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Quantification of Neurocognitive Changes Before, During, and After
Hyperbaric Oxygen Therapy in a Case of Fetal Alcohol Syndrome

Kenneth P. Stoller, MD

ABSTRACT. Fetal alcohol syndrome (FAS) is the most
common nonhereditary cause of mental retardation, with
deficits in general intellectual functioning, learning,
memory, attention, and problem-solving. Presented here
is the first case in which measured neurocognitive abil-
ities were determined before, during, and after hyper-
baric oxygen therapy in a case of FAS involving a teenage
male patient. Memory, reaction time, and visual motor
speed assessments were compared. After 40 hyperbaric
treatments with 100% oxygen at 1.5 atmospheres abso-
lute, the patient’s performance in 6 of 6 categories of the
computer-administered test battery improved. Word
composite (verbal) scores improved from 55% to 73%,
memory composite (visual) scores improved from 38% to
55%, reaction time composites improved from 1.03 to 0.53
seconds, impulse control composite scores improved
from 8 to 5, and visual motor speed scores improved from
18.6 to 19.03. The patient’s subjective symptoms dimin-
ished 94%. Six months after these treatments, the pa-
tient’s verbal memory was maintained at 73% without
any other interventions; impulsivity continued to im-
prove, whereas other indices did not. Thirty-three addi-
tional treatments continued to improve test performance,
with verbal memory at 95%, visual memory at 57%, and a
100% reduction of subjective symptoms. This patient,
with 15-year-matured FAS, benefited from a short course
of low-pressure hyperbaric oxygen therapy, sustained
durable cognitive improvements, and continued to ex-
hibit improvement with another short course of
treatments. Pediatrics 2005;116:e586–e591. URL: www.
pediatrics.org/cgi/doi/10.1542/peds.2004-2851; hyperbaric
oxygen therapy, fetal alcohol syndrome.

ABBREVIATIONS. FAS, fetal alcohol syndrome; ATA, atmo-
spheres absolute; HBOT, hyperbaric oxygen therapy; ARND, al-
cohol-related neurodevelopmental disorders; DCS, decompres-
sion sickness; SPECT, single-photon emission computed
tomographic.

Fetal alcohol syndrome (FAS) and alcohol-re-
lated neurodevelopmental disorders (ARND)
are the leading causes of nonhereditary mental

retardation. FAS is caused by maternal consumption
of alcohol during pregnancy, with growth deficien-
cies and a characteristic set of minor facial traits that

tend to become more transparent as the child ma-
tures. In addition to deficits in general intellectual
functioning, individuals with FAS/ARND often
demonstrate difficulties with learning, memory, at-
tention, and problem-solving skills, as well as mental
and social impairments. Children with ARND do not
have the characteristic facial defects and growth de-
ficiencies. The prevalence of FAS in the general pop-
ulation of the United States is thought to be between
0.5 and 2 cases per 1000 births, and the prevalence of
FAS and alcohol-related birth defects combined is at
least 10 cases per 1000 births, or 1% of all births.1
Fetal alcohol spectrum disorders is now the accepted
general term describing the range of effects that can
occur among individuals whose mothers drank alco-
hol during pregnancy. Other than supportive ser-
vices, there is no treatment; according to the Centers
for Disease Control and Prevention, FAS is consid-
ered irreversible and incurable.

It has been a decade since Harch et al2 first used
hyperbaric oxygen therapy (HBOT) for a child with a
neurodevelopmental disorder in North America, af-
ter making the observation that patients with neuro-
logic conditions who were treated with standard
HBOT for chronic wound problems experienced im-
provement in their neurologic problems. Several
years earlier, Neubauer et al3–5 reported several cases
of single-photon emission computed tomographic
(SPECT) brain imaging before and after HBOT for
stroke, near drowning, and natural gas poisoning,
with recovery of neurologic function. Subsequently,
Harch et al2,6,7 performed the same sequence of
SPECT scans/HBOT/SPECT scans for commercial
divers with brain decompression sickness (DCS) and
obtained results similar to those of Neubauer et al3–5

for patients with acute, subacute, or chronic carbon
monoxide poisoning, patients with acute, subacute,
or chronic brain DCS, and patients with chronic isch-
emic, hypoxic, traumatic, and/or hypoxic brain inju-
ries.

