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Effect of hyperbaric oxygen on patients with traumatic brain injury
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Summary

Hyperbaric oxygen therapy (HBOT) is the medical therapeutic use of
oxygen at a higher atmospheric pressure. The United States Food and
Drug Administration have approved several clinical applications for
HBOT, but HBOT in traumatic brain injury (TBI) patients has still
remained in controversial. The purpose of our study is to cvaluate the
benefit of HBOT on the prognosis of subacute TBI patients. We pro-
spectively enrolled 44 patients with TBI from November 1, 2004 to
QOctober 31, 2005. The study group randomly included 22 patients who
received HBOT after the patients’ condition stabilization, and the other
22 corresponding condition patients were assigned into the matched
control group who were not treated with HBOT. The clinical conditions
of the patients were evaluated with the Glasgow Coma Scale (GCS) and
Glasgow Outcome Scale (GOS) before and 3 to 6 months after HBOT.
The GCS of the HBOT group was improved from 11.1 to 13.5 in
average, and from 10.4 to 11.5 (p<0.05) for control group. Among
those patients with GOS =4 before the HBOT, significant GOS im-
provement was observed in the HBOT group 6 months after HBOT.
Based on this study, HBOT can provide some benefits for the subacute
TBI paticnts with minimal adverse side effects.
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Introduction

Traumatic brain injury (TBI) is a major cause of death
and disability. Every year in the United States, there are
about one million head-injured people treated in hospital
emergency rooms, and roughly 50,000 people die from
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TBI [8], 230,000 people are hospitalized, and 80,000
survive with significant disabilities. Because of the enor-
mous medical expenditure resulting from such injury,
many efforts have been devoted to minimize the influ-
ence of TBI.

Clinically, there are two mechanisms directly related
to the TBI outcome. The first one is the primary insult,
which results from the impact itself, and all the neuronal
damages are determined by the impact. As this insult has
already occurred before the patient comes to hospital,
there is little that a medical team can do for the patient.
The second mechanism is the delayed non-mechanical,
which results from tissue edema after the impact follow-
ed by ischemic change inside the brain. This theoretical-
ly preventable or treatable condition is the principal
target of treatment for TBI. All the medical treatment
should therefore be devoted to minimize edema and fa-
cilitate cerebral blood flow, to enhance cerebrovascular
autoregulation, to reduce cerebral metabolic dysfunc-
tion, and to adequately maintain cerebral oxygenation
[71. Furthermore, excitotoxic cell damage and inflamma-
tory process resulting from ischemia may also lead to
increased cell death [12]. Generally speaking, about
80% of deaths in TBI result from hypoxia. Consequent-
ly, oxygen supplement in the initial resuscitation of a
TBI patient is of paramount importance.

Hyperbaric oxygen therapy (HBOT) is the medical
use of oxygen at a pressure exceeding atmospheric pres-
sure (ATA). The mechanism of HBOT consists in dras-
tically increasing oxygen partial pressure of the tissues,
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and facilitating the oxygen transport by plasma. As a
result, HBOT can improve oxygen supply to the injured
brain and diminish the volume of brain that will necro-
tize during ischemia {5, 11].

Materials and methods

In this prospective cohort study, we intended to study the impact of HBOT
on moderate to severe TBI patients. The protocol of this study was ap-
proved by the Investigation Review Board-Wanfang Medical Center
(approval no. F950305). All the patients were cnrolled under the regula-
tion of inclusion and exclusion criteria, and the criteria were as follows.

Inclusion criteria

1. Age >16 y/o (Pediatric patient was excluded).

2. The patients were diagnosed to have moderate to severe TBI.
(Glasgow Coma Scale (GCS) from 3 to 12).

3. TBI condition stabilization.

4. Stable vital sign and spontancous respiration without endotracheal
intubation or mechanical ventilation (tracheotomy was eligible for
the enrollment).

5. No active infection or leucocytosis.

6. A hyperbaric oxygen department physician was consulted, and he
(she) agreed to treat the patient with HBOT.

7. Informed consent could be obtained from the patient’s farily.

Exclusion criteria

1. Medical history with central nervous system disease (e.g. Parkinson
disease, dementia, congenital anomaly, stroke. .. etc.)

