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The Effect of Hyperbaric Oxygen on
Persistent Postconcussion Symptoms
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William Carne, PhD

Background: The high incidence of persistent postconcussion symptoms in service members with combat-related
mild traumatic brain injury has prompted research in the use of hyperbaric oxygen (HBO2) for management.
Objective: The effects of HBO2 on persistent postconcussion symptoms in 60 military service members with at least
1 combat-related mild traumatic brain injury were examined in a single-center, double-blind, randomized, sham-
controlled, prospective trial at the Naval Medicine Operational Training Center at Naval Air Station Pensacola.
Methods: Over a 10-week period, subjects received a series of 40, once-daily, hyperbaric chamber compressions
at 2.0 atmospheres absolute (ATA). During each session, subjects breathed 1 of 3 preassigned oxygen fractions
(10.5%, 75%, or 100%) for 60 minutes, resulting in an oxygen exposure equivalent to breathing surface air, 100%
oxygen at 1.5 ATA, or 100% oxygen at 2.0 ATA, respectively. Individual, subscale and total item responses on the
Rivermead Postconcussion Symptom Questionnaire and individual and total Posttraumatic Disorder Checklist–
Military Version were measured just prior to intervention and immediately postintervention. Results: Between-
group testing of pre- and postintervention means revealed no significant differences on individual or total scores
on the Posttraumatic Disorder Checklist–Military Version or Rivermead Postconcussion Symptom Questionnaire,
demonstrating a successful randomization and no significant main effect for HBO2 at 1.5 or 2.0 ATA equivalent
compared with the sham compression. Within-group testing of pre- and postintervention means revealed significant
differences on several individual items for each group and difference in the Posttraumatic Disorder Checklist—
Military Version total score for the 2.0 ATA HBO2 group. Discussion: The primary analyses of between group
differences found no evidence of efficacy for HBO2. The scattered within group differences are threatened by Type 2
errors and could be explained by nonspecific effects. Conclusion: This study demonstrated that HBO2 at either 1.5
or 2.0 ATA equivalent had no effect on postconcussion symptoms after mild traumatic brain injury when compared
with sham compression. Key words: hyperbaric oxygen therapy, postconcussion syndrome, traumatic brain injury
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WITH the onset of the Afghanistan and Iraq
wars in October 2001, the US Departments of

Defense (DoD) and Veterans Affairs (VA) have estab-
lished a worldwide system of care to assess and manage
the significant numbers of service members (SMs) and
Veterans who have sustained mild traumatic brain in-
jury (mTBI).1 Aggregated screening data of all Operation
Enduring Freedom (Afghanistan War) and Operation
Iraqi Freedom (Iraq War) Veterans enrolled in the VA
system of care through 2011 reveal that 9.6% experi-
enced at least 1 mTBI during their deployments.2 Of
note, more than 90% of these individuals have at least
1 concomitant secondary diagnosis (eg, posttraumatic
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stress disorder [PTSD], pain) that may confound both
the clinical presentation and subsequent treatment.2,3

This condition has been labeled postdeployment mul-
tisymptom disorder,4 or more commonly postde-
ployment syndrome,5 and may be one of the rea-
sons for the higher rate of persistent postconcus-
sion syndrome (PPCS) in military personnel than in
civilian individuals.3 The broad range and high fre-
quency of various symptoms are the clinical hallmarks
of these syndromes. In addition, many in the military
have had repetitive blast exposures, potentially with as-
sociated head trauma and associated cumulative brain
injury, that may further complicate symptom attribution
and recovery.6

In an effort to evaluate the effectiveness of innova-
tive treatment options for the array of symptoms seen
with PPCS in US combatants, the DoD and VA have
developed an initiative involving 3 ongoing indepen-
dent, randomized, blinded trials to assess the utility of
hyperbaric oxygen (HBO2).7 Together, these comple-
mentary investigations objectively study the effect on
symptoms of a range of hyperbaric exposures on mil-
itary and Veteran populations. The administration of
HBO2 involves breathing high levels of oxygen, usually
100%, at an increased pressure at least 1.4 times greater
than the atmospheric absolute pressure at sea level
(1 atmospheres absolute or ATA, which is equivalent
to 760 mm Hg partial pressure of oxygen).8 The partial
pressure of oxygen will increase proportionally with an
increase in the hyperbaric chamber compression pres-
sure, consequently the intent of HBO2 is to increase the
oxygenation of the patient’s blood and tissues to supra-
physiologic levels as a stimulus to cellular growth and
repair. The use of HBO2 for treating TBI is based on
the still unproven theory that functionally retrievable
neurons, adjacent to severely damaged or dead neurons,
exposed to HBO2 may return to normal function or
near normal function by reactivating metabolic or elec-
trical pathways. Other possible mechanisms of benefit
to TBI patients include stem cell mobilization to sites
of injury, immunomodulation, and impact on funda-
mental neurotransmitters such as nitric oxide.9 While
these theories hold promise for future identification of
those patients most likely to respond, in practical terms,
symptom improvement remains the current metric for
a positive therapeutic outcome.7

