Protocol

Open access

BM)J Open

To cite: Mota Neto J, Mendes
Jr. AF, Martins AFM, et al.
Protocol of HOTFy: randomised
clinical trial to hyperbaric
oxygen therapy in

fibromyalgia. BMJ Open
2023;13:2069153. doi:10.1136/
bmjopen-2022-069153

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2022-069153).

Received 14 October 2022
Accepted 19 December 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr. José Mota Neto;
jose.jmota@ebserh.gov.br

Protocol of HOTFy: randomised clinical
trial to hyperbaric oxygen therapy in

fibromyalgia

José Mota Neto

.12 Adriano Fernando Mendes Jr. @ |

2,3

Anita Fernanda Magalhaes Martins,* Aline Teixeira de Landa,®
Rafael de Oliveira Fraga,® Viviane Angelina de Souza,*®

Nadia Rezende Barbosa Raposo'*

ABSTRACT

Introduction Fibromyalgia is a polysymptomatic
syndrome with a prevalence between 0.2% and 13%

of the population and causes work disabilities in
approximately half of affected patients. Several treatments
to fibromyalgia have been proposed with partial
improvement. This study aims to evaluate the efficacy

of hyperbaric oxygen therapy and when it should be
introduced to fibromyalgia.

Methods and analysis This is a protocol for an
open-label, crossover, randomised clinical trial
comparing treatment with hyperbaric oxygen therapy
and standardised treatment to fibromyalgia. In the
proposed study, 56 individuals with fibromyalgia will be
randomised in a 1:1 ratio into a single, fixed, random
block, in which one group will receive hyperbaric oxygen
therapy and another will receive standard treatment.
Subsequently, the groups will be crossed. Participants
will be evaluated at baseline, eight and 16 weeks based
on functional impairment assessed with the Fibromyalgia
Impact Questionnaire—Brazilian Portuguese version,
psychopathological symptoms questionnaire and short-
form quality of life questionnaire. The improvement of
symptoms concerning the moment of therapy used will be
compared between groups. For sample size calculation,
a moderate effect size, 80% power and 95% CI will be
estimated, in a total of 46 patients. Considering a dropout
of 20%, 56 patients should be recruited.

Ethics and dissemination The study was approved

by the Universidade Federal de Juiz de Fora Teaching
Hospital ethics committee and assigned the number
53058421.9.0000.5133 (version 3). The results will be
disseminated via publications in peer-reviewed journals
and presentations in medical meetings.

Trial registration number RBR-6prps8g)/UTN U1111-
1278-3224.

INTRODUCTION

Fibromyalgia (FM) is a polysymptomatic
syndrome that consists of diffuse chronic
pain, fatigue, sleep disturbances and auto-
nomic disturbances, cognitive dysfunction,
hypersensitivity to stimuli, somatic symptoms
and psychiatric disorders." The prevalence
of FM in the general population is distinct

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Analysis of treatment in the same group and be-
tween treatment and no treatment in different
groups.

= Assess the impact of hyperbaric oxygen therapy on
the quality of life of fibromyalgia patients.

= Sample size was previously statistically calculated.

= The protocol was previously published, minimising
publication bias.

= Due to the long-term nature of the treatment (40
sessions), participants may be lost to follow-up.

in each country2 and affects between 0.2%
and 13% of the population and causes work
disability in approximately half of affected
patients.

Due to the absence of accurate diagnostic
tools and adequate biomarkers, a diagnosis
based on constantly evolving clinical criteria
remains the best option.1 Treatment and
prevention constitute knowledge gaps and
move towards multimodal therapies.”"
According to the American College of Rheu-
matology, generalised bilateral pain above
and below the waist for at least 3 months or
11 tender points are diagnostic criteria for
FM. 1315

Several factors are related to the results of
the treatment of FM, such as genetic predis-
position, personal experiences of pain,
emotional-cognitive  factors, mind-body
relationships and psychological capacity to
deal with stress. According to the European
Alliance of Rheumatology Associations, the
ideal treatment of FM must contain at least
four pillars and may also use new adjuvant
modalities.! It should begin with a pharma-
cotherapeutic modality with antidepressants,
anticonvulsants, analgesics and adjuvant non-
pharmacological measures, such as patient
education about the disease, regular phys-
ical activity at least three times per week,
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psychotherapy modalities, such as relaxation techniques,
hypnosis and cognitive-behavioural therapy. With respect
to adjuvant treatment modalities, positive results have
been observed with the use of medical cannabis, low
laser therapy, nature activity therapies, transcutaneous
electrical nerve stimulation, acupuncture and hyperbaric
oxygen therapy (HOT).®?1°

