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ABSTRACT
Background

Poisoning with carbon monoxide (CO) remains an important cause of accidental and intentional injury worldwide. Several unblinded
non-randomized trials have suggested that the use of hyperbaric oxygen (HBO) prevents the development of neurological sequelae.
This has led to the widespread use of HBO in the management of patients with carbon monoxide poisoning.

Objectives

To examine randomised trials of the efficacy of hyperbaric oxygen (HBO) compared to normobaric oxygen (NBO) for the prevention

of neurologic sequelae in patients with acute carbon monoxide poisoning.
Search strategy

We searched the following electronic databases; Cochrane Injuries Group Specialised Register (searched June 2010), Cochrane Central
Register of Controlled Trials (7/he Cochrane Library 2010, Issue 2), MEDLINE (Ovid SP) 1950 to June 2010, EMBASE (Ovid SP)
1980 to June 2010, ISI Web of Science: Science Citation Index Expanded (SCI-EXPANDED) 1970 to June 2010, ISI Web of Science:
Conference Proceedings Citation Index-Science (CPCI-S) 1990 to June 2010.

Selection criteria

All randomised controlled trials of HBO compared to NBO, involving non-pregnant adults who are acutely poisoned with carbon
monoxide (regardless of severity).

Data collection and analysis

Two authors independently extracted from each trial information on: the number of randomised patients, types of participants, the
dose and duration of the intervention, and the prevalence of neurologic symptoms at follow-up.
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Main results

Seven randomised controlled trials of varying quality were identified; one was excluded because it did not evaluate clinical outcomes.
Of the six remaining trials involving 1361 participants, two found a beneficial effect of HBO for the reduction of neurologic sequelae
at one month, while four others did not. One of these is an incomplete publication (an abstract of an interim analysis). Although
pooled random effects meta-analysis does not suggest a significant benefit from HBOT (OR for neurological deficits 0.78, 95%CI 0.54
to 1.12), significant methodologic and statistical heterogeneity was apparent among the trials, and this result should be interpreted
cautiously. Moreover, design or analysis flaws were evident in all trials. Importantly, the conclusions of one positive trial may have been
influenced by failure to adjust for multiple hypothesis testing, while interpretation of the other positive trial is hampered by a high risk
of bias introduced during the analysis including an apparent change in the primary outcome. Both were also stopped early ’for benefit,
which is likely to have inflated the observed effect. In contrast three negative trials had low power to detect a benefit of HBO due to
exclusion of severely poisoned patients in two and very poor follow-up in the other. One trial that was said to be finished around eight
years ago has not reported the final analysis in any forum.

Authors’ conclusions

Existing randomised trials do not establish whether the administration of HBO to patients with carbon monoxide poisoning reduces
the incidence of adverse neurologic outcomes. Additional research is needed to better define the role, if any, of HBO in the treatment
of patients with carbon monoxide poisoning. This research question is ideally suited to a multi-center randomised controlled trial.

PLAIN LANGUAGE SUMMARY
There is insufficient evidence to support the use of hyperbaric oxygen for treatment of patients with carbon monoxide poisoning

Many people are poisoned by carbon monoxide gas each year, either intentionally (e.g. in suicide attempts) or by accident. Carbon
monoxide interferes with oxygen transport in the body, and can also directly damage a variety of organs including the brain. The
usual treatment involves removing the affected person from the source of the gas, general supportive care, and administering oxygen
which hastens the elimination of carbon monoxide from the body. High pressure oxygen (hyperbaric oxygen) is only available at a
few hospitals, and it is sometimes used to speed this process even further. However, the review of published trials found conflicting,
potentially biased, and generally weak evidence regarding the usefulness of hyperbaric oxygen for the prevention of neurological injury.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Hyperbaric Oxygen (HBO) compared to Normobaric Oxygen (NBO) for carbon monoxide poisoning

Patient or population: patients with carbon monoxide poisoning
Settings: hospital

Intervention: Hyperbaric Oxygen (HBO)

Comparison: Normobaric Oxygen (NBO)

Outcomes lllustrative comparative risks* (95% Cl) Relative effect No of Participants Quality of the evidlence Comments
(95% ClI) (studies) (GRADE)

Assumed risk Corresponding risk

Normobaric Oxygen Hyperbaric Oxygen

(NBO) (HBO)
Presence of symptoms Study population OR0.78 1361 DOO0O
or signs at time of (0.54t01.12) (6 studies) very low!.2.3.:4.5
primary analysis (4-6 334 per 1000 281 per 1000
weeks) (213 to 360)

Medium risk population

338 per 1000 285 per 1000
(216 to 364)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the
assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
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1 All studies had high risk of bias for various reasons. Most were unblinded and used self-reported outcomes, follow-up was sometimes
poor, and most RCTs terminated prematurely.

2 Two RCTS show extremely large benefit and four no benefit. Statistical measures indicate a high degree of heterogeneity.

3 The numbers of severe long-term clinical outcomes in the RCTS was very low and not always reported. Most studies focussed on

outcomes determined largely or entirely on non-specific self-reported symptoms.

4 The overall pooled estimate confidence interval and individual RCT reports are consistent with both benefit and harm resulting from

HBO.

> The largest RCT was negative at the interim analysis in 1996 and was stated to be completed over 8 years ago and yet has not been

published or presented in any form.



BACKGROUND

Carbon monoxide (CO) is a colourless, odourless and tasteless
gas generated during the incomplete combustion of carbon-based
compounds. Poisoning with CO remains an important cause of
accidental and intentional injury worldwide. In the United States
alone, there are an estimated 1,000—2,000 accidental deaths due
to carbon monoxide exposure each year, resulting from an esti-
mated 50,000 annual exposures (Hampson 2007).

Description of the condition

The pathophysiology of carbon monoxide poisoning is incom-
pletely understood. Upon exposure, CO binds to haemoglobin
with an affinity 210 times than of oxygen and also increases the
affinity of the remaining sites for oxygen. Thus it decreases both
the oxygen-carrying and oxygen-delivery capacity of blood. In ad-
dition to generating carboxyhaemoglobin, carbon monoxide has
been shown to lead to harm by several other mechanisms includ-
ing direct disruption of cellular oxidative processes by binding to
myoglobin and cytochromes, and during recovery there is marked
oxidative stress and inflammatory responses (Weaver 2009). Both
the direct hypoxic effects and the subsequent oxidative stress and
inflammatory processes lead to varying degrees of end-organ dam-
age, and occasionally death. The severity of poisoning is a func-
tion of the duration of exposure and the ambient concentration
of CO, and the underlying health status of the exposed individ-
ual. Although useful for diagnosis when detected, the initial car-
boxyhaemoglobin level correlates poorly with outcome (Hampson
2008; Weaver 2007).

Two syndromes are recognized to occur after acute CO poisoning:
persistent neurologic sequelae (PNS) and delayed neurologic se-
quelae (DNS) (Weaver 1999; Weaver 2009). The former is char-
acterized by symptoms or signs attributable to CO poisoning that
are evident immediately following poisoning. These may improve,
although not always to the premorbid state. The latter is charac-
terized by the development of new symptoms or signs referable to
CO poisoning, occurring after a period of days to weeks. This de-
terioration may be abrupt and dramatic. In both instances, how-
ever, the signs and symptoms can be non-specific, and the entities
may be difficult to distinguish from each other. The symptoms
and signs range from subtle personality changes, mood disorders
and memory loss to (much less commonly) focal neurological in-
juries and other severely disabling manifestations of hypoxic brain
injury. The definitions for this outcome in clinical studies have
varied considerably.

Description of the intervention

Hyperbaric oxygen (HBO) refers to the administration of 100%
oxygen at pressures higher than atmospheric pressure. This is per-
formed in a hyperbaric chamber. However, there are a very wide

range of protocols used in the treatment of carbon monoxide poi-
soning involving different pressures, durations, and repeated treat-
ments (Hampson 2006), and this variation is also apparent in the
RCTs in this review.

How the intervention might work

Standard treatment for CO poisoning includes removal from the
site of exposure, administration of supplemental oxygen, and gen-
eral supportive care (Wolf 2008). The elimination half-life of car-
boxyhaemoglobin (approximately 320 minutes in room air) is
shortened approximately five-fold by the administration of 100%
oxygen at atmospheric pressure (normobaric oxygen, NBO). The
administration of HBO further hastens the elimination of car-
boxyhaemoglobin (Jay 1997). Animal studies have demonstrated
benefits of HBO on a range of parameters including learning and
memory (e.g. Thom 2006); although other animal studies have
shown equal effects from NBO and HBO on such parameters (e.g.
Bunc 2006; Gilmer 2002).

Why it is important to do this review

Several unblinded, non-randomised trials and case series suggested
that the use of HBO prevents the development of PNS and/or
DNS. These observations led some clinicians to use HBO for se-
lected patients with carbon monoxide poisoning, although there is
considerable variability in clinical practice. Because HBO is avail-
able at only a few hospitals (necessitating the transfer of potentially
unstable patients), is substantially more expensive than NBO, and
is occasionally complicated by barotrauma (Weaver 2009), seizures
(Sanders 2009), pulmonary edema (Weaver 2001) and claustro-
phobia, its superiority over NBO in this setting should be estab-
lished (Wolf 2008). This review was undertaken to examine the
effect of HBO on the development of neurologic symptoms due
to CO poisoning one month after treatment.

OBJECTIVES

To examine the efficacy of HBO in reducing the prevalence of
neurologic signs and symptoms approximately 4 to 6 weeks fol-
lowing treatment in patients with acute CO poisoning.

METHODS

Criteria for considering studies for this review

Hyperbaric oxygen for carbon monoxide poisoning (Review)
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Types of studies

The analysis was limited to randomised controlled trials, with or
without blinding. Trials that used surrogate outcome measures, did
not report a frequency of neurologic sequelae, or did not present
data allowing the calculation of the frequency of neurologic symp-
toms at one month were excluded from the analysis.

Types of participants

All non-pregnant adults acutely poisoned by carbon monoxide.

Types of interventions

Studies were included in which patients with CO poisoning were
randomised to receive either HBO or NBO.