To date, the evidence for efficacy of HBO2 in
TBI is inconclusive. Randomized trials support the
use of HBO2 to improve survival after acute, severe
TBI; however, there is no appreciable effect in func-
tional outcomes.10,11 Primarily anecdotal evidence ex-
ists to support HBO2 for chronic TBI (ie, >3 months
postevent), and the only published randomized clinical
trial investigating HBO2 for postconcussion syndrome
demonstrated no effect.9

A typical HBO2 clinical treatment uses oxygen at
2.0 to 3.0 ATA for the duration of 90 to 120 minutes;
however, individualization based on diagnosis and
patient symptoms has been advocated,8 and anecdotal
evidence exists to support efficacy in TBI at lower
dosages (1.5 ATA).10,12,13 A randomized, controlled
trial using 2.4 ATA HBO2 exposure compared with
sham (room air at 1.3 ATA) failed to demonstrate any
differences in symptoms in SMs with PPCS.9 Given
these results and the anecdotal reports of efficacy at
lower, potentially safer pressures, the second phase
of the DoD-VA research initiative focused on the
effect of 1.5 and 2.0 ATA equivalent HBO2 dosing.
To this end, this investigation examined the effects of
HBO2 exposure on a population of active-duty SMs
with PPCS following combat-related mTBI in a 3-arm,
randomized, blinded, sham-controlled trial.

MATERIALS AND METHODS

Commencing in 2009, the Defense Advanced
Research Projects Agency and the US Navy Bureau
of Medicine and Surgery (as part of the DoD-VA
collaborative research program) sponsored this single-
center, 3-arm, randomized, blinded, sham-controlled
trial of HBO2 exposure on symptomatic mTBI pa-
tients. The logistics and challenges of double-blinding
hyperbaric chamber interventions have been described
previously.14 This study received appropriate institu-
tional review board and governmental approvals. Sixty-
one active-duty military SMs with PPCS were recruited
from US military bases. Inclusion criteria were TBI
specialist–confirmed diagnosis of mTBI based on the
DoD definition of TBI (Health Affairs 2007),15 post-
concussive symptoms from mTBI for at least 3 months,
injury occurrence in the past 3 years, psychiatric status (if
any) stable for 2 months, stable psychotropic medication
history for at least 1 month, and ability to use computer-
ized testing. The diagnosis of TBI was confirmed by the
study physiatrist’s history, physical examination, and a
review of all the acute medical records, including any
available battlefield information, from the time of the
traumatic event to the present, using the DoD definition
of TBI. The only exclusion criteria were the presence of
a disorder that contraindicated hyperbaric exposure or
previous exposure to HBO2. Volunteers were recruited
from a pool of full-duty Marines from Camp Lejeune
Marine Base (North Carolina) and a few from Marine
Base Quantico (Virginia) whose symptoms were being
managed by the TBI clinic but who were otherwise with-
out medical or military limitations. The Marines from
Quantico received additional duty orders to relocate to
Naval Medicine Operational Training Center at Naval
Air Station Pensacola, Florida, for 2 months to receive
the investigative exposures in a hyperbaric chamber.
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Demographic information, clinical parameters, and
baseline physical, cognitive, and behavioral function-
ing measures were obtained. Participants were randomly
assigned to breathe 1 of 3 oxygen mediums in the
hyperbaric chamber at 2.0 ATA, specifically 10.5%,
75%, or 100% oxygen. The sham control (10.5% oxy-
gen at 2.0 ATA) simulated a placebo exposure. The
intervention dosing used in this study was chosen on the
basis of consensus opinion of the DoD and VA.16 To
maximize participant blinding, oxygen concentrations
were varied while maintaining 2.0 ATA to minimize the
likelihood of participants noting differential pressures.
Randomization to 1 of the 3 groups was accomplished
using a computer-generated number assignment (ran-
domizer.org).

