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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, fi ngertip-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 arithme-
tic and verbal fl uency were observed. His RBANS B 
total score was at the 47th percentile, which was not 
a signifi cant change from pre-treatment testing.

Figure 1A  — Airman B  ANAM Scores 

Figure 1B  — Airman C  ANAM Scores 

Throughput scores are presented as the percentile of the comparison group of military members without TBI.
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	A irman 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 

Figure 2A  — Airman B  ANAM Scores

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 2A, Page 394 and above). 
	A irman 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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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 reduces apoptosis in 
hypoxic nerve cells (16,17). The HBO-induced 
improvement in mitochondrial function appears to 
facilitate improved cognitive recovery and reduced 

Figure 2B  — Airman C ANAM Scores
 

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). 
	B alance beam scores in rats with cerebral con-
tusions were improved after treatment with HBO 
(23). In a rat model of chronic TBI, HBO im-
proved 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 

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. 
	H e 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.
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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 thirty computer-
based test modules designed for a wide variety of 
clinical and research applications and is the direct 
outgrowth of more than twenty 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 post suspected injury (30). 
Although not intended as a diagnostic tool per se, 
comparative performance on ANAM test mod-
ules 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 neuropsychological 
tests tailored to the patient’s presenting problems
and to the specific referral question to be answered.

Conclusions
	S everal 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 rap-
idly 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. 

                                   n 

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.

REFERENCES

  1.	T anielian T, Jaycox LH. Invisible wounds 
of war. Psychological and cognitive injuries, their 
consequences, and services to assist recovery. 
RAND Center for Military Health Policy Research. 
2008.

  2.	 Alexander MP. Mild traumatic brain injury: 
Pathophysiology, natural history, and clinical 
management. Neurology. 1995; 45:1253–60.

  3.	G amboa AM Jr, Holland GH, Tierney JP, Gibson 
DS. American Community Survey: earnings and 
employment for persons with traumatic brain injury. 
NeuroRehabilitation. 2006; 21:327–33.

  4.	A ssistant Secretary of Defense for Health Affairs. 
Health Affairs Memorandum (October 1, 2007). 
Traumatic Brain Injury: Definition and Reporting.



UHM 2009, Vol. 36, No. 6 – Treatment of mild traumatic brain injury with hyperbaric oxygen

  5.	 Practice parameter: the management of 
concussion in sports (summary statement). 
Report of the Quality Standards Subcommittee. 
Neurology. 1997; 48:581–5.

  6.	M axwell WL, Povlishok JT, Graham DL. 
A mechanistic analysis of nondisruptive axonal injury: 
a review. J Neurotrauma. 1997; 14:419–40.

  7. 	Arciniegas DB, Anderson CA, Topkoff J, 
McAllister TW. Mild traumatic brain injury: 
a neuropsychiatric approach to diagnosis, evaluation, 
and treatment. Neuropsych Dis Treatment. 2005; 
311–27.

  8.	 Carroll LJ, Cassidy JD, Peloso PM, Borg J, 
von Holst H, Holm L, Paniak C, Pépin M. Prognosis 
for mild traumatic brain injury: results of the WHO 
Collaborating Centre Task Force on Mild Traumatic 
Brain Injury. J Rehabil Med. 2004; 
(43 Suppl):84–105.

  9.	B iasca N, Maxwell WL. Minor traumatic brain 
injury in sports: a review in order to prevent neuro-
logical sequelae. Prog Brain Res. 2007; 161:263–91.

10.	 Elgmark Andersson E, Emanuelson I, 
Bjorklund R, Stålhammar D. Mild traumatic brain
injuries: the impact of early intervention on late 
sequelae — a randomized controlled trial. 
Acta Neurochirurgica. 2007; 149, 151–9.

11.	 Sigurdardottir S, Andelic N, Roe C, Schanke AK. 
Cognitive recovery and predictors of functional out-
come 1 year after traumatic brain injury. J Int Neuro-
psychol Soc. 2009; 15:740-50. Epub 2009 Jul 14.

12.	 Elgmark Andersson E, Emanuelson I, Olsson M, 
Stålhammar D, Starmark JE. The new Swedish Post-
Concussion Symptoms questionnaire: a measure of 
symptoms after mild traumatic brain injury and its 
concurrent validity and inter-rater reliability. 
J Rehabil Med. 2006; 38:26-31.

13.	 Comper P, Bisschop SM, Carnide M, Tricco A. 
A systematic review of treatments for mild traumatic 
brain injury. Brain Inj. 2005; 19:863–80.

14.	 Veterans Health Initiative: Traumatic Brain 
Injury-Independent Study Course, Washington, D.C.: 
Department of Veterans Affairs, 2004 
(http:www1.va.gov/vhi/docs/TBI.pdf).

