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Abstract

(Boet S, Etherington C, Ghanmi N, Ioudovski P, Tricco AC, Sikora L, Katznelson R. Efficacy and safety of hyperbaric
oxygen treatment to treat COVID-19 pneumonia: a living systematic review update. Diving and Hyperbaric Medicine. 2022
June 30;52(2):126-135. doi: 10.28920/dhm52.2.126-135. PMID: 35732285.)

Introduction: As the COVID-19 pandemic evolves, new effective treatment options are essential for reducing morbidity
and mortality as well as the strain placed on the healthcare system. Since publication of our initial review on hyperbaric
oxygen treatment (HBOT) for hypoxaemic COVID-19 patients, interest in HBOT for COVID-19 has grown and additional
studies have been published.

Methods: For this living systematic review update the previously published search strategy (excluding Google Scholar)
was adopted with an extension from 1 February 2021 to 1 April 2022. Study inclusion criteria, data extraction, risk of bias
estimation and dispute resolution methods were repeated.

Results: Two new studies enrolling 127 patients were included in this update, taking the total to eight studies with 224
patients. Both new studies were randomised controlled trials, one at moderate and one at high risk of bias. Across these eight
studies, 114 patients were treated with HBOT. All reported improved clinical outcomes without observation of any serious
adverse events. Meta-analysis remained unjustified given the high heterogeneity between studies and incomplete reporting.
Conclusions: This updated living systematic review provides further evidence on the safety and effectiveness of HBOT to
treat acute hypoxaemic COVID-19 patients.

Introduction

More than two years following the first reported case
of COVID-19, the SARS-CoV-2 virus has infected over
482 million individuals worldwide, causing over 6.1 million
deaths as of 28 March 2022.! While global vaccination
efforts are underway, there are varying rates of both access to
and compliance with COVID-19 vaccines across the globe,>*
and the efficacy of the vaccines for new variants of concern
remains unclear.*> Even if COVID-19 eventually becomes
endemic, morbidity levels, death rates, and the susceptible
proportion of the population are unpredictable.® Endemic
infections can still cause disruptive waves as variants
emerge.® The clinical experience to date suggests that 15 to

20% of COVID-19 patients require oxygen supplementation,
and the mortality rate is 20 to 25% of patients requiring
intubation and ventilation.”"! Finding treatments to help
patients avoid extended hospital stays and intensive care
unit (ICU) admission can also help the healthcare system to
maintain capacity and recover from surgical and procedural
backlogs incurred from the progression of the pandemic.
To improve our global efforts to combat COVID-19, there
is significant value in assessing novel treatment modalities
that show promise in improving clinical outcomes and that
could benefit patients in the future.>'?

In 2021, we published a systematic review of the efficacy
and safety of hyperbaric oxygen treatment (HBOT) for
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COVID-19 patients.!* Based on the limited available
literature at the time, it was concluded that emerging
data may suggest “HBOT is safe and may be a promising
intervention to optimise treatment and outcomes in
hypoxaemic COVID-19 patients”."® Interest in HBOT
for COVID-19 has continued to grow and further clinical
evidence is emerging. Given the importance of providing
up-to-date evidence to clinicians, policymakers, and patients,
particularly in the context of a global pandemic, the original
systematic review has been transitioned to a living review.
A living systematic review is “a systematic review which is
continually updated, incorporating relevant new evidence as
it becomes available”"* Active monitoring of the evidence
through monthly searches, followed by incorporation and
dissemination of any new information that is identified,
facilitates timely and up-to-date guidance to clinicians and
decision-makers.'* This report is the first update of the
original review.

This living systematic review aims to provide an up-to-
date synthesis of the available evidence on the efficacy and
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safety of HBOT for COVID-19 patients to inform clinical
decision-making.

Methods
PROTOCOL

The protocols for the original systematic review
(CRD42020209933) and for the current living systematic
review (CRD42022309553) were registered with the
International Prospective Register of Systematic Reviews
(PROSPERO). This update is reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 Checklist."

