Sessions were administered 6—10
times per week. There were 18 participants in the treatment
group and 16 controls. The control group received 1-h

sessions in the HBOT chambers which were filled with
ambient air at a pressure sufficient to keep the chamber
inflated (not significantly above 1 ATA). Results indicated
that both groups improved to a small degree over time but
that there was no significant difference in improvement
between the HBOT and placebo groups. Since all partici-
pants were also receiving behavioral intervention services
during the course of the study and the number of hours per
week of behavioral intervention was matched between
groups, it is possible that the improvement seen in both
groups was due to the behavioral intervention.

Although the Granpeesheh et al. (2010) study did not
demonstrate a significant effect of treatment, it is possible
that the group design used did not allow for careful
examination of the results of treatment at the level of the
individual participant. Regardless of what the mean
response to a treatment may be across a group of individ-
uals, the response of a particular patient over time is of
primary concern to the practicing clinician, and this fact
makes single-subject experimental design particularly
well-suited to evaluate treatment effect. Given the small
scale of the Lerman et al. (2008) study and the conflicting
results of the Rossignol et al. (2009) and Granpeesheh et al.
(2010) studies, it remains possible that some children with
ASDs might respond favorably to HBOT and that this
subgroup was obscured by the study designs of existing
research.

Purpose of Current Study

One method for examining this possibility would be to
evaluate the effectiveness of HBOT at the level of the
individual participant, using a single-subject design, and
replicating the evaluation across a relatively large sample
of participants. Such a design would have the benefit of
identifying any possible effects at the level of the indi-
vidual participant and would likely include at least some
responders if a large enough sample was included. The
purpose of the current study was to conduct such an
investigation. We evaluated the effects of HBOT on direct
measures of 11 topographies of behavior, representing a
wide sample of behaviors characteristic of autism, across
five replications of multiple baselines across children, with
a total of 16 participants.

Method
Participants
Following appropriate approval from an independent

Institutional Review Board, participants were recruited by
listing the study on the public trials registry, posting the
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study on autism list serves, and informing existing clients
at both clinical centers where the authors are employed. All
interested participants were provided study information
and initial screenings were conducted to ensure that
inclusion criteria were met.

Inclusion criteria were as follows: (a) diagnosis of
autistic disorder, pervasive developmental disorder not
otherwise specified (PDD NOS), or Asperger’s disorder; (b)
between 2 and 10 years of age; (c¢) no change in medical
treatment regimen or dietary regimen for 6 weeks prior to
the study; and (d) caregiver agreement to refrain from
changing any treatment regimens during the course of the
study. Potential participants were excluded if they displayed
any medical conditions which would contraindicate HBOT
(i.e., current otitis media, current sinus infection, history of
seizures). Two participants were excluded from enrollment
in the study due to a history of seizure activity.

Twenty participants were initially enrolled for partici-
pation in the study. One child’s parents terminated partic-
ipation after 19 HBOT sessions after they reported an
increase in stereotypy and a decrease in language. It should
be noted that these changes were not evident in the
patient’s data. Two terminated during baseline because of
difficulty with the travel commitment and one participant
was excluded because the diagnosis could not be confirmed
when the ADOS was administered. Therefore, a total of 16
children completed participation in the study. The mean
age of participants was 5 years 9 months (range = 3 years
10 months—-9 years 5 months). Table 1 depicts age, gender,
and diagnosis for each participant.

Prior to the start of the study, participants were assessed
on a number of measures. First, an independent diagnosis
of an autism spectrum disorders was required. Then par-
ticipants were administered the Autism Diagnostic Obser-
vation Schedule (Lord et al. 1989). A measure of IQ was
obtained by administering the Wechsler Preschool and
Primary Scale of Intelligence™— Third Edition (Wechsler
2002) for children between 2 and 6 or the Wechsler
Abbreviated Scale of Intelligence (Wechsler 1999) for
children over 6 years. The Vineland Adaptive Behavior
Scale-II (Sparrow et al. 2005) and the Aberrant Behavior
Checklist (Aman & Singh 1994) were also administered.
Results of these measures are reported in Table 1.

