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ABSTRACT

Background

Traumatic brain injury is common and presents a health problem with significant effect on quality of life. Hyperbaric oxygen therapy
(HBOT) has been suggested to improve oxygen supply to the injured brain and, therefore, to reduce the volume of brain that will
ultimately perish. It is postulated that the addition of HBOT to the standard intensive care regimen may result in a reduction in patient
death and disability as a result of these additional brain-preserving effects.

Objectives
To assess the benefits and harms of adjunctive HBOT for treating traumatic brain injury.

Search strategy
We searched CENTRAL (The Cochrane Library Issue 4, 2003), MEDLINE (1966 - 2003), EMBASE (1974 - 2003), CINAHL (1982
-2003), DORCTHIM (1996 - 2003), and reference lists of articles. Relevant journals were handsearched and researchers in the field
were contacted.

Selection criteria
Randomised studies comparing the effect on traumatic brain injury of therapeutic regimens which include HBOT with those that
exclude HBOT (with or without sham therapy).

Data collection and analysis
Three reviewers independently evaluated the quality of the relevant trials using the validated Oxford-Scale (Jadad 1996) and extracted
the data from the included trials.

Main results

Four trials contributed to this review (382 patients, 199 receiving HBOT and 183 control). There was a trend towards, but no significant
increase in, the chance of a favourable outcome when defined as full recovery, Glasgow outcome score 1 or 2, or return to normal
activities of daily living (relative risk [RR] for good outcome with HBOT 1.94, 95% confidence interval [CI] 0.92 to 4.08, P=0.08).
Pooled data from the three trials with 327 patients that reported mortality, showed a significant reduction in the risk of dying when
HBOT was added to the treatment regimen (RR 0.69, 95% CI 0.54 to 0.88, P=0.003). Heterogeneity between studies was low (12
=0%), and sensitivity analysis for the allocation of dropouts did not affect that result. This analysis suggests we would have to treat
seven patients to avoid one extra death (number needed to treat [NNT] 7, 95% CI 4 to 22). One trial suggested intracranial pressure
was favourably lower in those patients receiving HBOT in whom myringotomies had been performed (WMD with myringotomy
-8.2 mmHg, 95% CI -14.7 mmHg to -1.7 mmHg, P=0.01), while in two trials there was a reported incidence of 13% for significant
pulmonary impairment in the group receiving HBOT versus 0% in the non-HBOT group (P=0.007).

Authors’ conclusions
In people with traumatic brain injury, the addition of HBOT significantly reduced the risk of death but not of favourable clinical
outcome. The routine application of HBOT to these patients cannot be justified from this review. In view of the modest number of
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patients, methodological shortcomings and poor reporting, this result should be interpreted cautiously, and an appropriately powered
trial of high methodological rigour is justified to define those patients (if any) who can be expected to derive most benefit from HBOT.

SYNOPSIS
Hyperbaric oxygen may reduce death rate after brain injury but does not seem to improve quality of life for survivors

Traumatic brain injury is common and has a high impact on the wellbeing of those affected. Hyperbaric oxygen therapy (HBOT)
involves people breathing pure oxygen in a specially designed chamber and it is sometimes used as a treatment to increase the supply of
oxygen to the injured brain, in an attempt to reduce the area of brain that will die. We found some evidence that people with traumatic
brain injury are less likely to die if they receive hyperbaric oxygen therapy as part of their treatment. However, there is no good evidence
that people are more likely to have a good health outcome. It is possible, therefore, that the overall effect of hyperbaric oxygen is only to
make it more likely that people will survive severely disabled after such injuries. Our conclusions are based on four randomised trials,

with a limited number of patients. Further research is needed.

BACKGROUND

Traumatic brain injury (TBI) is a significant cause of premature
death and disability. Each year, there are at least 10 million new
head injuries worldwide and these account for a high proportion
of deaths in young adults (Thurman 1999; Alexander 1992). In
the US there are more than 50,000 deaths due to traumatic brain
injury each year. The major causes are motor vehicle crashes, falls,
and violence (including suicide). Prevention strategies, including
restraints for vehicle occupants, are now legally enforced in many
countries. However, while road death rates are falling in most in-
dustrialised countries, they are rising in many rapidly motorising
countries, particularly in Asia. For example, road death rates per
head in China are already similar to those in the United States
(Roberts 1995). Head injuries are associated with long-term dis-
ability in many patients. In the US, for example, 2% of the popu-
lation (5.3 million citizens) are living with disability as a result of
TBI (Thurman 1999) and this places considerable medical, social
and financial burden on both families and health systems (Fearn-

side 1997).

The pathophysiology of brain injury has a primary and secondary
component. At the time of impact there is a variable degree of ir-
reversible damage to the neurological tissue (primary injury). Fol-
lowing this, a chain of events occurs in which there is ongoing
injury to the brain through oedema, hypoxia and ischaemia sec-
ondary to raised tissue or intracranial pressure, release of excito-
toxic levels of excitatory neurotransmitters (e.g. glutamate), and
impaired calcium homeostasis (Tymianski 1996; Fiskum 2000)
(secondary injury).

Therapy focuses on prevention and/or minimisation of secondary
injury by ensuring adequate oxygenation, haemodynamics, con-
trol of intracranial hypertension, and strategies to reduce cellu-
lar injury. A number of therapies, including barbiturates, cal-
cium channel antagonists, steroids, hyperventilation, mannitol,

hypothermia and anticonvulsants have been the topic of previous
Cochrane reviews, though none has shown unequivocal efficacy in
reducing poor outcome (Schierhout 2003; Roberts 2003a; Lang-
ham 2003; Alderson 2003; Roberts 2003b).

Hyperbaric oxygen therapy (HBOT) is a further adjunctive ther-
apy that has been proposed to improve outcome in acute brain
injury. HBOT is the therapeutic administration of 100% oxygen
at environmental pressures greater than 1 atmosphere absolute
(ATA). This involves placing the patient in an airtight vessel, in-
creasing the pressure within that vessel, and administering 100%
oxygen for respiration. In this way, it is possible to deliver a greatly
increased partial pressure of oxygen to the tissues. Typically, treat-
ments involve pressurisation to between 1.5 and 3.0 ATA, for pe-
riods between 60 and 120 minutes, once or more daily.

Since the 1960s, there have been reports that HBOT improves the
outcome following brain trauma (Fasano 1964). Administration of
HBOT is based on the observation that hypoxia following closed
head trauma is an integral part of the secondary injury described
above. Hypoxic neurons performing anaerobic metabolism result
in acidosis and an unsustainable reduction in cellular metabolic re-
serve (Muizelaar 1989). As the hypoxic situation persists, the neu-
rons lose their ability to maintain ionic homeostasis, and free oxy-
gen radicals accumulate and degrade cell membranes (Ikeda 1990;
Siesjo 1989). Eventually, irreversible changes result in unavoid-
able cell death. When ischaemia is severe enough, these changes
occur rapidly, but there is some evidence that these effects can
occur over a period of days (Robertson 1989). This gives some
basis to the assertion that a therapy designed to increase oxygen
availability in the early period following TBI may improve long-
term outcome. HBOT is also thought to reduce tissue oedema by
an osmotic effect (Hills 1999), and any agent that has a positive
effect on brain swelling following trauma might also contribute
to improved outcomes. On the other hand, oxygen in high doses
is potentially toxic to normally perfused tissue, and the brain is
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particularly at risk (Clark 1982). For this reason, it is appropriate
to postulate that in some TBI patients, HBOT may do more harm
through the action of increased free oxygen radical damage, than
good through the restoration of aerobic metabolism.