LIVING SYSTEMATIC REVIEW

We followed the same methods used in the original
systematic review.'> These are briefly summarised
in Box 1. The search strategies are provided in
*Appendix I. This update repeated the search strategy

Box 1

Summary of systematic review methods

ELIGIBILITY CRITERIA

Control: Standard of care or no treatment/comparator
initiated

presenting study data
Language of publication: Any language

SEARCH STRATEGY

specialist
INFORMATION SOURCES

clinicaltrials.gov)
STUDY SELECTION AND DATA EXTRACTION

RISK OF BIAS AND CERTAINTY OF EVIDENCE

the certainty of the evidence for each study.
DATA SYNTHESIS
Descriptive summary

evidence, or when data obtained on additional outcomes

Population: Studies involving patients of any age with confirmed positive or suspected acute COVID-19
Intervention: Hyperbaric oxygen therapy (HBOT) administered with the intention of treating acute COVID-19
(minimum oxygen pressure of 1.4 atmosphere absolute [ATA])

Outcome: At least one clinical outcome (e.g., mortality; need for intubation), measured at any time point after HBOT

Design: Randomised or non-randomised trial, case control, cross-sectional, case series, case reports, letters or abstracts

Date of publication: Since December 2019, when the first human case of COVID-19 was reported

Developed by information specialist in collaboration with research team and peer-reviewed by second information

MEDLINE via Ovid, EMBASE via Ovid, Scopus, relevant grey literature sources (e.g., World Health Organization,

Conducted by pairs of independent reviewers in duplicate using Covidence systematic review software (Covidence,
Melbourne, Australia); disagreements resolved through consensus, or third reviewer as needed

Conducted by two independent reviewers in duplicate; disagreements resolved through agreement or a third reviewer
as needed; the Cochrane Risk of Bias 2 (RoB2) tool was used for RCTs.!® The GRADE framework'” was used to assess

LIVING REVIEW AND LITERATURE SURVEILLANCE
Monthly surveillance and updates, submitted for publication when new literature changes conclusions or certainty of

Footnote: *Appendices 1-5 are available on DHM Journal's website: https://www.dhmjournal.com/index.php/journals?id=296
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as previously published (excluding Google Scholar), but
updated to 1 April 2022.

For included randomised controlled trials, the Cochrane Risk
of Bias 2 (RoB2) tool was used.'® RoB2 assesses whether an
individual study has a lower or higher risk of bias according
to five domains: bias arising from the randomisation process,
bias due to deviations from intended interventions, bias
due to missing outcome data, bias in measurement of the
outcome, and bias in selection of the reported results.'® The
tool also provides an overall risk of bias judgement of low/
high/some concerns.'®

The certainty of the evidence for included comparative
studies was assessed using the GRADE framework."
GRADE considers five domains (risk of bias, indirectness,
inconsistency, imprecision, and publication bias), and rates
the certainty of the evidence as high, moderate, low or very
low."”
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Results
STUDY SELECTION

The updated literature search identified 80 potential studies
for inclusion, of which 13 were duplicates, and two met
inclusion criteria after abstract and full-text screening
(Figure 1). A total of eight studies were included in this
review (six from the previous review and two from this
update).

STUDY AND PATIENT CHARACTERISTICS

An overview of studies included and patient characteristics
from both the initial and current updated review is presented
in Table 1 and *Appendices 2 and 3. Further details on the
included studies in this update are available in Table 2.
Both the studies identified in this update were conducted
outside of North America: one in in Argentina and the other
in Russia.