2. Systemic disease history (e.g. diabetes, coronary artery disease, renal
insufficiency, COPD. . . etc.)

3. Multiple traumas (e.g. Chest contusion, abdominal blunt injury,
internal bleeding, pelvic fracture. .. etc.)

4. Skull base fracture with CSF rhinorrhea or otorrhea.

5. Smoking or alcoholism.

6. Hemoglobin <10 gm/dl for female or <12 gm/dl for male patients.

When the patients were enrolled, the assignment will be decided. If
one patient was chose randomly to be a study group candidate then there
will be another patient with corresponding condition (e.g. age, sex,
clinical course, severity and condition. . . etc.) chose to be the matched
control group patients. If the patient was chose to be the study candidate,
the potential risk and benefit will be explained to the family for the
obtaining of the treatment consent. From Nov. 1, 2004 to Dec. 31, 2006,
there were total 62 patients enrolled into his study. Finally, there were 44
complete patients’ data available for the further analysis.

In this research, we used a multi-user pressurized chamber (Model
no.: BTG/875/PV/02GOC-100, Apex Process Technologies (S) PTE
LTD, Singapore) to treat patients. The HBOT protocol was to apply two-
hour, two ATA pressures in the process. We increased the air chamber
pressure slowly to 2 ATA over 15 min and maintained this pressure for
90min. Patients were given 100% oxygen with O, masks. Then we
depressurized to normal ATA over 15min. The full treatment course
was defined as once a day for 20 days over a 4 week period. [9] During
the HBOT the patients’ condition and vital sign were closely monitored.
If there was any complication (c.g. hypotension, short of breath, seizure,
unstable vital sign (blood pressure increased or decreased larger than
20 mmHg), hypoxia (Sa0, < 95%). .. etc.) happened during HBOT, the
treatment for this patient will be discontinued, and this patient and the
corresponding controlled one will be excluded. The purpose of our study
was to clarify the influence on HBOT in subacute TBI patients by
analyzing patients’ demographic information, GCS changes, and com-
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paring variables such as the GCS, the injury severity, and the length of
time of HBOT, with regard to the subacute TBI outcome. And the TBI
outcomes were evaluated with the Glasgow Outcome Scale (GOS) con-
sisting of 5 levels (1: Death, 2: Vegetative status, 3: Severe disability, 4:
Moderate disability, and 5: Good recovery).

After data collection, we analyzed the result with SPSS 11.0 software.
We compared the two groups by means of demographic information,
including sex, age, body weight, injury timing, the severity of head
injury, duration of hospital stay, treatment with received surgery or that
without surgery, and length of HBOT treatment time. We compared the
GCS and GOS scores of both groups at different times with the Chi-
square test to assess difference between the two groups. The patients
were stratified with different GOSDb levels (GOS level before the HBOT)
(GOSb =: 2, GOSb = 3, and GOSb = 4). There was no GOSb == | and the
GOSb =5 patients enrolled because GOSb= 1 patients died beforc the

Table 1. Demographic information for patients

HBOT group Control group

Total 22 22
Sex

M:F 19:3 19:3
Age

Below 24 7 5

25—-64 13 16

Above 65 2 1
Body weight (kg) 61.75 65.12
GCS

9—-12 10 10

3-8 12 12
Diagnosis

EDH 3 2

SDH 5 6

ICH 4 5

SDH+ICH 5 4

SAH 3 4

DAI 2 1
Surgery

With 16 20

Without 6 2
GOSb

4 7 6

2-3 15 16

GCS The patient initial GCS during admission.

GOSh The patient’s GOS before HBOT or the same time for the control
group (mean 27.5 days after head trauma).

All variables have p >0.05.

EDH Epidural hematoma, SDH subdural hematoma, ICH intracerebral
hemorrhage, SAH subarachnoid hemorrhage, DA/ diffuse axonal injury.

