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Abstract

Background: Acute coronary syndrome (ACS) includes acute myocardial infarction and unstable angina. ACS is common and may prove fatal. Hyperbaric oxygen therapy (HBOT) will improve oxygen supply to the threatened heart and may reduce the volume of heart muscle that will perish. The addition of HBOT to the standard treatment may reduce death rate and other major adverse outcomes.

Objective: To assess the benefits and harms of adjunctive HBOT for treating ACS.

Search strategy: We searched the following from inception to November 2004: CENTRAL, MEDLINE, EMBASE, CINAHL, DORCTHIM, and references from selected articles. Relevant journals were handsearched and researchers in the field contacted.

Selection criteria: Randomised studies comparing the effect on ACS of regimens that include HBOT with those that exclude HBOT.

Data collection and analysis: Three reviewers independently evaluated the quality of trials using the guidelines of the Cochrane Handbook and extracted data from included trials.

Main results: Four trials with 462 participants contributed to this review. There was a trend towards, but no significant decrease in, the risk of death with HBOT (relative risk (RR) 0.64, 95% CI 0.38 to 1.06, P=0.08). There was evidence from individual trials of reductions in the risk of major adverse coronary events [MACE] (RR 0.12, 95% CI 0.02 to 0.85, P=0.03; NNT 4, 95% CI 3 to 10) and some dysrhythmias following HBOT (RR 0.59, 95% CI 0.39 to 0.89, P=0.01; NNT 6, 95% CI 3 to 24), particularly complete heart block (RR 0.32, 95%CI 0.12 to 0.84, P=0.02), and that the time to relief of pain was reduced with HBOT (Weighted Mean Difference [WMD] 353 minutes shorter, 95% CI 219 to 488, P<0.0001). One trial suggested a significant incidence of claustrophobia in single occupancy chambers of 15% (RR of claustrophobia with HBOT 31.6, 95%CI 1.92 to 521, P=0.02). 

Reviewers' conclusions: For people with ACS, individual small trials suggest the addition of HBOT reduced the risk of Major Adverse Cardiac Events, some dysrrhythmias, and reduced the time to relief from ischaemic pain, but did not reduce mortality. In view of the modest number of 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. The routine application of HBOT to these patients cannot be justified from this review.



Background 

Cardiovascular disease remains the leading cause of death in developed countries, and is predicted to become the disease with the greatest global burden by 2020 (WHO 2003). In the United Kingdom, coronary heart disease is the most common cause of premature death, causing 125,000 deaths from approximately 274,000 episodes in 2000, and at a community cost of around UKP10 billion (BHF 2002; Poulter 2003). Because myocardial infarction (the presence of 2 out of 3 of: chest pain, ECG changes and cardiac enzyme rise) is not always diagnosable during an acute event, unstable or persisting ischaemic heart pain (angina) with or without infarction are together described as acute coronary syndrome (ACS). The main underlying problems in coronary heart disease is atherosclerosis, a degenerative process characterised by the formation of plaques comprised of platelets, cells, matrix fibres, lipids, and tissue debris in the vessel lumen. While such plaques are often complicated by ulceration of the vessel wall with obstruction to blood flow, such ulceration is not necessary for plaques to be problematic (Naghavi 2003). An unstable plaque (coronary atheroma vulnerable to rupture and fissure, and associated with thrombus formation) can lead to an acute coronary syndrome without the artery being totally occluded and infarction may follow (Heistad 2003). A significant proportion of patients admitted with acute myocardial infarction (AMI) will suffer major morbidity or mortality, even when thrombolysis or angioplasty is used to relieve the obstruction (Weaver 1997). 

Hyperbaric oxygen therapy (HBOT) is an adjunctive therapy that has been proposed to improve outcome following ACS. HBOT is the therapeutic administration of 100% oxygen at environmental pressures greater than 1 atmosphere absolute (ATA), and involves placing the patient in an airtight vessel, increasing 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. At 2 ATA, for example, patients with reasonable cardiopulmonary function will have an arterial oxygen tension of over 1000mmHg, and a muscle oxygen tension around 221mmHg (Sheffield 1988; Wells 1977). In comparison, muscle oxygen tension on air at 1ATA is about 29mmHg and 59mmHg breathing 100% oxygen at 1ATA. Indeed, at 3ATA on 100% oxygen, there are more than 6mls of oxygen dissolved in every 100mls of plasma, enough to sustain basal metabolic requirements without any oxygen transport by haemoglobin (Boerema 1960; Hammarlund 1999; Leach 1998). However 3ATA of 100% oxygen becomes rapidly toxic in the brain, manifested in epileptiform grand mal seizures. Therefore in practice, treatments involve pressurisation to between 1.5 and 2.8 ATA for periods between 60 and 120 minutes once or more daily. 

HBOT for ACS was first reported in a canine experimental model in 1958 (Smith 1958) and in a human subject in 1964 (Moon 1964). Several uncontrolled human studies have been published since that time, generally with indications of benefit measured as a reduction in mortality or improvements in haemodynamic or metabolic parameters (Ashfield 1969; Kline 1970). As far as the authors are aware, however, HBOT is not in routine use anywhere for patients presenting with ACS. The administration of HBOT is based on the argument that the myocardium is hypoxic, and that HBOT can reverse that hypoxia in areas that are marginally perfused. This effect is achieved by greatly increasing the diffusion gradient down which oxygen moves from the blood to the myocyte. Improved oxygen availability may also improve outcome through the effects of oxygen as a modulator of tissue repair. Oxygen has been shown to increase the expression of antioxidant enzymes in both tissues and plasma through an increase in glutathione levels (Harabin 1990; Speit 2000), to reduce the degree of lipid peroxidation (Thom 1991) and to prevent the activation of neutrophils in response to endothelial damage, thus modifying ischaemia-reperfusion injury (Tjarnstrom 1999). However despite more than 40 years of interest in the delivery of HBOT relatively little clinical evidence exists for the assertion that such an intervention improves outcome.

HBOT is associated with some risk of adverse effects including damage to the ears, sinuses and lungs from the effects of pressure, temporary worsening of short-sightedness, claustrophobia and oxygen poisoning. Reported rates vary widely but, for example, about 20% of patients will experience some degree of middle ear barotrauma, and 60% to 70% a measurable worsening of short-sightedness (Leach 1998). Oxygen poisoning may occur acutely in the form of grand mal seizures while exposed to hyperbaric oxygen (acute neurological toxicity), or develop over the course of treatment, resulting in a reversible reduction in vital capacity and other respiratory indices (pulmonary oxygen toxicity). In addition, the occurrence of significant post-infarction events such as malignant arrhythmia, might be associated with a worse prognosis if they arise while the patient is confined in a hyperbaric chamber. Although serious adverse events are rare, HBOT cannot be regarded as an entirely benign intervention (Leach 1998). For a number of reasons, therefore, the administration of HBOT for acute coronary syndrome patients remains controversial. 