Commercial divers with DCS of the brain or spinal
cord were flown in comatose and/or paralyzed con-
dition from the oil and gas fields of the Gulf of
Mexico. These injured divers showed neurologic im-
provement far exceeding published reports and cur-
rent expectations. The notable improvement was at-
tributable to a protocol that treated beyond the
medical standard of a few HBOT treatments. Some
patients required as many as 100 treatments before
reaching a clinical plateau. Minutes to hours after the
onset of DCS, tissue damage continues to develop
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because of persistent occlusion of blood vessels by
bubbles or secondary damage to blood vessels
caused by passage of bubbles. This situation is vir-
tually identical to the pathologic processes that occur
in the brains of people during and after a stroke.
Although not widely known or used, HBOT is now
considered an important stroke treatment strategy
and proved successful in several animal and human
stroke studies.8 The journal Stroke published a dou-
ble-blind study showing that stroke patients who
had received HBOT had less disability and better
neurologic function 1 year later than those who did
not receive HBOT.9

Treatment of acute focal cerebral ischemia with
HBOT has been reported for animals and humans. In
general, the results of research in animals have sug-
gested a promising role for HBOT. Hundreds of
cases of human ischemic stroke treated with HBOT
have been reported. In approximately one half of the
cases, improvement in status was claimed on clinical
or electroencephalographic grounds.10

It seems that HBOT may play a role in the repair or
reconstruction of injured lower motor neurons as
well.11 On the basis of the available literature, it has
been suggested that HBOT may provide an effective
strategy for the prevention and treatment of numer-
ous neurologic handicaps that plague many chil-
dren.12 The senior clinicians involved in the largest
randomized trial of HBOT for children with cerebral
palsy,13,14 as well as the McGill pilot study,15 have
been unequivocal regarding the benefits of HBOT for
children with brain injuries.16

I adapted successfully17 a computerized neuropsy-
chologic test battery, which was developed origi-
nally to evaluate sports concussions at the Center for
Sports Medicine Sports Concussion Program of the
University of Pittsburgh Medical Center,18,19 to eval-
uate victims of carbon monoxide poisoning before
and after HBOT. The software evaluates and docu-
ments multiple aspects of neurocognitive function-
ing, including memory, brain processing speed,
reaction time, and postconcussive symptoms. Fur-
thermore, unlike standard neurocognitive testing
modalities, ImPACT (Immediate Postconcussion As-
sessment and Cognitive Testing) has shown itself to
be a reliable evaluation tool with virtually no prac-
tice effect influence on score stability.20 This comput-
erized evaluation was administered in this first doc-
umented case of HBOT for a child with FAS.

CASE REPORT
The child was found abandoned in a train station in Rustov,

Russia, as a toddler and subsequently was adopted and brought to

the United States. When the patient entered school, numerous
problems arose that led eventually to the diagnosis of FAS (cate-
gory II, because the patient was without confirmed maternal
alcohol exposure). Although the patient’s exact age was not
known, his legal birth date made him 15 years of age at the time
of the evaluation, in which he still exhibited several key features of
FAS, including classic facial anomalies and neurodevelopmental
abnormalities of the central nervous system. Furthermore, it is of
interest that, because of his neurocognitive state, the patient was
found incompetent to stand trial for an alleged offense in the court
system in New Mexico.

The patient was given the aforementioned, computer-adminis-
tered, test battery, which consists of 7 individual test modules that
measure aspects of cognitive functioning including attention,
memory, reaction time, and processing speed (Table 1). He took a
baseline test, a test midway through his HBOT, and a retest as he
completed his initial block of HBOT at treatment 40. The patient
was retested 6 months after HBOT and again after completing
another 33 treatments.

