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Background
Improvement of clinical symptoms following hyperbaric oxygen (HBO) treatment of
neuropsychiatric disorders arising from traumatic brain injury was proved by our previous study. This study was
aim to obtain the evidence of other changes.
Methods Three hundred and ten patients with neuropsychiatric disorders arising from traumatic brain injury
were treated twice with hyperbaric oxygen. Cerebral single photon emissions computed tomography (SPECT)
images and computed tomography scans (CT) before and after hyperbaric oxygen treatment, were compared.
Results Before treatment, the proportion of abnormal cerebral changes detected by SPECT was 81.3% but only
15.2% by CT. After HBO treatment, 70.3% of SPECT scans showed no abnormalities and these patients were
clinically improved. Treatment improved regional cerebral blood flow.
Conclusion SPECT was much more sensitive than CT in the diagnosis of neuropsychiatric disorders following
hyperbaric oxygen treatment of neuropsychiatric disorders arising from traumatic brain injury.
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P

sychiatric disorder often occurs after traumatic
brain injury (TBI).1 We noted the clinical
effectiveness of hyperbaric oxygen (HBO) in
treatment of neuropsychiatric disorders after TBI.
Initially, the evaluation of its effects was only based
on the improvement of clinical symptoms and there
was no any other objective evidence to support the
improvement. To study the effects of HBO on
cerebral blood flow (CBF) and the usefulness of
single photon emission computed tomography
(SPECT) images in the diagnosis and assessment of
neuropsychiatric disorders after TBI, we compared
the results of cerebral SPECT and cerebral
computed tomography (CT) before and after HBO
treatment.
METHODS
Patients
Three
hundred
and
ten
patients
with
neuropsychiatric disorders arising from TBI were
included (male 206, female 104, aged 12 to 78 years,
mean 45 years). Eighteen patients were younger
than 15 years, 20 patients were older than 60 years.
All the patients had been diagnosed as head trauma
based on (1) clear cut head trauma history; (2)

headache, dizziness, poor memory, epilepsy,
hysteria, poor concentration and attention deficit; (3)
no history of intracranial space occupying lesion,
hypertension or cardiovascular diseases. Among the
310 patients, 212 had a disease course of 1 to 6
months, 79 had a course of 6 months to 1 year and
19 had a course longer than 1 year. Two hundred
and twenty-five patients had headache, dizziness,
poor memory, epilepsy, hysteria and poor
concentration. Forty-seven patients had epilepsy and
thirty-eight
patients
had
post
traumatic
hydrocephalus.
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Tc-ECD SPECT imaging
Tc-ECD brain SPECT was performed under
resting condition. Each patient was injected with
740-925 MBq (20-25 mCi) of 99mTc-ECD. SPECT
images were obtained at about 20 minutes to 1 hour
after injection using a single head, rotating camera
(Elscint APEX 609 RG; Elscint 1 td, Israel) and
double head, rotating camera ( Siemens ECAM deut,
Germany) equipped with a low energy, high
resolution collimator. Patients remained supine with
eyes open in a softly light room. All patients were
cooperative during the study. Data were collected
from 60 projections in the 140 keV photopeak (15%
window) over 360 degrees in a 64 × 64 matrix
(Elscint APEX 609 RG) and 128 × 128 matrix
(Siemens ECAM deut) with an acquisition time of
25-30 s/view. The total acquisition time was
approximately 30 minutes (Elscint APEX 609 RG)
and 15 minutes (Siemens ECAM deut). A zoom
factor of 2 was used. Image reconstruction and
analysis were performed using the computer system
with filter back project (Elscint APEX 609 RG) and
iterative back projection (Siemens ECAM deut),
reconstruction and attenuation correction. The
acquisition data were corrected for nonuniformity.
Orthogonal transverse, coronal and sagittal images
were generated, followed by orbitomeatal line (OML)
reorientation of the reconstructed volume. The final
data for visual interpretation consisted of 2-pixel
thick OML level, transverse, coronal and sagittal
slices. Images were made between 1 to 3 days
before and after treatment. The same instrument
was used before and after HBO treatment for
examination of each patient and the images were
collected and processed under the same conditions.