Objectives

The aim of this review was to assess the evidence for the effects of adjunctive HBOT in the treatment of acute coronary syndrome. We compared treatment regimens including adjunctive HBOT against similar regimens excluding HBOT. Where regimens differed significantly between studies this is clearly stated and the implications discussed. All comparisons were made using an intention to treat analysis where this was possible. Efficacy was estimated from randomised trial comparisons but no attempt was made to evaluate the likely effectiveness that might be achieved in routine clinical practice. Specifically, we addressed:

· Does the adjunctive administration of HBOT to people with acute coronary syndrome (unstable angina or infarction) result in a reduction in the risk of death? 

· Does the adjunctive administration of HBOT to people with acute coronary syndrome result in a reduction in the risk of major adverse cardiac events (MACE), that is: cardiac death, myocardial infarction, and target vessel revascularization by operative or percutaneous intervention? 

· Is the administration of HBOT safe in both the short and long term?

Criteria for considering studies for this review

Types of studies

Randomised controlled trials that compare the effect of treatment for ACS (including thrombolysis) where HBOT administration is included, with the effect of similar treatment in the absence of HBOT. Studies were considered irrespective of the use of a sham therapy, allocation concealment or blinding status.

Types of participants

Any adult with an acute coronary syndrome, with or without S-T segment elevation.

Types of intervention

HBOT administered in a compression chamber between pressures of 1.5ATA and 3.0ATA and treatment times between 30 minutes and 120 minutes on at least one occasion, were eligible. The comparator group was somewhat diverse between studies. We accepted any standard treatment regimen designed to maximise recovery, and where the same regimen is delivered in both arms of any single trial. Subgroup analysis was intended to evaluate the impact of different comparator strategies. 

Types of outcome measures

Studies were eligible for inclusion if they reported any of the following outcome measures at any time:

· Primary outcomes 

· (1) Death rate at any time following presentation; 

· (2) Rate of Major Adverse Cardiac Events (MACE), this includes death, recurrent MI, urgent revascularisation (CABG or PTCA).

· Secondary outcomes 

· (3) Rate of significant cardiac events including dysrhythmia, onset of cardiac failure, haemodynamic change; 

· (4) Time to relief of cardiac pain; 

· (5) Size of infarct area; 

· (6) Magnitude of cardiac enzyme changes; 

· (7) Left ventricular function; 

· (8) Length of stay in either a specialist cardiac unit or general hospital ward; 

· (9) Myocardial perfusion measured by whatever means; 

· (10) Quality of life [QOL]; 

· (11) Rate of re-admission; 

· (12) Costs for the delivery of care; 

· (13) Adverse events associated with HBOT including damage to the ears, sinuses and lungs from the effects of pressure, worsening of myopia, claustrophobia and oxygen poisoning. Any other adverse events reported in either arm will also be recorded.

Search strategy for identification of studies

See: Cochrane Heart Group search strategy

It was our intention to capture both published and unpublished studies.

· Electronic searches 

· We searched: The Cochrane Library, MEDLINE onPubMed, CINAHL, EMBASE and an additional database developed in our Hyperbaric facility, DORCTHIM (The Database of Randomised Trials in Hyperbaric Medicine, Bennett 2002). The search strategy was broad and based on the strategy for searching The Cochrane Library as shown (with MEDLINE and EMBASE searches in Table 01, Table 02). Searches were made in May 2004.

· Cochrane Library Search Strategy (Last run November 2004) 

· Terms in capitals are exploded MeSH terms, those in lower case textwords. 

· #1 HYPERBARIC OXYGENATION 

· #2 (hyperbaric near oxygen*) 

· #3 hbot 

· #4 (high next pressure next oxygen*) 

· #5 (#1 or #2 or #3 or #4)#6 

· #6 MYOCARDIAL ISCHEMIA 

· #7 (myocardial next infarct*) 

· #8 (heart next infarct*) 

· #9 (cardiac next infarct*) 

· #10 (coronary next thrombosis) 

· #11 (acute next coronary) 

· #12 (myocardial next ischaemi*) 

· #13 (myocardial next ischemi*) 

· #14 (coronary next disease) 

· #15 (coronary near disease) 

· #16 (heart next disease*) 

· #17 (unstable next angina) 

· #18 (coronary next arteriosclerosis) 

· #19 ami 

· #20 chd 

· #21 (ischemic near heart) 

· #22 (ischaemic near heart) 

· #23 (#6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15) 

· #24 (#16 or #17 or #18 or #19 or #20 or #21 or #22) 

· #25 (#23 or #24) 

· #26 (#25 and #5)

· In addition we undertook a systematic search for relevant controlled trials in specific hyperbaric literature sources up to November 2004: 

· (1) 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; 

· (2) Handsearching of relevant hyperbaric textbooks (Kindwall 1999; Jain 1999; Oriani 1996), 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; 

· (3) Contact with authors of relevant studies to request details of unpublished or ongoing investigations.

All languages were considered. Authors were contacted if there is 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 NJ) examined the electronic search results and identified studies that were possibly relevant. All studies considered possibly relevant by at least one reviewer were entered into a bibliographic software package (Reference Manager). All comparative clinical trials identified were retrieved in full and reviewed independently by three reviewers, two with content expertise with HBOT and one with content expertise in treating ACS. In addition one of the reviewers (MB) has expertise in clinical epidemiology. 

· Data extraction 

· Using a data extraction form developed for this review, each reviewer extracted relevant data. Any disagreements were resolved by consensus and communication with the authors of the original trials as appropriate. All data extracted reflected original allocation group where possible to allow an intention to treat analysis. Withdrawals were identified where this information was given. 

· Assessment of study quality 

· We followed the guidelines of the Cochrane Handbook for systematic reviews (Clarke 2003). Factors assessed were those related to applicability of findings, validity of individual studies, and certain design characteristics that affect interpretation of results, such as double blinding and adherence. In addition four sources of bias were checked: selection bias, performance bias, attrition bias, and detection bias. Two reviewers independently assessed methodological quality of selected studies, including adequacy of allocation concealment, which was ranked as A (adequate), B (unclear) or C (inadequate). Any differences of opinion were resolved by discussion and consensus.

· Analyses 

· For dichotomous outcomes relative risk (RR) was used. We used a fixed-effect model as there was no evidence of significant heterogeneity between studies (see below).