Despite 40 years of interest in the delivery of HBOT in these
patients, little clinical evidence of effectiveness exists. HBOT has
been shown to reduce both intracranial pressure (ICP) and cere-
brospinal fluid pressure (CSFP) in brain-injured patients (Suckoff
1982; Hayakawa 1971), improve grey matter metabolic activity on
SPECT scan (Neubauer 1994), and improve glucose metabolism
(Holbach 1977). Some studies suggest that any effect of HBOT
may not be uniform across all brain-injured patients. For exam-
ple, Hayakawa demonstrated that CSFP rebounded to higher lev-
els following HBOT than at pre-treatment estimation in some
patients, while others showed persistent reductions (Hayakawa
1971). It is possible that HBOT has a positive effect in a sub-group
of patients with moderate injury, but not in those with extensive
cerebral injury. Furthermore, repeated exposure to hyperbaric oxy-
gen may be required to attain consistent changes (Artru 1976).
Clinical reports have attributed a wide range of improvements to
HBOT including cognitive and motor skills, improved attention
span and increased verbalisation (Suckoff 1982; Neubauer 1994).
These improvements are, however, difficult to ascribe to any sin-
gle treatment modality because HBOT was most often applied in
conjunction with intensive supportive and rehabilitative therapies.

HBOT is associated with some risk of adverse effects, including
damage to the ears, sinuses and lungs from the effects of pres-
sure, temporary worsening of short-sightedness, claustrophobia
and oxygen poisoning. Although serious adverse events are rare,
HBOT cannot be regarded as an entirely benign intervention. Fur-
ther, it is conceivable that the addition of HBOT might improve
survival from serious brain injury without improving the propor-
tion of those who survive with a useful functional level, while at
the same time increasing overall costs of therapy. For a number of
reasons, therefore, the administration of HBOT for TBI patients
remains controversial.

OBJECTIVES

The aim of this review is to assess the evidence for the benefit or
harm of adjunctive HBOT in the treatment of acute TBI. We com-
pared intensive treatment regimens including adjunctive HBOT
against similar regimens excluding HBOT. Where regimens dif-
fered significantly between studies, this is clearly stated and the
implications discussed.

CRITERIA FOR CONSIDERING
STUDIES FOR THIS REVIEW

Types of studies

Randomised and quasi-randomised controlled trials that compare
the effect of treatment for acute TBI where HBOT administration
is included, with the effect of similar treatment in the absence of

HBOT.

Types of participants

Any person admitted to an intensive care or intensive neurosurgical
facility with an acute TBI following blunt trauma.

Types of intervention

HBOT administered in a compression chamber between pressures
of 1.5 ATA and 3.5 ATA and treatment times between 30 minutes
and 120 minutes at least once. We accepted any standard treat-
ment regimen designed to maximise brain protection and promote
recovery from TBI. We did not include studies where comparator
interventions were not undertaken in a specialised acute care set-
ting.

TYPCS Of outcome measures

Studies were eligible for inclusion if they reported any of the fol-
lowing outcome measures at any time.

Primary outcomes

e Functional outcome. (Defined as "good’ if: Glasgow outcome
score (GOS) of 1 or 2, described as ’fully recovered’ or returning
to normal activities of daily living’.)

e Mortality. Where there were multiple times recorded, we chose
final follow-up.

Secondary outcomes
e Activities of daily living (ADL).

e Intracranial pressure (ICP).

MRI or CT evidence of lesion resolution or size of persistent

defect.

Progress of Glasgow coma scale (GSS).
o Cost-effectiveness.

o Adverse events of HBOT.

The timing of outcome evaluations varied between studies. In gen-
eral, our aim was to group outcomes into three stages for analy-
sis: early(immediately after treatment course), medium term (four
to eight weeks after treatment), and longer-term (six months or
longer).
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SEARCH STRATEGY FOR
IDENTIFICATION OF STUDIES

See: Injuries Group search strategy
We aimed to capture both published and unpublished studies.

Electronic searches

We searched: the Cochrane Controlled Trials Register
(CENTRAL Issue 3, 2003), MEDLINE (Ovid), CINAHL,
EMBASE and an additional database developed in our hyperbaric
facility (the Database of Randomised Trials in Hyperbaric
Medicine, Bennett 2002). All databases were searched from
inception to late 2003. The search strategy was broad and the
keywords in the following strategies were adapted as appropriate.
The EMBASE and MEDLINE (Ovid) strategies are given in
Table 01.

In addition we made a systematic search for relevant controlled
trials in specific hyperbaric literature sources as follows.

e Experts in the field and leading hyperbaric therapy centres
(as identified by personal communication and searching the
Internet) were contacted and asked for additional relevant data
in terms of published or unpublished randomised trials.

e Handsearch of relevant hyperbaric textbooks (Kindwall, Jain,
Marroni, Bakker, Bennett and Elliot), journals (Undersea and
Hyperbaric Medicine, Hyperbaric Medicine Review, South
Pacific Underwater Medicine Society (SPUMS) Journal,
European Journal of Hyperbaric Medicine and Aviation,
Space and Environmental Medicine Journal) and conference
proceedings (Undersea and Hyperbaric Medical Society,
SPUMS, European Undersea and Baromedical Society,
International Congress of Hyperbaric Medicine) published
since 1980.

e Contact with authors of relevant studies to request details of
unpublished or ongoing investigations.

All languages were considered. Authors were contacted if there
was any ambiguity about the published data.

METHODS OF THE REVIEW

Data retrieval and management

One reviewer (MB) was responsible for handsearching and
identification of appropriate studies for consideration. Two
reviewers (MB and BJ) examined the electronic search results to
identify studies that may have been relevant and these studies were
entered into a bibliographic software package (Review Manager),
whether one or both reviewers considered this appropriate. All
comparative clinical trials identified were retrieved in full and
reviewed independently by three reviewers, two with content
expertise with HBOT, and two with content expertise in treating

acute TBIL. (BT practices in both areas.) In addition, one of the
reviewers (MB) has expertise in clinical epidemiology. Reviewers
recorded data using the data extraction form developed for this

review.

Data extraction

Using the data extraction form developed for this review,
each reviewer extracted relevant data, graded the studies for
methodological quality using the method of Jadad (Jadad 1996),
and made a recommendation for inclusion or exclusion from
the review. The method of Jadad scores trials on three criteria
(randomisation, double-blinding and description of withdrawals),
each of which, if present, is given a score of 1. Further points
are available for description of a reliable randomisation method
and use of a placebo (modified for our analysis to include a sham
HBOT session). The scores are totalled as an estimate of overall
quality and we required a score of at least 1 for inclusion in the
review. Any differences were settled by consensus. In addition,
we indicated for each study selected for inclusion: the method of
allocation, adequacy of concealment of allocation, blinding status
of participants and outcome observers, and how patient attrition
was handled. These factors were considered for possible sensitivity
analysis. All data extracted reflected original allocation group
where possible, to allow an intention-to-treat analysis. Dropouts
were identified, where this information was given.

Analyses

All comparisons were made using an intention-to-treat analysis
where possible and reflect efficacy in the context of randomised
trialling, rather than true effectiveness in any particular clinical
context. For proportions (dichotomous outcomes), relative risks
(RRs) were used, with 95% confidence interval (CI). We used
a fixed-effect model where there was no evidence of significant
heterogeneity between studies (see below), and a random effects
model when such heterogeneity was likely.