Exposures were conducted in a multiplace chamber,
with the breathing medium delivered at gas flow rates
of 20 L/min or more, using an oxygen treatment hood
once the 2.0 ATA exposure pressure was reached, to en-
sure a consistent dose (Amron International Inc, Vista,
California). The Naval Medicine Operational Training
Center hyperbaric chamber was elevated less than 50 ft
above mean sea level. Exposures in this study were de-
livered using modifications of established protocols de-
veloped by the Navy’s Bureau of Medicine and Surgery
(BUMED) Undersea Medicine Department. To ensure
distributional uniformity among the 3 experimental ex-
posures, subjects were accessioned in 5 separate blocks
of 11 to 15 subjects, based on subject availability. Each
group of subjects was randomly assigned to receive 1
of the 3 experimental conditions. Once assigned to a
particular treatment group, the subjects’ experimental
condition did not vary over the 40-exposure course. To
ensure subject and investigator blinding to the specific
treatment exposure being received, all subjects were pres-
surized inside the chamber to a pressure equivalent of
2.0 ATA. This is equivalent to the atmospheric pressure
attained during underwater diving to 33 ft of seawa-
ter. Subjects breathed an oxygen-nitrogen treatment gas
blended to achieve the oxygen pressure equivalents to
which they were assigned. Specifically, 3 gas mixtures
were used: (1) a sham air equivalent of 10.5% oxygen
(balance 89.5% nitrogen); (2) a 1.5 ATA oxygen exposure
equivalent of 75% oxygen (balance 25% nitrogen); and
(3) a 2.0 ATA oxygen exposure equivalent of 100% oxy-
gen (0% nitrogen). Chamber compression to 2.0 ATA
generally required less than 3 minutes to attain. Once
at 2.0 ATA of pressure, each subject was instructed to
sit quietly and breathed the assigned gas mixture for
a period of 60 minutes (SD = ±1 minute). Chamber
decompression to 1.0 ATA (ie, an average room air pres-
sure of 759 mm Hg) similarly required less than 3 min-
utes to attain. Each participant underwent 40 compres-
sions lasting 60 minutes over a 10-week period. During
compression to and decompression from 2.0 ATA, all

subjects breathed ambient chamber air. Taking into ac-
count the National Fire Protection Agency, US Navy
Diving Manual Class A chamber operation standards
and local Naval Medicine Operational Training Center
control levels, the oxygen content of chamber air was
closely regulated to remain between 19% and 23.5% sur-
face equivalents (ie, sea level). This protocol was selected
because it most closely approximated the community
standard of care and met all safety guidelines.7,8

Any subject unable to complete a scheduled treatment
due to transient contraindications to hyperbaric cham-
ber exposure (ie, fevers, congestion, inability to equalize
sinus or ear pressure) was allowed to make up the missed
treatment at the next available opportunity (ie, later the
same day, on weekends when treatments were not nor-
mally scheduled, or, if necessary, during the transition
period between the five 12-subject blocks).

Statistical analyses

This segment of the study focused on an analysis of
the effects of these exposures on the primary outcome
measure, the Rivermead Postconcussion Symptom
Questionnaire (RPQ), by comparing baseline measures
with initial postcompression outcomes. Subsequent
analyses of all outcome measures at both the initial and
3-month time periods will be completed later. Initial
postcompression outcome measurements were obtained
within the first week following last exposure. While a
broad array of outcome batteries was used for all partic-
ipants, this initial article presents main findings on the
symptomatic effects of the chamber exposures measured
by the primary outcome tool, the RPQ.17 The RPQ is
a widely used Likert-type symptom inventory consisting
of 16 items (and a 17th narrative item) designed to evalu-
ate the somatic, cognitive, and emotional functioning of
individuals who have PPCS following a brain injury.17 A
study of the psychometric properties of the RPQ found
that it is most appropriately scored and analyzed using
2 subscales, items 1 to 3 constituting the RPQ-3 and the
remaining 13 items constituting the RPQ-13.17 The ap-
propriate sample size estimates were calculated for a 10%
difference (equal to a decrease of 7 total score points)
on the primary outcome of postconcussion symptom
severity as measured by the RPQ,17 which required 20
subjects in each group after adjusting for 10% attrition
(1-way analysis of variance [ANOVA]; power = 0.80; α

= .05). Given the significant co-occurrence of PTSD in
military populations with mTBI1–4 and the overlap of
many symptoms to either condition, several behavior
measures were included in this investigation. For this ar-
ticle, we selected the Posttraumatic Disorder Checklist–
Military Version (PCL-M) to assess symptoms associated
with PTSD.16,18 The PCL-M is a 17-item self-report mea-
sure of symptoms suggestive of PTSD and is often used
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as an aid in screening for and measuring PTSD. For both
the RPQ and the PCL-M, improvement in symptoms is
denoted by lower scores.