Types of outcome measures

The main outcome measure of interest was the presence of signs
or symptoms possibly indicative of neurologic injury at follow-up
(approximately 4 to 6 weeks) after randomisation. No universally
accepted criteria exist for the diagnosis of persistent neurologic
sequelae (PNS) or delayed neurologic sequelac (DNS) and out-
comes were defined and measured differently in each study. In the
absence of a well-defined, mutual outcome measure for all studies,
we retained the definitions of neurologic sequelae presented by
investigators in their reports.

The signs and symptoms were often non-specific and included
headache, confusion, difficulty concentrating, and sleep distur-
bances, ataxia, and difficulty with memory and executive process-
ing, all of which are plausibly related to CO exposure. All stud-
ies simply reported neurological sequelae as present or absent at
specified times of follow-up. While it is possible that HBO may
also reduce the severity of neurologic sequelae among affected per-
sons, no trials formally compared severity ratings or other non-di-
chotomised measures of function between NBO and HBO-treated
patients.

Search methods for identification of studies

The searches were not restricted by date, language or publication
status.

Electronic searches

We searched the following electronic databases;

e Cochrane Injuries Group Specialised Register (searched 07
June 2010),

e Cochrane Central Register of Controlled Trials (7he
Cochrane Library 2010, Issue 2),

e MEDLINE (Ovid SP) 1950 to May Week 4 2010,

e EMBASE (Ovid SP) 1980 to Week 22 (June) 2010,

e PubMed [www.ncbi.nlm.nih.gov/sites/entrez/] (searched 9
June 2010 (added to PubMed in the last 180 days)),

o ISI Web of Science: Science Citation Index Expanded (SCI-
EXPANDED) 1970 to June 2010,

o ISI Web of Science: Conference Proceedings Citation

Index- Science (CPCI-S) 1990 to June 2010.

The electronic search strategies were formulated and run by the
Cochrane Injuries Group’s Trials Search Co-ordinator. The search
strategies are reported in full in Appendix 1.

Searching other resources

Additional references were sought from experts who have pub-
lished widely in the area. We also examined the reference lists of
relevant papers identified by the search as well as other published
reviews. We also searched the meta-register of controlled trials
for trial protocols (www.controlled-trials.com) - [searched June
2010].

Data collection and analysis

The Cochrane Injuries Group Trials Search Co-ordinator ran the
searches and collated the search results, using bibliographic soft-
wate so that duplicates could be removed before passing the results
on to the review authors.

Selection of studies

Two authors (DN]J, NAB) screened the electronic search results
for possibly relevant trials and these articles were retrieved in full.
An additional abstract (Mathieu 1996) was identified in a manual
search of the reference lists of the other studies. We also identi-
fied abstracts of the interim analyses of three trials (Scheinkestel
1999; Thom 1995; Weaver 2002) as well as reports that included
analyses of other outcomes from one trial (Weaver 2002; Weaver
2005). Several trials of HBO with objectives other than treat-
ment of carbon monoxide poisoning were excluded without fur-
ther evaluation. Three RCTs which gave HBO to all patients were
also excluded (Gao 2002; Hampson 2006; Weaver 2007). Seven
potentially relevant trials were identified. One trial was excluded
because of inadequate allocation concealment and absence of any
recorded clinical outcomes (Ducasse 1995).

Data extraction and management

Two reviewers (DN], NAB) extracted data from each trial includ-
ing information on the participants (age and gender distribution,
mode of poisoning, carboxyhaemoglobin level upon randomisa-
tion, and history of loss of consciousness), the interventions (du-
ration and dose of NBO and HBO), and presence of signs and
symptoms at follow-up. Insufficient data were available to exam-
ine the effect of HBO in any subgroup of patients.

Hyperbaric oxygen for carbon monoxide poisoning (Review)
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Assessment of risk of bias in included studies

The methods used in the review have been updated since publica-
tion of the protocol, to reflect revised guidance from The Cochrane
Collaboration. The following items were assessed using the risk of
bias assessment tool (Higgins 2008).

* Was there adequate sequence generation?

* Was allocation adequately concealed?

* Was knowledge of the allocated interventions adequately pre-
vented during the study?

* Were incomplete outcome data adequately addressed?

* Are reports of the study free of suggestion of selective outcome
reporting?

* Was the study apparently free of other problems that could put
it at a risk of bias?

Two authors (EL, MHB) independently assessed the risk of bias
of each included study against these criteria. Studies that did not
adequately address these criteria were considered at high risk of
bias. Authors were not blinded with respect to study authors, in-
stitution, or journal. The authors resolved disagreements by con-
sensus, with a third author (NB) to be consulted if disagreements
persisted.

Where the method of allocation concealment was not reported, or
where additional information was required to appropriately assess
study quality, the principal authors of these trials were contacted
for clarification. We contacted the authors of four studies and
received two replies; however, the responses did not uniformly
clarify our questions.

Measures of treatment effect

All trials reported dichotomised outcomes (normal/sequelae) al-
though the definition of these varied between trials. For the pur-
pose of pooled analysis these were converted to odds ratios. No
study reported results comparing the severity of neurological se-
quelae among affected patients in the NBO and HBO groups.

Assessment of heterogeneity

The trials are extremely heterogenous in terms of their set-
tings, types of participants, severity of poisoning, interventions
in HBO and NBO arms and outcome measure definitions (see
Characteristics of included studies). [Formal statistical assessment
of heterogeneity was not possible due to the small number of stud-
ies.] For this reason a random (rather than fixed) effects model was
applied to the pooled analysis.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies.

Of the six trials included, five are published in final form (Annane
2010; Raphael 1989; Scheinkestel 1999; Thom 1995; Weaver
2002). One has only been published as an abstract of an interim
analysis (Mathieu 1996), is not registered, and the lead author
has not responded to repeated requests for further information.
Data from all six trials are incorporated in this review, although it
is possible that more details regarding this last trial may become
available when it is published in final form. The extensive delay to
date raises questions as to whether this trial will ever be published.
The diagnosis of carbon monoxide poisoning was generally made
by a history of exposure to carbon monoxide and an elevated car-
boxyhaemoglobin level. The severity of CO poisoning varied in the
individual trials. Two studies stratified randomisation according to
whether or not there was a history of loss of consciousness (Annane
2010; Raphael 1989). In the earlier of these (Raphael 1989), only
patients with no initial loss of consciousness were randomised to
HBO vs. NBO, while in the latter (Annane 2010), patients with
transient loss of consciousness were randomised to HBO vs. NBO.
In both of these studies, patients with more marked impairment of
consciousness were randomised to different doses of HBO; these
patients were not considered in this review. Two trials only enrolled
patients with no loss of consciousness or cardiovascular instability
(Mathieu 1996; Thom 1995), while two other trials included all
patients with CO poisoning regardless of severity (Scheinkestel
1999; Weaver 2002).

Each principal investigator confirmed that virtually all patients
received treatment with supplemental oxygen prior to randomisa-
tion, which would be considered standard practice.

The patients, interventions, completeness of follow-up and out-
comes assessment varied significantly among the trials (see section
on included studies for full details). Only two trials (Scheinkestel
1999; Weaver 2002) employed ’sham dives’, exposing control sub-
jects to NBO in a hyperbaric chamber.

The duration, timing, and dose of both HBO and NBO also
varied greatly among studies. Two studies from the same unit
(Annane 2010; Raphael 1989) used an active treatment of HBO
at 2 atmospheres absolute (ATA) for two hours followed by 100%
oxygen at atmospheric pressure for four hours, while the control
group received 100% oxygen for six hours. Another trial (Thom
1995) varied the intensity of HBO in the active treatment arm,
using 2.8 ATA for 0.5 hours followed by 2 ATA for 1.5 hours. In
this trial the control group received 100% oxygen at 1 ATA for a
variable duration (mean = 4.2 hours). A trial published thus far
only as an interim analysis (Mathieu 1996), randomised patients to
HBO at 2.5 ATA for 90 minutes or NBO for 12 hours. In another
trial (Weaver 2002), patients in the active treatment arm received
three sessions of HBO, including an initial treatment of 3 ATA for
1 hour followed by 2 ATA for 1 hour, with two additional 2-hour
treatments of 2 ATA at 6-12 hour intervals. Controls underwent

sham dives with NBO at 1 ATA.

Hyperbaric oxygen for carbon monoxide poisoning (Review)
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The intervention in one trial (Scheinkestel 1999) was unusual and
substantially different from other studies. Patients randomised to
active treatment received HBO at 2.8 ATA for 60 minutes fol-
lowed by 100% oxygen by face mask for 40 minutes, but were
then administered high-flow oxygen for the remainder of the day.
This sequence was repeated daily for a total of three days. A fur-
ther 28% received three additional treatments because they were
deemed to have a poor outcome. The control group was treated
with 100% NBO for 100 minutes followed by high-flow oxygen,
repeated daily for three days. Thereafter, 15% underwent the same
three-day regimen repeated because they were felt to have a poor

outcome.

Risk of bias in included studies

All included trials were at considerable risk of bias (see
Characteristics of included studies). One study had very limited re-
porting of methods as it was published only as an abstract (Mathieu
1996). It is unclear why this negative study (at the interim analysis)
has never been published in full but the risk of bias from this study
must be judged to be consequently very high. Four studies includ-
ing this one had minimal or no blinding (Annane 2010; Mathieu
1996, Raphael 1989; Thom 1995) and all participants and study
personnel were probably aware of allocation. In these trials dou-
ble-blinding was not possible as the control patients did not enter
a hyperbaric chamber and the possibility of performance, attrition
or detection bias is particularly strong as the main outcomes were
the patient’s reports of new symptoms.

Only two trials (Weaver 2002; Scheinkestel 1999) stipulated that
patients and outcome assessors were blind to treatment alloca-
tion. This was facilitated by sham treatments in the hyperbaric
chamber. However these studies had other factors that indicated
there was still a high risk of bias. Even for these blinded studies, it
would have been relatively easy for those conducting the analysis
to identify treatment arms in light of specific adverse events seen
with hyperbaric therapy, which would be much more common
in that treatment arm of the trials. It appears that a large risk of
bias was introduced during analysis in both these trials. In one
trial (Weaver 2002), numerous assumptions were applied, all of
which favour HBO. These include well documented changes in
the primary outcome as well as the diagnostic thresholds for their
definition of neurologic sequelae (Buckley 2005; Buckley 2005a).
A detailed exposition of these is available in the Risk of bias ta-
bles in Characteristics of included studies. In the other blinded
study, multiple analyses were applied without statistical adjust-
ment reaching a tenuous conclusion that HBO increased the rate
of DN in one sub-group (Scheinkestel 1999). Each of the studies
published in full adequately outlined the numbers of patients lost
to follow-up and reasons for this. However, follow-up was partic-
ularly poor in this negative study (Scheinkestel 1999), in which
only 46% of subjects were evaluated one month after treatment.