· Primary outcomes 

· (1) Risk of death (time of outcome was determined by trial data). The RR for survival with HBOT was established using the intention to treat data of the HBOT versus the control group. Where there were withdrawals without an indication as to group allocation, we divided them in the proportions intended by randomisation. 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, with 95% confidence intervals (CI), for survival using HBOT . 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) with 95% CI as appropriate; 

· (2) Risk of suffering Major Adverse Cardiac Event [MACE - includes death, recurrent MI and urgent revascularisation (CABG or PTCA)]. The RR for MACE with and without HBOT was calculated using the methods described in (1) above;

· Secondary outcomes 

· (3) Risk of suffering significant cardiac events (dysrhythmia requiring intervention, haemodynamic disturbance requiring intervention or cardiac failure). The RR for cardiac event with and without HBOT was calculated using the methods described in (1) above; 

· (4) Time to relief of cardiac pain: the weighted mean differences (WMD) in time to relief between HBOT and control groups was compared using RevMan 4.2. A statistically significant difference was defined as existing if the 95% CI did not include a zero WMD; 

· (5) Infarct area: the WMD in infarct area was to be compared using the methods described in (4) above; 

· (6) Rise in cardiac enzymes: the WMD between groups for the maximum enzyme level was compared as for (4) above; 

· (7) Left ventricular function: the WMD of ejection fraction or other measure of left ventricular function was compared as for (4) above; 

· (8) Length of Stay: the WMD in length of stay in both intensive care area/coronary care area and general hospital ward was calculated in a way analogous to that described in (4) above; 

· (9) Myocardial perfusion: the WMD in measures designed to assess myocardial perfusion were to be compared as for (4) above; 

· (10) Quality of life: WMD in QOL measures and/or activities of daily living were to be compared as for (4) above; 

· (11) Risk of re-admission following treatment for acute coronary syndrome: the RR for re-admission following HBOT and comparator was to be compared using the methods described in (1) above; 

· (12) Cost: the WMD in costs between treatment arms was to be compared as for (4) above; 

· (13) 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. We tabulated any recorded adverse events and pooled as appropriate.

· Sensitivity analyses 

· We intended to perform sensitivity analyses for missing data and study quality where appropriate data existed. 

· 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 intended to conduct a sensitivity analysis by study quality based on the criteria outlined above.

· Subgroups 

· We considered, but were unable to perform, subgroup analysis based on: 

· (1) Inclusion or otherwise of thrombolysis in both arms of the trial; 

· (2) Nature of comparator treatment modalities; 

· (3) Dose of oxygen received (pressure, time and length of treatment course); 

· (4) Presence or absence of cardiac failure; 

· (5) Site of infarct; 

· (6) Infarcted subjects versus pre-infarction subjects.

Clinical and statistical heterogeneity was explored and subgroup analyses would have been performed if appropriate. Clinically we considered differences in patient groups, the timing and nature of all therapies and other aspects of the clinical setting. Statistically, the forest plots generated were examined and the presence or absence of overlap in the confidence intervals noted (lack of overlap of confidence intervals may indicate heterogeneity). Statistical heterogeneity was to be assumed if the I2 value exceeded 30%, and consideration would have been given to the appropriateness of pooling and meta-analysis.

Description of studies

In total we included four trials in this review with 462 participants (Hot MI; Sharifi 2004; Swift 1992; Thurston 1973). We identified 32 publications (including abstracts) dealing with the use of HBOT for the treatment of acute coronary syndrome. Initial examination confirmed eight were case reports or case series, five were reviews without new data, five were animal studies, two were non-random comparative studies and one a letter. These reports were excluded. One report was unobtainable but deemed unlikely to be a randomised trial (Ciocatto 1965), leaving ten possible randomised comparative trials. After appraisal of the full reports we found two studies had been reported in two or more publications (Sharifi 2004, Hot MI), one was an animal study (Thomas 1990), one enrolled patients with all functional classes of angina, but could not provide data on the subset of patients of interest to this review (Markarian 1991) and one was a case series (Cameron 1965). 

The included trials were published between 1973 and 2004 and the authors of this review are unaware of any on-going RCTs in the area. In total, these enrolled 462 participants, 236 receiving HBOT and 226 control. The largest (Thurston 1973) accounts for 48% of cases. (See Table: 'Characteristics of included studies').

All studies involved the administration of 100% oxygen at 2ATA for between 30 and 120 minutes, however the total number of treatment sessions varied between studies. The lowest number administered was a single session (Hot MI; Swift 1992), while the highest was a maximum of 16 treatments within 48 hours (Thurston 1973).

All trials included participants with acute myocardial infarction and Sharifi 2004 also included individuals presenting with unstable angina. Only Swift 1992 described allocation concealment and blinded subjects to allocation with a sham HBOT session. The time from presentation to enrollment varied from "within one week" (Swift 1992) to "within 24 hours" (Thurston 1973) and "within six hours" )Hot MI). Sharifi 2004 did not state any time. The primary purpose of three of these reports was the treatment of AMI with HBOT, while for Swift 1992 it was the use of HBOT in AMI patients to identify myocardial segments capable of functional improvement, and for Sharifi 2004 the effect of HBOT on re-stenosis following percutaneous coronary interventions. Specific exclusion criteria varied between trials. All trials excluded those unfit for HBOT, but in addition Hot MI excluded subjects who were not suitable for thrombolysis (e.g. recent stroke), those with previous transmural AMI and those in cardiogenic shock, while Swift 1992 excluded those with uncontrolled heart failure and/or significant ongoing angina. Thurston 1973 excluded subjects over 70 years and those presenting when there was no HBOT chamber available. Sharifi 2004 excluded those who continued to show evidence of ischaemia after 30 minutes of medical treatment.

Comparator therapies also varied between trials. All trials employed HBOT as an adjunctive procedure to "standard" care: Hot MI used thrombolysis, aspirin, heparin and intravenous nitroglycerine in all patients, Sharifi 2004 employed stenting and a regimen using aspirin, heparin and clopidogrel, while Thurston 1973 used "full orthodox care" and Swift 1992 used "customary care". 

The follow-up periods varied between the period immediately following HBOT (Swift 1992), to 3 weeks (Thurston 1973) and 8 months (Sharifi 2004). Hot MI reported mortality to discharge from hospital. All included studies reported at least one clinical outcome of interest. Of the outcomes identified above, these trials reported data on both primary outcomes (mortality and MACE), but only length of stay, time to pain relief, magnitude of cardiac enzyme changes, left ventricular function and adverse events from the secondary outcomes of interest. 

Other outcomes reported included: angiographic re-stenosis and recurrence of angina (Sharifi 2004), and left ventricular ejection fraction and resolution of ST segment abnormality (Hot MI). 

Methodological quality

Details of the quality assessment are given in the table 'Characteristics of included studies'. In general, study quality was assessed as low. The significance of variations in quality detailed below is unclear and given that few analyses could be pooled, study quality was not used as a basis for sensitivity analysis.

· Randomisation 

· Randomisation procedures were described in Hot MI (random number tables) but not in the other studies. Allocation concealment was adequately described only by Swift 1992. For none of the remaining studies 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 required a clinical diagnosis of AMI for enrollment in these studies except Sharifi 2004, who also enrolled subjects with unstable angina. Two studies defined entry criteria as those patients with a clinical diagnosis of AMI, Hot MI within six hours, and Thurston 1973 within 24 hours. Swift 1992 enrolled patients with AMI and abnormal left ventricular wall motion between three and seven days post-infarct. All patients in the Sharifi 2004 study had presumed coronary arterial lesions where a percutaneous stent was indicated and so were a more highly selected subset of ACS patients. Only Hot MI and Swift 1992 indicated that patients who were unstable or in gross left ventricular failure were excluded.