Materials

Several materials were used in this study. First, all direct
observation play sessions were conducted in an empty
room dedicated to this study. The room was approximately
4 x 4 m. Materials in the room included two small tables,
a chair, a video camera on a tri-pod, a hand held digital
timer, and 3-5 toys that were preferred by the participating
child.
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Second, all HBOT sessions were conducted in separate
clinic room dedicated for HBOT therapy. The room was
approximately 15 x 10 m. Materials in the room consisted
of a desk and chair for the medical technician, three HBOT
chambers, and storage shelves. HBOT therapy was deliv-
ered using “soft-shell” inflatable chambers (Vitaeris 320).
This apparatus was selected due to its popularity and fre-
quent use by families and physicians prescribing HBOT.

Finally, materials used for coding videotaped sessions
included the !Observe data collection software, run on
PalmZ3® personal data assistants.

Response Measurement and Inter-observer Agreement

The dependent variables in this study were direct measures
of behavior, which were collected from video tapes of
behavioral observation play sessions. Because it was not
known which behaviors, if any, might be affected by
HBOT, a wide variety of behaviors relevant to social
functioning, verbal functioning, and problematic behaviors
were measured. Frequency data were collected on: (a)
vocal initiations defined as participant vocalizations that
did not occur in response to therapist behavior; (b) physical
initiations defined as child-initiated hugs, hand holding or
grabbing, giving high-fives, hand-shakes, tapping on the
shoulder or leg, showing objects, or gesturing; (c) vocal
response defined as any vocal behavior which occurred in
response to a therapist vocalization (e.g., saying “thank
you” in response to a compliment); (d) physical response
defined as any non-vocal behavior which occurred in
response to a therapist behavior (e.g., showing a toy air
plane in response to a therapist saying “Look, I have a cool
car”); (e) self-injurious behavior or aggression defined as
hitting, kicking, pinching, scratching, biting, and pulling
hair directed toward self or others; (f) disruption, defined as
kicking objects, throwing objects, breaking objects, tearing
paper, tipping over chairs, and hitting walls; (g) tantrums
defined as crying or screaming above a conversational level
of volume; (h) vocal stereotypy defined as successively
repeating words, reciting passages from movies or books in
a non-functional manner, making repetitive noises; and (i)
physical stereotypy defined as hand flapping, rocking,
spinning, flicking, waving objects in a repetitive manner, or
manipulating objects in a repetitive nonfunctional manner.
A new instance of stereotypy was scored when stereotypy
had not occurred for 10 s. Additionally, 10-second partial
interval data were collected on: (a) toy contact defined as
contact of hand with a toy; and (b) physical activity defined
as two footsteps being taken within a 10 s interval.
Interobserver agreement (IOA) was assessed by having a
second, independent observer collect data for at least 32%
of all sessions for each participant. IOA was assessed by
dividing the smaller number of behaviors recorded by the
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Table 1 Age, gender, and diagnoses

Participant Age® Gender Diagnosis ADOSP 1Q VABS® ABC-C*
001 3-10 Male Autistic disorder 18 N/A 62 26

003 6-0 Male Autistic disorder 17 N/A 61 97

004 6-7 Male Autistic disorder 19 112 93 60

005 6-5 Male Autistic disorder 8 115 85 52

007 3-11 Male Autistic disorder 18 N/A 67 20

008 5-6 Male Autistic disorder 10 112 91 18

009 5-2 Male PDD NOS 9 85 104 44

010 3-7 Male PDD NOS 9 N/A 105 43

011 5-9 Female Autistic disorder 19 63 70 43

012 5-0 Male PDD NOS 17 59 69 74

013 6-6 Male PDD NOS 5 132 95 79

014 9-5 Male Autistic disorder N/A 81 24

015 7-3 Male Autistic disorder 18 N/A 54 26

018 4-3 Male Autistic disorder 16 N/A 56 77

019 4-9 Male Autistic disorder 10 N/A 68 60

020 8-6 Male Asperger’s disorder 7 85 83 67

* in years and months, ° Autism diagnostic observation schedule, ¢ Vineland adaptive behavior scales, ¢ Aberrant behavior checklist-community

larger, in each consecutive 10 s interval, averaging the
resulting decimals for the session, and converting the
average to a percentage. In order to avoid inflating average
agreement by both observers agreeing on non-occurrence
of a behavior for an entire session, IOA was not assessed
for a given behavior on a given session when the primary
data indicated that the behavior did not occur during that
session. Table 2 depicts the percentage of sessions with
IOA for each participant, as well as the mean and range of
IOA for each class of behavior.