For further explanations and detailed trial quotes see Risk of bias
tables in Characteristics of included studies.

Effects of interventions

See: Summary of findings for the main comparison Hyperbaric
Oxygen (HBO) compared to Normobaric Oxygen (NBO) for
carbon monoxide poisoning

The six trials enrolled a total of 1997 patients, of whom 1335 were
randomised to either HBO or NBO and had outcomes recorded.
The severity of CO poisoning, the treatment regimens, and out-
come assessment varied significantly among trials.

The prevalence of persistent signs or symptoms of CO poisoning
(as defined by the investigators) at 4 to 6 weeks following treatment
was 202 of 691 (29%) patients treated with HBO, compared with
219 of 644 (34%) patients treated with NBO. In a pooled analysis
using a random effects model, no statistically significant reduc-
tion in neurologic sequelae was associated with HBO treatment
(OR 0.78; 95% confidence interval 0.54 to 1.12) (Analysis 1.1),
although the point estimate favoured treatment. Simple pooling
of trial results with a confidence interval should not be taken to
be a true estimate of the predicted effects of treatment expected in
future studies or individuals (Riley 2011). The methodologic and
statistical heterogeneity among the various trials and the high risk
of bias in all studies even further increase the uncertainty around
any estimate, well beyond that provided by statistical techniques.
Sub-group analyses of specific groups of patients (e.g. those with
more severe poisoning, those with deliberate self-poisoning, or
those who received treatment relatively early) was not possible
because individual patient characteristics and outcomes could not
be determined from each study.

Detailed review of the trials and, where available, earlier published
abstracts of interim analyses, identified several aspects that warrant
interpretive caution with regard to the reported effect of the inter-
ventions in individual studies (also see Characteristics of included
studies):

Raphael 1989 & Annane 2010

These trials found no benefit from HBO over NBO, but the inves-
tigators only permitted less severely poisoned patients to be ran-
domised to HBO or NBO. Because interventions are, in general,
most likely to show benefit in patients with more severe disease,
the possibility of type Il error in these trials is high. Consequently,
this trial does not disprove a benefit of HBO, particularly in more
severely poisoned patients.

Thom 1995

This study was the first published RCT to claim a benefit from the
use of HBO, however it was very small and outcome assessment
was performed by unblinded clinicians. The statistical analysis
raises several issues that all substantially increase the likelihood of a
type Lerror. These include a failure to adjust the level of significance
for an interim analysis and multiple comparisons, implausibly high
levels of statistical significance (P<0.005) presented at the interim

Hyperbaric oxygen for carbon monoxide poisoning (Review)
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analysis, and the trial’s seemingly premature termination based
upon the main analysis. (Although no sample size calculation was
reported, no power calculation would have led to the design of
such a small trial for this outcome.)

Mathieu 1996

This trial is reported only as an interim analysis. Although no sta-
tistically significant difference in neurologic symptoms was found
between treatment arms at 1 month (26% with NBO vs. 22%
with HBO), a difference was reported at 3 months (15% vs. 9%;
P=0.016). No significant difference was reported at 6 months fol-
low-up (10% vs. 6% respectively; P= 0.09) or 1 year (5% vs. 4%
respectively), although the final results of this trial have yet to be
reported in any forum. Of note, this trial is sometimes character-
ized as demonstrating a benefit to HBO (Hampson 2004; Thom
2002) based solely upon the interim analysis findings at 3 months,
despite a lack of adjustment for multiple hypothesis testing and
the absence of a significant difference at other intervals.
Scheinkestel 1999

This is the only negative study published to date in which control
patients received sham treatment in a hyperbaric chamber. The
trial enrolled a relatively large number of patients with attempted
suicide, and patients in both arms of the trial were treated with
continuous normobaric oxygen for 3 days, which is not generally
accepted as standard practice. The most serious threat to the inter-
pretation of this study is that only 46% of patients randomised to
treatment were followed up at 4 to 6 weeks. Because of the strong
possibility that patients lost to follow-up were systematically dif-
ferent from those in whom follow-up testing was obtained, the
results of this trial are difficult to interpret.

Weaver 2002

This is the only positive study published to date in which con-
trol patients received sham treatment in a hyperbaric chamber.
While the technical aspects of the conduct of this trial (e.g. blind-
ing, randomisation, allocation concealment, high follow-up) are
clearly superior to previously published trials and the effect size of
HBO appears large, this trial’s interpretation is hampered by the
high risk of bias introduced during analysis. First, although the fi-
nal publication (Weaver 2002) describes a primary outcome of all
neurologic sequelae, the originally intended endpoint was delayed
neurologic sequelae (Weaver 1995) and subsequent reports indi-
cate there was no significant difference for this outcome (Weaver
2005). Second, the thresholds for the definition of neurologic se-
quelae itself changed between the interim analysis (Weaver 1995)
and the final publication (Weaver 2002), in which non-specific
symptoms were the primary determinant of a statistical differ-
ence between treatments. In the final publication (Weaver 2002),
neuropsychological testing identified no difference between HBO
and NBO; indeed, the mean neuropsychological testing scores for
patients treated with NBO were within the normal range. It is
probable that additional bias was introduced in the analysis from
the drop-out and last observation carried forward assumptions for
6, 26 and 52 week outcomes and the premature termination of

the trial “for benefit”, all of which increased estimates of the mag-
nitude of benefit for HBO. [Note that although the interim and
efficacy analyses were performed blind to the assignment, the very
different chamber-related adverse event rates in the two arms sug-
gest that anyone with access to the comparison of the rates of these
outcomes would have been able to identify treatment allocation.]

DISCUSSION

This systematic review identified all published randomised con-
trolled trials of HBO vs. NBO for the treatment of acute carbon
monoxide poisoning. The six included trials enrolled patients with
carbon monoxide poisoning of varying severity, employed differ-
ent regimens of hyperbaric and normobaric oxygen, had varying
degrees of follow-up, and were subject to various biases and ana-
lytical flaws that may have substantially influenced their conclu-
sions. Only two of these trials (Scheinkestel 1999 and Weaver
2002) were conducted in a double-blind fashion, and none re-
ported clinically significant long-term outcomes. HBO has poten-
tial to cause harm as well as benefit. This includes the expected
and well-known common bariatric and hyperoxic adverse effects.
The significantly worse outcomes with 2 vs. 1 HBO treatments
(Annane 2010 - Trial B (excluded from this review)) suggests the
possibility that in some circumstances HBO might even worsen
the risk of neurological sequelae.

Although we present a pooled analysis of these six studies suggest-
ing no statistically significant difference between HBO and NBO
(OR0.78; 95% confidence interval 0.54 to 1.12), we caution that
the methodologic and statistical heterogeneity of the six trials ren-
ders this analysis difficult to interpret (Riley 2011). Subanalyses
by severity, intent, and duration of poisoning were not possible.
The overall non-significant difference is not dependent on the data
from any single study, a meta-analysis of any 5 of the studies or
just the 5 published in full remains non-significant.

During the course of this review we also identified several
publications authored by recognized content experts. These of-
ten promoted the use of HBO based on the results of the
two positive trials (Weaver 2002) and, occasionally, the 3-
month interim analysis of Mathieus study (Hampson 2004;
Mathieu 1996; Thom 2002) without addressing the limita-
tions set forth above. We acknowledge that many in the
hyperbaric medicine community strongly advocate the posi-
tion that HBO has been established as effective (e.g. Stoller
2007, Weaver 2009, http://www.cochranefeedback.com/cf/cda/
citation.do?id=9585#9585; http://www.cochranefeedback.com/
cf/cda/citation.do?id=9569#9569; Logue 2008), and that further
placebo-controlled studies are therefore unethical. Other groups
disagree with that position, explicitly (Wolf 2008; Morrison 2010)
or implicitly (Vanden Hoek 2010) calling for additional clinical
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trials. Based on the extreme heterogeneity of results from pub-
lished clinical trials and the significant limitations of these trials,
as detailed above, we believe that additional placebo-controlled
clinical trials of HBO for the treatment of CO poisoning are ethi-
cal, warranted, and necessary. It should be noted that, at present,
no registered trials meeting our inclusion criteria are currently in
progress.

AUTHORS’ CONCLUSIONS

Implications for practice

Existing randomised controlled trials of HBO vs. NBO in the
treatment of non-pregnant adults with acute carbon monoxide
poisoning provide conflicting results regarding the efficacy of
HBO. All published studies have limitations that threaten and
may invalidate their conclusions.

Based on the results of these trials, HBO cannot be routinely
recommended for the treatment of CO poisoning. It is possible
that some patients, particularly those with more severe poisoning,
may derive benefit from treatment, but this remains unproven.

Implications for research

Additional research is needed to further define the role, if any, of
hyperbaric oxygen in the treatment of carbon monoxide poisoning
in various subsets of patients. Because carbon monoxide poisoning
occurs commonly in diverse settings, this research is ideally suited
to a multi-centre randomised trial. Given the heterogeneity of
results in the published trials, we believe equipoise for such a trial
exists.

In order to minimize bias, future studies should employ a triple-

blind technique (investigators, patients, and outcome assessors)

using sham dives in a hyperbaric chamber for control subjects (as
in Weaver 2002 and Scheinkestel 1999). However, in order to
minimise the impact of any inadvertent unblinding during anal-
ysis, the trial should be prospectively registered with explicit defi-
nitions of primary and secondary outcomes and monitored in an
ongoing fashion by an independent data monitoring committee.