· Blinding 

· Only Swift 1992 described the use of a sham therapy to blind participants as to treatment group allocation. This paper also described a blinded and randomised method for outcome assessment, including the measurement of concordance between multiple assessors. 

· Patients lost to follow-up 

· Swift 1992 reported no losses to follow-up or any violation of treatment protocol. Hot MI reported 16 subjects withdrawn from analysis after allocation to groups (four became unstable, four generated incomplete data, three were enrolled after six hours in violation of inclusion criteria, two showed no cardiac enzyme rise, two received an incorrect treatment protocol and one refused to have HBOT). Thurston 1973 similarly did not report data on 13 subjects who were withdrawn for misdiagnosis or being aged more than 70 years in violation of inclusion criteria. The group allocation was not indicated for any of the withdrawn patients in either of these studies. Sharifi 2004 excluded nine subjects allocated to HBOT from the analysis, five of which were crossed over to the control arm after declining to receive HBOT. The other 4 required coronary artery bypass grafting or did not have a lesion suitable for stenting, while there were also 4 subjects excluded from the control group for the same reasons. Sensitivity analysis in this review has made best and worse case analyses (with the assumption of equal distribution of withdrawals) to examine potentially important effects on outcome where these studies contributed patients. 

· Intention-to-treat analysis 

· None of the included studies specifically indicated an intention to treat approach, and such an approach was not possible for Sharifi 2004 as five subjects crossed from HBOT to control for analysis. Swift 1992 reported full follow-up and did not report any protocol violation. 

Results 

· Primary outcomes 

· 1. Death 

· 1.1 Death at any time after enrollment (comparison 01, outcome 01) 

· Three trials reported this outcome (Sharifi 2004; Hot MI; Thurston 1973), involving 391 subjects (92% of the total subjects in this review), with 186 (48%) allocated to standard treatment plus HBOT and 225 (53%) to standard therapy alone. Thurston 1973 contributed 53% of the subjects to this analysis. 18 subjects (9.7%) died in the HBOT group versus 29 (14.1%) in the control group. There was no statistically significant reduction in the risk of death following HBOT (the RR of death with HBOT was 0.64, 95% CI 0.38 to 1.06, P=0.08), nor was there any statistically significant reduction on subgroup analysis for those presenting in cardiogenic shock (RR with cardiogenic shock 0.57, 95%CI 0.3 to 1.09, P=0.09, RR without cardiogenic shock 0.65, 95% CI 0.35 to 1.2, P=0.17). There was no indication of significant heterogeneity between trials (I2 =0%). This result, for mortality, was however sensitive to the allocation of withdrawals (best case RR of death with HBOT is 0.42, 95% CI 0.26 to 0.70, P=0.0008, worst case RR 1.41, 95% CI 0.91 to 2.18, P=0.12), comparison 01, outcomes 02 and 03. 

· 2. Major Adverse Coronary Events (MACE) at 8 months (comparison 02, outcome 01) 

· Only one trial reported this outcome (Sharifi 2004), involving 61 patients (14.4% of the total subjects in this review), with 24 (39%) analysed as receiving standard therapy with HBOT, and 37 (61%) standard therapy alone. One subject (4.2%) suffered with a MACE following HBOT versus eight subjects (35.1%) in the control group. There was a statistically significant reduction in the risk of MACE following HBOT (RR 0.12, 95% CI 0.02 to 0.85, P=0.03). This result was however, sensitive to the allocation of withdrawals (best case RR of death with HBOT is 0.09, 95% CI 0.01 to 0.61, P=0.01, worst case RR 0.56, 95% CI 0.23 to 1.40, P=0.22), comparison 02, outcomes 02 and 03). The absolute risk difference of 30.9% between sham and HBOT is significant (P=0.005), with an NNT to avoid one extra MACE of 4, (95% CI 3 to 10).

· Secondary outcomes 

· 3. Significant cardiac events (only significant dysrrhythmias were reported) (comparison 03, outcome 01) 

· Only one trial reported this outcome (Thurston 1973) involving 208 patients (50% of the total subjects in this review), with 103 randomised to receive HBOT and 105 in the control arm. Of the events recorded, three dysrythmias were accepted as 'significant cardiac events' - complete heart block, ventricular fibrillation and asystole. It is not clear if the numbers reported reflect individuals who suffered these events, or the number of events in total. Overall there were 25 such events reported in the patients receiving HBOT versus 43 such events in the control group, and patients receiving HBOT were significantly less likely to suffer one of these dysrythmias (RR 0.59, 95% CI 0.39 to 0.89, P=0.01). The absolute risk reduction of 17% corresponds to an NNT to avoid one event of 6, 95% CI 3 to 24. This result was however sensitive to the allocation of withdrawals, best case RR of significant event with HBOT is 0.51, 95%CI 0.34 to 0.77, P=0.001, worst case RR 0.73, 95%CI 0.50 to 1.06, P=0.10, comparison 03, outcomes 03 and 04. 

· Separate analyses for each of the three dysrhythmias suggested HBOT patients were significantly less likely to suffer with complete heart block (RR 0.32, 95% CI 0.12 to 0.84, P=0.02), but not ventricular fibrillation (RR 0.78, 95% CI 0.36 to 1.71, P=0.54) or asystole (RR 0.73, 95% CI 0.34 to 1.56, P=0.42), comparison 03, outcome 02. 

· 4. Time to relief of cardiac pain (comparison 04, outcome 01) 

· Only one trial contributed results to this outcome (Hot MI) involving 81 subjects (19% of the total), 40 randomised to HBOT and 41 to control. 57 other subjects enrolled did not contribute data to this analysis, our best estimate is that these were 29 in the standard care plus HBOT group and 28 receiving standard care alone. The mean time to pain relief in the HBOT group was 261 minutes versus 614 minutes in the control group and this difference was statistically significant (WMD 353 minutes, 95% CI 219 to 488, P<0.0001).

· 5. Size of infarct area 

· No trial reported any data on this outcome.

· 6. Magnitude of cardiac enzyme rise (comparison 05, outcomes 01, 02, 03) 

· Only one trial contributed results to this outcome (Hot MI) involving 84 subjects (20% of the total), 41 randomised to HBOT and 43 to control. 54 other subjects enrolled did not contribute data to this analysis, 28 in the standard care plus HBOT group and 26 receiving standard care alone. This trial reported serum creatine phosphokinase (CPK) levels at two times (12 hours post-treatment and 24 hours post-treatment) and also the maximum level recorded. The mean CPK at 12 hours was 1,690 units in the HBOT group versus 1,828 units in the control group. At 24 hours the respective values were 1,028 units versus 1,093 units and the maximum mean levels recorded were 1,698 units versus 2,111 units. These differences were not statistically significant (12hrs WMD -138 units, 95% CI -843 to 568, P=0.70; 24 hrs WMD -65, 95% CI -531 to 401, P=0.78; maximum level WMD -413, 95% CI -982 to 156, P=0.15).