Experimental Design and Analysis

A non-concurrent multiple baseline across participants
design was used to evaluate the effects of HBOT on the
behaviors of participants because anecdotal reports of the
effectiveness of HBOT have described treatment effects
that persist after HBOT treatment is terminated. A multiple
baseline design is well-suited to studying treatments which
produce lasting effects because it does not depend on a
deterioration of the treatment effect after treatment is

Table 2 Interobserver

agreement (IOA) data Participant # ;‘i]oitsheslsol(ils Z;i aAI;tgirVeeement Z;éﬁ:ﬁmem Zygégéf;;;ent
001 77 98 (96-100) 94 (85-99) 87 (51-98)
003 64 97 (93-100) 94 (77-99) 77 (58-90)
004 64 94 (87-99) N/A? 94 (90-100)
005 61 96 (69-97) N/A 94 (90-98)
007 60 95 (78-100) 93 (72-100) 74 (50-89)
008 48 89 (74-95) N/A 100
009 38 85 (69-93) 98 (97-100) 85 (68-97)
010 40 94 (76-100) 98 (96-100) 93 (82-98)
011 41 99 (95-100) 95 (92-98) 75 (54-90)
012 38 99 (98-100) N/A 90 (50-98)
013 39 90 (72-100) 96 (95-97) 97 (97-97)
014 33 96 (78-100) 98 (78-100) 89 (70-100)
015 32 99 (97-100) 98 (95-100) 80 (54-93)
018 65 97 (93-100) 97 (92-100) 90 (80-97)

* N/A indicates the behavior 019 36 97 (92-100) N/A 90 (78-98)

never occurred during sessions 020 41 90 (78-100) 97 (95-98) 100

for which IOA was assessed
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withdrawn (Kazdin 1982). In order to demonstrate that a
treatment is effective in a multiple baseline across partic-
ipants, it is necessary to demonstrate that the treatment
produces an effect with one participant when it is admin-
istered to him/her and that the behavior in question for
another participant does not improve until the same treat-
ment is administered to the second participant (Kazdin
1982). Further evidence for the causal relation between
treatment and improvement in behavior is demonstrated
with further replication across additional participants in the
same multiple baseline and across additional participants in
additional multiple baselines.

Visual inspection is used to evaluate changes in the
level, trend, and variability displayed in repeated measures
of the dependent variable over time. Although statistical
analyses can be accommodated in the multiple baseline
design, visual inspection is generally preferred because
only robust and stable treatment effects are readily visually
apparent and weak or transient treatment effects are
therefore “filtered out” (Kazdin 1982). In the current study,
four non-concurrent multiple baselines were conducted
across three participants and one non-concurrent multiple
baseline was conducted across four participants.

Baseline

Baseline was comprised of behavioral observation play
sessions which were conducted as the play/control condi-
tion of the standard experimental functional analysis
described by Iwata et al. (1994). The play condition was
used in order to set up a stable environmental condition
under which the occurrence of free operant problem
behavior and adaptive behavior could vary as a function of
the effects of HBOT. A similar approach to utilizing
functional analysis sessions for assessing drug effects has
been described elsewhere in the literature (Crosland et al.
2003; Zarcone et al. 2004; Zarcone et al. 2008).
Behavioral observation play sessions were 10 min in
duration and conducted by trained research assistants twice
per week during the baseline phase, immediately prior to
each HBOT session, and at all follow-up appointments.
The trained research assistants were not informed of the
purpose of the study. However, participants received
HBOT therapy immediately after the play session. Thus,
the research assistant may have surmised the purpose of the
play sessions. The trained research assistants were not
familiar with participants prior to the study. However, the
baseline period of observation most likely allowed the
research assistant and participant to feel comfortable with
one another. The research assistant did not score data on
personal sessions but rather on sessions conducted by other
research assistants. The purpose of this was to prevent
research assistants from obtaining an expected effect.
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Finally, the use of interobserver agreement helps to ensure
the fidelity of the data.