All analyses were conducted using SPSS 16.0. De-
mographic characteristics were analyzed using descrip-
tive statistics. Main effect concussive symptom changes
were examined using 1-way ANOVA of scores pre- and
postcompression on RPQ individual items, RPQ sub-
scales (RPQ-3; RPQ-13), and RPQ total score. Potential
secondary effects of hyperbaric treatment on posttrau-
matic stress was analyzed using 1-way ANOVA on PCL
individual item scores pre- and postcompression as well
as PLC total score. Statistical level of significance was
set at .05.

RESULTS

One hundred twenty eight SMs met preliminary study
eligibility and consented for evaluation. Sixty-one of 128
candidates met the full-study criteria and were randomly
assigned into the sham control or 1 of 2 HBO2 expo-
sure groups. The primary reasons for exclusion were the
inability to confirm the diagnosis of mTBI, active medi-
cation changes, and schedule conflicts. One participant
was unavailable for the immediate postintervention as-
sessment, leaving a total of 60 subjects for this analysis.
All study subjects experienced at least 1 mTBI, with the
most recent TBI occurring at a mean of 8.5 months
(SD = 6.58 months; range = 3-39 months) prior to the
baseline assessments. All subjects were men. Etiology of
concussion included improvised explosive device blast
(85.3%), rocket-propelled grenades (3.0%), and mortar
attacks (1.7%). The remaining 10% were uncategorized
blasts. Slightly more than a quarter of the participants
self-reported concussions (M = 2.1, SD = 0.95; range
= 1-4) prior to the most recent blast injury. Of the 60
subjects who completed the pre- and postcompression
procedures, there were 21 subjects in the sham compres-
sion group, 18 in the 1.5 ATA equivalent group, and 21
in the 2.0 ATA equivalent group. There were no precom-
pression between-group differences on these variables.

The final sample of 60 subjects had a mean age of 23.2
years (SD = 2.95). Two subjects (3.0%) were African
American, 47 (78.3%) were white, 10 (16.6%) were
Hispanic, and 1 (1.6%) was Native American. Of the
60 subjects, 19 were married, 3 were divorced, and 38
were single. Pay grades E1 to E6 comprised 97% of the
sample. One-way ANOVA and χ2 analysis revealed no
between-group differences with respect to age, pay grade,
marital status, or race /ethnicity.

To determine whether a main effect existed, between-
group analyses, using SPSS with 1-way ANOVA, were
conducted for the pre- and postcompression RPQ items,
subscales (RPQ-3; RPQ-13), and total scores. As a sec-
ondary analysis, PCL-M item responses and total score,

again using SPSS with 1-way ANOVA, were also con-
ducted. At pretreatment, there were no significant dif-
ferences between groups for symptom inventory items,
verifying the efficacy of randomization. At postcompres-
sion, no significant differences were found between the
3 groups on any individual symptom inventory items,
subscale scores (RPQ-3; RPQ-13), or total scores on the
RPQ or PCL-M (see Tables 1 and 2).

Within-group analyses were conducted for all
3 groups, using paired t tests, comparing pre- and
postcompression RPQ item responses. The sham (2.0
ATA-10.5% O2) group showed no significant differences
on symptom inventory items, subscale scores (RPQ-3;
RPQ-13), or total score. The 1.5 ATA equivalent (2.0
ATA-75% O2) group showed a statistically significant in-
crease (ie, worsening) on item 14 (light sensitivity), but
no significant differences were noted for other symp-
tom individual items, subscale scores (RPQ-3; RPQ-13),
or total score. The 2.0 ATA equivalent (2.0 ATA-100%
O2) group showed a statistically significant decrease on
items 4 (noise sensitivity) and 9 (frustration, impatience),
but no other significant differences were noted for symp-
tom individual items, subscale scores (RPQ-3; RPQ-13),
or total score (see Table 3).

Within-group analyses were then conducted for all
3 groups, using paired t tests, comparing pre- and post-
compression PCL-M item responses. Items 16 (being
super alert; watchful) and 17 (easily startled) were sig-
nificantly decreased within the sham (2.0 ATA-10.5%
O2) group, but no other significant differences were
noted for individual symptom inventory items or to-
tal score. The 1.5 ATA equivalent (2.0 ATA-75% O2)
group showed a significant decrease on item 16 (be-
ing super alert; watchful), but no other significant dif-
ferences were noted for individual symptom inventory
items or total score. The 2.0 ATA equivalent (2.0 ATA-
100% O2) group demonstrated significant decreases on
PCL-M items 4 (upset when reminded of stressful past
event) and 16 (being super alert; watchful) and total
score (see Table 4).