· 7. Left ventricular function (comparison 06, outcomes 01,02) 

· Two trials reported on improvements in LV function, however pooling was not appropriate. One trial (Swift 1992) reported the number of individuals in whom improved function could be demonstrated on echocardiography following HBOT, while another (Hot MI) reported LV ejection fraction (LVEF) at discharge. Swift 1992 involved 34 subjects (8% of the total), 24 randomised to HBOT and 10 to control. 12 subjects showed improved contraction in at least one segment in the HBOT group versus zero in the control group. This difference was not, however, statistically significant (RR of improvement without HBOT 0.09, 95% CI 0.01 to 1.4, P=0.09). Hot MI involved 117 subjects (28% of the total), 57 randomised to HBOT and 60 to control. 21 other subjects enrolled did not contribute data to this analysis, 12 in the HBOT group and 9 in the control. The mean LVEF in subjects who had received HBOT was 51.7% versus 48.4% in the control subjects. This small difference was not statistically significant (WMD 3.3%, 95% CI -1.1 to 7.6, P=0.14).

· 8. Length of stay (comparison 07, outcome 01) 

· Participants who were given HBOT had a mean stay in hospital of 7.4 days versus 9.2 days for those receiving the control treatment. This difference was not statistically significant (WMD 1.8 days, 95% CI 3.7 to -0.1, P=0.06). Data were from 63 participants in the pilot phase of the Hot MI study (31 randomised to HBOT and 33 to control) 18 other participants did not contribute data to this analysis (10 from the HBOT arm and 8 from the control arm ). 

· 9. Myocardial perfusion 

· No trials reported any data on this outcome.

· 10. Quality of life 

· No trials reported any data on this outcome.

· 11. Rate of readmission 

· No trials reported any data on this outcome.

· 12. Costs of treatment 

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

· Adverse effects 

· 13. Tympanic membrane rupture (TMR), neurological oxygen toxicity and claustrophobia (comparison 08, outcome 01) 

· Two trials reported on the incidence of tympanic membrane rupture due to barotrauma (Sharifi 2004; Thurston 1973) involving 269 subjects (63% of the total), 127 (47%) randomised to HBOT and 142 (53%) randomised to control. One subject suffered TMR in the HBOT group versus none of the controls. This difference was not statistically significant (RR of TMR with HBOT 4.56, 95% CI 0.19 to 107.54, P=0.35). 

· Three trials (Hot MI (pilot phase); Sharifi 2004; Thurston 1973) involving 335 subjects (79% of the total) reported a zero incidence of neurological oxygen toxicity in all arms. No trial reported on any adverse effects in relation to standard therapeutic measures. 

· One trial reported on claustrophobia (Thurston 1973) involving 208 subjects (49% of the total), 103 (50%) randomised to HBOT and 105 (50%) to control. There were 15 subjects (15%) with claustrophobia requiring cessation of therapy in the HBOT group versus none in the control group. This difference is statistically significant (RR of claustrophobia with HBOT 31.6, 95% CI 1.92 to 521, P=0.02). 

Discussion 

This review has included data from four trials investigating the treatment of ACS with HBOT, and we believe these represent all randomised human trials in this area, both published and unpublished, at the time of searching the databases. One trial included subjects with ACS, while three included only subjects with confirmed myocardial infarction. We found limited evidence that HBOT reduces the incidence of both MACE and complete heart block, and reduces the time to relief from angina when administered to these patients. Although there was a trend toward favourable outcomes, there was no reliable data from these trials to confirm or refute any effect of HBOT on mortality, length of stay or LV contractility. 

Only four trials with 425 participants were available for evaluation 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, variability in entry criteria and the nature and timing of outcomes, and poor reporting of both outcomes and methodology. In particular, there is a possibility of bias due to different anatomical locations and extent of myocardial damage on entry to these small trials, as well as from non-blinded management decisions in all except Swift 1992. 

These trials were published over a 23-year period up to 2004, and from a wide geographical area. We had planned to perform subgroup analyses with respect to inclusion or otherwise of thrombolysis, the nature of comparator treatments, dose of oxygen received (pressure, time and length of treatment course), the presence or absence of cardiac failure, the site of infarct, and to compare those with established versus pre-infarct subjects. However, the paucity of eligible trials and were poor reporting suggested these analyses would not be informative. Patient inclusion criteria were not standard, and poorly reported in some trials. Only Hot MI and Swift 1992 clearly indicated the time at which the inclusion criteria were applied. There was significant variation both in oxygen dose during an individual treatment session, and in the number of sessions administered to each patient. While all trials used some form of 'standard' cardiac therapy in a dedicated unit designed to maximise outcome, these comparator 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 performed with respect to the risk of death and adverse effects. While the risk of dying was not significantly better following HBOT, there was some trend in that direction (RR 0.64, P=0.08) and the absolute risk difference of 3.2% suggested an NNT of around 31 patients in order to save one death by the addition of HBOT. Only one trial (Thurston 1973) reported the fate of those presenting in cardiogenic shock, and while there was no statistically significant difference between groups in this small sample, it is worth noting that all survivors were from the HBOT group (three from seven subjects versus none from five). The one small study that reported MACE rather than death alone (Sharifi 2004) also suggested better outcome with the use of HBOT (RR 0.12, P=0.03) with a risk difference of 31% and an NNT of 4. This possible treatment effect would be of great clinical importance and deserves further investigation. Given the small numbers and the sensitivity of the risk of both death and MACE to the allocation of withdrawals, this result should be interpreted with extreme caution. 

As is common with small trials, the incidence of adverse effects was poorly assessed by the studies included in this review. No trial reported any neurological or pulmonary oxygen toxicity in any group, while there was only one reported case of severe ear barotrauma as a consequence of compression. Thurston 1973 reported 15 individuals who needed to be removed from a single occupancy hyperbaric chamber because of claustrophobia, a rate of 15%. While this is a clinically significant problem in that trial, it is unlikely this rate would be sustained when using larger compression chambers designed for multiple occupancy. 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 proportion 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 middle-ear 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 compression. Ear 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 patient in order to inflate the middle ear through the eustachian tube on each side. Barotrauma is thus not a consequence of HBOT directly, 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. 

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. 

Reviewers' conclusions

Implications for practice

There is limited evidence from this review that HBOT either reduces the risk of MACE in general or significant dysrhythmia in particular, or that it reduces the time required to achieve relief from cardiac ischaemic pain in patients with acute coronary syndromes. While it is possible there is a reduction in the risk of death, there is little evidence from randomised trials of a significant reduction in this regard. 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. Thus, the routine adjunctive use of HBOT in these patients cannot be justified by this review. 

