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Hyperbaric oxygen therapy for the treatment of long
COVID: early evaluation of a highly promising intervention
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Background

Long COVID is a common occurrence following COVID-19
infection. The most common symptom reported is fatigue.
Limited interventional treatment options exist. We report the
first evaluation of hyperbaric oxygen therapy (HBOT) for long
COVID treatment.

Methods

A total of 10 consecutive patients received 10 sessions of
HBOT to 2.4 atmospheres over 12 days. Each treatment
session lasted 105 minutes, consisting of three 30-minute
exposures to 100% oxygen, interspersed with 5-minute air
breaks. Validated fatigue and cognitive scoring assessments
were performed at day 1 and 10. Statistical analysis was with
Wilcoxon signed-rank testing reported alongside effect sizes.

Results

HBOT yielded a statistically significant improvement in the
Chalder fatigue scale (p=0.0059; d=1.75 (very large)), global
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cognition (p=0.0137; d=-1.07 (large)), executive function
(p=0.0039; d=-1.06 (large)), attention (p=0.0020; d=-1.2
(very large)), information processing (p=0.0059; d=-1.25 (very
large)) and verbal function (p=0.0098; d=-0.92 (large)).

Conclusion

Long COVID-related fatigue can be debilitating, and may
affect young people who were previously in economic
employment. The results presented here suggest potential
benefits of HBOT, with statistically significant results following
10 sessions.
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Introduction

The COVID-19 pandemic has resulted in the need to support large
cohorts of patients suffering from long COVID after recovery from
acute infection. Long COVID is a term ‘used to describe presence
of various symptoms, even weeks or months after acquiring
SARS-CoV-2 infection irrespective of the viral status’. Long COVID
is a common condition, with estimates identifying that between
10% and 20% of people initially diagnosed with acute COVID-19
will go on to develop symptoms of long COVID. There remains
some debate about the terminology used in long COVID, with the
UK National Institute for Health and Care Excellence (NICE) also
using the terminology ‘post-COVID-19 syndrome’ for signs and
symptoms that develop during or after an infection consistent with
COVID-19, continue for more than 12 weeks and are not explained
by an alternative diagnosis, and ‘ongoing symptomatic COVID-19’
for signs and symptoms of COVID-19 from 4 to 12 weeks.?
However, NICE also recognises the umbrella term ‘long COVID".
Long COVID now poses an emerging public health emergency
with multiple challenges for the management of these patients
in clinical practice.*"® The symptoms associated with long COVID
are diverse, including breathlessness, cough, fatigue, ‘brain fog’,
anxiety and depression.” One of the most commonly reported
symptoms is fatigue, present in up to 65% of long COVID patients,
this is accompanied by a substantial proportion also reporting
cognitive and affective deficits (described in the literature as
‘brain fog’).2"" The fatigue experienced by these patients can be
particularly severe, preventing them from performing their usual
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work and activities, while the age group most affected by long
COVID tends to be economically active adults.”?

Currently specific treatment options for long COVID are limited,
with even fewer treatment options available for those suffering
from fatigue.”>" Thus, there is a growing need to identify effective
treatments for these patients.’ Despite distinct differences, there
are important similarities between long COVID fatigue and chronic
fatigue syndrome.>'®

Hyperbaric oxygen therapy (HBOT) is ‘an intervention where
an individual breathes near 100% oxygen intermittently while
inside a hyperbaric chamber that is pressurized to greater than
sea level pressure (1 atmosphere absolute, or ATA) "8 HBOT is
used for both elective (eg soft tissue radiation complications and
non-healing chronic wounds) and emergency medical conditions
(eg carbon monoxide poisoning, decompression illness and gas
embolism).” In particular, HBOT has been shown to be safe
and effective in the treatment of chronic fatigue syndrome.
At University Hospitals Coventry and Warwickshire NHS Trust,
working in direct partnership with the Midlands Diving Chamber
at the Rugby Hospital of St Cross, we proposed that HBOT may be
of benefit to people suffering from symptoms of long COVID. The
first patient to receive HBOT for long COVID received this on the 11
January 2021. Currently, there is no study to our knowledge which
explored the effects of HBOT on long COVID-related fatigue. Here
we present the first evaluation of a HBOT service for the treatment
of long COVID symptoms internationally.