Primary outcomes

1) Proportion of subjects with good functional outcome (e.g.
GOS) were dichotomised. Subjects with a good recovery or
moderate disability were included in the ’good’ group, while those
who were severely disabled, remained in a vegetative state or died
were included in the ’bad’ group.) The RR for good outcome with
HBOT was established using the intention-to-treat data of the
HBOT, versus the control group. Analyses were performed with
RevMan 4.2 software. As an estimate of the statistical significance
of a difference between experimental interventions and control
interventions, we calculated RR for benefit using HBOT with 95%
confidence intervals (Cls). A statistically significant difference
between experimental intervention and control intervention was
assumed if the 95% CI of the RR did not include the value 1.0.
As an estimate of the clinical relevance of any difference between
experimental intervention and control intervention, we calculated
the number-needed-to-treat (NNT) and number-needed-to-harm
(NNH) with 95% CI as appropriate.
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2) Proportion of those surviving. The RR for death with and
without HBOT was calculated, using the methods described in
(1) above.

Secondary outcomes

3) Activities of daily living (ADL). The weighted mean differences
(WMDs) in ADL between HBOT and control groups were to be
compared using RevMan 4.2. A statistically significant difference
was defined as existing if the 95% CI did not include a zero WMD.
4) Intracranial pressure. The WMD:s in ICP between the HBOT
and control groups were calculated in a way analogous to (3) above.
5) Dichotomous data were considered for adverse events (number
of patients with adverse events versus number of patients without
them in both groups) in the HBOT groups of the included studies.

Sensitivity analyses

We planned to perform sensitivity analyses for missing data and
study quality.

Missing data

We employed sensitivity analyses, using different approaches to
imputing missing data. The best-case scenario assumed that none
of the originally enrolled patients missing from the primary
analysis in the treatment group had the negative outcome of
interest, whilst all those missing from the control group did. The
worst-case scenario was the reverse.

Study quality

If appropriate, we also planned to conduct a sensitivity analysis by
study quality, based on the presence or absence of a reliable random
allocation method, concealment of allocation, and blinding of
participants or outcome assessors.

Subgroups
Where appropriate data was found, we considered subgroup
analysis based on:

e age - adults versus children

e dose of oxygen received (pressure, time and length of treatment
course)

e nature of the comparative treatment modalities
e severity of injury

e nature of injury on CT scan.

Heterogeneity was explored and subgroup analyses performed as
appropriate. Statistical heterogeneity was assessed using the 12
statistic and consideration given to the appropriateness of pooling
and meta-analysis.

DESCRIPTION OF STUDIES

We identified 23 publications dealing with the use of HBOT for

the treatment of brain injury. Initial examination confirmed nine

were case reports or case series, four were reviews without new
data, one was an animal study and one a letter. These reports were
excluded. One report was unobtainable but deemed unlikely to
be a randomised trial (Belokurov 1998), leaving seven possible
randomised comparative trials. After appraisal of the full reports
we excluded two publications as preliminary or secondary reports
containing no data additional to that in the final publication (Ren
2001b; Rockswold 1985), and one publication that dealt with
non-acute head injury (Shi 2003). The other four trials were ac-
cepted into the review (Ren 2001a; Rockswold 1992; Artru 1976;
Holbach 1974).

The included trials were published between 1974 (Holbach 1974)
and 2001 (Ren 2001a), and the reviewers are unaware of any on-
going RCTs in the area. In total, these trials include data on 382
participants, 199 receiving HBOT and 183 control. The largest
(Rockswold 1992) accounts for 44% of cases. (See Table: *’Char-

acteristics of included studies’).

Both the dose of oxygen per treatment session and for the total
course of treatment varied between studies. The lowest dose ad-
ministered was 1.5 ATA for 60 minutes daily (Holbach 1974),
while the highest dose was 2.5 ATA for 40 to 60 minutes, 10 times
in four days (Ren 2001a). All authors used between 1.5 and 2.5
ATA as a maximum oxygen pressure. The total number of individ-
ual treatment sessions varied from 10.5 (Artru 1976) to between

30 and 40 (Ren 2001a).

No trial administered a sham treatment and only Rockswold 1992
attempted any concealment by blinding the outcome assessor. All
trials included participants with severe closed head injury: two
trials specified a GCS grade on admission (Ren 2001a, GCS <9;
Rockswold 1992, GCS <10), one specified the severity of coma
using the Jouvet Scale (Artru 1976; Jouvet 1960), and the remain-
ing trial stated the patients were comatose on admission (Hol-
bach 1974). Enrolment was completed some time after admission
to allow more trivial injuries to recover in two of the trials (Ren
2001a, day 3; Rockswold 1992, 6 hours), while Artru 1976 and
Holbach 1974 did not specify any period before entry. Specific
exclusion criteria varied between trials, but open head injuries and
those with other than isolated head trauma were excluded when
any criteria were specified.

All trials compared a standard intensive treatment regimen to the
same regimen with the addition of HBOT. Reported details of the
standard regimen are given in ’Characteristics of included studies’.

The follow-up periods varied between 12 days following admission
(Holbach 1974), to 6 months (Ren 2001a), 1 year (Artru 1976)
and 1.5 years (Rockswold 1992). All included studies reported at
least one clinical outcome of interest. Of the outcomes identified
above, these trials reported data on both primary outcomes (good
functional outcome and mortality), but only intracranial pressure
and adverse events from the secondary outcomes of interest.
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Other outcomes (including non-clinical) reported included: sur-
vival time (Holbach 1974), duration of coma (Artru 1976),
GCS before and after treatment (Ren 2001a), brain-stem audi-
tory evoked potentials (BAEP) and short-latency somatosensory
evoked potentials (SSEP) (Rockswold 1992), and brain electric
activity mapping (BEAM) (Ren 2001a).

METHODOLOGICAL QUALITY

Given that only randomised studies were eligible for inclusion, the
maximal quality score possible was 5, and the minimum 1. Study
quality was generally assessed as low. Two of the four included
studies were assigned a score of 2 (Artru 1976; Rockswold 1992),
while the remaining studies were assigned a score of 1 (Ren 2001a;
Holbach 1974). The significance of this small variation is unclear
and it was not used as a basis for sensitivity analysis by study
quality.

Randomisation

Allocation concealment was not adequate in any of the studies,
being inadequate in Holbach 1974 and unclear in the remaining
studies. Randomisation procedures were not described in any of
the studies, and were unlikely to have been truly random for Hol-
bach 1974, where the selection method was described as ’every
second patient was treated with HBOT". For none of the stud-
ies is there a clear indication that the investigators were unable
to predict the prospective group to which a participant would be
allocated.

Patient baseline characteristics

All patients had suffered a head injury. Two of the studies closely
defined entry criteria as those patients with an isolated, closed head
injury with a specified GCS persisting for longer than six hours
(Rockswold 1992), or three days (Ren 2001a). No trial stated a
maximum time between injury and enrolment, but Rockswold
1992 did mention a case enrolled at day 29 following acute clin-
ical deterioration such as to satisfy the entry criteria. Artru 1976
assessed injury severity according to a scale described by Jou-
vet 1960, and reported there was no statistical difference in the
mean score between groups (HBOT group mean 9.39, control
mean 9.59). We have not been able to review the characteris-
tics of this scale. Holbach 1974 admitted comatose patients but
did not state a specific measure of injury severity or a period of
time prior to enrolment. Holbach described the patients as having
‘mid-brain symptomatology’ but did not define this term, while
Artru stratified patients on enrolment to one of nine categories
(brain stem contusion, bilateral frontal contusion, acute subdural
hematoma, frontotemporal contusion, intratemporal hematoma,
epidural hematoma, hydrocephaly, subdural hygroma and crib-
riform plate defect). Holbach 1974 excluded patients who died
within the first 48 hours, but it is not clear whether these patients
were enrolled then withdrawn, or simply ineligible for entry.