Implications for research

Given the indicative findings of improved outcomes 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 (if any) from the administration of HBOT. Specifically, more information is required on the subset of disease severity and timing of therapy most likely to result in benefit from this therapy. Given the activity of HBOT in modifying ischaemia-reperfusion injury, attention should be given to combinations of HBOT and thrombolysis in the early treatment of acute coronary events and the prevention of re-stenosis after stent placement. Any future trials would need to consider in particular:

· appropriate sample sizes with power to detect the expected differences suggested by this review; 

· careful definition and selection of target patients; 

· acute versus sub-acute administration of HBOT; 

· appropriate range of oxygen doses per treatment session (pressure and time); 

· appropriate and carefully defined comparator therapy; 

· use of an effective sham therapy; 

· effective and explicit blinding of outcome assessors; 

· appropriate outcome measures including all those listed in this review; 

· careful elucidation of any adverse effects; 

· the cost-utility of the therapy.
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Tables

Characteristics of included studies

	Study  
	Hot MI  

	Methods  
	Multicentred, randomised trial. Allocation method not described. No blinding. 16 subjects excluded after randomisation.  

	Participants  
	138 subjects enrolled in emergency room the numbers randomised to each arm were not reported. Patients in emergency room with AMI diagnosed by clinical features and ECG changes, and who were eligible for thrombolysis. Age 18 to 80 years. 16 excluded due to haemodynamic instability, no proven AMI, exceeded time limit for thrombolysis, incorrect protocol, incomplete data or refusal of HBOT.  

	Interventions  
	Controls received thrombolysis, aspirin, heparin and intravenous nitroglycerine. HBO group received the same plus 1 treatment of 2ATA 100% oxygen for 2 hours.  

	Outcomes  
	Death, time to pain relief, magnitude of enzyme change, left ventricular ejection fraction. Length of stay  

	Notes  
	Quality assessment: Randomisation: random number table, Allocation: B, Performance Bias: unblinded, Detection bias: LVEF measures were observer blinded.  

	Allocation concealment  
	B  

	Study  
	Sharifi 2004  

	Methods  
	Randomised controlled trial without blinding or allocation concealment. Patients refusing HBOT crossed over to control (5 subjects). Analysis by intention to treat is therefore not possible.  

	Participants  
	69 subjects enrolled (33 HBOT, 36 control) with clinical diagnosis of acute AMI or unstable angina, but were excluded if pain was ongoing, or S-T segments unresolved after 30 minutes of medical therapy. 5 subjects crossed from HBOT to control after refusal or early termination of HBOT, while a further 4 subjects from each group did not require PCI. Therefore final analysis of 24 HBOT and 37 control subjects.  

	Interventions  
	Controls underwent stenting and received aspirin, heparin and clopidogrel. Experimental subjects received HBOT at 2ATA for 90 minutes 1 hour prior to or immediately following stent, and a second treatment within 18 hours. Medical therapy was the same for both groups.  

	Outcomes  
	MACE, adverse events  

	Notes  
	Quality assessment: Randomisation: method not described, Allocation: B, Performance Bias: unblinded, Attrition bias: 9 lost in active group compared to 4 in control. 5 subjects crossed from active to control, Detection bias: nil.  

	Allocation concealment  
	B  

	Study  
	Swift 1992  

	Methods  
	Randomised controlled trial with concealed allocation. Schedule called for 2 active for each control subject. No loss to follow-up and subjects were blinded with sham therapy.  

	Participants  
	34 subjects (24 HBOT, 10 control) enrolled with firm clinical diagnosis of AMI within the past week, plus abnormal wall motion on transoesophageal echo. Uncontrolled heart failure excluded. Most had received thrombolysis.  

	Interventions  
	Control group had echocardiography, exposure to 2ATA breathing air for 30 minutes and repeat echo. HBOT group had same schedule but breathed 100% oxygen at 2ATA  

	Outcomes  
	Improved LV function on echocardiography. No follow-up past the immediate post-HBOT phase. Outcome assessors were blinded and shown results in random sequence.  

	Notes  
	Perhaps not designed as a therapeutic trial, but does satisfy entry criteria and measured a short-term outcome. Quality assessment: Randomisation: random number table, Allocation: concealed, Performance Bias: blinded, Detection bias: observer blinded.  

	Allocation concealment  
	A  

	Study  
	Thurston 1973  

	Methods  
	Sealed envelope randomisation, no blinding after allocation to group. 13 subjects withdrawn due to misdiagnosis or age recorded wrongly.  

	Participants  
	221 subjects (110 HBOT, 111 control) with strong clinical probability of myocardial infarction at admission, aged <70 years. 13 later excluded because of misdiagnosis or exceeded age limit.  

	Interventions  
	Control: "full orthodox coronary care including oxygen at 6 lpm by mask."HBOT: As above, minus mask oxygen and plus HBOT at 2ATA for 2 hours, followed by 1 hour on air at 1ATA, repeating for 48 hours  

	Outcomes  
	Death at 3 weeks, rate of significant dysrrhythmias, adverse effects. MACE not given as death and significant dysrrhythmia may have been reported in the same individual.  

	Notes  
	Some indication that HBOT subjects may have been more severely ill than control. Quality assessment: Randomisation: not described, Allocation: B, Performance Bias: unblinded, Detection bias: not described.  

	Allocation concealment  
	A  


AMI - acute myocardial infarction
HBOT - Hyperbaric Oxygen therapy
lpm - litres per minute 

Characteristics of excluded studies

	Study
	Reason for exclusion

	Cameron 1965
	Case series, no comparator group

	Markarian 1991
	RCT enrolling patients with angina, including unstable angina, but cannot obtain results broken down by functional class.

	Thomas 1990
	Animal study


Additional tables

Table 01 MEDLINE Search strategy (Last run November 2004) 

	 

	1. Coronary vascular disorders/
2. exp Myocardial ischemia/
3. Ischaemic heart disease/ or Coronary artery thrombosis/
4. exp Heart attack/
5. exp Hypoxia-ischemia, myocardium/
6. Coronary arterial diseases/ 
7. exp "Coronary embolism and thrombosis"/
8. ((heart or myocard$ or coronar$ circulation) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$ or hypoxi$)).tw.
9. (isch?emi$ adj6 (heart$ or attac$ or coronary vasc$ or attack$)).tw.
10. or/1-9
11. Hyperbaric Oxygenation/
12. Oxygen Inhalation Therapy/
13. Oxygen/ae, tu [Adverse Effects, Therapeutic Use]
14. atmospheric pressure/
15. Atmosphere Exposure Chambers/
16. (hyperbar$ or HBO$).tw.
17. (high pressure oxygen or 100% oxygen).tw.
18. ((monoplace or multiplace) adj5 chamber$).tw.
19. or/11-18
20. 10 and 19
21. limit 20 to human