15.	 Randolph, C. Repeatable Battery for the 
Assessment of Neuropsychological Status, San 
Antonio, TX: The Psychological Corporation, 1998.

16.	 Rockswold SB, Rockswold GL, Defillo A. 
Hyperbaric oxygen in traumatic brain injury. 
Neurol Res. 2007; 29:162–72.

17.	 Palzur E, Zaaroor M, Vlodavsky E, Milman F, 
Soustiel JF. Neuroprotective effect of hyperbaric oxy-
gen therapy in brain injury is mediated by 
preservation of mitochondrial membrane properties. 
Brain Res. 2008; 1221:126–33. Epub 2008 May 11.

18.	 Zhou Z, Daugherty WP, Sun D, Levasseur JE, 
Altememi N, Hamm RJ, Rockswold GL, Bullock MR. 
Protection of mitochondrial function and 
improvement in cognitive recovery in rats treated 
with hyperbaric oxygen following lateral fluid-
percussion injury. J Neurosurg. 2007; 106:687–94.

19.	 Wang XL, Zhao YS, Yang YJ, Xie M, Yu XH. 
Therapeutic window of hyperbaric oxygen therapy 
for hypoxic-ischemic brain damage in newborn rats. 
Brain Res. 2008; 1222:87–94. Epub 2008 May 18.

20.	 Yang YJ, Wang XL, Yu XH, Wang X, Xie M, Liu 
CT. Hyperbaric oxygen induces endogenous neural 
stem cells to proliferate and differentiate in hypoxic-
ischemic brain damage in neonatal rats. Undersea 
Hyperb Med. 2008; 35:113–29.

21.	 Wang XL, Yang YJ, Xie M, Yu XH, Liu CT, 
Wang X. Proliferation of neural stem cells correlates 
with Wnt-3 protein in hypoxic-ischemic neonate rats 
after hyperbaric oxygen therapy. Neuroreport. 2007; 
18:1753-6.
 
22.	 Peng Z, Ren P, Kang Z, Du J, Lian Q, Liu Y, 
Zhang JH, Sun X. Up-regulated HIF-1 alpha is 
involved in the hypoxic tolerance induced by 
hyperbaric oxygen preconditioning. Brain Res. 2008; 
1212:71–8. Epub 2008 Mar 27.
 
23.	T inianow CL, Tinianow TK, Wilcox M. Effects of 
hyperbaric oxygen on focal brain contusions. Biomed 
Sci Instrum. 2000; 36:275–81.
 
24.	H arch PG, Kriedt C, Van Meter KW, Sutherland 
RJ. Hyperbaric oxygen therapy improves spatial 
learning and memory in a rat model of chronic 
traumatic brain injury. Brain Res. 2007; 1174:120–9.
 

398



399Copyright  © 2009 Undersea and Hyperbaric Medical Society, Inc.

UHM 2009, Vol. 36, No. 6 – Treatment of mild traumatic brain injury with hyperbaric oxygen

25.	 Lin JW, Tsai JT, Lee LM, Lin CM, Hung CC, 
Hung KS, Chen WY, Wei L, Ko CP, Su YK, Chiu 
WT. Effect of hyperbaric oxygen on patients with 
traumatic brain injury. Acta Neurochir Suppl. 2008; 
101:145–9.
 
26.	 Shi XY, Tang ZQ, Xiong B, Bao JX, Sun D, 
Zhang YQ, Yao Y. Cerebral perfusion SPECT imaging 
for assessment of the effect of hyperbaric oxygen 
therapy on patients with post brain injury neural sta-
tus. Chin J Traumatol. 2003; 6:346–9.
 
27.	 Harch PG, Fogarty EF, Staab PK, Van Meter K. 
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. Cases J. 2009 Jun 9; 2:6538.
 

28.	 Vincent AS, Bleiberg J, Yan S, Ivins B, Reeves 
DL, Schwab K, Gilliland K, Schlegel R, Warden D. 
Reference data from the Automated Neuropsycho-
logical Assessment Metrics for use in traumatic brain 
injury in an active duty military sample. Mil Med. 
2008; 173:836-52.
 
29.	 Segalowitz SJ, Mahaney P, Santesso DL, 
MacGregor L, Dywan J, Willer B. Retest reliability in 
adolescents of a computerized neuropsychological 
battery used to assess recovery from concussion. 
NeuroRehabilitation. 2007; 22:243–51.
 
30.	 Cernich A, Reeves D, Sun W, Bleiberg J. 
Automated Neuropsychological Assessment Metrics 
Sports Medicine Battery. Arch Clin Neuropsychol. 
2007; 22 Suppl 1:S101–14. Epub 2006 Nov 21.

							       o