DISCUSSION

This investigation represents the second DoD-VA col-
laborative, randomized, controlled clinical trial study-
ing clinically relevant effects of HBO2 on PPCS. In
this study, none of the groups achieved the hypothe-
sized clinically significant improvement (ie, 7 points)
on the primary outcome measure for PPCS (ie, RPQ).
In addition, there were no significant differences be-
tween groups on any of the RPQ-3, RPQ-13, or PCL-M
total scores postcompression. While there were within-
group improvements on several of the items for each of
the 3 compression groups, analysis of individual symp-
tom items revealed that there were no between-group

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 1 Between-group analysis of RPQ item means

Precompression Postcompression

Item no. Sham
1.5 ATA

equivalent
2.0 ATA

equivalent P Sham
1.5 ATA

equivalent
2.0 ATA

equivalent P

1 2.9 3 2.83 .83 2.62 2.90 2.39 .35
2 1.57 1.43 1.22 .63 1.76 1.52 1.28 .27
3 0.76 0.62 0.55 .78 0.71 0.76 0.33 .24
4 2.7 2.10 2.72 .28 2.43 2.48 2.00 .32
5 2.52 2.86 2.83 .63 2.86 2.86 2.61 .75
6 2.24 1.7 1.72 .28 2.24 1.76 1.78 .31
7 2.62 2.38 3.05 .16 2.48 2.62 2.50 .92
8 1.38 1.0 1.17 .60 1.24 1.10 0.94 .77
9 2.52 2.43 2.67 .78 2.33 2.19 2.11 .79
10 3.14 3.05 3.06 .94 3.05 3.0 2.78 .67
11 2.43 2.19 2.44 .75 2.52 2.29 2.39 .75
12 2.57 2.29 2.39 .69 2.33 2.38 2.06 .58
13 1.29 0.71 0.67 .15 1.48 1.0 0.67 .06
14 1.62 1.10 0.94 .18 1.90 1.62 1.11 .16
15 0.48 0.43 0.28 .58 0.81 0.33 0.22 .07
16 2.05 2.05 1.94 .96 2.10 1.76 1.50 .36
RPQ-3 5.20 5.04 4.6 .72 5.10 5.19 4.00 .20
RPQ-13 27.57 24.29 25.83 .48 27.76 25.38 22.67 .23
Total score 32.81 29.33 30.44 .53 32.86 30.57 26.67 .19

Abbreviations: ATA, atmospheres absolute; RPQ, Rivermead Postconcussion Symptom Questionnaire.

differences. These findings are similar to the first DoD-
VA collaborative trial.9 The lack of between-group dif-
ferences among the 3 experimental conditions on the
primary outcome measure suggests that there was no
treatment effect that could be attributed to the HBO2

parameters studied. These current findings, which paral-
lel the earlier work of Wolf and colleagues,9 are par-
ticularly important in that this study used the more
typical treatment pressures advocated by hyperbaric
clinicians.8,10,12,13

TABLE 2 Between-group analysis of PCL-M item means

Precompression Postcompression

Item no. Sham
1.5 ATA

equivalent
2.0 ATA

equivalent P Sham
1.5 ATA

equivalent
2.0 ATA

equivalent P

1 2.95 2.81 3.39 .24 2.71 2.67 2.83 .90
2 2.43 2.86 3.16 .11 2.38 2.76 3.00 .25
3 2.10 1.76 2.39 .15 1.90 1.95 2.00 .96
4 2.52 2.52 2.94 .46 2.48 2.48 2.28 .80
5 2.71 2.57 2.72 .93 2.76 2.52 2.52 .56
6 2.57 2.57 2.72 .92 2.52 2.57 2.39 .89
7 2.0 2.05 2.22 .82 1.90 2.14 1.83 .62
8 2.0 2.38 2.28 .63 2.24 2.43 2.17 .82
9 2.19 2.10 2.61 .49 2.19 1.71 2.17 .31
10 2.29 2.33 3.00 .15 2.42 2.29 2.50 .87
11 2.57 2.33 2.89 .47 2.48 2.19 2.33 .80
12 1.71 1.57 1.61 .91 1.71 1.81 1.28 .23
13 3.71 3.86 3.83 .93 3.95 3.76 3.50 .53
14 3.38 3.38 3.55 .87 3.14 3.05 3.14 .91
15 3.33 3.10 3.44 .58 3.43 3.24 3.33 .86
16 3.24 3.29 3.11 .88 2.76 2.86 2.39 .52
17 3.43 3.19 3.43 .69 2.90 2.86 3.00 .94
Total score 45.14 44.67 49.39 .45 43.9 43.29 42.56 .96