The HOT treatment modality involves patients
breathing nearly 100% oxygen while inside a closed
chamber in which the pressure is two to three times
higher than the atmospheric pressure at sea level.'? 7 ®
HOT has led to promising results in preclinical models
of nociceptive, inflammatory, and neuropathic pain and
clinical benefits in the treatment of chronic pain, stroke
sequelae, traumatic brain injury, spinal cord trauma and
autism.'® 7 ' HOT may play a role in modulating the
inflammatory response after tissue injury, resulting in a
decrease in the nociceptive response by 80%-95% for up
to 90 min after exposure to HOT. However, the antinoci-
ceptive effect of HOT in preclinical models appear to be
unrelated to oxidative stress.” Randomised clinical trials
on HOT for FM have shown reduction of pain, number of
tender points, improvement of functional and neuropsy-
chiatric questionnaires and quality of life."®

Several protocols for the treatment of FM with HOT
have been applied with different pressure values, total
number of sessions and time to begin the therapy.'®
Although the effectiveness of HOT has already been eval-
uated in other studies, doubts remain about the ideal
time to introduce the technology and about the consis-
tency of the results. This study aims to evaluate the effi-
cacy of HOT and when it should be introduced for FM.

MATERIALS AND METHODS
Study design and settings
This protocol was written according to the Standard
Protocol Items: Recommendations for Interventional
Trials guidelinesfl1 This work uses a randomised, cross-
over primary study protocol to conduct a clinical trial

comparing treatment with hyperbaric oxygen and stan-
dardised treatment at a single research centre in the
rheumatology department of a tertiary teaching hospital.

Recruitment

All participants will be referred from the Teaching
Hospital Rheumatology outpatient clinic, after being
diagnosed with FM according to the American College
of Rheumatology diagnostic criteria”®™® and enrol in the
study according to the inclusion and exclusion criteria
identified by a rheumatologist (figure 1). After being
considered eligible as a participant, the patient will be
informed verbally about the study and its objectives.
Those who consent to participate will be offered the
consent form (online supplemental appendix I); they will
then be asked to sign the consent form, and a registration
number will be incepted for the participant.

Inclusion and exclusion criteria

Patients will be included if they meet the following
criteria: adults aged between 218 years and <70 years;
diagnosis of FM at least 2 years before inclusion based
on one of two criteria—bilateral symptoms of generalised
pain occurring above and below the waist for at least 3
months without another somatic disorder that warrants
the symptoms and/or the presence of at least 11 of the
18 tender points.]s_la The exclusion criteria included
the following: HOT contraindications (pregnancy, use of
bleomycin, cisplatin, disulfiram and doxorubicin, middle
ear surgery, untreated pneumothorax or pneumomedias-
tinum, claustrophobia)zQ; associated autoimmune rheu-
matologic disease (rheumatoid arthritis, systemic lupus
erythematosus, scleroderma and others) to avoid inter-
ference in the primary outcome due to the autoimune
disease and inability to sign the consent form.

Withdraw from the study

The participants who wish to withdraw from the study
before the completion of 32 sessions and/or interrupt
the treatment for more than five consecutive sessions will

PROGRESSION OF PARTICIPANTS
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Participant progression flow chart. HOT, hyperbaric oxygen therapy.
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be able to continue their assistance treatment without
interruption at the rheumatology outpatient clinic and
without prejudice to the usual recommended treatment,
according to the orientation of the preparticipation
recommendations.

Randomisation

All patients who give written consent to participate and
meet the eligibility criteria, as assessed by a rheumatol-
ogist, will be randomised in a 1:1 ratio. Each participant
will receive a number in sequential order. The randomi-
sation sequence will be generated using computer soft-
ware (randomizer.org). Participants will be allocated
with equal probability to the intervention and will be
randomised into a single, fixed, random block. The list
will be prepared by an individual not belonging to the
research group based in the musculoskeletal unit of the
university hospital. This individual will prepare a sequence
of opaque envelopes identified with the participant’s
registration number, containing only one intervention
to be performed, according to the computer-generated
sequence. In the participant researcher’s allocation
request, that independent individual will access the enve-
lope and disclose its contents.