Table 2. GCS improvement for the patients after HBOT

GCS mean GCS mean GCS mean

on arrival before HBOT after HBOT
HBOT group 8.0 11.1 13.5
Control group 7.9 10.4 11.5*

* p< 0.05 with significant difference.
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Table 3. GOS outcome for the patients 3 and 6 months after HBOT
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GOS3a without GOS3a with GOS6a without GOS6a with Total
improvement improvement improvement improvement
GOSb==2 HBOT 8 3 7 4 11
control 8 2 7 3 10
GOSb=3 HBOT 2 2 2 2 4
control 4 2 3 3 6
GOSb=4 HBOT 3 4 1 6* 7
control 3 3 3 3 6
Total 28 16 23 21 44

p <GOSb The patient’s GOS before the HBOT or the same timing for the control group.
GOS3a The patient’s GOS at 3-month post injury or at the same timing for control group.
GOS6a The patient’s GOS at 6-month post injury or at the same time for control group.

* p<0.05 with significant difference.

HBOT and there was nothing could be improved for GOSb = 5 patients.
We recorded the GOS scores before (GOSb) and 3 (GOS3a) and 6
(GOS6a) months after HBOT or at the same time for the control group
patients to evaluate performance of the patients.

Results

As showed in Table 1, 22 patients were enrolled in each
group. The M:F sex ratio was the same: 19:3 in both
groups. Most of the patients were aged between 25 and
64 years, which was also the most common range of age
for head injury. The average interval from injury to re-
ceiving HBOT was 27.5-£ 5.8 days. This was also the
timing for the first GOS evaluation for both groups. If
the patients received HBOT, the average treatment times
were 24.4 1+ 7.8 times. In this table, no significant dif-
ference was found in age, sex, body weight, GCS severity,
presence or absence of surgical intervention, or GOS
severity between HBOT and control groups (all p>0.05).

The average initial GCS scores for both groups’ pa-
tients on arrival were 8.0 and 7.9, respectively. After
admission, surgical and/or medical treatments were ap-
plied to these patients, and the GCS recovery from 8.0 to
11.1 and from 7.9 to 10.4, respectively. We applied
HBOT to the patients after their traumatic condition
stabilization, and there was considerable improvement
in the HBOT group, from 11.1 to 13.5. In the control
group, GCS improved only from 10.4 to 11.5. Even in
this subacute stage of TBI, HBOT showed beneficial
effects on GCS improvement for moderate or severe
TBI patients (p <0.05) (Table 2).

The patients in both groups were stratified with the
GOSb level (GOSb =2, 3, and 4) to evaluate the HBOT
effects on TBI patients. The outcome at the third and
sixth months after the HBOT was evaluated and analyzed.
In third month evaluation (Table 3), even though there
was some improvement in patients with HBOT, the num-

bers were not sufficient for drawing significant difference
and conclusion between study and control groups.

In sixth month evaluation (Table 3), there were 12
patients with improvement in the HBOT group, and 9
patients in the control group, but the difference did not
reach statistically significance (p > 0.05) for GOSb =2 or
3 patients. However, there was a significant differcnce be-
tween these two groups among patients with GOSb =4,
and as a whole the GOS6a (6 months atter HBOT) im-
provement was greater in the HBOT group than in the
control group (p <0.05).

Adverse event

Two patients developed seizures during the first week of
HBOT, and the convulsions were controlled with antic-
onvulsants. Then the patient resumed HBOT 2 weeks
later. Two patients experienced severe ear pain, and re-
ceived tympanostomy. Thereafter the ear pain subsided,
and the patient completed the full course of HBOT
successfully. No pulmonary adverse event, unstable vital
sign, or cataract occurred during HBOT or within 6
months follow-up. However, all these 4 study candidates
and their corresponding control patients were excluded.