Abbreviations: ATA, atmospheres absolute; PCL-M, Posttraumatic Disorder Checklist–Military Version.
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While no main treatment effect was found at any
exposure level, within-group analyses were noteworthy
for improvements on 1 to 2 items from both the RPQ
and the PCL-M within each experimental condition. In
addition, the total score for the 2.0 ATA equivalent
group for the PCL-M was found to improve. A statis-
tical argument could be made that the total score is
subject to family-wise error rate, and a post hoc test (eg,
Bonferonni correction or a similar test) should have
been conducted to reduce the likelihood of false-
positives by lowering the α value. It was determined,
given the exploratory nature of this feasibility study,
that doing so would have increased the number of false-
negatives, obscuring statistically significant results. Fu-
ture studies should apply the more rigorous post hoc
corrections to ensure that false-positives are not included
(ie, type I error). However, it is interesting to note that
even with a more “liberal” α value, these significant re-
sults represented only a small fraction of the item inven-
tory and a restricted symptom array. The 6 symptoms
that significantly varied within any of the groups were
noise sensitivity, light sensitivity, easily frustrated, easily
upset by past events, being super alert, and easily startled.
Three of these symptoms (being super alert, easily upset,
and easily startled) are hallmarks of PTSD but are not
typical for mTBI. One of them (easily frustrated) may be
seen in either condition, and the remaining 2 symptoms
(noise and light sensitivity) are more commonly associ-
ated with mTBI. The finding of symptoms consistent
with mTBI or PTSD or both was expected in this cohort
because of the nature of postdeployment syndrome.1–6

While one of the symptoms (noise sensitivity) that im-
proved within the 2.0 ATA equivalent exposure group
is most commonly associated with mTBI, none of the
symptoms improved differentially in the main analysis
between groups.

The decision to use the RPQ as the primary outcome
measure was driven by its worldwide acceptance in the
study of mTBI and specifically PPCS.15,19,20 However, it
is most commonly used for individuals who are within
1 year of their symptom-generating mTBI, when these
symptoms are most likely to improve or resolve. In
this investigation, while the mean time post-mTBI was
8.5 months, many of the subjects had multiple mTBIs,
some as distant as 39 months previously, and symptom
onset could not be easily discerned. Moreover, these
subjects had most likely already experienced the bulk
of the recovery typically seen following mTBI, but
persistent residual symptoms remained at the time of
study enrollment. However, the baseline mean indi-
vidual item score on the RPQ for all groups was 1.93;
therefore, these subjects could only have improved
in a limited fashion as compared with individuals
with the more typical moderate-severe symptoms seen
with acute concussion. The preestablished clinically
significant RPQ total score criterion threshold of a

7-point improvement was not approached in any of the
groups. Of interest, we found that the sham and 1.5
ATA equivalent groups demonstrated nonsignificant
increase (worsening) in their raw total RPQ scores,
whereas the 2.0 ATA equivalent group demonstrated a
3.77-point nonsignificant decrease (improvement).

We believe that the improvements seen in this inves-
tigation, as well as in the study of Wolf and colleagues
and prior case reports,11,12,21–23 can be best explained
by factors other than the effect of HBO2 on PPCS.
As has been reported in depression, anxiety, and PTSD
randomized sham-controlled trials, one would expect a
placebo and/or Hawthorne effect on symptoms, given
the intense nature of the intervention.24–26 For example,
the Marines in this study were temporarily reassigned to
Naval Air Station Pensacola and had greatly reduced
duty schedules. In addition, they had enhanced access
to leisure time and activities in a noncombat, semitropi-
cal beach environment. The significant improvement on
the PCL-M total score in the 2.0 ATA equivalent group
is of interest, but its implications are unclear. Given ev-
idence from animal research on the positive effects of
HBO2 on behavioral factors27 and the minor benefits
seen on the PCL-M in the 2.4 ATA DoD trial,9 further
prospective investigations may be warranted.