Blinding

Neither the participants (who were unaware of their surroundings)
nor treating staff were blinded as to allocation, and no study em-
ployed a sham hyperbaric exposure. Rockswold 1992 calculated
GOS for each participant, using a neurologist who was unaware
of the treatment group to which the patient was allocated.

Patients lost to follow-up

Rockswold 1992 reported two participants lost to follow-up from
the control group, and these did not appear in the analysis. None
of the remaining studies suffered any losses to follow-up, or re-
ported any violation of allocated treatment (Holbach 1974; Artru
1976; Ren 2001a). However, Ren stated that subjects who died
were excluded from the study (numbers not given). It is not clear
if these subjects were entered and then excluded, or all died be-
fore enrolment on day three. Sensitivity analysis in this review has
made best and worse case analyses to examine potentially impor-
tant effects on outcome where the Rockswold study contributed
patients.

Intention-to-treat analysis

Rockswold 1992 specifically described participants who did not
receive HBOT as being analysed in the intended group, but par-
ticipants lost to follow-up were excluded from analysis. No other
trial mentioned this strategy, but neither were there any losses to
follow-up or violations of protocol reported.

RESULTS

Primary outcomes

1. Proportion of subjects with good functional outcome

Ren 2001a reported on the mean improvement in GCS before and
after therapy in both groups (standard treatment plus HBOT mean
GCS increased from 5.1 to 14.6, standard treatment alone mean
GCS increased from 5.3 t0 9.5). However, this trial did not report
the proportion of subjects with good functional outcome at that
time, and has not contributed data to the analyses of functional
outcome 1.1 or 1.4 below.

1.1 Proportion of subjects with good functional outcome at end of
treatment period to four weeks (comparison 1, outcome 1)

Two trials reported this outcome (Artru 1976; Holbach 1974),
involving 159 subjects (42% of the total subjects in this review),
with 80 (50%) allocated to standard treatment plus HBOT and
79 (50%) to standard therapy alone. There was no statistically
significant increase in the proportion of subjects with good out-
come following HBOT (the RR of good outcome with HBOT
was 2.66, 95% CI 0.73 to 9.69, P=0.06). There was substantial
heterogeneity between trials (12 =72.3%) and this result reflects
a random effects model. The absolute risk difference of 22.4%
between sham and HBOT is significant, however (P=0.04), with
an NNT to achieve one extra good outcome of 4 (95% CI 3 to
11).
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1.2 Proportion of subjects with good functional outcome at six months
(comparison 1, outcome 2)

Only one trial reported this outcome (Ren 2001a), involving 55
patients (14% of the total subjects in this review), with 35 (64%)
randomised to standard therapy with HBOT, and 20 (36%) to
standard therapy alone. There was a significant increase in the
proportion of subjects with a good outcome following HBOT (RR
2.8,95% CI 1.4 to 5.5, P=0.004). The absolute risk difference of
22.3% between sham and HBOT is significant (P=0.04), with an
NNT to avoid achieve one extra good outcome of 4 (95% CI 3
to 11).

1.3 Proportion of subjects with good functional outcome at one year
(comparison 1, outcome 3)

Only one trial reported this outcome (Rockswold 1992), involving
168 patients (44% of the total subjects in this review), with 84
randomised to each arm. There was no difference in the proportion
of subjects with a good outcome following HBOT (RR 0.98,
95% CI 0.73 to 1.3, P=0.87). This result was not sensitive to the
allocation of the two dropouts in the control group (best case RR
1.0, 95% CI 0.75 to 1.33, worst case RR 0.96, 95% CI 0.72 to

1.27). Comparison 1, outcomes 4 and 5.

1.4 Proportion of patients with good outcome at final assessment (com-
parison 1, outcome 6)

This comparison pools all trials, regardless of the time at which
final assessment was made. All four trials reported this outcome
at some time (Holbach 1974 at 12 days, Ren 2001a at 6 months,
Artru 1976 and Rockswold 1992 at 1 year) involving all 382 sub-
jects. 199 were randomised to standard therapy plus HBOT, 183
to standard therapy alone. Rockswold contributed 44% of the
subjects in this analysis. There was no significant increase in the
proportion of subjects with a good outcome following the applica-
tion of HBOT (RR for good outcome with HBOT 1.94, 95% CI
0.92 to 4.08, P=0.08). Heterogeneity accounted for a substantial
proportion of the variability between studies (I> =81%), so this
result is achieved using a random effects model. This result was
borderline sensitive to the allocation of dropouts in the Rockswold
trial (best case RR 3.25, 95% CI 0.99 to 10.65, P=0.05, worst case
3.19, 95% CI 0.93 to 10.97, P=0.07) (Comparison 1, Outcome
7 and 8). In the best case scenario, the absolute risk difference of
18% is statistically significant, and the NNT to avoid one poor
outcome is 6, 95% CI 4 to 12.

Subgroup analysis by treatment pressure suggested that the appli-
cation of a high treatment pressure (2.5 ATA) was associated with
a better outcome than the application of a low treatment pressure
(1.5 ATA) (high pressure RR 2.07, 95% CI 1.15 to 3.72, P=0.003,
low pressure RR 2.12, 95% CI 0.35 to 12.78, P=0.11). This result
is unconvincing, given the high heterogeneity remaining between
the two low pressure trials (12=89%) and the indication of a higher
point estimate of effect for the low pressure group (comparison 1,
outcome 9).

2. Proportion of subjects dying

2.1 Mortality reported at any time. (comparison 2, outcome 1)

This outcome pools all trials, regardless of the time at which fi-
nal assessment was made. Three trials reported this data at some
time (Holbach 1974 at 12 days, Artru 1976 and Rockswold 1992
at 12 months) involving 327 subjects (85.6% of the total). 164
(50%) were randomised to standard therapy plus HBOT, 163 to
standard therapy alone. Rockswold 1992 contributed 51% of the
subjects to this analysis. There was a significantly reduced mor-
tality in the HBOT group. The relative risk of dying if not given
HBOT is 1.46, 95% CI 1.13 to 1.87, P=0.003). Heterogeneity
between studies was low (I =0%), and there was no significant
effect exerted by allocation of those subjects who dropped out of
the Rockswold trial (best case RR 1.48, 95% CI 1.16 to 1.90,
worst case RR 1.45, 95% CI 1.13 to 1.86). The absolute risk dif-
ference of 15% was significant, and the NNT to avoid one death
by applying HBOT was 7, 95% CI 4 to 22.

Secondary outcomes

1. Activities of daily living (ADL)
No trials reported any data on this outcome.

2. Intracranial pressure

Only one trial contributed results to this outcome (Rockswold
1992) involving 168 patients (44% of the total), 84 randomised
to each arm. Twelve patients did not contribute data to this anal-
ysis, five in the standard care plus HBOT group, and seven re-
ceiving standard care alone. The result was complicated by a
change in the protocol during the trial. While overall there was
no difference in the mean maximum ICP between the two groups
(WMD 3.1 mmHg lower with HBOT, 95% CI -9.57 mmHg to
+3.37 mmHg), the authors noted higher than expected ICP in
the HBOT patients and performed pre-treatment myringotomy
in the last 46 subjects in the HBOT group (data analysed for 42).
Comparing the standard care alone group with the HBOT sub-
jects with and without myringotomy, there is a significant lower-
ing of ICP with HBOT plus myringotomy (WMD with myringo-
tomy -8.2 mmHg, 95% CI -14.7 mmHg to -1.7 mmHg, P=0.01;
without myringotomy WMD +2.7 mmHg, 95% CI -5.9 mmHg
to +11.3 mmHg, P=0.54).