Discussion

The US Food and Drug Administration have approved
several clinical applications for HBOT. They included
certain non-healing wounds, radiation necrosis of soft
tissue and radiation osteonecrosis, carbon monoxide poi-
soning, decompression sickness, acute arterial ischemia,
and some sports injuries. These approvals did not in-
clude TBI. However, in the literature review; we found
reports showing some supports for HBOT application to
TBI patients.
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In 2004, the Agency for Healthcare Research and
Quality reviewed two fair-quality trials [1, 10], showing
fair evidence that HBOT might reduce mortality or the
duration of coma in severe TBI patients. But in one of
the trials, HBOT also implicated an increased chance for
poor functional outcome. Therefore, the evidences were
conflicting. Although these two trials are cited frequent-
ly, the methodologies of these two trials are also criti-
cized [6]. In the past, HBOT was used under the
concepts of improving TBI patients’ outcome and miti-
gating social economical expenditure [2]. Previous stud-
ies have been focused on the immediate use of HBOT
after head trauma. However, during the initial period of
TBI, patients are often ventilator-dependent and may
have other associated injuries, such as lung contusion.
Under such situation, it is not convenient to treat TBI
patients with HBO early. With SPECT to show blood
flow improvement and to analyze them with different
age groups, Golden et al, reported that HBOT could im-
prove cerebral metabolism in the chronic stage of TBI
[4]. There are only limited data in the literature to sup-
port beneficial effects of HBOT on TBI patients with
different degrees of severity.

In some animal study [7], using 2.5 ATA HBOT could
reach maximum microcirculatory hemoglobin oxygen
saturation and 2 fold of normal hemoglobin circulation
but there was also higher complication, such as pulmonary
system barotrauma, cataract, glaucoma, seizure ... efc.
[6, 10, 11]. The Rockswold et al. reported that using
1.5 ATA HBOT for 60 min is relatively safe without any
oxygen toxicity [5, 11]. In our series, we used HBOT
with 2 ATA for 90 min every day for a total 20 times.
What the optimal oxygen atmospheric pressure and
duration used in HBOT is need further clarification.

The timing of using HBOT around one month (27.5 =
5.8 days) after TBI is more practical in clinical condi-
tion. At that stage, patients have become more stable for
their cardiopulmonary function and often have received
intensive rehabilitation. As a consequence, the frequen-
cy of HBOT-related respiratory complications will be
reduced. Furthermore, the synergistic effect of rehabili-
tation with HBOT conceivably triggers the improvement
of the patient’s GOS in the sixth month.

The adverse events in this trial were rare. Only two
patients had seizures during the initial period of HBOT,
and another two had middle ear barotrauma. The sei-
zure incidence in the previous reports was 2.4 per 10,000
patient-treatments [13]. Because the population base was
different between our results and this report, and we
focused on the head trauma patients only, there should
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be higher incidence of seizure attack during the HBOT.
Besides, the sample size of our patients was too small
for statistical comparison. The tympanic membrane tear
is common in HBOT [3]. However, in our HBOT center,
tympanoplasty was not routinely performed before
HBOT; this simple procedure should be considered
and performed before the HBOT to reduce the patient’s
suffering. As the minor side effects, such as tinnitus,
aural fullness, disequilibrium, and vertigo and or nau-
sea, these side effects were all well tolerated by the
patients [9].

In this trial, we demonstrated that the GCS of TBI
patients in the HBOT group recovered significantly bet-
ter than in the control group (p <0.05) (Table 2). This
result would indicate that HBOT has a positive benefit in
GCS recovery of TBI patients. For the GOS improve-
ment, there was no obvious difference, especially for the
3 months follow-up (Table 3). Why did GCS improve so
much, and GOS did not? GOS is widely applied for TBI
patient outcome evaluation, but the intervals used for
GOS scores are too rough. In recent studies, an extended
GOS was used to evaluate the outcome of the TBI
patients, and more detailed evaluation might help our
future study.

For the patients receiving HBOT, there was no im-
provement of GOS in the third month follow-up, but 6
months after HBOT, GOSb=4 group got some im-
provement (Table 3). This situation could be explained
by the delayed effect of HBOT. That means HBOT
needs some more time to express the effects.

The TBI patients with GOSb= 4 showed signifi-
cant GOS improvement six months after HBOT in the
study group (p <0.05, Table 3). But there was no such
difference in the GOSb=2 or GOSb=3 groups. In
GOSb =2 (vegetative state) and GOSb = 3 (severe dis-
ability) patients, there should be severe parenchymal
damages in the cerebral cortex. HBOT can not re-
generate necrotic neurons, but can only improve reox-
ygenation of the brain parenchyma. With incorporation
of rehabilitation, HBOT can help patients with mild
neurological deficits to recover and return to normal
life. In this prospective study, we can conclude that
HBOT can help TBI patients in GCS recovery and also
help patients with mild functional disability to lead a
better life.
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