The use of meaningful clinical outcomes is encouraged, while mul-
tiple hypothesis testing should be minimized unless investigators
make appropriate statistical adjustments to minimize inflation of
the type I error rate. Stratified analyses of several clinically im-
portant patient subgroups (including those with deliberate self-
poisoning, impaired consciousness, and those treated shortly after
exposure) should be conducted; these should also be pre-specified.

Importantly, given the absence of reliable evidence that patients
with severe CO poisoning benefit from HBO therapy, exclusion
of such patients from future trials is not justified. Indeed, the
potential to demonstrate any effects of treatment is greatest in
this population, because they are at the highest risk of adverse
outcomes (Sackett 2001).
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Annane 2010

Methods

Prospective, randomised unblinded trial. Similar to the eatlier trial by the same inves-
tigators, randomisation was stratified by history of “transient loss of consciousness” vs.
“initial coma”. Patients without impaired consciousness were excluded. Patients with
“transient loss of consciousness” were randomised to HBO vs NBO (“Trial A”) and are
included in this review. A separate group of patients with “initial coma” was randomised
to receive 1 vs. 2 HBO treatment sessions (“Trial B”), and are not considered in this
review.

The terms “transient loss of consciousness” and “initial coma” were defined by the au-
thors as follows: “Eligible patients were classified by [the] attending physician into those
who experienced transient loss of consciousness (malaise, syncope; trial A) or coma as
confirmed by a household member or a rescuer (trial B).” “Coma was defined as a Glas-
gow coma score of <8. Transient loss of consciousness or malaise or syncope was defined
as normal consciousness at the time the patient was rescued and he/she could not recall
what happened and/or reported that he/she had loss [of] consciousness.“ However, the
definitions were difficult to apply; 14 people with initial impaired consciousness were
unable to be classified into either group and were excluded from both studies, 6 patients
randomised in Trial A should have been randomised in Trial B, and 12 patients ran-
domised in Trial B should have been randomised in Trial A.

Participants

179 patients > 15 years of age presenting for therapy between Oct 1989 and Jan 2000
within 12 hours of exposure with a COHb of >5% if a non-smoker or >10% if a smoker
and a history of transient (but not sustained) loss of consciousness. Key exclusion criteria
included: suicide attempt, non-domestic poisoning, inhalation of smoke or other toxic
gasses other than CO, and pregnancy.

Interventions

In ”Trial A%, patients with “transient loss of consciousness” were randomised to receive
mask oxygen alone for 6 hours (NBO) or mask oxygen for 4 hours and HBO at 2.0 ATA
for 120 minutes including 30 minutes compression/decompression. In addition, HBO
patients received diazepam 10 mg IM.

Outcomes

The primary study endpoint was the proportion of patients with complete recovery 1
month after poisoning. Quote: “Complete recovery was defined as an absence of symp-
toms reported on the self-assessment questionnaire with a normal physical exam (in-
cluding normal neuropsychological functions). These assessments were performed “by
one intensive care physician qualified in neurology who remained blinded to patients’
treatment arm,” or by the patient’s primary care physician. The type of neuropsycholog-
ical testing employed and thresholds considered abnormal are not described. Sequelae
were defined as “moderate” if they consisted of patient-reported symptoms only, and
“severe” if any abnormalities were detected on examination. Key secondary outcomes
included the proportion of patients with persistent or delayed neurological sequelae and
the proportion able to resume their former occupational activity.

No difference in the primary or key secondary outcomes were evident, with symptoms
present in 33/79 (42%) HBO patients 29/74 (39%) of control patients one month after

poisoning/treatment. These results remained statistically insignificant, with the point
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estimate slightly favouring NBO, following adjustment for sex, duration of intoxication,
time to randomisation and initial COHDb level.

Notes

This trial was originally reported in abstract in 2004 (Raphael 2004) and included
in our previous review. The trial protocol was retrospectively added to a clinical trials
registry (https://register.clinicaltrials.gov with number NCT01100515 for trial A). Some
additional unpublished information was made available from a 1989 protocol provided
by the authors. Trial stopped because interim analysis of Trial B indicated 2 x HBO
treatments were inferior to one (47% with complete recovery vs 68% respectively). Trial
A stopped at the same time as interim analysis indicated the results were close and
suggested “futility of treatment continuation®.

Although “trial B” of this study did not meet inclusion criteria for this review, it can be
used to examine whether a dose/duration-response effect of HBO is apparent. In “trial
B” (a more seriously poisoned group than the above), the proportion of patients with
residual symptoms 1 month after poisoning was greater among patients who received
two HBO sessions (53%) than in those treated with one HBO session (32%), suggesting
harm associated with an increased total duration of HBO.

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation?

Yes Quote: “An independent statistician pre-
pared a computer-generated allocation se-
quence for each trial (A and B).“

Allocation concealment?

Yes Quote: "Patients were randomised by using
numbered sealed envelopes.
Comment: The authors do not report if
there was cluster randomisation or how
groups of patients who presented simulta-
neously from the same incident were ran-
domised. The authors do not report if
blocking was used [although this seems un-
likely as there was an imbalance (86 vs 93)

].

Blinding?
All outcomes

No Quote: At 1 month, patients completed
a self-assessment questionnaire with yes/
no items about headaches, tiredness, mem-
ory impairment, difficulty in concentrat-
ing, difficulty in sleeping, visual disorders,
and new difficulties with social or profes-
sional activities. They underwent a thor-
ough physical examination at the ICU out-
patient clinic by one intensive care physi-
cian qualified in neurology who remained
blinded to patients’ treatment arm.
Comment: The patient and treating team
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were not blinded as there was no attempt at
sham treatment. While physical examina-
tion was said to be blinded to the patient’s
treatment allocation all outcomes in Trial
A (and most in Trial B) were based on self-
reported symptoms.

Incomplete outcome data addressed? Yes
All outcomes

Quote: "At 1 month, 26 patients (14.5%)
were lost to follow-up.; ”sensitivity analy-
ses yielded consistent findings when lost to
follow-up patients were classified as failures
[OR =0.89 (CI, 0.50-1.60)] or as successes
[OR = 0.93 (CI, 0.50-1.71)], and regard-
less of the method used to treat missing val-

ues (Table 3).“

Free of selective reporting? Unclear

The trial was retrospectively registered after
completion. The results are consistent with
an abstract presented in 2004. All impor-
tant clinical secondary outcomes were pre-
sented. However the original 1989 proto-
col (in French) suggested some other out-
comes were to be recorded [paraphrased
from translation of the unpublished pro-
tocol] ”Assessment of outcomes would in-
clude....the fate of patients (back at home,
convalescent and nursing homes), dura-
tion of hospitalisation, changes in mus-
cle enzymes and liver function, chest x-
ray changes, electrocardiogram changes in-
cluding secondary manifestations (arrhyth-
mias, conduction, appearance of disorders
of repolarization, abnormal QRS complex)
and electroencephalogram changes (possi-
ble outcome).

Comment: None of these outcomes were
likely to be common in Trial A as the over-
all outcome was very good (only 1/179 pa-
tients not resuming former activity). The
outcomes of interest to this review were re-

ported in full.

Free of other bias? Unclear

Power/Sample size/stopping rules:

Quote: “Sample sizes for trial A and B were
calculated separately. In trial A, assuming a
1 month recovery rate of 40% in the refer-
ence group (A0), 245 patients were needed
per treatment arm to detect an absolute dif-
ference of at least 15% in recovery rates

Hyperbaric oxygen for carbon monoxide poisoning (Review)
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with a type I error of 0.05 and a type II
error of 0.10 using a two-sided test.”
Quote: “One interim analysis was sched-
uled after inclusion of 300 patients to al-
low premature study termination if data
suggested a large difference between treat-
ment arms, serious treatment-related ad-
verse events, difficulties in conducting the
trial, or fudility”.

Quote: “The trial was terminated prema-
turely after the interim analysis (January
2000), based on a total of 385 patients,
showing that, in comatose patients (trial B)
, the 1 month complete recovery rate was
lower in the “ewo HBO sessions” arm com-
pared to the “one HBO session” arm (47 vs.
68%, P = 0.007). Furthermore, in trial A
patients, recovery rates were close (61% in
control arm vs. 58% in experimental arm)
, suggesting futility of treatment continua-
tion. Accordingly, we decided to terminate
trial A also.”

Comment: Trial A appears to have been
stopped largely on the basis of the results
from Trial B which was poorly justified.
However, while this reduced the power of
the study, it is unlikely to lead to a bias.

Mathieu 1996

Methods Prospective, randomised, unblinded trial.

Participants 575 non-comatose nonpregnant patients with no evidence of mixed poisoning, recruited

over 3 years. COHb > 10%.

Interventions HBO at 2.5 ATA for 90 minutes (plus 15 minutes each for compression and decom-

pression) vs. 12 hours of NBO.

Outcomes Neuropsychologic testing at 1, 3, 6, and 12 months. "Persistent neurological manifesta-
tions’ were present in 23% of HBO arm and 26% of NBO arm at 1 month, but detailed

data were not presented.

Notes Data from abstract of 1996 interim analysis only. This trial is not registered and no later

data were available for analysis at the time of the 2005 or 2011 review. Author contacted
in 2004 and 2010 but no further information provided.

Risk of bias
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Item

Authors’ judgement

Description

Adequate sequence generation?

Unclear

Quote: “After randomisation patients are
treated either by a HBO session (2.5 ATA,
90 min) or by 12 hours normobaric pure
oxygen.”

Allocation concealment?

Unclear

Not mentioned.

Blinding?

All outcomes

No

Not mentioned. Without sham therapy
blinding would not be possible.

Incomplete outcome data addressed?
All outcomes

No

Quote: “At 1 month, follow-up shows fewer
(although not statistically significant) per-
sistent neurologic manifestations in the
HBO group than in the NBO (23% vs
26%). At 3 months, a large significant dif-
ference exists (HBO: 9.5% vs NBO: 15%;
p=0.016). The difference becomes less im-
portant at 6 months (6.4% vs 9.5%; p=
0.09) and disappears at 1 year (4.3% vs 5%)

Comment: No information on drop-outs

provided.

Free of selective reporting?