3. MRI or CT evidence of lesion resolution or size of persistent
defect

No trials reported any data on this outcome.

4. Progress of GCS

No trials reported any data on this outcome.

5. Cost-effectiveness
No trials attempted to estimate the cost-effectiveness of therapy.

6. Adverse effects
No trial reported on any adverse effects in relation to standard
therapeutic measures.

6.1 Pulmonary effects of HBOT
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Two trials contributed results to this outcome (Rockswold 1992;
Artru 1976) involving 228 patients (60% of the total), 115 ran-
domised to standard therapy plus HBOT, and 113 to standard
therapy alone. Rockswold reported 10 patients in the HBOT
group with rising oxygen requirements and infiltrates on chest
x-ray, while Artru reported five patients with respiratory symp-
toms including cyanosis and hyperpnoea so severe as to imply "im-
pending hyperoxic pneumonia’ and for whom HBOT was ceased.
Overall, therefore, 15 patients (13% of those receiving HBOT)
had severe pulmonary complications while no such complications
were reported in the standard therapy arm. This difference is sig-
nificant (RR 0.06, 95% CI 0.01 to 0.47, P=0.007). There was no
indication of heterogeneity between trials (1?=0%) and this analy-
sis suggests we might expect to treat eight patients with HBOT in
order to cause this adverse effect in one individual (NNH 8, 95%
CI5 to 15).

6.2 Neurological oxygen toxicity with HBOT

Only one trial reported on this outcome (Rockswold 1992), in-
volving 168 patients (44% of the total), 84 randomised to each
arm. Rockswold reported two patients in the HBOT arm having
an isolated generalised seizure (2.3%) and none in the control arm.
This difference is not statistically significant (RR for seizure with
control 0.2, 95% CI 0.01 to 4.10, P=0.3).

6.3 Middle ear barotrauma with HBOT

Only one trial reported on this outcome (Rockswold 1992) in-
volving 168 patients (44% of the total), 84 randomised to each
arm. Rockswold reported two patients in the HBOT arm having
a haemotympanum (2.3%) and none in the control arm. This dif-
ference is not statistically significant (RR for seizure with control

0.2, 95% CI 0.01 to 4.10, P=0.3).

DISCUSSION

This review has included data from four trials, and we believe
these represent all randomised human trials in this area, both pub-
lished and unpublished, at the time of searching the databases. We
found limited evidence that HBOT improves functional outcome
or ability to perform activities of daily living following severe head
injury, although the evidence does suggest an improvement in sur-
vival with the addition of HBOT. The single trial looking at ICP
as a proxy for beneficial effects did suggest that ICP was lower
immediately following HBOT when patients had received middle
ear ventilation tubes. These tubes avoid middle ear barotrauma
on compression — a highly painful and stimulating condition that
might be expected to raise ICP, regardless of the underlying brain
injury.

Only four trials with 382 participants were available for evalua-
tion using our planned comparisons, and meta-analysis was not
appropriate or possible for a number of these. Other problems for
this review were: the poor methodological quality of many of these

trials (Jadad scores: two trials scored 2 and the other two scored
1 only); variability in entry criteria and the nature and timing of
outcomes; and poor reporting of both outcomes and methodol-
ogy. In particular, there is a possibility of bias due to different
mechanisms and severity of injury on entry to these small trials,
as well as from non-blinded management decisions in all trials.

These trials were published over a 27-year period up to 2001, and
from a wide geographical area. We had planned to perform sub-
group analyses with respect to age, dose of oxygen received (pres-
sure, time and length of treatment course), nature of the compar-
ative treatment modalities, severity of injury, and the nature of
injury on CT scan. However, the paucity of eligible trials and poor
reporting suggested the majority of these analyses would not be in-
formative, and we only performed subgroup analysis with respect
to treatment pressure for the proportion of individuals achieving
a good outcome at any time. Patient inclusion criteria were not
standard, and poorly reported in some trials. No standard severity
index was employed uniformly across these trials, no standard in-
jury pattern was established, and only Rockswold 1992 and Ren
2001a described the time at which the inclusion criteria were ap-
plied. There was significant variation both in oxygen dose during
an individual treatment session, and in the number of sessions ad-
ministered to each patient. While subgroup analysis by treatment
pressure suggested those treated at 2.5 ATA did significantly better
than those treated at 1.5 ATA, this result should be treated with
extreme caution, given the heterogeneity between the lower pres-
sure trials, and the observation that the estimated risk of a poor
outcome was actually lower in the low pressure group. While all
trials used some form of ’standard’ intensive therapy, these com-
parator therapies were generally poorly described and could not
form the basis for a meaningful subgroup analysis.

Pooled data for clinical outcomes of interest could only be per-
formed with respect to the chance of a favourable outcome and
the risk of death. While the chance of a favourable outcome was
not significantly better following HBOT, there was a trend in that
direction (RR 1.94, P=0.08) and the absolute risk difference of
18% in favour of HBOT was significant, (indicating an NNT of
6, 95% CI 4 to 11). Given the high heterogeneity between trials,
this result should be interpreted with extreme caution. More con-
vincingly, the risk of death in the control group was significantly
higher than in the treatment group (RR 1.46, 95% CI 1.13 to
1.87). Although heterogeneity did not seem to be an issue with this
analysis (12 =0%), it should be noted that one study (Rockswold
1992) contributed more than half of the patients (51%). This
analysis suggests that we would need to treat seven patients with
HBOT in order to avoid one death (NN'T 7, 95% CI 4 to 22) and
was not sensitive to the allocation of dropouts. Given the small
number of subjects and generally poor quality of these trials, this
result needs to be interpreted with caution. Taken together, how-
ever, these two primary outcome analyses suggest that while sur-
vival may be positively influenced by the addition of HBOT, there
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is little to suggest these patients have better functional outcomes.

The one trial examining the non-clinical outcome of intracranial
pressure (ICP) produced the interesting observation that ICP ap-
peared to be significantly lower following HBOT, but most par-
ticularly when middle ear ventilation was achieved by performing
myringotomies prior to compression. This procedure avoids the
highly painful and stimulating complication of middle ear baro-
trauma on compression. As is common with small trials, the inci-
dence of adverse effects was poorly assessed by the studies included
in this review. Rockswold 1992 and Artru 1976 reported a 13%
incidence of severe pulmonary compromise with the application
of HBOT (NNH 8, 95% CI 5 to 15). However, the other two
trials did not report any such cases. It is not clear if this consti-
tutes a true difference in incidence, or a publication bias. HBOT
is regarded as a relatively benign intervention. There are few major
adverse effects (pulmonary barotrauma, drug reactions, injuries or
death related to chamber fire) and the report of a 13% incidence
of significant pulmonary compromise is surprising and may indi-
cate a complication associated specifically with severe head injury
when exposed to hyperbaric oxygen.