On the basis of normative data for his age, the patient’s baseline
scores placed him in the impaired range (Figs 1–5; Table 2). The
patient was treated with low-pressure HBOT 5 days per week, for
60 minutes at depth for each treatment (100% oxygen at 1.5 atmo-
spheres absolute [ATA], which is equivalent to the pressure at 17
feet of seawater), in a multiplace chamber with a hood to admin-
ister the oxygen. After his 20th treatment, he was retested and
demonstrated a precipitous decrease in reaction time and the
beginnings of improvement in memory. As is often the case when
reaction time improves, impulsivity scores increased initially. By
the end of treatment, 5 of 5 composite scores of neurocognitive
function showed improvement, although the patient’s verbal and
visual memory scores still placed him in the borderline impaired
range. Impulsivity control and reaction time surpassed the high
school mean, and subjective symptoms reported during the eval-
uation decreased 94% from baseline values.

After 6 months with no additional treatments or interventions
of any kind, the patient was retested. His verbal memory score
was maintained at 73%. His impulse control composite score
continued to improve by decreasing to only 2; however, his visual
memory score decreased and was only 13% better than the base-
line value. His reaction time was still 36% better than the baseline
value but was �0.1 second worse than his 40-treatment exit score
of 0.53 second. The patient reentered treatment and, after 33
additional exposures to HBOT, his verbal memory was 95% (pre-
treatment: 55%), visual memory was 57% (pretreatment: 38%),
reaction time was 0.64 second (pretreatment: 1.03 second), visual
motor speed score was 20.1 (pretreatment: 18.6), and all previ-
ously reported symptoms resolved.

DISCUSSION
In 1992, Rockswold et al21 reported a study of

acute traumatic brain injury. Conducted from 1983 to
1989, the study enrolled 168 patients with Glasgow
Coma Scale scores of �9. The overall mortality rate
was reduced significantly, by 50%, in the HBOT
group (57% in the group with increased intracranial
pressure). In 2001, Rockswold et al22 reported that
HBOT improved the cerebral metabolic rate for ox-
ygen, decreased cerebrospinal fluid lactate levels (a
marker of damaged brain cells), and reduced intra-
cranial pressure. Those authors showed the ability of

TABLE 1. Neuropsychologic Test Modules

Test Module Ability Area

Word discrimination Attentional processes, verbal recognition
Symbol memory Visual working memory, visual processing speed
Sequential digit tracking Sustained attention, reaction time
Visual span Visual attention, immediate memory
Symbol matching Visual processing speed, learning and memory
Color click Focused attention, response inhibition, reaction time
Three letters Working memory, visual motor response speed

Results from these tests are computed into overall memory, reaction time, and processing speed
composite scores (normative data are available at www.impacttest.com).
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HBOT to recouple blood flow with metabolism. This
is relevant because it is time to revise the old concept
that brain injury is a condition for which there is no
treatment other than supportive measures.

Furthermore, the axiom that old injuries are static
or irreversible is untenable. It is now recognized in
neurology that deterioration attributable to brain
damage at birth may take place over 28 years.23 This

Fig 1. Changes in verbal and visual memory
composite scores over the course of HBOT.
The high school means were 87.49% (SD: 9%)
for verbal memory and 77.89% (SD: 13.16%)
for visual memory.

Fig 2. Impulse control composite scores.
With a rapid decrease and improvement in
reaction time, there is a tendency for impul-
sivity scores to initially increase, as shown
halfway through the first treatment series,
but the exit score represents a 38% improve-
ment from the baseline value and is better
than the high school mean of 9.51 (SD: 8.68).

Fig 3. Reaction time composite. Reaction
time improvement bettered the high school
mean of 0.565 seconds (SD: 0.08 seconds) after
40 treatments.
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