Unclear

Quote: “Patients were all discharged from
the hospital with a normal neurologic ex-
amination. At 1 month, follow-up shows
fewer (although not statistically significant)
persistent neurologic manifestations in the
HBO group than in the NBO (23% vs
26%). At 3 months, a large significant dif-
ference exists (HBO: 9.5% vs NBO: 15% ;
p=0.016). The difference becomes less im-
portant at 6 months (6.4% vs 9.5% ; p=
0.09) v and disappears at 1 year (4.3% vs
5%).”

Quote: “The study is continued to allow
proper subgroup analysis.”

Comment: Abstract published in 1996, the
final report or a later interim analysis has
not been presented in any forum.

Free of other bias?

Unclear

Power/sample size/interim analysis/publi-
cation:

Quote: “An interim analysis was planned at
the end of the third year”.

“The study is continued to allow proper
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subgroup analysis”.

Comment: No sample size calculation. No
response to request for further information
in 2004 or 2010.

Raphael 1989

Methods

Prospective, randomised, unblinded trial. Randomization stratified according to history
of loss of consciousness (LOC). Allocation by sealed opaque envelopes, not sequentially
numbered. Only those with no history of LOC randomised to HBO vs. NBO; more
severe patients randomised to different regimens of HBO. Only the HBO vs NBO group
included in this review.

Participants

629 adults admitted within 12 hours of termination of CO exposure. Inclusion: age >15
years, admitted within 12 hours, COHb >10% (smoker) or 5% (nonsmoker). Exclusion:
other intoxication, pregnancy, cardiovascular collapse, pulmonary edema, non-feasible
HBO (technical problems etc.), difficulty in stratifying into groups A or B (by LOC),
refusal by patient. Of enrolled patients, 343 were randomised to receive either HBO or
NBO.

Interventions

Only those without history of loss of consciousness randomised to HBO [HBO for 2h
followed by 100% oxygen by mask for 4h (where HBO regimen included 30 minutes
compression & decompression flanking 60 minutes at 2.0 ATA.)] vs. NBO [100%
oxygen by mask for 6h]. Other patients randomised to HBO x 1 vs. HBO x 2 not
included in this review’s analysis.

Outcomes

Intention to treat analysis. Outcome measures included self-assessment questionnaire
and physical examination by neurologist (unblinded) at one month, with no difference
in outcome (symptoms present in 50 of 158 patients (32%) treated with NBO vs. 51 of
159 patients (32%) treated with HBO at one month).

Notes

The second part of this study involving patients who had initial impairment of con-
sciousness did not meet inclusion criteria for this review. In this group of patients, the
proportion with residual symptoms 1 month after poisoning was greater among patients
who received two HBO sessions (48%; group B2) than in those treated with one HBO
session (46%; group B1). This difference was not statistically significant and the trend
did not provide any support for a dose-response relationship for HBO.

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation?

Unclear Quote: “Treatment was randomly selected
by means of sealed envelopes and randomi-

sation was stratified according to patient

group.”

Allocation concealment?

Unclear No mention of concealment strategies.
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Blinding? No Quote (from discussion): “A double-blind

All outcomes trial with sham HBO therapy might have
been the ideal solution but both feasibility
and security problems would have made it
impossible to conduct such a study on a
large scale.”
No record of attempts to blind participants
or assessment. The descriptions of the out-
come measures employed were vague and
therefore potentially open to interpretation
by the unblinded assessors.

Incomplete outcome data addressed? Yes Outcome data reported on 317 of the 343
All outcomes patients randomised.
Quote “The differences remained non sig-
nificant even when all patients lost to fol-
low-up were assumed to have recovered or
when all were assumed to have been left
with sequelae.”

Free of selective reporting? Yes Intent to treat analysis:

Quote: “Patients were not informed of
the randomisation procedure because in-
formed consent would have been difficult
to obtain in an emergency setting and was
not required by French regulations at the
time. However, the treatment to be given
was explained in detail to the patient (or
family if the patient was comatose). If pa-
tients refused the allocated treatment af-
ter randomisation they were still retained
in the study and analysed according to the
treatment intended”

Quote “Most patients received the treat-
ment allocated. 9 patients (3 Al, 2 Bl, 4 B2)
refused HBO, 2 group AO received one
HBO session by mistake”.

Scheinkestel 1999

Methods Prospective double-blind RCT of HBO vs. NBO. Cluster randomisation for patients
presenting simultaneously. Allocation through sealed opaque envelopes, not sequentially
numbered. Patients and outcome assessor blind to allocation, technicians and nurses not.

Stratified by vent/non-vent and suicide vs. accidental exposure.

Participants 230 patients sequentially referred to single centre in Australia. Inclusion: all referred.
Excluded (n=39): children, burn victims, pregnant, refusal of consent. Two groups similar
for all important variables. 89% male, coma in 50.6%, average COHb 21%. Large
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number of suicide attempts (69%), co-intoxication (44%), and severe poisonings (73%)

Interventions

All patients given high-flow O2 prior to randomisation. Randomized to daily treatment
(for 3 days) with HBO (100 minutes; 60 minutes at 2.8 ATA) vs. NBO (100 minutes
of 100% O2 at 1 ATA) as a sham dive. All patients received 100% oxygen via mask
continuously between sessions (i.e. 100% oxygen for more than 2 days). After third
treatment, patients with deficits were treated again, with high-flow oxygen in between.
3 additional courses of original therapy given to 28% HBO and 15% NBO because of
“poor outcome”.

Outcomes

191 randomised (104 HBO and NBO 87, discrepancy due to cluster.) No mortality
difference at discharge. Poor follow-up attendance (46%) at one month. Objective out-
come data at 1 month post-treatment were not presented but it was stated that they
“showed no difference in any test”. Communication with the authors clarified that 34/
52 were symptomatic in HBO arm vs. 20/34 symptomatic in NBO arm at 4 weeks (p=
NS) and this is the outcome we include in this meta-analysis.

Notes

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation?

Yes Quote: “Patients were randomly allocated
to HBO or NBO treatment”
Quote: “Patients were first stratified into
four groups (suicide versus accidental, then
mechanically ventilated versus non-venti-
lated). A hyperbaric technician then allo-
cated patients to treatment groups by open-
ing envelopes chosen from random blocks,
each with equal numbers of HBO and
NBO selections.”

Allocation concealment?

Unclear Quote: “We used cluster randomisation
for patients who presented simultaneously
from the same CO exposure, allocating
them all to the same treatment group”.
Comment: It is unclear whether the ran-
domisation of the cluster took place after
the first person was enrolled (which would
have likely meant there was no allocation
concealment for all others in the cluster) or
whether the entire cluster was screened for
eligibility and consented prior to randomi-
sation of the entire cluster which would

have preserved allocation concealment.
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Blinding? Yes

All outcomes

Quote: “The hyperbaric technicians and
nursing staff had knowledge of the treat-
ment group but patients and outcome as-
sessor did not.”

Comment: 8 patients had complications
apparently related to HBO. It is likely this
would have effectively unblinded the anal-
ysis. The authors do not discuss whether
the patient or physician was also unblinded
in these cases, or whether the patients
completed the assigned therapy. No at-
tempt was described to assess whether the
sham therapy was successful in maintain-
ing blinding.

Incomplete outcome data addressed? Unclear
All outcomes

Quote: “Only 46% of patients attended the
one-month follow-up. Thus, the numbers
in subgroups of interest at one month were
small, but showed no difference in any test
between HBO and NBO groups”.
“Patients with poor outcome at hospital
discharge were considered to have persis-
tent neurological sequelae (PNS). Delayed
neurological sequelac (DNS) were defined
as morbidity found at follow-up that was
not obvious at hospital discharge, or de-
terioration of neuropsychological subtest
scores by more than one standard devia-
tion.”

“Poor outcome (PNS) HBO: 0.74 (of 104)
NBO: 0.68 (of 87), OR: 1.7 (0.8-4.0) P=
0.19”.

Comment: No sensitivity analysis per-
formed. Exact numbers for which assump-
tions are made are unclear from the final
report.

Free of selective reporting? No

Quote: “The only statistically significant
difference between groups in neuropsycho-
logical performance was in the learning test
at completion of treatment (Boxes 3 and 4)
; this was in favour of the NBO group for
both ’all patients’ (P= 0.01) and ’severely
poisoned’ patients (P=0.005)”

Quote: “NBO patients had a significantly
lower number of abnormal test results at
completion of treatment (all patients, 3.4
v. 2.7, p= 0.02; severely poisoned patients,
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3.7 v. 2.6, P=0.008) and, for those severely
poisoned, there were fewer NBO patients
with a poor outcome (85% v. 65%; P=
0.03). All five relapses (DNS) occurred in
HBO patients (P= 0.03) at a median of 40
days (IQR, 29-81 days) after initial treat-
ment; these patients then received a mean
4.5 (SD, 2.5) additional treatments. Al-
though three of these patients improved
with further treatments, all DNS patients
had a poor outcome after re-treatment,
with a mean 6.3 (SD, 1.2) abnormal test
results.”

Comments:

Several of these and other conclusions in
text were based upon analysis of individual
neuropsychological test results in one sub-
group. However, there was no adjustment
for multiple comparisons leading to a high
likelihood of a Type I error.

There was no pre-specified primary out-
come in the paper. The focus of most of
the analysis on early outcomes (immedi-
ately post-treatment) contrasted with their
stated aim to “to assess both persistent and
delayed neurological sequelac (PNS and
DNS)” and is likely to have been driven
by necessity given the low follow up (and
therefore post hoc).

Free of other bias? Unclear

Intention to treat/Power/Premature stop-
ping-

Quote: “The Alfred Hospital’s Ethics Com-
mittee approved the trial, conditional onan
independent blinded interim analysis after
recruitment of 50 patients (using a stop-
ping rule of P< 0.001)”

Quote: “Based on the most sensitive neu-
ropsychological test (Short reaction time),
with 191 patients and a significance level
of 0.05, we had greater than 99% power
to detect a 10% difference between groups
(i.e., 408 seconds v. 450 seconds; SD, 63
seconds)”

Interim analysis abstract (introduction)
Quote: “Ethics Committee required an in-
terim analysis of this prospective single
blind study (with outcome assessor also
blind to group identity) after 100 patients,
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to ensure early detection of any adverse out-
comes.” (145 patients recruited at this anal-
ysis, No P value presented)
Interim analysis abstract (results) Quote:
“For the same exposure, time to treatment,
time to CO level, CO level, initial mini-
mental, signs and symptoms, the NBO
group required less treatments and had
a better outcome” “Sub-analysis of severe
CO poisoning (56 HBO, 50 NBO) showed
HBO group had more severe exposure and
worse outcome”
Interim analysis abstract (conclusions)
Quote:“Interim  analysis by major cate-
gories and sub-categories showed no dif-
ference in outcome for NBO and HBO
treated groups.”
Comment: The power calculation appears
to be retrospective so it is unclear whether
the trial was completed as planned or
stopped prematurely, based on these results
of the interim analysis.