There are a number of more minor complications that may occur
commonly. Visual disturbance, usually reduction in visual acuity
secondary to conformational changes in the lens, is very commonly
reported - perhaps as many as 50% of those having a course of
30 treatments (Khan 2003). While the great majority of patients
recover spontaneously over a period of days to weeks, a small pro-
portion of patients continue to require correction to restore sight
to pre-treatment levels. None of the trials included in this review
reported visual changes. The second most common adverse effect
associated with HBOT is aural barotrauma. Barotrauma can affect
any air-filled cavity in the body (including the middle ear, lungs
and respiratory sinuses) and occurs as a direct result of compres-
sion. Aural barotrauma is by far the most common as the middle
ear air space is small, largely surrounded by bone and the sensitive
tympanic membrane, and usually requires active effort by the pa-
tient in order to inflate the middle ear through the eustachian tube
on each side. Barotrauma is thus not a consequence of HBOT di-
rectly, but rather of the physical conditions required to administer
it. Most episodes of barotrauma are mild, easily treated or recover
spontaneously and do not require the therapy to be abandoned.
Only Rockswold reported any cases of neurological barotrauma
(two in the HBOT arm). Less commonly, HBOT may be associ-
ated with acute neurological toxicity manifesting as seizure. Again,
Rockswold reported two such occurrences in the HBOT arm.

All of these findings are subject to a potential publication bias.
While we have made every effort to locate further unpublished
data, it remains possible that this review is subject to a positive
publication bias, with generally favourable trials more likely to
achieve reporting. With regard to long-term outcomes following
HBOT and any effect on the quality of life for these patients, we
have located no relevant data.

AUTHORS’ CONCLUSIONS

Implications for practice

There is limited evidence that HBOT reduces the chance of dy-
ing following a traumatic brain injury. However, there is little ev-
idence that more survivors have a good outcome. Thus, the rou-
tine adjunctive use of HBOT in these patients cannot be justified
by this review. The small number of studies, the modest numbers
of patients, and the methodological and reporting inadequacies
of the primary studies included in this review demand a cautious
interpretation.

Implications for research

Given the findings of improved survival with the use of HBOT
in these patients, there is a case for large randomised trials of high
methodological rigour in order to define the true extent of benefit
from the administration of HBOT. Specifically, more information
is required on the subset of disease severity or classification most
likely to benefit from this therapy and the oxygen dose most ap-
propriate. Any future trials would need to consider in particular:

e appropriate sample sizes with power to detect expected differ-
ences

o careful definition and selection of target patients

e appropriate range of oxygen doses per treatment session (pres-
sure and time)

e appropriate and carefully defined comparator therapy
e use of an effective sham therapy

o cffective and explicit blinding of outcome assessors and neuro-
surgeons/intensives

e appropriate outcome measures including all those listed in this

review
o careful elucidation of any adverse effects

o the cost-utility of the therapy.
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TABLES

Characteristics of included studies

Study Artru 1976

Methods Randomised controlled trial with stratification. No blinding reported. 60 patients, 31 HBOT, 29 control.
Inclusion depended on availability of hyperbaric chamber.

Participants Patients with closed head injury and coma. Stratified in 9 subgroups of severity and pathology.

Interventions HBOT 2.5ATA for lhour daily for 10 days, followed by 4 days rest and repeat if not responding. Standard
care included hyperventilation and frusemide.

Qutcomes Death, unfavourable outcome, advserse events.

Notes Jadad score 2
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Characteristics of included studies (Continued)

Allocation concealment

B

Study Holbach 1974

Methods Quasi-randomised, unblinded trial. 99 patients, 31 HBOT, 29 control.

Participants Patients with a history of closed head injury and who are comatose witb "acute midbrain syndrome’.

Interventions HBOT at 1.5ATA daily - time of each sessions and total number of sessions unknown. Standard care given
to both groups described as "usual intensive care regimen’.

Outcomes Complete recovery, mortality.

Notes Jadad score 1

Allocation concealment D

Study Ren 2001a

Methods Randomised controlled trial. No blinding reported. 55 patients, 35 HBOT, 20 control.

Participants Patients with closed head injury admitted with GCS <9. Randomised on day 3 post-admission after condition
stabilised. Death in first 3 days therefore excluded.

Interventions HBOT at 2.5ATA for a total of 400 to 600 minutes every 4 days, repeated 3 or 4 times. Standard care
included dehydration, steriods and antibiotics.

Outcomes Favourable GOS, change in GCS

Notes Jadad score 1

Allocation concealment

D

Study Rockswold 1992

Methods Randomised, controlled trial. Observers (“medical assessors”) blinded, but not patients or carers.

Participants Patients with a history of closed head injury with GCS of <10 for >6 hours and <24 hours.

Interventions HBOT at 1.5ATA for 1 hour every 8 eight hours for 2 weeks or until death or waking (ave number
of treatments 21). Standard care described as ’intensive neurosurgical care according to a comprehensive
protocol’ was deliverd to both groups.

QOutcomes Favourable functional outcome (GOS 1 or 2), mortality , intra-cranial pressure and adverse events.

Notes Jadad score 2

Allocation concealment

B

ATA - Atmospheres Absolute

GCS - Glasgow Coma Score

GOS - Glasgow Outcome Score
HBOT - Hyperbaric Oxygen Therapy

Characteristics of excluded studies

Ren 2001b

No additional data presented - same study as Ren 2001a

Rockswold 1985  Preliminary results only. No data presented that was additional to the full report.

Shi 2003

Included only patients at least 3 months after head injury
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ADDITIONAL TABLES

Table 01. Search strategies

EMBASE

1. exp head injury/

2. (head or cerebr$ or crani$ or capitis or brain$ or forebrain$ or

skull$ or hemisphere or intracran$ or orbit$).mp.
3. (injur$ or trauma$ or lesion$ or damag$ or wound$ or

destruction$ or oedema$ or edema$ or fracture$ or contusion$

or concus$ or commotio$ or pressur$).mp
4.2and 3

5. diffuse axonal injur$.mp.

6.1lor4or5

7. exp coma/

8.6o0r7

9. exp hyperbaric oxygen/

10. (high adj5 (pressur$ or oxygen$)).mp.
11. hyperbaric$.mp.

12.10 or 11

13. oxygen$.mp.

14. 12 and 13

15. (HBO or HBOT).mp.

16. multiplace chamber$.mp.

17.
18.
19.
20.

monoplace chamber$.mp.
9orl4orl5orl6orl7
8and 18

19

MEDLINE (OVID)

1.
2.
3.
4.
5.

exp head injuries-penetrating

exp head injuries-closed

exp coma-post head injury

exp craniocerebral trauma

head or crani$ or capitis or brain$ or forebrain$ or skull$ or

hemisphere or intracran$ or orbit$

6.

injur$ or trauma$ or lesion$ or damage$ or wound$ or

destruction$ or oedema$ edema$ or fracture$ or contusion$ or

concus$ or commotion$ or pressur$

7.
8.
9.
10
11

12.
13.
14.
15.
16.
17.
18.
19.
20.