Table 02 EMBASE Search Strategy: (Last run November 2004) 

	 

	1. exp myocardial ischaemia/
2. (heart or myocard$ or coronar$).mp. 
3. (infarct$ or thrombos$ or embol$ or damag$).mp 
4. 2 and 3
5. myocardial injur$.mp. 
6. 1 or 4 or 5
7. exp heart attack/
8. 6 or 7
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. monoplace chamber$.mp. 
18. 9 or 14 or 15 or 16 or 17
19. 8 and 18
20. 19


References 

References to studies included in this review
Hot MI {published data only} 

Dekleva MN, Ostojic M, Vujnovic D. Hyperbaric oxygen and thrombolysis in acute myocardial infarction: a preliminary report. In: Sitinen SA, Leinio M, editor(s). Proceedings of the Twenty-first Annual Meeting of the European Underwater and Baromedical Society (EUBS) Helsinki: EUBS, 1995:9-13. 

Shandling AH, Ellestad MH, Hart GB, Crump R, Marlow D, Van Natta B et al. Hyperbaric oxygen and thrombolysis in myocardial infarction: The "HOT MI" pilot study. American Heart Journal 1997;134:544-50. 

* Stavitsky Y, Shandling AH, Ellestad MH, Hart GB, Van Natta B, Messenger JC et al. Hyperbaric oxygen and thrombolysis in myocardial infarction: the 'HOT MI' randomised multicenter study. Cardiology 1998;90:131-6. 

Sharifi 2004 {published data only} 

* Sharifi M, Fares W, Abdel-Karim I, Koch JM, Sopko J, Adler D. Usefulness of hyperbaric oxygen therapy to inhibit restenosis after percutaneous coronary intervention for acute myocardial infarction or unstable angina pectoris. American Journal of Cardiology 2004;93(June 15):1533-5. 

Sharifi M, Fares W, Abdel-karim I, Petrea D, Koch JM, Adler D et al. Inhibition of restenosis by hyperbaric oxygen: a novel indication for an old modality. Cardiovascular Radiation Medicine 2002;3:124-6. 

Swift 1992 {published data only} 

Swift PC, Turner JH, Oxer HF, O'Sea JP, Lane GK, Woollard KV. Myocardial hibernation identified by hyperbaric oxygen treatment and echocardiography in postinfarction patients: comparison with exercise thallium scintigraphy. American Heart Journal 1992;124:1151-8. 

Thurston 1973 {published data only} 

Thurston GJ, Greenwood TW, Bending MR, Connor H, Curwen MP. A controlled investigation into the effects of hyperbaric oxygen on mortality following acute myocardial infarction. Quarterly Journal of Medicine 1973;XLII:751-70. 

* indicates the major publication for the study
References to studies excluded from this review
Cameron 1965 

Cameron AJ, Gibb BH, Ledingham I. A controlled clinical trial of hyperbaric oxygen in the treatment of acute myocardial infarction. In: Ledingham I, editor(s). Hyperbaric Oxygenation: Proceedings of the Second International Congress. London: ES Livingstone, 1965:277. 

Markarian 1991 

Markarian SS, Shirinskaia GI, Starostin SG, Zagvozkin VN. Comparative study of the effect of drug therapy and its combination with hyperbaric oxygenation and hemosorption on stable angina pectoris [Sravnitel'noe izuchenie vliiania medikamentoznoi terapii i ee sochetanii s giperbaricheskoi oksigenatsiei i gemocorbtsiei na stabil'nuiu stenokardiiu]. Kardiologiia 1991;31(9):40-2. 

Thomas 1990 

* Thomas MP, Brown LA, Sponseller DR, Williamson SE, Diaz JA, Guyton DP. Myocardial infarct size reduction by the synergistic effect of hyperbaric oxygen and recombinant tissue plasminogen activator. American Heart Journal 1990;120(4):791-800. 

References to studies awaiting assessment
Ciocatto 1965 

Ciocatto E, Moricca G, Querci M, Cabrai M. Experimental studies on hyperbaric oxygenation. Panminerva Medica 1965;7(11):419-24. 

Additional references
Ashfield 1969 

Ashfield R, Drew CE, Gavey CJ. Severe acute myocardial infarction treated with hyperbaric oxygen. Postgraduate Medical Journal 1969;45:648-53. 

Bennett 2002 

Bennett 2002. The database of randomised controlled trials in hyperbaric medicine. www.hboevidence.com accessed on Feb 21 2005 . 

BHF 2002 

British heart Foundation Database. Coronary heart disease statistics. www.dphpc.ox.ac.uk/bhfhprg/stats/2000/2002/keyfacts/index.html 2002. 

Boerema 1960 

Boerema I, Meyne NG, Brummelkamp WK, Bouma S, Mensch MH, Kamermans F et al. Life without blood: a study of the influence of high atmospheric pressure and hypothermia on dilution of blood. Journal of Cardiovascular Surgery 1960;1(1):133-46. 

Clarke 2003 

Clarke M, Oxman AD, editors. Cochrane Reviewers' Handbook 4.2.0 [updated March 2003]. In: The Cochrane Library, Issue 2, 2003. Oxford: Update Software. 

Hammarlund 1999 

Hammarlund C. The physiologic effects of hyperbaric oxygenation. In: Kindwall EP, Whelan HT, editor(s). Hyperbaric Medicine Practice 2nd Edition. Flagstaff Az: Best Publishing Company, 1999:37-68. 

Harabin 1990 

Harabin AL, Braisted JC, Flynn ET. Response of antioxidant enzymes to intermittent and continuous hyperbaric oxygen. Journal of Applied Physiology 1990;69(1):328-35. 

Heistad 2003 

Heistad D. Unstable coronary-artery plaques. New England Journal of Medicine 2003;349(24):2285-7. 

Jain 1999 

Jain KK. Textbook of Hyperbaric Medicine. 3rd Edition. Seattle: Hogrefe and Huber, 1999. 

Khan 2003 

Khan B, Evans AW, Easterbrook M. Refractive changes in patients undergoing hyperbaric oxygen therapy: a prospective study. Undersea and Hyperbaric Medicine 2003;24:9. 

Kindwall 1999 

Kindwall EP, Whelan HT. Hyperbaric Medicine Practice. 2nd Edition. Flagstaff: Best Publishing Company, 1999. 

Kline 1970 

Kline HJ, Marano AJ, Johnson CD, Goodman P, Jacobson JH, Kuhn LA. Hemodynamic and metabolic effects of hyperbaric oxygenation in myocardial infarction. Journal of Applied Pathology 1970;28:256-63. 

Leach 1998 

Leach RM, Rees PJ, Wilmshurst P. ABC of oxygen. Hyperbaric oxygen therapy. BMJ 1998;317:1140-3. 