Figure 1
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Table 1
Comparison of study and patient characteristics, initial review to current update; atm abs — atmospheres absolute; HBOT — hyperbaric
oxygen treatment

Parameter Initial review Current update Total

Studies (n) 6 2 8
Study design

Case report (n) 2 0 2

Case series (n) 3 0 3

Cohort study (n) 1 0 1

Randomised controlled trial (r) 0 2 2

Patient characteristics

Total patients (7) 97 127 224
Patients treated with HBOT (n) 37 77 114
Female (%) 12 (12.4) 58 (45.7) 70 (31.3)
Age range (years) 24-87 NR 24-87
Intervention details
Length of sessions (minutes) 60-100 40-90 40-100
Mean number of sessions 1-7 4-6 1-7
Pressure range kPa / atm abs 152-203/1.5-2.0 | 141-162/1.4-1.6 | 141-203/1.4-2.0
Table 2

Characteristics of new studies included in this update; HBOT — hyperbaric oxygen treatment; ICU — intensive care unit; PCR — polymerase
chain reaction; RCT — randomised controlled trial

Reference Study design Inclusion criteria Exclusion criteria Intervention | Control
“Patients in emergency
department or ICU, | “Patients unable to give
> 18 years of age, with | consent, were pregnant
confirmed diagnosis | or breast feeding, | Monoplace
_ of COVID-19 by | required mechanical 147 kPa
Cannellotto'® RCT, n =40 (20 per PCR or nasal swab, | ventilation, were unable | 90 minutes Standard
group), three centres . . . L . of care
with pneumonia with | to maintain prolonged | =5 sessions
oxygen dependence | sitting position (22 h) or | Once daily
and no previous | had contraindications for
hospitalisation within | HBOT.”
the last 6 months.”
RCT, n =87
(57 HBOT,
o
Two HBOT Patient admitted 142—1.62kPa
subgroups based to hospital and 40 minutes Standard
Petrikov"’ group .. P . Not reported Number of
on start of HBOT clinical diagnosis of sessions and of care
after admission: COVID-19 frequenc
Group 1 (< 7 days): d Y
n=28 not reported
Group 2 (> 7 days):
n=24
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Figure 2
Summary of clinical outcomes for COVID-19 patients treated with HBOT, when reported, across all eight reviewed studies

Avoided mechanical ventilation

In-hospital survival

Respiratory support not required

Oxygen insufflation with flow rate 3-6L/min 10
Non-invasive ventilation/high-flow oxygen therapy 9
Respiratory rate 7 0
Shortness of breath 6 0
Walking distance 4 0
0 5
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This update identified two randomised controlled trials, one
which is single centre'® and the other which is multicentre.'s
Across all eight included studies, there were 224 patients
(initial review: n = 97; update: n = 127). Of these, 114 were
treated with HBOT (initial review: n = 37; update: n = 77).
HBOT sessions ranged from 40 to 100 minutes, and the
number of sessions ranged from one to seven. The pressure
used ranged from 141-203 kPa (1.4-2.0 atmospheres
absolute [atm abs]).

RISK OF BIAS

In the multicentre randomised controlled trial,'® risk of bias
was found to be low across all domains but one (“risk of bias
due to deviations from the intended interventions”) rendering
an overall risk of bias assessment of “some concerns” with
high certainty of evidence. In the single centre randomised
controlled trial,'® risk of bias was either found to be of
some or high concern across each domain except for the
domain “risk of bias due to missing outcome data”, which
was deemed low risk. Overall, this study'® was rated as high
risk of bias with moderate certainty of evidence. The risk of
bias assessment for each study is provided in * Appendix 4.

EFFECTIVENESS OF HBOT FOR COVID-19

The two studies in this update assessed clinical outcomes
(Table 3). Petrikov’s study also assessed certain biological
outcomes.!” Improvements in all outcomes assessed for
patients who were treated with HBOT compared to the
control group were observed by both studies (Table 3).
Across all eight studies, improvements were observed
for a number of clinical outcomes for HBOT at pressures
anywhere between 141 and 203 kPa (1.4 and 2.0 atm
abs), including: in-hospital survival, median days to
recovery, oxygen saturation, respiratory rate, shortness of
breath, need for respiratory support, and walking distance
(*Appendix 5). Five studies'®?? reported patients treated with
HBOT were able to avoid mechanical ventilation and one study
reported improvement in the ordinal clinical outcomes scale.'
Figure 2 summarises the number of patients who improved
versus did not improve for each outcome, where data were
available.