Blinding

Clinical findings will be assessed by a rheumatologist eval-
uator blinded to treatment allocation. Due to the nature
of the intervention, evaluators, data collectors and care
providers will be blinded.

Intervention

The participants will receive daily HOT sessions five
times per week, totalling between 32 and 40 procedures
at the end of the protocol. Each treatment will consist
of 90min of oxygen therapy with an inspired fraction
of medicinal oxygen (purity >99%)* at 2.3 ATA (abso-
lute atmospheres) of pressure in individualised hyper-
baric equipment registered according to ECO BAR 800
(serial number: E4-034, manufactured in April 2015 and
ECO BAR 800, serial number: E4-033, manufactured in
November 2014). Each chamber will be up to date on
maintenance.

The standard treatment will be offered by a rheumatol-
ogist and will consist of simultaneous patient education,
physical activity and pharmacological treatment (antide-
pressants, anticonvulsants, analgesics and myorelaxants).'
Both groups will complete the functional impairment
questionnaire assessed with the Visual Analogue Scale
(VAS),** Fibromyalgia Impact Questionnaire-Brazilian
Portuguese version (FIQR—Br),25 Psychopathological
Symptoms Questionnaire (EAS-40)*® and 12-Item Short-
Form Quality of Life Questionnaire- (SF-12)?’ initially
after randomisation. Consecutively, they will receive the
same HOT protocol at different times. The early group
will receive 40 sessions of HOT for 8 weeks and will be
reassessed by the same rheumatologist and applied the
same baseline questionnaires and will be crossed over

to the standardised group, which will receive the stan-
dardised treatment alone now. The standardised group
will now be crossed over to the delayed group will receive
HOT for 8 weeks according to the same protocol and
will be reassessed at 16 weeks by the same rheumatolo-
gist and the same baseline questionnaires will be applied
(figure 2).

Follow-up

Enrolled patients will undergo assessments by a blinded
rheumatologist at baseline, 8 weeks and 16 weeks
(figure 2). In addition, during the baseline, 8-week and
16-week appointments, they will be subjected to additional
pain assessment with the VAS,24 functional evaluation
using the FIQR-Br,” psychopathological evaluation usin%
the EAS-40% and the SF-12 quality of life questionnaire.”

Risks and modifications

The risks described in the literature in decreasing order
of frequency will be considered those related to the treat-
ment with HOT: hypoglycaemia in diabetic patients,
barotraumas, central nervous system intoxication by
oxygen (convulsive seizures), pulmonary toxicity related
to a long time of exposure to oxygen, temporary changes
in eye refraction and acceleration of the lens opacifica-
tion process.” ™ Before each HOT session, medical and
nursing evaluations specialised in hyperbaric medicine
will be carried out as risk reduction and control measures.
The patient will be asked about possible side effects and
situations that could trigger them, which will be recorded
in a form preestablished by qualified professionals in
hyperbaric medicine who will perform the treatment.

Adherence

Daily reminders are performed by the hyperbaric medi-
cine team for adherence purposes and with the following
approach: education on the importance of following
study guidelines for treatment adherence; instructions
on equalisation manoeuvres and their effects; guidelines
in the first session on adverse effects and how to identify
them; notification of exclusion from the study if there are
more than five consecutive days of absence of treatment;
importance of notifying the hyperbaric medicine team
quickly about possible adverse effects reported in the
informed consent; instruction on the flowchart of care in
case of intercurrences in the first care of the hyperbaric
medicine team.

Concomitant care
The use of antibiotic, hormonal and non-hormonal anti-
inflammatory drugs for less than 10 days due to adverse
effects should not be considered as a covariate, as well as
the use of topical drugs in the ear, for example.
Concomitant drugs or therapies that will be considered
prohibited will be potent analgesic drugs that are intro-
duced during the research without justification or prior
evaluation by the rheumatology medical team or other
treatment methodology that was not introduced before
randomisation such as hypnotherapy.
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Questionnaire-Brazilian Portuguese version; HOT, hyperbaric oxygen therapy; SF-12, 12-Item Short-Form; VAS, Visual Analogue

Scale.

Outcomes

The primary outcome will be the improvement in the
pain VAS, the functional impairment FIQR-Br and the
psychopathological symptoms EAS-40 evaluations of
patients with FM and to identify the best moment of appli-
cation through the analysis of the results of the question-
naires applied at different times and in different groups
conducted by the same rheumatologist at different times
evaluation (0-8-16 weeks).