19,20

Methods

We retrospectively evaluated the response of fatigue symptoms
of patients with long COVID-related fatigue receiving HBOT

at the Midlands Diving Chamber medical facility, Hospital of

St Cross, Rugby. This retrospective evaluation was approved by
the University Hospitals Coventry and Warwickshire NHS Trust
COVID-19 Research Ethics Committee through the GAFREC
Process (ID: 10026).

We evaluated 10 consecutive patients undergoing HBOT for
long COVID-related fatigue at the Midlands Diving Chamber. All
patients were suffering from new fatigue that developed during
or after an infection consistent with COVID-19 and continuing for
more than 12 weeks. The clinical inclusion and exclusion criteria for
these patients are listed in Table 1.

All patients received 10 HBOT sessions, once daily at 2.4
atmospheres for 1 hour and 45 minutes over 12 days (with a 2-day
break in the middle for the weekend).

The responses of these 10 consecutive patients receiving HBOT
therapy were evaluated with the primary outcome measure being
the change in Chalder fatigue scale between days 1 and 10 of
treatment.?’ The secondary measure evaluated was the change
in the cognitive profile scores of day 1 and day 10, as reported
through the NeuroTrax evaluation.?? This scoring included
global cognitive score, memory, executive function, attention,
information processing speed, visual-spatial, verbal function and
motor skills.

Statistical analysis

In order investigate differences between day 1 and day 10
undergoing HBOT, Wilcoxon signed-rank testing was conducted,
and reported alongside corresponding effect sizes (Cohen’s d;
classified as small (0.2), medium (0.5), large (0.8) or very large (1.2),
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Table 1. Inclusion and exclusion criteria for

hyperbaric oxygen therapy

Inclusion criteria Exclusion criteria

> Age above 18 years > History of traumatic brain injury
> Previous confirmed or any other non-COVID brain
COVID-19 infection pathology
diagnosed with > Active malignancy (current solid

swab PCR test or organ or blood cancer either under

positive antibody active treatment, observation or
test palliative care).

> Subject willing > Substance use at baseline (alcohol
and able to read, use in excess of current government
understand and guidelines)

sign an informed > Severe or unstable physical disorders
consent to have or major cognitive deficits at baseline
hyperbaric oxygen > HBOT for any reason prior to study
therapy enrolment
> Patient suffering > Chest pathology incompatible

severe, longstand- with pressure changes (including
ing post-COVID-19 moderate to severe asthma, COPD
syndrome and history of pneumothorax)

> Epilepsy

> Ear or sinus pathology incompatible

with pressure changes
> Claustrophobia

COPD = chronic obstructive pulmonary disease; HBOT = hyperbaric oxygen
therapy.

and 95% confidence intervals (CIs)).2® In addition, Bayes factors
were also calculated to express the probability of a difference
given Hyo (alternate hypothesis) relative to Hyq (null hypothesis),
that is, values larger than 1 are in favour of Hyq assuming that
Ho1 and H,q are equally likely and using a default prior.zl' Bayes
factors were reported as the probability of the data given the
alternative relative to the null hypothesis or vice-versa (classified
as anecdotal (gr1-3), moderate (gr3-10), strong (gr10-30), very
strong (gr30-100) or extreme (BF>1OO)).25’27 Bayesian analysis
was concurrently utilised because it permits the amalgamation
of discipline-specific knowledge, facilitates direct probability
statements to be made pertaining to included parameters (ie
population level effects), allows zero effects to be determined,
provides estimates of uncertainty around parameter values that
are more intuitively interpretable than those from null hypothesis
testing alone, and supports in the interpretation of p values. 282
All analyses were conducted using R software. >

Results

In the present cohort, 60% of the patients were women. The
mean average age of participants was 47.5 years (range 24—74).
All patients had been suffering from long COVID symptoms for
over 3 months.
Participant level and overall group data for all collected validated
scores between day 1 and day 10 of HBOT are presented in Table 2.
Wilcoxon signed-rank tests indicated that once daily HBOT for
10 days yielded a statistically significant improvement in Chalder
fatigue scale (p=0.0059; d=1.75 (very large)), global cognition
(p=0.0137; d=-1.07 (large)), executive function (p=0.0039;
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Table 2. Day 1 vs day 10 of hyperbaric oxygen therapy

p value Mean difference (95% CI) Cohen’s d BF
Global cognition 0.0137¢ -8.4 (-14.55--2.9) -1.07 7.626
Memory 0.8457 0.9 (-10.6-7) -0.01 0.3091
Executive function 0.0039° —7.3(-12.65--2.2) -1.06 7.3286
Attention 0.0020° -7 (=12.45--2.05) -1.2 12.5093
IPS 0.0059° -15.3(-29.8--8.2) -1.25 15.3199
Visual-spatial 0.1056 —5.5 (-11.3-0.65) -0.76 212
Verbal function 0.0098° —-21.95 (-44.85 - -6.15) -0.92 41335
Motor skills 0.0827 —3.9(-7.55-2.2) -0.52 0.85
Chalder fatigue scale 0.0059¢ 18 (9.5-26) 1.75 98.13