This trial represents the second randomized, double-
blinded, sham-controlled, prospective study of HBO2

in the population of subjects with symptomatic chronic
mTBI and demonstrates no significant symptomatic im-
provements from PPCS of HBO2 at either 1.5 or 2.0
ATA equivalent over sham control. This investigation
incorporated many features lacking in prior studies, such
as randomization, blinding, and control groups. The
inclusion of this level of scientific rigor in this study
and the study of Wolf and colleagues support the con-
clusion that the minor benefits seen on the RPQ, the
PCL-M, and other similar measures are not the result of
HBO2.

These studies demonstrated that individuals with
PPCS could be recruited into and safely tolerate this
study protocol. Future studies, which are currently un-
derway, will benefit from the addition of a waiting list
or standard concussion care third arm to account for
the nonspecific effects possible in sham control treat-
ment and longer duration of follow-up to assess for the
durability of any initial improvements.

This study has several inherent limitations. The small
sample size limits the power of the study. Generaliz-
ability may be limited by gender. In addition, the high
follow-up rate seen secondary to the paid travel and
active-duty status (ie, they received additional duty ord-
ers to be on the base) may be atypical of nonmil-
itary populations. The combat exposure experienced
by all study participants introduces the possible influ-
ence of posttraumatic stress, depression, anxiety, substa-
nce abuse, and pain, which have been associated

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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with deployment,3,4 likely had confounding effects on
HBO2. The diagnosis of TBI relies on participant self-
report, which is sensitive to subjective patient interpreta-
tion, memory, social desirability, and other covariates
such as personality factors and willingness to reveal pro-
blems. As noted, a confounding role of PTSD symp-
toms may be especially important, as our study demon-
strated a significant reduction in some individual items
on both the RPQ and the PCL-M that are commonly
attributed to stress in both the sham control group
and the HBO2 group over time. Better understanding
of this influence and other possible variables, such as
time postinjury, medication usage and adjustments, and
the role of repetitive mTBI in postconcussion recov-
ery, would allow for a greater refinement of treatment
protocols.

CONCLUSIONS

HBO2 therapy is a proven intervention for treat-
ing select acute and chronic ischemic injuries that
have well-established theoretical underpinnings and a
well-documented role in dive-related injuries, soft-tissue
healing, and carbon monoxide poisoning treatment.
Prior human research trials with acute, severe TBI have
been inconclusive, and previous studies among par-
ticipants with long-standing postconcussion syndrome
have demonstrated no symptom relief with HBO2. This
study, which used a randomized, controlled, double-
blinded design conducted at total oxygen doses most
commonly used by clinicians, did not demonstrate sig-
nificant effects of HBO2 in individuals with symp-
toms of chronic mTBI when compared with sham
compression.

REFERENCES

1. Lew HL, Poole JH, Vanderploeg RD, et al. Program development
and defining characteristics of returning military in a VA Poly-
trauma Network Site. J Rehabil Res Dev. 2007;44(7):1027–1034.

2. Cifu DX, Taylor BT, Carne WF, et al. TBI, PTSD and pain diag-
noses in OEF/OIF/OND Veterans. J Rehabil Res Dev. In press.

3. Taylor BT, Hagel EM, Carlson KF, et al. Prevalence and costs of
co-occurring traumatic brain injury with and without psychiatric
disturbance and pain among Afghanistan and Iraq war Veteran
VA users. Med Care. 2012;50(4):342–346.

4. Walker RL, Clark ME, Sanders SH. The postdeployment multi-
symptom disorder: an emerging syndrome in need of a new treat-
ment paradigm. Psychol Serv. 2010;7(3):136–147.

5. Cifu DX, Blake P. Overcoming Post-Deployment Syndrome: A Six-Step
Mission to Health. New York, NY: DemosHealth; 2011.

6. Lange RT, Brickell TA, Ivins B, Vanderploeg R, French LM. Vari-
able, not always persistent, postconcussion symptoms following
mild TBI in U.S. military service members: a 5-year cross-sectional
outcome study. J Neurotrauma. 2013;30(11):958–969.

7. Weaver LK, Cifu DX, Hart B, Wolf G, Miller RS. Hyperbaric oxy-
gen for postconcussion syndrome: design of Department of De-
fense clinical-trials. Undersea Hyperbar Med. 2012;39(4):807–814.

8. Gesell LB, ed. Hyperbaric Oxygen Therapy Indications. The Hyperbaric
Oxygen Therapy Committee Report. 12th ed. Durham, NC: Undersea
and Hyperbaric Medical Society; 2008.

9. Wolf G, Cifu DX, Baugh L, Carne W, Profenna L. The effect of
hyperbaric oxygen on symptoms following mild traumatic brain
injury. J Neurotrauma. 2012;29:1–7.