Moon 1964 

Moon AJ, Williams KG, Hopkinson WI. A patient with coronary thrombosis treated with hyperbaric oxygen. Lancet 1964;1:18-20. 

Naghavi 2003 

Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S et al. From vulnerable plaque to vulnerable patient: a call for new definitions and risk assessment strategies: Part I. Circulation 2003;108(14):1664-72. 

Oriani 1996 

Oriani G, Marroni A, Wattel F. Handbook on Hyperbaric Medicine. 1st Edition. Milan: Springer, 1996. 

Poulter 2003 

Poulter N. Global risk of cardiovascular disease. Heart 2003;89(Suppl II):ii2-ii5. 

Sheffield 1988 

Sheffield P. Tissue oxygen measurements. In: Problem Wounds. The Role of Oxygen 1st Edition. New York: Elsevier Science Publishing, 1988:17-51. 

Smith 1958 

Smith G, Lawson DA. Experimental coronary arterial occlusion: effects of the administration of oxygen under pressure. Scottish Medical Journal 1958;3:346-50. 

Speit 2000 

Speit G, Dennog C, Eichorn U, Rothfuss A, Kaina B. Induction of heme oxygenase-1 and adaptive protection against the induction of DNA damage after hyperbaric oxygen treatment. Cardiogenesis 2000;21(10):1795-9. 

Thom 1991 

Thom SR, Elbuken M. Oxygen-dependent antagonism of lipid peroxidation in the rat. Free Radical Biology and Medicine 1991;10(6):413-26. 

Tjarnstrom 1999 

Tjarnstrom J, Wikstrom T, Bagge U. Effects of hyperbaric oxygen treatment on neutrophil activation and pulmonary sequestration in intestinal ischemia-reperfusion in rats. European Surgical Research 1999;31(2):147-54. 

Weaver 1997 

Weaver WD, Simes RJ, Betriu A, Grines CL, Zijlstra F et al. Comparison of primary coronary angioplasty and intravenous thrombolytic therapy for acute myocardial infarction: a quantitative review. JAMA 1997;278(23):2093-8. 

Wells 1977 

Wells CH, Goodpasture JE, Horrigan DJ. Tissue gas measurements during hyperbaric oxygen exposure. In: Smith G, editor(s). Proceedings of the Sixth International Congress on Hyperbaric Medicine. Aberdeen: Aberdeen University Press, 1977:118-24. 

WHO 2003 

Tunstall-Pedoe H, Kuulasmaa K, Tolonen H, Davidson M, Mendis S. The WHO MONICA Project. In: Tunstall-Pedoe H, editor(s). MONICA Monograph and Multimedia Sourcebook Geneva: World Health Organization, 2003:170-83. 

Graphs
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To view a graph or table, click on the outcome title of the summary table below.
	01 Death

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 Death at any time
	4  
	411  
	Relative Risk (Fixed) 95% CI  
	0.64 [0.38, 1.06]  

	02 Death - best case scenario
	3  
	428  
	Relative Risk (Fixed) 95% CI  
	0.42 [0.26, 0.70]  

	03 Death - worst case scenario
	3  
	428  
	Relative Risk (Fixed) 95% CI  
	1.41 [0.91, 2.18]  


	02 Major Adverse Cardiac Events

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 Major Adverse Cardiac Events
	1  
	61  
	Relative Risk (Fixed) 95% CI  
	0.12 [0.02, 0.85]  

	02 MACE - Best case scenario
	1  
	69  
	Relative Risk (Fixed) 95% CI  
	0.09 [0.01, 0.61]  

	03 MACE - worst case scenario
	1  
	69  
	Relative Risk (Fixed) 95% CI  
	0.56 [0.23, 1.40]  


	03 Significant dysrrhythmias (complete heart block, ventricular fibrillation, asystole)

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 Overall (CHB, VF and asystole combined)
	1  
	208  
	Relative Risk (Fixed) 95% CI  
	0.59 [0.39, 0.89]  

	02 Significant dysrrythmias (complete heart block, ventricular fibrillation or asystole)
	  
	  
	Relative Risk (Fixed) 95% CI  
	Subtotals only  

	03 Overall best case
	1  
	221  
	Relative Risk (Fixed) 95% CI  
	0.51 [0.34, 0.77]  

	04 Overall worst case
	1  
	221  
	Relative Risk (Fixed) 95% CI  
	0.73 [0.50, 1.06]  


	04 Time to pain relief

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 Time to relief of pain
	1  
	81  
	Weighted Mean Difference (Fixed) 95% CI  
	-353.00 [-487.56, -218.44]  


	05 Magnitude of cardiac enzyme changes

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 12 hour Plasma Creatine Phosphokinase
	1  
	84  
	Weighted Mean Difference (Fixed) 95% CI  
	-138.00 [-843.84, 567.84]  

	02 24 hour Plasma Creatine Phosphate
	1  
	72  
	Weighted Mean Difference (Fixed) 95% CI  
	-65.00 [-530.97, 400.97]  

	03 Maximum Plasma Creatine Phosphate
	1  
	110  
	Weighted Mean Difference (Fixed) 95% CI  
	-413.00 [-982.05, 156.05]  


	06 Improvement in left ventricular function

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 Improved contraction in at least one segment (post-HBOT echo)
	1  
	34  
	Relative Risk (Fixed) 95% CI  
	0.09 [0.01, 1.40]  

	02 Left Ventricular Ejection Fraction- % (discharge)
	1  
	117  
	Weighted Mean Difference (Fixed) 95% CI  
	3.30 [-1.07, 7.67]  


	07 Length of Stay

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 Overall length of stay (days)
	1  
	64  
	Weighted Mean Difference (Fixed) 95% CI  
	-1.80 [-3.70, 0.10]  


	08 Adverse events of therapy

	Outcome title
	No. of studies
	No. of participants
	Statistical method
	Effect size

	01 Total adverse events
	  
	  
	Relative Risk (Fixed) 95% CI  
	Subtotals only  
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Synopsis

Acute heart problems associated with coronary artery disease are collectively referred to as 'Acute Coronary Syndrome' ( ACS). ACS is very common and may lead to severe complications including death. Hyperbaric oxygen therapy (HBOT) involves people breathing pure oxygen in a specially designed chamber. It is sometimes used as a treatment to increase the supply of oxygen to the damaged heart in an attempt to reduce the area of the heart that is at risk of dying. We found some evidence that people with ACS are less likely to have major adverse cardiac events, and to have more rapid relief from their pain, if they receive hyperbaric oxygen therapy as part of their treatment. However, there is no good evidence that people are more likely to survive following HBOT. Our conclusions are based on four randomised trials (three of which included only patients with confirmed heart muscle death), and with a limited number of patients. 

Hyperbaric oxygen may reduce the time to pain relief and the chance of adverse heart events in people with heart attack and unstable angina, but it is not clear if the risk of dying is reduced. Further research is needed.
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