HBOT Procedures

The chamber was used to deliver an estimated 24% oxygen
at 1.3 ATA (Rossignol et al. 2007). During HBOT treat-
ment sessions, the participant and his/her parent/guardian
sat or reclined in the chamber. Participants’ parents were
encouraged to bring toys or other items or activities which
were preferred by the participant into the chamber. Parents
were otherwise encouraged not to interact with their child
in a potentially therapeutic way. During treatment sessions,
the pressure in the chamber was slowly increased to the
target pressure over the course of 10—15 min, followed by a
period of 60 min at the target pressure, and finally by a
period of 10-15 min in which the pressure was gradually
decreased back to ambient pressure. A group mean of 4.78
sessions were conducted per week, with individual partic-
ipant weekly mean sessions ranging from 2.46 to 7.0. Each
participant received a total of 40 HBOT sessions over an
average of 56 days (r = 39-68).

The first author was responsible for participant safety
and medical oversight of the study. A trained HBOT
technician was present for every treatment session. Addi-
tionally, parents provided a daily report of the child’s
response to the intervention. Any negative side effect was
reported immediately to the first author. There were two
incidents reported. First, a parent reported that her child’s
stereotypy increased and language decreased. This was not
supported with observational data that were being col-
lected. Another child experienced a small skin abscess
behind his left external ear. The abscess required a needle
aspiration and drainage and oral antibiotics. However, the
incident was not deemed related to HBOT.

Follow-Up

Participants were scheduled for two follow-up direct
observation play sessions 2 weeks after the last HBOT
session and for two additional direct observation play
sessions 3 months after the last HBOT session.

Results

Due to the large number of participants and the large number
of topographies of behavior measured in the current study,
space does not permit graphical display of each topography
for each participant (i.e., 11 topographies x 16 partici-
pants = 176 data paths). In the interest of space, data for
individual participants were summed three in classes: (1)
adaptive behavior, (2) stereotypy, and (3) aberrant behavior.
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The adaptive behavior class is an overall rate of the following
behaviors: vocal initiations, physical initiations, vocal
response, and physical response. The stereotypy class is a
total rate of vocal and physical stereotypy. The aberrant
behavior class is a total rate of aggression, SIB, tantrums, and
disruption. The corresponding author may be contacted for
copies of the complete data sets.

Fig. 1 Rates of stereotypy, 12 BL
aberrant behaviors, and adaptive 9 -

behaviors for Group 1 6 W
(Participants 011, 008, and 015) 31 PP 011

The results are depicted in Figs. 1, 2, 3, 4, 5, 6. Each
panel of each multiple baseline graph depicts the rate of a
particular class of behavior for a particular participant.
Participant numbers are depicted near the right margin of
the panel. A visual inspection of changes in level, trend,
and variability in the data after the onset of HBOT reveal
no consistent effect on any class of behavior across any of
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the multiple baselines. In addition, no clear effect was
apparent for any individual participant. It is possible that
adaptive behavior decreased slightly for participant 008
and that stereotypy increased slightly for 007, but neither
of these changes constituted clear or immediate changes in
level and neither effect was replicated across additional

participants so it is unlikely that these modest potential
effects were due to HBOT.

In the interest of space, data on toy contact and physical
activity are not presented in graphical format. All data were
graphed and visually inspected. However, visual inspection
revealed no effect for any participant across any direct
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observation measure (data available from authors, upon
request).