10. Rockswold SB, Rockswold GL, Zaun DA, et al. A prospective, ran-
domized clinical trial to compare the effect of hyperbaric to nor-
mobaric hyperoxia on cerebral metabolism, intracranial pressure,
and oxygen toxicity in severe traumatic brain injury. J Neurosurg.
2010;112:1080–1094.

11. Rockswold SB, Rockswold GL, Defillo A. Hyperbaric oxygen in
traumatic brain injury. Neurol Res. 2007;29(2):162–172.

12. Harch PG. The dosage of hyperbaric oxygen in chronic brain in-
jury. In: Joiner JT, ed. Proceedings of the 2nd International Symposium
on Hyperbaric Oxygenation for Cerebral Palsy and the Brain-Injured
Child. Flagstaff, AZ: Best Publishing Co; 2012:31–56.

13. Harch PG, Andrews SR, Fogarty EF, et al. A phase I study
of low-pressure hyperbaric oxygen therapy for blast-induced

post-concussion syndrome and posttraumatic stress disorder. J
Neurotrauma. 2012;29:168–185.

14. Clarke D. Effective patient blinding during hyperbaric trials.
Undersea Hyperbar Med Soc. 2009;36(1):13–17.

15. US Department of Veterans Affairs. Screening and evalua-
tion of possible traumatic brain injury in Operation Endur-
ing Freedom and Operation Iraqi Freedom veterans. VHA
directive 2007-013, 1–8. http://www1.va.gov/vhapublications/
ViewPublication.asp?pub_ID=1556. Accessed January 5, 2009.

16. Eyres S, Carey A, Gilworth G, Neumann V, Tennant A. Con-
struct validity and reliability of the Rivermead Post-concussion
Symptoms Questionnaire. Clin Rehabil. 2005;19(8):878–887.

17. Bliese PD, Wright KM, Adler AB. Validating the primary care
posttraumatic stress disorder screen and the posttraumatic stress
disorder checklist with soldiers returning from combat. J Consult
Clin Psychol. 2008;76(2):272–281.

18. Blanchard EB, Jones-Alexander J, Buckley TC, Forneris CA. Psy-
chometric properties of the PTSD checklist (PCL). Behav Res Ther.
1996;34(8):669–673.

19. Potter S, Leigh E, Wade D, Fleminger S. The Rivermead Post-
concussive Symptom Questionnaire: a confirmatory factor analy-
sis. J Neurol. 2006;253:1603–1614.

20. Smith-Seemiller L, Fow NR, Kant R, Franzen MD. Presence of
postconcussion syndrome symptoms in patients with chronic pain
vs. mild traumatic brain injury. Brain Inj. 2003;17(3):199–206.

21. Bennett MH. The Undersea and Hyperbaric Medical Society. A
report on the annual scientific meeting 2012, Phoenix, AZ, USA
June 21-23. Extrem Physiol Med. 2012;1(1):14.

22. Bennett MH, Trytko B, Jonker B. Hyperbaric oxygen therapy
for the adjunctive treatment of traumatic brain injury. Cochrane
Database Syst Rev. 2004;(4):CD004609.

23. McDonagh M, Helfand M, Carson S, Russman BS. Hyperbaric
oxygen therapy for traumatic brain injury: a systematic review of
the evidence. Arch Phys Med Rehabil. 2004;85(7):1198–1204.

24. Brunoni AR, Lopes M, Fregni F. A systematic review and meta-
analysis of clinical studies on major depression and BDNF levels:
implications for the role of neuroplasticity in depression. Int J
Neuropsychopharm. 2008;11(8):1169–1180.

25. Stein DJ, Baldwin DS, Dolberg OT, Despiegel N, Bandelow B.
Which factors predict placebo response in anxiety disorders and

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

www.headtraumarehab.com



LWW/JHTR HTR200358 September 5, 2013 22:41

10 JOURNAL OF HEAD TRAUMA REHABILITATION

major depression? An analysis of placebo-controlled studies of
escitalopram. J Clin Psychiatry. 2006;67(11):1741–1746.

26. Walsh BT, Seidman SN, Sysko R, Gould M. Placebo response in
studies of major depression. JAMA. 2002;287(14):1840–1847.

27. Peng Y, Feng SF, Wang Q, et al. Hyperbaric oxygen precondition-
ing ameliorates anxiety-like behavior and cognitive impairments
via up-regulation of thioredoxin reductases in stressed rats. Prog
Neuropsychopharmacol Biol Psychiatry. 2010;34(6):1018–1025.

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.