99m

Semiquantitative analysis
To accurately evaluate rCBF, 99mTc-ECD uptake
index was calculated for all patients. The uptake
index was based on the ratio of 99mTc-ECD uptake in
each of 24 regions of cerebral cortex to the area of
cerebellum and four OML level slices (approximately
OM, OM + 1.8 cm, OM + 3.6 cm, and OM + 5.4 cm)
were selected. In these slices, operator defined (4
×4 pixel) regions of interest (ROI) were drawn on
some areas of left/right hemisphere. Using the
system’s ROI program, the same ROI could be
easily moved to other area including cerebellum.
The indices were recalculated from counts per pixel
of the individual ROI for semiquantitative analysis.
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99m

Tc-ECD-uptake index
The uptake index was (average ROI counts/pixel in
the area of cerebral cortex)/(average ROI
counts/pixel
in
the
area
of
cerebellum).
99m
Tc-ECD-uptake index <0.9 was positive.2
Brain CT scan
Siemen Somoton DR3 type CT instrument (Germany)
was used with scanning conditions: speed of 5
s/scan, 125 kV and 350 mAs. The thickness of every
slice was 8 mm and table feed was 8-10 mm.
Siemen Volume Zoom type CT instrument (Germany)
was used under the scanning mode of 4 mm×5 mm
with scanning conditions: speed of 1 s/scan, 120 kV,
300 mAs and table feed 20 mm. Siemen Samatom
Sensation 16 type CT instrument (Germany) was
used under the scanning mode of 4 mm×4.5 mm
with scanning condition: speed of 1 s/scan, 120 kV,
300 mAs and table feed 18 mm. The scan plane was
parallel to the orbitomeatal line. Patients were
scanned by the same CT instrument for examination
before and after HBO treatment and all images
collected by the three CT instruments manipulated
by H30 normal image manipulation software.
HBO therapy
Inside the NG 90 pure oxygen cabin, individual
patients were treated under a pressure of 0.1 Mpa,
inspired oxygen of 96% for 90 minutes daily for 20
days (2 courses).
Evaluation
The obtaining time of SPECT and CT images of each
patient was within 1-3 days before and after HBO
treatment. Two experienced nuclear medicine
physicians, independently of CT data, together
analysed SPECT images. Each CT image was
analysed, similarly independent, by two experienced
radiologists. Each image evaluation was: (1) cure:
CT or SPECT showed the disappearance of foci; (2)
improvement: CT or SPECT image showed that the
foci were reduced by more than 1/3 in size; (3)
inefficacy: CT or SPECT image showed foci were
reduced by less than 1/3 or no change in size.
Statistical analysis
Statistical analysis was performed by cross table
Chi-square test and statistical significance was
defined as P<0.05. The analysis was performed using
SPSS 10.0.
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Fig. One typical case of a 41-year-old male patient suffered from brain trauma for 40 days induced by a traffic accident. He
was conscious, dizzy, dysphoric, and poor in orientation. After treated with HBO for two courses, the patient recovered well.
A: Before HBO treatment, CT showed ill defined and flaky focal with low density in both sides of frontal lobe. B: After treated
with HBO for two courses, CT showed ill defined and flaky focal with low density in both sides of frontal lobe. C: Before HBO
treatment, SPECT showed massive radioactive rarefaction in the left frontal lobe and local rarefaction in the right indicating
that rCBF reduced. D: After treatment with HBO for two courses, SPECT showed radioactive distribution normal indicating
that rCBF returned to normal.

RESULTS
Three hundred and ten patients with neuropsychiatric disorders after TBI were examined by
cerebral SPECT before HBO treatment. Uptake
index was positive in 252 (81.3%) patients and
negative in 58 (18.7%) patients. Among the 252
patients, 168 had heterogeneous distribution of
radioactivity with multiple small areas of lower
radioactivity. Seventy-nine patients had 1 or 2
isolated small areas of lower radioactivity; 5 patients
had multiple small areas of lower radioactivity and
areas of abnormally high radioactivity. All patients
were examined by brain CT before HBO treatment,
47 (15.2%) patients whose SPECT images were
positive showed positive results. There was a
significant difference in the positive rate between
SPECT images and CT scan before HBO therapy
(χ2=620, P<0.01).
After two courses of HBO treatment, 252 previously
positive patients were examined again by SPECT.
The results revealed that 92 patients still had
abnormal scans but 160 were now normal. The
symptoms of headache, dizziness and poor
concentration disappeared and of poor memory
greatly improved in those patients whose SPECT
had changed to normal. In 92 patients with positive
SPECT, lower CBF area was decreased by 2/3 in 56
patients, decreased by 1/3 in 25 patients and
reduced by less than 1/3 or no change in 11 patients