Discussion

This living systematic review update identified two new
studies published since the completion of the original
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review. As of this update, there are now eight studies which
have assessed the efficacy and safety of HBOT for treating
patients with COVID-19. Of note, the two new studies
included in this update are the first randomised controlled
trials published. Although continued investigation through
rigorously conducted multicentre randomised controlled
trials is still needed to draw definitive conclusions, the
available evidence suggests HBOT may be an effective
adjunctive treatment for COVID-19. It is difficult to
comment definitively on safety on the basis of treating 114
patients but no serious adverse events have been reported
in the reviewed studies.

In addition to the risk of bias present in the available studies,
another challenge when assessing the effectiveness of HBOT
for acute hypoxaemic COVID-19 patients is the lack of
consensus in outcomes selection in the existing literature.
We found a wide range of observed clinical outcomes, such
as improved oxygen saturation, respiratory rate, walking
distance, and in-hospital survival as well as avoiding the
need for mechanical ventilation. The hyperbaric medicine
community should develop a minimum set of core outcomes
to be used in every study on HBOT for acute COVID-19.
This could incorporate the World Health Organization
ordinal COVID-19 scale that captures the main patient-
centred outcomes into a single tool.?*** Consistent reporting
of individual patient data across studies would also be
beneficial for supporting future meta-analyses.

Based on published evidence, HBOT is a promising
therapeutic option that could contribute to reduce the strain
new variants continue to place on the healthcare system
based on the ability to improve oxygenation without the
need for intubation or mechanical ventilation. The published
evidence reports a positive clinical effect of HBOT for
acute hypoxaemic COVID-19 patients regardless of their
specific HBOT regimen. Importantly, most studies found
this positive clinical effect after just a few days, typically
less than seven days. Interestingly, a number of reports
suggest the mechanisms of action of HBOT in COVID-19
patients may include immunoregulatory effects in addition to
correcting the oxygen debt.”>* These suggestions may have
implications for other septic conditions for future research.

Even if the incidence of Omicron, the current dominant
variant reduces, it is likely that new variants will continue
emerge and their potential impact is unpredictable.*
There are varying rates of both access to and compliance
with COVID-19 vaccines across the globe,>* and vaccine
efficacy has been shown to wane over time.*! Although
current vaccines offer a certain immunity against new
variants of concern, the protection level varies.*® Despite
intense research and some therapeutic progress, more
low-cost, safe, effective and scalable treatment options are
needed.’> HBOT is an already approved drug/intervention
for non-COVID-19 indications that is minimally invasive.
It can be employed across a wide range of case-severity,
unlike other interventions, which may be limited to narrow
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patient subgroups or time frames.*** HBOT would not be
subject to supply chain disruptions and product shortages,
which have been observed throughout the pandemic for
pharmaceutical interventions.** Of course, HBOT has some
limitations such as chamber availability and requirement for
transfer to a chamber from the hospital ward which should
be acknowledged.

This living systematic review will be updated as required
following monthly repetition of our search strategy. Our
narrative review will be modified and meta-analysis will
be performed as appropriate. The updated review will be
submitted for publication when new literature changes the
conclusions and/or certainty of evidence or when data are
obtained on additional outcomes.

LIMITATIONS

This review is subject to several limitations. First, there are
discrepancies in the quality of reporting between studies.
Designing reporting guidelines specific to hyperbaric
medicine is paramount to improvement in the quality of
publication. Secondly, findings may be subject to various
degrees of bias found in this review. In addition, a few studies
that are likely to be relevant to our review are completed
but not yet published according to registration databases.

Conclusions

This updated living systematic review provides further
evidence on the promising effectiveness of HBOT to treat
hypoxaemic acute COVID-19 patients.
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