5 and 6

diffuse axonal injur$
lor2or3or4or7or8

. exp hyperbaric oxygenation
. (high$) adj3 (pressure or tension$)
hyperbaric$

oxygen$

12 or 13

14 and 11

HBO or HBOT
multiplace chamber$
monoplace chamber$

10 or 15 0r 16 or 17 or 18
9and 19

GRAPHS

Comparison 01. Good functional outcome (GOS <3 or similar)

No. of No. of

Outcome title studies participants Statistical method Effect size

01 Good functional outcome at 2 159 Relative Risk (Random) 95% CI 2.66 [0.73, 9.68]
end of treatment period to one
month

02 Good functional outcome at 1 55 Relative Risk (Fixed) 95% CI 2.76 [1.39, 5.49]
six months

03 Good functional outcome at 1 166 Relative Risk (Fixed) 95% CI 0.98 [0.73, 1.30]
12 months

04 Best case scenario (12 months) 1 168 Relative Risk (Fixed) 95% CI 1.00 [0.75, 1.33]

05 Worst case (12 months) 1 168 Relative Risk (Fixed) 95% CI 0.96 [0.72, 1.27]

06 Good functional outcome at 4 380 Relative Risk (Random) 95% CI 1.94 [0.92, 4.08]
final follow-up

07 Best case good outcome at final 4 382 Odds Ratio (Random) 95% CI 3.25[0.99, 10.65]
follow-up

08 Worst case good outcome at 4 382 Odds Ratio (Random) 95% CI 3.19 [0.93, 10.97]

final follow-up
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09 Good functional outcome - 4 380 Relative Risk (Random) 95% CI

subgroup by treatment pressure

1.94 [0.92, 4.08]

Comparison 02. Death at final follow-up

No. of No. of

Outcome title studies participants

Statistical method

Effect size

01 Death at final follow-up 3 325 Relative Risk (Fixed) 95% CI
02 Best case death 3 327 Relative Risk (Fixed) 95% CI
03 Worst case death 3 327 Relative Risk (Fixed) 95% CI

1.46 [1.13, 1.87]
1.48 [1.16, 1.90]
1.45 [1.13, 1.86]

Comparison 03. Intra-cranial pressure

No. of No. of

Outcome title studies participants

Statistical method

Effect size

01 Mean peak ICP at any time 1 156 Weighted Mean Difference (Fixed) 95% CI
overall

02 Mean peak ICP at any time Weighted Mean Difference (Fixed) 95% CI
(subgroups)

3.10 [-3.37, 9.57]

Subtotals only

Comparison 04. Adverse events of treatment

No. of No. of

Outcome title studies participants

Statistical method

Effect size

01 Pulmonary 2 228 Relative Risk (Fixed) 95% CI
02 Neurological toxicity 1 168 Relative Risk (Fixed) 95% CI
03 Ear barotauma 1 168 Relative Risk (Fixed) 95% CI

0.06 [0.01, 0.47]
0.20 [0.01, 4.10]
0.20 [0.01, 4.10]
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Fig. I. Comparison 0l. Good functional outcome (GOS <3 or similar)

01.01 Good functional outcome at end of treatment period to one month
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 0l Good functional outcome at  end of treatment period to one month

Study HBOT Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% Cl (%) 95% Cl
Artru 1976 13/31 8/29 - — 56.2 1.52[0.74,3.13]
Holbach 1974 16/49 3/50 —— 438 544169, 1751 ]
Total (95% CI) 80 79 T 100.0 266[0.73,9.68]

Total events: 29 (HBOT), | I (Control)
Test for heterogeneity chi-square=3.61 df=1 p=0.06 1> =72.3%
Test for overall effect z=1.48 p=0.1

0l 02 05 | 2 5 10

Favours Control Favours HBOT
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Fig. 2. Comparison 0l. Good functional outcome (GOS <3 or similar)

Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury

Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 02 Good functional outcome at six months

01.02 Good functional outcome at six months

Study HBOT Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Ren 2001a 29/35 620 —— 1000 276 139,549 ]
Total (95% Cl) 35 20 —— 100.0 276 [ 139,549 ]
Total events: 29 (HBOT), 6 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=2.90 p=0.004

0l 02 05 | 2 5 10

Fig. 3. Comparison 0l. Good functional outcome (GOS <3 or similar)

Favours control

Favours HBOT

Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury

Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 03 Good functional outcome at 12 months

01.03 Good functional outcome at 12 months

Study HBOT Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Rockswold 1992 44/84 44/82 100.0 098073, 130]
Total (95% Cl) 84 82 100.0 098[0.73,130]

Total events: 44 (HBOT), 44 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=0.16 p=0.9

0l 02 05 I 2 5

Favours Control

10
Favours HBOT
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Fig. 4. Comparison 0l. Good functional outcome (GOS <3 or similar)

01.04 Best case scenario (12 months)

Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 04 Best case scenario (12 months)

Study HBOT Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Rockswold 1992 44/84 44/84 100.0 100075, 1.33]
Total (95% Cl) 84 84 100.0 100075, 1.33]

Total events: 44 (HBOT), 44 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=0.00 p=1I

ol 02 05 I 2 5 10

Favours Control Favours HBOT

Fig. 5. Comparison 01. Good functional outcome (GOS <3 or similar)

01.05 Worst case (12 months)

Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 05 Worst case (12 months)

Study HBOT Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Rockswold 1992 44/84 46/84 100.0 096072, 127 ]
Total (95% Cl) 84 84 100.0 096072, 127 ]

Total events: 44 (HBOT), 46 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=031  p=0.8

ol 02 05 I 2 5 10

Favours Control Favours HBOT
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Fig. 6. Comparison 0l. Good functional outcome (GOS <3 or similar)

01.06 Good functional outcome at final follow-up
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 06 Good functional outcome at final follow-up

Study HBOT Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% Cl (%) 95% Cl
Artru 1976 13/31 8/29 - 250 1.52[074,3.13]
Holbach 1974 16/49 3/50 —_— 18.1 544 1.69, 1751 ]

Ren 20012 29/35 6/20 —— 256 276[ 139,549 ]
Rockswold 1992 44/84 44/82 - 313 098073, 1.30]
Total (95% Cl) 199 181 [—— 1000 194092, 4.08 ]

Total events: 102 (HBOT), 61 (Control)
Test for heterogeneity chi-square=15.94 df=3 p=0.001 1> =81.2%
Test for overall effect z=1.75 p=0.08

0l 02 05 | 2 5 10

Favours Control Favours HBOT

Fig. 7. Comparison 0l. Good functional outcome (GOS <3 or similar)

01.07 Best case good outcome at final follow-up
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 07 Best case good outcome at final follow-up

Study HBOT Control Odds Ratio (Random) Weight Odds Ratio (Random)
n/N n/N 95% Cl (%) 95% Cl
Artru 1976 13/31 8/29 T 250 1.90 [ 0.64, 5.60 ]
Holbach 1974 16/49 3/50 — 22.8 7.60[205,28.18]
Ren 2001a 29/35 6/20 —— 229 1128 [308,41.34]
Rockswold 1992 44/84 44/84 - 292 1.00 [ 0.55, 1.83]
Total (95% Cl) 199 183 - 100.0 325[099, 10.65]

Total events: 102 (HBOT), 61 (Control)
Test for heterogeneity chi-square=15.89 df=3 p=0.001 1> =81.1%
Test for overall effect z=1.95 p=0.05

00l 0.1 | 10 100
Favours Control Favours HBOT
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Fig. 8. Comparison 0l. Good functional outcome (GOS <3 or similar)

01.08 Worst case good outcome at final follow-up
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 08 Worst case good outcome at final follow-up

Study HBOT Control Odds Ratio (Random) Weight Odds Ratio (Random)
n/N n/N 95% Cl (%) 95% Cl
Artru 1976 13/31 8/29 = 25.1 1.90 [ 0.64, 5.60 ]
Holbach 1974 16/49 3/50 — 230 7.60[205,28.18]
Ren 2001a 29/35 620 — 23.1 1128308 41.34]
Rockswold 1992 44/84 46/84 - 289 091 [050, 1.67 ]
Total (95% CI) 199 183 [ 100.0 3.19[093,1097]
Total events: 102 (HBOT), 63 (Control)
Test for heterogeneity chi-square=17.25 df=3 p=0.0006 1> =82.6%
Test for overall effect z=1.84 p=0.07