Discussion
This study is the first controlled study to evaluate the

effects of HBOT as a treatment for children with aut-
ism, at the level of the individual participant, via

9 11 13 15 17 19 21 23 25 27 29 31 33 35

Sessions

repeated direct measures of a large number of behav-
iors, across a relatively large number of participants.
Multiple topographies of behavior were measured under
carefully controlled conditions and no consistent effects
(positive or negative) were observed. Based on these
results, there is no compelling evidence to suggest that
HBOT, delivered at 24% oxygen and 1.3 ATA, is an
effective treatment modality for the core behavior
symptoms of autism.
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These findings diverge considerably from those of
Rossignol et al. (2009). The current study controls for the
potential “washing out” of the effect when group data are
averaged (as must be done in a between-groups design) by
carefully measuring potential changes in 11 topographies
of behavior over time across 16 individuals. If there was a
subgroup for which HBOT was effective, it seems likely
that at least one such child would have participated in the
current study. The lack of an effect for any participant in
the current study makes the existence of such a subgroup
seem implausible.

This study also extends Lerman’s findings by examining
a larger number of behaviors which constitute a broader
sampling of symptoms of autism and by extending the
evaluation to a larger number of participants. The result of
this study did not replicate the positive findings demon-
strated in one of the participants in the (Lerman et al. 2008)
study. This finding increases the probability that the effect
seen in the Lerman participant was an aberration, as sug-
gested by the study’s authors.

This study also extends findings from the Granpeesheh
et al. (2010) study suggesting that HBOT delivered at 24%
oxygen and 1.3 ATA may not be an effective therapy for
the treatment of the behavioral symptoms of autism. As
was done in the Granpeesheh et al. study, parents in this
study were instructed to refrain from altering their child’s
therapy during the course of the study. This technique helps
to more accurately account for any behavioral changes
observed in study participants.

One potential limitation to the current study was that the
observation technique used might have been insufficient to

@ Springer
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detect other benefits of HBOT that have been anecdotally
reported by others (e.g., improvements in attention or
memory). Future studies could attempt to detect such
potential effects by including assessment conditions in
which participants are required to actively engage in a
learning task or memory activity. Two such possibilities
include a repeated acquisition task or the demand condition
from the standard functional analysis. Other measures that
could potentially detect differences, though not behavioral
in nature, would include SPECT scans or functional MRI.
Finally, an assessment such as the PDD-Behavior Inven-
tory (Cohen & Sudhalter 2005) could be completed by a
non-biased or blind rater in order to detect differences
before and after HBOT.

A second limitation in the current study was that
measures of possible changes in biochemical variables
were not collected (e.g., markers of inflammation or
oxidative stress). Therefore, it is not possible to determine
whether such variables were affected by the HBOT pro-
cedure. It is possible that HBOT delivered at a different
dosing regimen, higher pressure, or for longer period of
time might produce an effect. Rossignol et al. (2009) used
almost twice the average number of treatment sessions per
week compared to the current study and this may con-
tribute to the differences in outcome between studies.
Future studies should consider directly comparing various
dosing regimens. Nevertheless, it should also be noted
that the dosing regimen studied here is one that is used
widely in the autism community along with associated
anecdotal reports of improvement, increasing the proba-
bility that the current results can be generalized to a
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significant proportion of individuals practicing HBOT  The cost of such treatment may range up to $150 per hour.
treatment in the community. Families report using anywhere from 40 to 120 h of HBOT.

A third limitation relates to the characteristics of par-  These hours are in lieu of other therapies such as applied
ticipants. Specifically, participants were not included or  behavior analysis, speech therapy, and occupational therapy
excluded based on their physical well-being. As such, itis  and do not include travel time to the medical center where
possible that participants with more physical dysfunction  the therapy is provided. Some families purchase the cham-
may have responded, as a group, differently than the  bers in order to provide therapy in their home. A number of
sample that was included in this study. Future studies  websites focus on renting ($1,395 per month) and selling
should consider studying sub-groups of children with ($8,495-27,995) chambers to families. Given the financial
physical dysfunction to determine if HBOT therapy is  and time-investment required for HBOT and the conflicting

effective for them. study outcomes to date, we cannot recommend HBOT as a
News programs and community blogs report that many  treatment for autism until such time as more conclusive
families of children with autism are using HBOT therapy. favorable results are demonstrated.
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