Thom 1995

Methods Prospective, randomised, unblinded trial of HBO vs. NBO. Treatment allocation by
computer-generated random numbers within sealed opaque envelopes, not sequentially
numbered.

Participants 65 patients referred from local emergency departments, within 6 hours of removal from
exposure. Inclusion criteria: history of acute exposure, elevated COHb, symptoms con-
sistent with CO poisoning. Exclusion criteria: history of loss of consciousness, active
ischaemia. The two groups were similar with the main clinical features being headache,
nausea and lethargy and a mean COHb 20 to 25%.

Interventions All patients in HBO arm given 100% O2 until HBO initiated. HBO begun within
6 hours of end of exposure. HBO @ 2.8 ATA for 30 minutes, then 2.0 ATA x 90
minutes. NBO 100% O2 until all symptoms resolved (mean 4.2 +/- 0.3 hours). After
intervention, neuropsychologic baseline testing (6 tests) performed (some up to 12 hours
post-treatment).

Outcomes Occurrence of DNS self-reported as (1) recurrent symptoms or (2) new symptom con-
sistent with DNS, plus deterioration in 1 or more subtest upon retesting. Outcome as-
sessors not blind to treatment allocation. 5 patients lost to follow up (2 control, 3 HBO)
. 7130 patients in control arm had sequelae consistent with DNS vs. 0/30 patients in
HBO arm.

Notes
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Risk of bias

Item

Authors’ judgement

Description

Adequate sequence generation?

Unclear

Quote: “Patients were randomly assigned
to one of two treatment arms”

Allocation concealment?

Unclear

Not mentioned

Blinding?

All outcomes

No

Quote: “Neither the patients nor investiga-
tors were blinded to treatment:”

Incomplete outcome data addressed?
All outcomes

Yes

Quote: “Two patients in the ambient-pres-
sure group and three in the HBO group
were lost to follow-up. Two patients in each
treatment group refused formal neuropsy-
chologic retesting but denied symptoms
of DNS during telephone interviews con-
ducted over the next 3 months.”
Comment: While the incomplete out-
comes were reported, no sensitivity analysis
was performed by the authors as to whether
this might have influenced the findings of
this trial.

Free of selective reporting?

Unclear

Quote: “Deteriorations in the DNS group
scores occurred in three sub-tests: Trail
Making, Digit Symbol, and Block Design.
The mean changes in scores were signifi-
cantly different from those of a matched
control group (Figure 1). No differences
were found in sub-tests on General Ori-
entation, Digit Span recitals, or Aphasia
Screening (results not shown).”

Quote: “In eight patients in the ambient-
pressure group, symptoms consistent with
DNS developed. Seven of these patients
also had deterioration in at least one sub-
test category and were considered to have
DNS”.

Comment: There was no pre-specified pri-
mary outcome in the paper.

Free of other bias?

No

Intention to treat/Power/Premature stop-
ping-

Quotes (from 1992 abstract): “Thisisa pre-
liminary report of an on-going study”.
“To date, 27 patients have been entered,
and 2 lost to follow-up, in each treatment
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(Continued)

»

arm’”.
“Following

hyperbaric 02 treatment, no patients have
suffered deteriorations (p<0.005, X 2- two-
tail test).”

Quote from 2005 letter: “We did publish a
preliminary report on our trial in 1992. At
the time of that report, 27 patients had been
randomised. Four patients treated with
normobaric oxygen (the control group)
had neurological sequelae, whereas none
among those treated with HBO had seque-
lae”.

Comment: No power/sample size calcula-
tion or stopping rule was specified in the
paper. There is no feasible power calcula-
tion that would have planned a study this
size. [Also a P value of <0.005 simply can-
not be generated from a chi square test
with 4 outcomes in 27 patients (see Buckley
2005a for further exposition on this point)
]. It seems likely the trial was stopped early
based upon ongoing serial analysis of the
available data. There was no statistical ad-
justment for multiple comparisons, indi-
cating a high probability of Type I error.
In any case, premature stopping of small
trials “for benefit” inevitably greatly exag-
gerates the observed effect for statistical rea-
sons (Bassler 2010).

Weaver 2002

Methods

Prospective, randomised, double-blind RCT of HBO vs. NBO.

Participants

152 patients with CO poisoning (symptomatic and COHb >10% or symptoms and
signs unequivocally due to CO exposure). Exclusions: Pregnancy, >24h since exposure,
<16 years of age, moribund, refused consent. Stratified by level of consciousness, age
<40, and delay to treatment <6h.

Patients were primarily exposed to CO from internal combustion engines, furnaces,
and heaters. 31% of cases involved suicide attempts. A subsequently-published analysis
showed that patients who were eligible for this trial but were not enrolled had similar
demographics, exposure characteristics, and outcomes to the NBO patients in the trial
(Weaver 2007).

Patients enrolled in the NBO arm appeared more ill than those in the HBO arm, with
a longer mean exposure (22 hours vs. 13 hours) and a greater prevalence of cerebellar
signs at baseline (15% vs. 4%, respectively). Cerebellar problems would interfere with
performance in the two trail-making tests [the authors reported an adjusted analysis that
included baseline cerebellar signs as a covariate during the final statistical analysis].
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Interventions HBO - 1 session 3ATA x 1h & 2ATA x 1h, followed by two sessions 2ATA x 2h at 6-12
hour intervals. NBO patients received sham treatment at 1 ATA. Oxygen not routinely

used after first session.

Outcomes Structured questionnaire, serial neurological testing, and other formalized assessments

(e.g. Geriatric Depression Scale, Katz index of activities of daily living, SF-36) immedi-

ately after treatments 1 and 3, and then at 2 and 6 weeks follow-up.

Data from 26 and 52 weeks treatment was obtained from a different long-term follow-

up study that included a majority of these patients.

Notes The trial was prematurely terminated after the third interim analysis “demonstrated
benefit*.
Riske of bias
Item Authors’ judgement Description
Adequate sequence generation? Yes uote: “Patients were randomly assigned
q q g y £

to receive hyperbaric-oxygen therapy or
normobaric-oxygen therapy with the use
of blocked, stratified randomisation with
allocation determined by a list of com-
puter-generated random numbers®; "The
block size was six, and patients were strati-

Comment: Allocation concealment could
feasibly be jeopardized by using a fixed

block size (if this was known).

Allocation concealment? Yes

Quote: " Treatment-group
assignments were given to respiratory ther-
apists in protected, sequentially numbered,

sealed, opaque envelopes®.

Blinding? Yes
All outcomes

Blinding of patients and outcome assess-
ment:

Quote: "Patients in the normobaric-oxygen
group were exposed to air at 1 atmosphere
absolute (101.3 kPa, or sea-level pressure)
for all three chamber sessions. The cham-
ber was pressurized to sea-level pressure in
order to maintain blinding of patients and
investigators“; "Respiratory therapists op-
erated the controls for the chamber while
observing pressure gauges visible only to
them. These therapists maintained separate
confidential records of the chamber ses-

sions in order to ensure that others were un-
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aware of the treatment group assignments*.
Comment: Trial conducted in Utah, thus
pressurising to sea level led to sensation of
pressure in sham treatment (NBO) group.
Respiratory therapists not blinded but not
involved in other aspects of trial conduct.
Blinded analysis:

”All data were analysed by investigators and
statisticians who were blinded to the treat-
ment-group assignments.

“The statisticians and investigators, who
were blinded to patients’ treatment-group
assignments, had access to the results of the
interim analyses.

“Failure to complete the chamber sessions
was more common in the hyperbaric-oxy-
gen group (14 of 76 [18.4 percent]) than in
the normobaric-oxygen group (3 of 76 [3.9
percent], P=0.005). The first hyperbaric-
oxygen treatment was stopped prematurely
because of anxiety (in seven patients), tym-
panic-membrane rupture (in one patient)
, and cough (in one patient). The second
or third hyperbaric-oxygen treatment was
omitted due to difficulty with equalization
of middle-ear pressure (in four patients) or
failure to return for treatment (in one pa-
tient). The second or third normobaric-
oxygen session was omitted because of fail-
ure to return (in three patients).“
Comment: Chamber related adverse events
expected to be much more common with
HBO than sham treatment. This may have
meant which patients were in the HBO arm
was apparent during subsequent analysis of
efficacy data.

Incomplete outcome data addressed? Yes
All outcomes

4 - 6 week time point

Quote: “The five patients who did not
have data on neuropsychological tests at six
weeks were assumed to have cognitive se-
quelae at that time point.*

Comment: This assignment of an adverse
effect to those with incomplete data ap-
plied to 4 NBO patients and 1 HBO pa-
tient. This introduced a bias in favour of
a beneficial effect of HBO. No sensitivity
analysis was done to test whether the con-

clusions were sensitive to this assumption.
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This also has impact on interim analysis
stopping rules given the p value for stop-
ping was 0.01 and this level of significance
was only just reached (i.e. the trial would
not have stopped if this particular assump-
tion had not been applied).