－ an overall improvement rate of 95.6%. Clinical
symptoms were improved at the same time. After
two courses of HBO treatment, 47 previously
positive patients had a second CT. The results
showed that 7 patients were now (CT) normal, 22
patients had smaller softening areas, 18 patients had
no change － the overall improvement rate was
61.7%. In the 7 patients whose CT became normal,
the SPECT still demonstrated varying degrees of low
CBF. A typical case shows that lower radioactivity
areas were decreased with treatment (Fig.). There
was a significant difference in the positive rate
between SPECT images and CT scans after HBO
treatment (χ2=299, P<0.01).
DISCUSSION
The diagnosis of neuropsychiatric disorders after TBI
consists of physical examination, EEG, CT and MRI.
But many patients can be misdiagnosed by physical
examination alone. SPECT images can demonstrate
abnormal regional CBF (rCBF) and therefore provide
an objective basis for clinical diagnosis and
evaluation.2-4
The main disadvantage of SPECT images is limited
specificity. Many diseases of nervous system may
result in abnormal rCBF and metabolism. Most
patients with brain trauma did not have previous
cerebral images, so we cannot estimate the false
positive rate of cerebral SPECT images. However,
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with strict criteria of patient selection, excluding
patients with other diseases of the nervous system,
the false positive rate could be reduced.
Gowda et al5 reported that CT findings were
abnormal in 34% and SPECT in 63% in initial
diagnostic evaluation of patients with mild traumatic
brain injury. In this study, with neuropsychiatric
disorders after TBI, 81.3% patients had abnormal
SPECT images but only 15.2% had abnormal CT
scans.
SPECT detected more neurological
damages and CT less than the initial diagnostic
evaluation of patients with mild traumatic brain injury.
After two courses of HBO, 47 patients had a second
CT, 7 of them suggested no damage. However,
these 7 patients still had clinical symptoms, and their
SPECT images confirmed the existence of lower
radioactive areas. Hofman et al6 reported that there
was a weak correlation between neuroimaging
findings and neurocognitive outcomes.
Our high proportion of lower rCBF images of patients
with neuropsychiatric disorders after TBI implies that
a neuropsychiatric disorder after TBI is closely
correlated with rCBF. Brain injury may result in
persistent reductions in CBF in both the clinical7-9
and experimental settings.10 In and around traumatic
contusions, cerebral blood flow is often near or
below the threshold for ischemia. Baseline CBF and
CBV increased significantly with increasing distance
from the core of the lesion.11 A reduced CBF in
patients has been consistently associated with
unfavorable neurological outcomes12 and has been
implicated in rendering the brain vulnerable to
secondary damage.13,14 Hattori et al15 used positron
emission tomography to assess CBF of patients with
TBI and found that regional, contusional and
pericontusional areas showed significantly lower
CBF compared with normal volunteers. These
results indicated that the basis of neuropsychiatric
disorders after TBI was abnormal rCBF in affected
areas of brain and the change of rCBF was closely
correlated with the occurrence of clinical symptoms
and prognosis.
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hydrocephalus. HBO treatment was found to inhibit
neuronal death, improve blood flow in regions
affected by chronic neurological disease as well as
aerobic metabolism in brain injury, enhance neuronal
viability by increasing the amount of dissolved
oxygen in the blood without significantly changing
blood viscosity, increase arterial oxygen pressure
and content, improve and regulate cerebral
metabolism,16 allow collateral circulation to develop
and accelerate the resolution of clinical symptoms.17
HBO treatment can reduce cerebral vascular
spasms, cerebral ischemia and hypoxia18 and
improve tissue oxygen delivery19 especially to areas
of diminished flow. One study suggests that HBO
can cause a significant increase in brain oxygen
tension to (151±65) mmHg at 0.19 MPa and to (294
±134) mmHg at 0.28 MPa.20 Besides, some studies
have confirmed that there were viable but inactive
nerve cells after TBI21 and HBO can activate these
nerve cells and reduce atrophy and apoptosis with
regain of function.22 The results of our study showed
the distinctive beneficial effect of HBO in
neuropsychiatric disorders after TBI and that SPECT
images were far superior to CT scan in evaluating
the effect of HBO and neuropsychiatric disorders
after TBI.
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