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areas of cognitive functioning after HBO therapy at
10 months post-injury. His RBANS (Form B) total
score was at the 12th percentile. For a patient with
mild to moderate TBI, his scores improved faster
than would be expected through spontaneous brain
healing alone during this time interval. Areas of
objective improvement included visuoconstructive
abilities, fingertip-tapping speed and verbal learning/
memory for word lists. His cognitive abilities status

post-HBO treatment was deemed satisfactory to
continue his job duties without special monitoring.

Repeat neuropsychological testing of Airman
C was generally consistent with his pre-treatment
test scores. Areas of subtle improvement such as
motor abilities in the dominant right hand, written
arithmetic and verbal fluency were observed.
His RBANS B total score was at the 47th
percentile, which was not a signifcant change
from pre-treatment testing.

FIGURE 1A — Airman B ANAM Scores

100

80 -

60 -
M 11-Nov-07
40 - M 21-Jul-08
7 9-Oct-08
20 -
M 16-Jan-09
0 i
Simple Procedural Code Code Mathematical Matching
Reaction Time  Reaction Time  Substitution Substitution Processing to Sample
Learning Delayed
FIGURE 1B — Airman C ANAM Scores
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Throughput scores are presented as the percentile of the comparison group of military members without TBI.
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FIGURE 2A — Airman B ANAM Scores

Airman C was essentially well. Based on
these results, it was decided to return Airman
C to full duty, while Airman B continued hyperbaric
treatment for another 40 treatments following
the original treatment protocol.

Repeat ANAM testing on Airman B at the
conclusion of the second set of 40 HBO treatments

showed improvement in all measures at or exceeding
his pre-injury state, except for matching to sample,
which was improved markedly from the injury
state (Figures 1A and 24, Page 394 and above).

Airman B reported that he had made continued
improvement in cognitive function, felt much more
alert and had returned to his pre-injury functional
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FIGURE 2B — Airman C ANAM Scores

state. He reported that he was experiencing eight
hours of uninterrupted sleep per night, and that his
headaches had diminished to about one per week.

He also noted the pain intensity had further
decreased to 2-3 on a scale of 1-10, and that
the headaches lasted two to three hours versus
the original eight to 10 hours’ duration.

DISCUSSION

Hyperbaric oxygen treatment has several effects
that may be beneficial in treating brain injury. In
animal models, HBO has been shown to enhance
mitochondrial recovery and to reduce apoptosis
in hypoxic nerve cells (16,17). The HBO-induced
improvement in mitochondrial function appears to
facilitate improved cognitive recovery and reduced
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hippocampal neuronal cell loss after brain

injury (18).

HBO promotes neural stem cell activation
and growth (19, 20), and this effect is seen in the
hypoxic-damaged brain (21). HBO also alleviates
hypoxic-induced myelin damage, up-regulates
HIF-1 alpha-enhancing neuronal tolerance to
hypoxia, and increases cellular ATP levels and
cognitive recovery after concussive injury (22).

Balance beam scores in rats with cerebral
contusions were improved after treatment with
HBO (23). In a rat model of chronic TBI, HBO
improved spatial learning and increased vascular
density in the injured hippocampus (24).

Controlled human studies of the efficacy of
HBO after brain injury have been few. In a study
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of moderate and severe TBI using the Glasgow
Coma Scale and Glasgow Outcome Scale as
measures of efficacy, an HBO-treated patient
showed improvement over controls (25). HBO has
been shown to be clinically effective in mediating
the effects of brain injury (26). While the exact
mechanism is unknown, HBO is thought to restore
neural pathways damaged in TBI with supporting
evidence supplied from SPECT brain imaging (27).

ANAM is a library of more than 30 computer-
based test modules designed for a wide variety of
clinical and research applications and is the direct
outgrowth of more than 20 years of computer-based
test development across all service branches within
the Department of Defense (28). ANAM4™ is a
neurocognitive assessment tool that can be used to
identify changes in a service member’s cognitive
function and mood state as a result of some
debilitating event.

The ANAM4™ TBI-MIL test battery used
in this case report has been tailored to provide
an instrument that is sensitive to cognitive
changes that often accompany mTBI. The battery
consists of a set of assessment modules that gather
data on mood, processing speed (reaction time),
working memory, short-term memory, spatial
pattern recognition/memory and other cognitive
functions. The test is designed for repeated testing
and provides reliable measures when used for
retesting as a measure of TBI recovery (29).

ANAM is used to establish a cognitive function
baseline that can then be used for surveillance
post-injury or after suspected injury (30).
Although not intended as a diagnostic tool per se,
comparative performance on ANAM test modules
can be helpful in confirming the diagnosis, as
demonstrated in this case report. In cases with
known head trauma, computer-based assessments
should be supplemented with detailed neuro-
psychological the patient’s
presenting problems and to the specific referral
question to be answered.

tests tailored to

CONCLUSIONS

Several aspects of these two cases demonstrate
the efficacy of HBO for the airmen treated. Although
both airmen had stable symptoms of mTBI/post-
concussive syndrome that had not improved for
seven months, substantive improvement was
achieved within 10 days of HBO treatment. The
headaches and sleep disturbances improved
rapidly, while the irritability, cognitive defects
and memory difficulties improved more slowly.

Fortunately, both airmen had taken the ANAM
and presented objective demonstration of their
deficits from TBI and their improvements after HBO
treatment. Both airmen, who were injured by the
same blast sitting side by side, had similar symptom
complexes of TBI and improved at similar rates after
initiation of HBO treatment. Neither airman had any
other form of treatment for TBI. It seems unlikely to
the authors that any explanation other than the HBO
treatments can be offered for their improvements.

The views in this article are those of the authors and do
not reflect the official policy of the Department of the Air
Force, the Department of Defense or the U.S. Government.
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