6 and 12 month time points:

Quotes from 2002 abstract:

”Although this RCT did not measure 6 and
12 month outcome, we had data from most
of these RCT patients from a separate IRB-
approved study permitting us to report out-
come at 6 and 12 months post-CO poison-
ing.“

“The analysis assumed a “favorable out-
come” if: 1) No cognitive sequelae at all
times (n=29-HB02//22-NB02); 2) 6-week
cognitive sequelae present, but resolved by
12 months (n=5//9); 3) No cognitive se-
quelae at 6 weeks, and either no data at 6
or 12 months, and no cognitive sequelae
present (n=13//8); or 4) Cognitive seque-
lae developing after 6 weeks was not due to
the prior episode of CO poisoning (n=15/
/11).¢

Comment: This abstract clarifies that those
with documented normal results at the 12
month time point were 34 for HBO vs 31
for NBO and by adding the 4th group to
the numbers reported in the NEJM paper
those with documented abnormal results
were 24 for HBO vs 29 for NBO (Neither
of these results would be significant).
Quotes from NEJM paper:

”We also report rates of cognitive sequelae
at 6 and 12 months, although these end
points were not included in the study de-
sign.*

"Cognitive sequelae present at 6 or 12
months were assumed not to be due to car-
bon monoxide poisoning if they had not
been present at 6 weeks. Patients with cog-
nitive sequelae at 6 weeks who had miss-
ing data at 6 or 12 months were assumed
to have cognitive sequelae at those time
points.

Comment: These two assumptions meant
that any differences at the first time point
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were likely to be carried forward to all later
analyses. So not only those who did not at-
tend the 6 (n=35) and 12 (n=24) month
assessments had the 6 week assessment car-
ried forward, but so did those who had nor-
mal results at 6 weeks (57/76 (HBO) vs.
41/76 (NBO)).

”Cognitive sequelae at 6 months and 12
months were less frequent in the hyper-
baric-oxygen group than in the normo-
baric-oxygen group, both according to the
intention-to-treat analysis (P=0.02 at 6
months, P=0.04 at 12 months) and accord-
ing to the efficacy analysis (P=0.03 at 6
months, P=0.08 at 12 months) (Table 2).“
Table 2:

“Intention-to-treat population

6 month: 16/76 (21.1%) vs. 29/76
(38.2%), OR: 0.43 (0.21-0.89), p=0.02
12 month: 14/76 (18.4%) vs. 25/76
(32.9%), OR: 0.46 (0.22-0.98), p=0.04“
Comment: The incomplete outcome data
for the 4 to 6 week time point used in our
meta-analysis are addressed satisfactorily,
albeit with an assumption that favoured
HBO. However, the same cannot be said
for the 6 and 12 month data which as pre-
sented are largely a construct of the assump-
tions applied rather than based on the ac-
tual data (which would have shown there to
be very little difference at these time points
(i.e. 24 vs 29 abnormal rather than 14 vs
25)).

Free of selective reporting? No

Report Quote: *The primary outcome was
the incidence of cognitive sequelae six
weeks after randomisation.

1995 Quote: ”As a point of information,
we are presently performing a randomised
controlled double-blind prospective clini-
cal trial (RCT) in adult patients with acute
CO poisoning. Our major question is, does
HBO2 reduce the incidence of delayed
neurologic sequelac (DNS)? Other ques-
tions this trial may answer include differ-
ences between the two therapies related
to recovery rate, cost (including transport)
, and incidence and outcome of patients
with persistent neurologic sequelae (PNS)
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. (Weaver 1995)

1995 Interim analysis abstract: The num-
bers were reported for delayed, perma-
nent and total sequelae but the only sta-
tistical test of significance ("P=0.0538%)
was applied to delayed neurological se-
quelae. Quote: "The RCT will continue
since the difference in outcome between the
two groups is insignificant (p<0.0001 re-
quired at n=50; interim analysis)“. (Weaver
1995a)

2005 abstract: “Persistent neurocognitive
sequelae was present in 9 patients treated
with hyperbaric oxygen and 21 treated
with normobaric oxygen (P=0.013); de-
layed neurocognitive sequelae was present
in 9 treated with hyperbaric oxygen and 10
with normobaric oxygen (P=0.8).“ (Weaver
2005)

Comment: There was a clear change in the
primary study outcome from what the au-
thors described in 1995 and what they pre-
sented in the 2002 final report. The au-
thors have not explained the change from
DN to total cognitive sequelae as the pri-
mary outcome or provided any reason for
the change. This also has impact on the ap-
plication of the interim analysis stopping
rules (the trial would not have stopped if
DNS were the outcome analysed).

Report quote: ”A priori, cognitive seque-
lae were considered to be present if; at six
weeks, any T score for a neuropsychological
subtest was more than 2 SD below the mean
of demographically corrected standardized
T scores (normal population mean [+SD],
50+10) or if two or more T scores for
sub-tests were more than 1 SD below the
mean. If the patient reported difficulties
with memory, attention, or concentration,
then the T score on any neuropsychological
subtest only had to be more than 1 SD be-
low the mean of demographically corrected
standardized T scores for cognitive seque-
lae to be considered to be present.

1995 Quote: "During the development of
these two trials, it became evident that op-
erational definitions of DNS and PNS were

Hyperbaric oxygen for carbon monoxide poisoning (Review)
Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

30



Weaver 2002  (Continued)

needed. Our operational definition for nor-
mal neuropsychologic CO screening bat-
tery is that all subtest scores fall within
mean + 1SD for each test when compared
to demographically corrected standardised
norms. Our definition for DNS is that de-
velopment of a new neurologic abnormal-
ity not present at day 1, and/or decrement
of neuropsychologic subtest score of more
than 2 SD points below the mean or 2
subtest scores more than 1SD point below
the mean compared to standardised norms
(prior normal neuropsychologic test). If the
prior neuropsychologic test is abnormal,
then we use a decrement of an abnormal
subtest of more than 1 SD point compared
to the prior score or more than 0.5 SD
points below each of at least 2 abnormal
subtests.” (Weaver 1995)

2001 Quote: “Cognitive sequelae were
considered present if any 6-wk neuropsy-
chological subtest score was >2 SD below
the mean (or if at least two subtest scores
were each more than 1 SD below the mean)
of demographically corrected standardized
scores. Cognitive sequelae were present if
a neuropsychological subtest score was >1
SD below the mean or if two subtest scores
each were >0.5 SD below the mean and the
patient complained of memory, attention,
and/or concentration difficulties. A normal
neuropsychological test battery was present
when each subtest score of the CO screen-
ing battery was >(mean - 1 SD)”
Comment: While not easy to work through
these long paragraphs it is apparent that
the defined thresholds for abnormal results
changed on each occasion and that self-re-
ported difficulties with memory, attention
and concentration were added to the defi-
nition between 1995 and 2001/2.

[Note that given 6 different neuropsycho-
logical tests were used it is likely that most
people would have either one of these tests
> 1 SD below the mean or 2 tests > 0.5
SD below the mean by chance (regardless
of any disease or an influence of treatment).
Therefore, the reported differences in PNS
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between the groups is likely to have been
the result of a difference in self-reported
symptoms in the 2002 report. This would
not have been the case for the definition of
PN described in 1995 because at that time
there was no component of the outcome
that related to self-reported symptoms].

Comment: Dr Weaver has previously re-
sponded to criticisms regarding the ap-
parent change in the outcome definitions,
stating that the earlier publications were
all inaccurate, and that the only accurate
record of outcomes is in the final 2002 re-
port. http://www.cochranefeedback.com/

cf/cda/citation.do?id=9531#9531

Free of other bias? No

Power/Sample size/stopping rules:

Quote: “The trial was stopped after the
third interim analysis, which included 150
patients, because hyperbaric oxygen was
judged to be efficacious (P<0.01).”

Quote: “We calculated that the inclusion
of 100 patients in each treatment group
would provide the study with a statistical
power of 80 percent to detect the difference
between the published rates of cognitive
sequelae of 5.8 percent and 18.5 percent
(with a two-sided probability of a type I er-
ror of 0.05). The Statistical Data Center at
LDS Hospital planned and performed in-
terim analyses after the six-week data were
available from 50, 100, and 150 enrolled
patients, using a stopping rule requiring a
two-sided P value of 0.0001, 0.001, and
0.01, respectively, for the three analyses.
The statisticians and investigators, who
were blinded to patients’ treatment-group
assignments, had access to the results of the
interim analyses.”

Quote: “For all 152 patients in the inten-
tion-to-treat population, cognitive seque-
lae at six weeks were less frequent in the hy-
perbaric-oxygen group (25.0 percent) than
in the normobaric-oxygen group (46.1 per-
cent; unadjusted odds ratio, 0.39 [95 per-
cent confidence interval, 0.20 to 0.78]; P=
0.007) (Table 2). The same was true for
the 147 patients with complete data on
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neuropsychological tests at six weeks: cog-
nitive sequelae were less frequent at six
weeks among patients who received hy-
perbaric-oxygen treatment (24.0 percent)
than among those who received normo-
baric oxygen (43.1 percent, P=0.01)”.
Comment: Note the assumption that those
with missing data had neurological seque-
lae discussed above brought the interim
analysis p value to <0.01 (i.e. the trial would
not have stopped if this assumption hadn’t
been applied).

In any case, premature stopping of small
trials “for benefit” inevitably greatly exag-
gerates the observed effect for statistical rea-
sons (Bassler 2010).

Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion

Ducasse 1995 Surrogate outcomes (EEG, cerebral blood flow reactivity to acetazolamide) examined rather than symptoms of
DNS

Gao 2002 Compared HBO vs. HBO plus an antiplatelet agent

Hampson 2006 Compared HBO at 2.4 ATM vs. HBO by the US Air Force CO protocol (3.0 ATM abs maximum pressure)

Hopkins 2007 Post hoc analysis of a genotype tested in 86/152 of the patients in Weaver 2002

Weaver 2007 Ongoing study comparing one vs three treatments of HBO
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DATA AND ANALYSES

Comparison 1. Hyperbaric Oxygen (HBO) vs. Normobaric Oxygen (NBO)

No. of No. of

studies participants Statistical method

Outcome or subgroup title

Effect size

1 Presence of symptoms or signs at 6 1361 Odds Ratio (M-H, Random, 95% CI)
time of primary analysis (4-6
weeks)
1.1 Presence of signs or 6 1361 Odds Ratio (M-H, Random, 95% CI)
symptoms

0.78 [0.54, 1.12]

0.78 [0.54, 1.12]

Analysis 1.1. Comparison | Hyperbaric Oxygen (HBO) vs. Normobaric Oxygen (NBO), Outcome |

Presence of symptoms or signs at time of primary analysis (4-6 weeks).