Ssignificant difference between time points; BF = Bayes factor; CI = confidence interval; IPS = information processing speed.

d=-1.06 (large)), attention (p=0.0020; d=-1.2 (very large)),
information processing speed (p=0.0059; d=-1.25 (very large))
and verbal function (p=0.0098; d=-0.92 (large)). Concomitantly,
Bayes factors indicated that the evidence favouring the alternative
vs the null hypothesis was moderate for global cognition (g¢7.63),
executive function (g¢7.33) and verbal function (g¢4.13); strong for
attention (g¢12.51) and information processing speed (g15.32),
and very strong for Chalder fatigue index (g98.13).

All pairwise comparisons including p values, mean differences
(95% Cls), Cohen’s d effect sizes and Bayes Factors are presented
in Table 2 and Fig 1. Finally, participant level and overall group
data for days 1 and 10 are presented in the supplementary
material S1.

No adverse events were reported in any of these patients
receiving HBOT during this treatment or in the immediate post-
treatment phase.

Discussion

At University Hospitals Coventry and Warwickshire NHS Trust,
we have established a dedicated clinician-led clinic for patients
presenting with long COVID-related fatigue. The severity of
symptoms seen and the impact on quality of life is profound.
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Fig 1. Scores between day 1 (before) and day 10 (after) of hyperbaric
oxygen therapy. *significant difference; arbitrary units are construct specific.
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Many patients are unable to work (either in manual or office-based
roles), drive, participate in their usual physical activity or, at times,
engage with their family in the manner they would wish. The
treatment options available for such people with severe symptoms
of long COVID are limited, with very few interventional options.

Here, to our knowledge, we describe the first evaluated use of
HBOT to manage long COVID in the UK or internationally. We
report statistically and clinically significant improvements to both
the overall fatigue score and a range of cognitive domains using
validated scales. The effect size measures calculated are large,
suggesting a substantial improvement and, thus, there is a small
likelihood these results are due to chance despite the small initial
sample size. These are important findings suggesting a possible
positive effect of HBOT on the common long COVID-related
symptoms of fatigue and ‘brain fog’. These results match with
the clinical and qualitative observations of patients receiving the
therapy, many of whom report their lives have been transformed.

The mechanism of long COVID is still uncertain.! One possible
hypothesis is that the wide variety of changes that characterise
long COVID are a result of prolonged tissue hypoxia.® This is
frequently the common denominator for many diseases that are
responsive to HBOT.3" Further research is needed to understand
the underlying mechanisms of long COVID and positive responses
seen in relation to HBOT.

While these results are important, they represent only an initial
evaluation. Indeed, the sample size consists of only 10 patients.
Furthermore, these patients have not been followed up for a
prolonged period to assess whether the noted improvements of
these long COVID-related symptoms were sustained. Based on
initial informal feedback, patients do excellently in the longer
term. Thus, there is a need to assess these effects of HBOT in
the context of a randomised placebo-controlled prospective
study. However, these initial results suggest that HBOT merits
further study as a treatment option for patients presenting with
long COVID symptoms (such as fatigue). Given the scale of the
emerging long COVID public health emergency globally, and
the still ongoing COVID-19 pandemic, there is an urgent need
for larger-scale randomised placebo-controlled trials to evaluate
the potential impact of HBOT in the context of long COVID. In
addition, creation of a registry of patients receiving HBOT for long
COVID symptoms (such as fatigue) in order to obtain follow-
up data over time is also suggested. These are both elements
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of work currently being developed collaboratively between the
Midlands Diving Chamber and University Hospitals Coventry and
Warwickshire NHS Trust. m

Supplementary material

Additional supplementary material may be found in the online
version of this article at www.rcpjournals.org/clinmedicine:

S1 - Descriptive participant level and overall group data, day 1 vs
day 10.
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