0.0l 0.1 | 10 100

Favours Control Favours HBOT

Fig. 9. Comparison 0l. Good functional outcome (GOS <3 or similar)

01.09 Good functional outcome - subgroup by treatment pressure
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 01 Good functional outcome  (GOS <3 or similar)

Outcome: 09 Good functional outcome - subgroup by treatment pressure

Study HBOT Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% Cl (%) 95% Cl
01 High pressure (2.5ATA)
Artru 1976 13/31 8/29 - 250 1.52[074,3.13]
Ren 2001a 29/35 620 — 256 276 139,549 ]
Subtotal (95% Cl) 66 49 —— 50.7 207[1.15372]

Total events: 42 (HBOT), 14 (Control)
Test for heterogeneity chi-square=1.39 df=1 p=0.24 1> =28.0%
Test for overall effect z=244 p=0.0]

02 Low pressure (1.5ATA)

Holbach 1974 16/49 3/50 = 18.1 544169, 1751 ]
Rockswold 1992 44/84 44/82 = 313 098073, 1.30]
Subtotal (95% Cl) 133 132 T — 49.3 2121035, 1278 ]

Total events: 60 (HBOT), 47 (Control)

01 02 05 | 2 5 10
Favours Control Favours HBOT (Cont/nued e )
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(... Continue

d)

Study HBOT Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% Cl (%) 95% Cl
Test for heterogeneity chi-square=9.02 df=1 p=0.003 1> =88.9%
Test for overall effect z=0.82 p=04
Total (95% Cl) 199 181 —— 100.0 1941092, 4.08]
Total events: 102 (HBOT), 61 (Control)
Test for heterogeneity chi-square=15.94 df=3 p=0.001 1> =81.2%
Test for overall effect z=1.75 p=0.08
0l 02 05 | 2 5 10
Favours Control Favours HBOT
Fig. 10. Comparison 02. Death at final follow-up
02.01 Death at final follow-up
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 02 Death at final follow-up
Outcome: 0l Death at final follow-up
Study Control HBOT Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Artru 1976 1629 15/31 . 26.6 [.14[0.70, 1.86]

Holbach 1974 37/50 26/49 Eall 48.1 .39 1.02, 1.90]

Rockswold 1992 26/82 | 4/84 = 253 190 1.07,3.38]
Total (95% Cl) 161 164 -> 100.0 [46 [ 1.13,1.87]

Total events: 79 (Control), 55 (HBOT)
Test for heterogeneity chi-square=1.86 df=2 p=0.39 I> =0.0%
Test for overall effect z=2.95 p=0.003

ol 02 05 I 2 5

10

Favours Control Favours HBOT
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Fig. I1. Comparison 02. Death at final follow-up

02.02 Best case death
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 02 Death at final follow-up
Outcome: 02 Best case death

Study Control HBOT Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Artru 1976 16/29 15/31 — 265 1147070, 1.86]
Holbach 1974 37/50 26/49 R 48.0 139 1.02,1.90]
Rockswold 1992 28/84 14/84 —— 256 200 1.14,352]
Total (95% Cl) 163 164 - 100.0 148 1.16,1.90]

Total events: 81 (Control), 55 (HBOT)
Test for heterogeneity chi-square=2.33 df=2 p=0.31 I =14.0%
Test for overall effect z=3.10  p=0.002

ol 02 05 I 2 5 10

Favours Control Favours HBOT

Fig. 12. Comparison 02. Death at final follow-up

02.03 Worst case death
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 02 Death at final follow-up
Outcome: 03 Worst case death

Study Control HBOT Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Artru 1976 16/29 15/31 —a 265 1147070, 1.86]
Holbach 1974 37/50 26/49 - 48.0 .39 1.02,1.90]
Rockswold 1992 26/84 14/84 — 25.6 186 1.04,3.30]
Total (95% CI) 163 164 - 100.0 145 1.13,1.86]

Total events: 79 (Control), 55 (HBOT)
Test for heterogeneity chi-square=1.68 df=2 p=0.43 > =0.0%
Test for overall effect z=2.89  p=0.004

0l 02 05 | 2 5 10
Favours Control Favours HBOT
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Fig. 13. Comparison 03. Intra-cranial pressure

03.01 Mean peak ICP at any time overall
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 03 Intra-cranial pressure

Outcome: 0l Mean peak ICP at any time overall

Study Control HBOT Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Rockswold 1992 77 30.30 (24.30) 79 27.20 (16.00) L 100.0 3.10[-3.37,957]
Total (95% CI) 77 79 T 100.0 3.10[-3.37,957]

Test for heterogeneity: not applicable
Test for overall effect z=094 p=0.3

-100  -50 0 50 10.0

Favours Control Favours HBOT

Fig. 14. Comparison 03. Intra-cranial pressure

03.02 Mean peak ICP at any time (subgroups)

Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 03 Intra-cranial pressure

Outcome: 02 Mean peak ICP at any time (subgroups)

Study Control HBOT Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% ClI (%) 95% Cl

01 HBOT no myringotomy versus control
Rockswold 1992 77 30.30 (24.30) 42 22.10 (11.70) 100.0 820[ 1.72, 14.68 ]

Subtotal (95% Cl) 77 42 * 100.0 820[ 172, 1468 ]
Test for heterogeneity: not applicable
Test for overall effect z=248 p=0.01

02 HBOT no myringotomy versus control

Rockswold 1992 77 30.30 (24.30) 37 33.00 (20.60) 100.0 =270 [-11.27,5.87]

Subtotal (95% Cl) 77 37 100.0 =270 [-11.27,5.87 ]
Test for heterogeneity: not applicable
Test for overall effect z=0.62 p=0.5

-100.0  -50.0 0 500 1000

Favours Control Favours HBOT
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Fig. 15. Comparison 04. Adverse events of treatment

04.01 Pulmonary
Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 04 Adverse events of treatment

Outcome: 0l Pulmonary

Study Control HBOT Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Artru 1976 0/29 5/31 e 336 0.10[ 001, 1.68 ]

Rockswold 1992 0/84 10/84 —— 66.4 0.05 [ 0.00, 0.80 ]
Total (95% Cl) 113 15 —— 100.0 006 [ 001,047 ]
Total events: 0 (Control), 15 (HBOT)
Test for heterogeneity chi-square=0.12 df=1 p=0.73 > =0.0%
Test for overall effect z=2.69  p=0.007

0.0l 0.1 | 10 100

Favours Control

Favours HBOT

Fig. 16. Comparison 04. Adverse events of treatment

04.02 Neurological toxicity

Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury
Comparison: 04 Adverse events of treatment

Outcome: 02 Neurological toxicity

Study Control HBOT Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Rockswold 1992 0/84 2/84 —— 1000 020[001,4.10]
Total (95% Cl) 84 84 ——— 100.0 020[001,4.10]
Total events: 0 (Control), 2 (HBOT)
Test for heterogeneity: not applicable
Test for overall effect z=1.04 p=0.3

00l 0.1 | 10 100

Favours Control

Favours HBOT
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Review: Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury

Comparison: 04 Adverse events of treatment

Outcome: 03 Ear barotauma

Fig. 17. Comparison 04. Adverse events of treatment

04.03 Ear barotauma

Study Control HBOT Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Rockswold 1992 0/84 2/84 —— 1000 020[001,4.10]
Total (95% Cl) 84 84 ———— 100.0 020[001,4.10]
Total events: 0 (Control), 2 (HBOT)
Test for heterogeneity: not applicable
Test for overall effect z=1.04 p=0.3

0.0l 0.1 | 10 100

Favours Control

Favours HBOT
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