Review: Hyperbaric oxygen for carbon monoxide poisoning
Comparison: | Hyperbaric Oxygen (HBO) vs. Normobaric Oxygen (NBO)

Outcome: | Presence of symptoms or signs at time of primary analysis (4-6 weeks)

Odds Ratio
M-H,Random,95% Cl

Study or subgroup Treatment Control Odds Ratio Weight
n/N n/N M-H,Random,95% Cl

| Presence of signs or symptoms
Raphael 1989 51/159 50/148 —a— 237 %
Thom 1995 0/30 7130 1.5%
Mathieu 1996 691299 731276 il 278%
Scheinkestel 1999 30/48 25/40 12.1 %
Weaver 2002 19/76 35/76 — 164 %
Annane 2010 33/93 29/86 — 185 %

Total (95% CI) 705 656 - 100.0 %

Total events: 202 (Treatment), 219 (Control)

Heterogeneity: Tau? = 0.08; Chi? = 9.22, df = 5 (P = 0.10); I> =46%

Test for overall effect: Z = 1.37 (P = 0.17)

093[057, 1.49]
005 [ 0.00, 095 ]
083[057, 122]
100 [ 042,238 ]
039[020,078]
1.08 [ 058, 2.00 ]

0.78 [ 0.54, 1.12 ]

0l 02 05 I 2 5 10

Favours HBOT Favours Control
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APPENDICES

Appendix |. Search strategy

Search strategies: June 2010
Cochrane Injuries Group Specialised Register (searched 07 June 2010 )
((Hyperbaric and Oxygen*) or HBO or HBOT) and (“carbon monoxide” or monoxide* or CO)

The Cochrane Library 2010, Issue 2

#1 MeSH descriptor Carbon Monoxide Poisoning explode all trees
#2 carbon monoxide near3 poison*

#3 illuminating gas near3 poison*

#4 carbon monoxide near3 intoxicat*

#5 Toxic near3 asphyxiation

#6 monoxide* or CO

#7 (#1 OR #2 OR #3 OR #4 OR #5 OR #06)

#8 MeSH descriptor Hyperbaric Oxygenation explode all trees
#9 high next pressure next oxygen*

#10 High next tension next oxygen*

#11 HBO or HBOT

#12 Hyperbaric next Oxygen*

#13 multiplace near3 chamber*

#14 monoplace near3 chamber*

#15 (#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14)
#16 (#7 AND #15)

MEDLINE (Ovid) 1950 to May Week 4 2010
1. exp Carbon Monoxide Poisoning/

2. (carbon monoxide adj3 poison*).ab,ti.

3. (illuminating gas adj3 poison*).ab,ti.

4. (carbon monoxide adj3 intoxicat®).ab, .

5. Toxic asphyxiation.ab,ti.

6. (monoxide* or CO).ab,ti.
7.1lor2or3or4or5or6

8. exp Hyperbaric Oxygenation/

9. (high adj3 (pressure or tension) adj3 oxygen*).ab,ti.
10. oxygen*.ti.

11. (high adj3 (pressure or tension)).ab,ti.

12. 10 and 11

13. (HBO or HBOT).ab,ti.

14. ((multiplace or monoplace) adj3 chamber*).ab,ti.
15. multiplace chamber*.ab, .

16. monoplace chamber*.ab, ti.

17. Hyperbaric Oxygen*.ab,ti.

18.8 0or9or 12 or 13 or 14 or 15 or 16 or 17
19. randomi?ed.ab,ti.

20. randomised controlled trial.pt.

21. controlled clinical trial.pt.

22. placebo.ab.

23. clinical trials as topic.sh.

24. randomly.ab.

25. trial.ti.

26. 19 or 20 or 21 or 22 or 23 or 24 or 25
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27. (animals not (humans and animals)).sh.
28. 26 not 27
29. 7 and 18 and 28

EMBASE 1980 to Week 22 (June) 2010

1. exp Hyperbaric Oxygen/

2. (high adj3 (pressure or tension) adj3 oxygen™).ab,ti.
3. oxygen™.ti.

4. (high adj3 (pressure or tension)).ab,ti.

5.3 and 4

6. (HBO or HBOT).ab,i.

7. ((multiplace or monoplace) adj3 chamber*).ab,ti.
8. multiplace chamber*.ab,ti.

9. monoplace chamber*.ab,ti.

10. Hyperbaric Oxygen*.ab,ti.
11.1or2or50r60r7or8or9orl0

12. exp carbon monoxide intoxication/

13. (carbon monoxide adj3 poison*).ab,ti.

14. (carbon monoxide adj3 intoxicat*).ab, .

15. (illuminating gas adj3 poison*).ab,ti.

16. (Toxic adj3 asphyxiat*).ab,ti.

17. (monoxide* or CO).ab,ti.

18.12 0or 13 or 14 or 15 or 16 or 17

19. exp Randomized Controlled Trial/

20. exp controlled clinical trial/

21. exp controlled study/

22. randomi?ed.ab,ti.

23. placebo.ab.

24. *Clinical Trial/

25. exp major clinical study/

26. randomly.ab.

27. (trial or study).ti.

28. 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27
29. exp animal/ not (exp human/ and exp animal/)
30. 28 not 29

31.11 and 18 and 30

PubMed [www.ncbi.nlm.nih.gov/sites/entrez/] (searched 9 June 2010; added to PubMed in the last 5 years)

1. “Carbon Monoxide Poisoning”[Mesh]

2. carbon monoxide AND poison*

3.1o0r2

4. Hyperbaric Oxygen*

5. HBO or HBOT

6.40r5

7. 3 and 6 (Limits: Clinical Trial, Randomized Controlled Trial, Clinical Trial, Phase I, Clinical Trial, Phase II, Clinical Trial, Phase
I, Clinical Trial, Phase IV, Comparative Study, Controlled Clinical Trial, Evaluation Studies, Multicenter Study, published in the last
5 years)

ISI Web of Science: Science Citation Index Expanded (SCI-EXPANDED) (1970 to June 2010), ISI Web of Science: Conference
Proceedings Citation Index-Science (CPCI-S) (1990 to June 2010)

Topic=((carbon monoxide or monoxide* or CO) same poison*) AND Topic=((monoplace same chamber*) or (multiplace same
chamber*) or (hyperbaric same oxygen*) or (high tension same oxygen*) or (high pressure same oxygen*) or HBO or HBOT) AND
Topic=((clinical OR control* OR placebo OR random OR randomised OR randomised OR randomly OR random order OR random
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sequence OR random allocation OR randomly allocated OR at random) SAME (trial* or group* or study or studies or placebo or
controlled))

Global Health 1910 to May 2010

1.(carbon monoxide adj3 poison*).ab,ti.
2.(illuminating gas adj3 poison*).ab,ti.

3.(carbon monoxide adj3 intoxicat*).ab,ti.
4.(monoxide* or CO).ab,ti.

5.1or2or3or4

6.(high adj3 (pressure or tension) adj3 oxygen*).ab,ti.
7.oxygen*.ti.

8.(high adj3 (pressure or tension)).ab,ti.

9.7 and 8

10.(HBO or HBOT).ab,ti.

11.((multiplace or monoplace) adj3 chamber*).ab, .
12.multiplace chamber*.ab,ti.

13.monoplace chamber*.ab,ti.

14.Hyperbaric Oxygen*.ab,ti.

15.6 0or9o0r10o0r 11 or 12 or 13 or 14

16.5 and 15

WHAT’S NEW

Last assessed as up-to-date: 6 June 2010.

Date Event Description

17 February 2011  New citation required but conclusions have not Complete revision. Search updated June 2010. No new
changed trials identified; new publications found including the
final publication of a trial only published in abstract at
the time of previous review. Risk of bias and summary of
findings tables added as per revised Cochrane guidance
documents. The authors of the review have changed.

HISTORY
Protocol first published: Issue 2, 2000

Review first published: Issue 2, 2000

Date Event Description
11 September 2008  Amended Converted to new review format.
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(Continued)

3 November 2004 ~ New search has been performed  The search was updated in October 2004. Two new trials have been added
(Weaver 2002, Raphael 2004), although the latter is published only in
abstract form. The discussion section has been revised accordingly, and
now includes a critical overview of some of the methodologic and statistical
limitations presented by each of the published trials.

CONTRIBUTIONS OF AUTHORS

In the 2005 version, DJ screened citations for eligibility, obtained references, contacted authors, extracted data, entered data and wrote
the review. NB, MS, and MB screened citations for eligibility, extracted data and helped to write the review. GI and MM obtained
references and helped to write the review.

In this 2010 version, NB screened citations for eligibility, obtained references, contacted authors, extracted data, entered data, undertook
the GRADE evaluation and wrote the review. EL and MB screened citations for eligibility, extracted & rated data and helped to write
the review. GI and DJ undertook the GRADE evaluation creating the summary of findings table and helped to write the review.

DECLARATIONS OF INTEREST
NB, DJ, GI, MB: None known.

EL: From 2000 - 2002 and 2006 - 2008, Dr. Lavonas served as medical director of the hyperbaric medicine unit at Carolinas Medical
Center, Charlotte, North Carolina, USA. Dr. Lavonas left that institution in 2008, and the emergency hyperbaric unit was closed in
2009. Dr. Lavonas reports no current competing interests involving the subject of this review.

SOURCES OF SUPPORT

Internal sources

e No sources of support supplied

External sources

e Canadian Institutes for Health Research (CIHR), Canada.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The methods have been updated since publication of the protocol to reflect revised guidance from The Cochrane Collaboration (Higgins
2008). Thus we used risk of bias assessment rather than the Jadad scale and Schulz assessment of allocation concealment. We also
incorporated a GRADE summary of findings assessment. These changes in methods have not altered the overall conclusions about the
strength of evidence from the 2005 version.
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NOTES

In the next update to the review we will include studies comparing different protocols for HBO treatment for CO poisoning - for
example: one HBO treatment session vs. two or more, 2ATA HBO vs. 3 ATA HBO, etc....

INDEX TERMS

Medical Subject Headings (MeSH)

*Hyperbaric Oxygenation; Carbon Monoxide Poisoning [*therapy]; Oxygen Inhalation Therapy; Randomized Controlled Trials as
Topic

MeSH check words

Humans
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