The improvement in the quality of life of the partici-
pants after the intervention will be assessed by a blinded
rheumatologist through the analysis of the SF-12 score as
a secondary outcome.

Data collection and management

Participant data will be collected through the study forms
(online supplemental appendixs II-IV) and stored on
the RedCap platform, which will be used as the study
repository. The original study forms will be inserted and
kept on file with the principal investigator. Participants’
files must be stored in numerical order and in a safe and
accessible place. Participant files will be kept in storage
for a period of 5 years after the conclusion of the study.
The principal investigator will supervise the completion

of the electronic spreadsheet and will be responsible for
its security and correct completion. Incorrect or missing
data will be evaluated by the principal investigator and
corrected where necessary. During the study, a committee
consisting of the main researcher, a coresearcher, the
cosupervisor and the main supervisor will monitor the
data. The verification by one of the coresearchers of the
adequate completion of the questionnaires that will be
used may contribute to a strategy to avoid data loss. A loss
of up to 20% of the sample was estimated, and patients
considered drop-outs will be analysed in the groups in
which they were initially allocated.

Confidentiality

Each participant will receive a number on inclusion in
the study, which will be used for their identification in
the trial. All data will be stored in the RedCap repository,
and only the main researchers will have access to it. The
set of data for statistical analysis will not use personalised
identifications, thereby protecting the patient’s individu-
ality. All the data of the participants will be protected in
the dissemination of the results, both in publication and
at academic conferences. All information collected will
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be used only for this research and will not be exchanged
with other institutions.

Data access and dissemination

The study protocol will be available on request. Study
data will be collected for academic and non-commercial
use, and any participant will have access to their data
per their request. The researchers involved in the study
will have access to the summary data of the research at
the end, and they will be able to publish the study and
present it at a scientific event. To ensure confidentiality,
data dispersed to project team members will be masked
from any information identifying the participants. This
work will be disseminated by the publication of peer-
reviewed manuscripts, presentation in abstract form at
national and international scientific meetings and data
sharing with other investigators.

Patient and public involvement

Patients participating in the study will not be involved in
the development of this protocol. The results of the study
will be made available to patients on request.

Sample size

The software G*Power V.3.1°* was used to calculate the
samplesize. The study by Efrati et al'° guided the calculation
when considering the hypothesis for a clinical improve-
ment of the somatic and neuropsychiatric symptoms of
FM, associated with a moderate effect size (f=0.25)’; the
correlation between measurements (r=0.30), correction
for non-sphericity (e=1.0), 80% power and 95% CI were
also included in the calculation. Ultimately, a total of 46
patients will be required. Considering a lost to follow-up
(‘drop-out’) of 20%, 56 patients should be recruited, with
28 patients in each group.

Statistical analysis

Descriptive statistics will be expressed as the mean+SD
(continuous data) or numbers and percentages (cate-
gorical data). Data will be analysed with the SPSS soft-
ware (V.24.0, IBM). To test differences between groups
(early vs delayed), a 2x3 analysis of variance of repeated
measures will be performed based on a crossover design
with a sequence effect. Post hoc comparisons will be
performed with unpaired t tests for intergroup compar-
isons and paired t-tests for intragroup comparisons. The
significance level adopted will be 5% (p<0.05).”

DISCUSSION

The presented protocol intends to study the adjuvant
effect of HOT in patients with FM. The hypotheses about
the pathogenic mechanism of FM lead to the multifac-
torial comprehension of the disease and still has points
to clarify; but data show that genetic factors, stressful
events, peripheral (inflammatory) and central (cognitive-
emotional) mechanisms are associated with neuromor-
phological and nociplastic changes, leading to pain
misperception.’

The multimodal treatment has been rapidly growing
as the ideal option for FM.? In this strategy, the combi-
nation of pharmacological and non-pharmacological
treatment strategies, such as education in pain neuro-
science, physical activity, psychological support, phys-
ical therapy techniques and nature exposure, offers
option that may improve the adherence of the treat-
ment. In this sense, the introduction of other adju-
vant therapeutic modality as oxygen therapy improves
the effectiveness.

HOT consists of a treatment modality with a low risk
of complications and few contraindications®® *' that
can greatly reduce the pain symptoms of FM patients,
due to its immunomodulatory action on several cells
of the immune system and by acting on the inflam-
matory pathways of different tissues. Furthermore,
the role of HOT in inducing neuroplasticity in FM
patients was endorsed by studies showing clinical
and brain functionality improvement through single
photon emission CT.'® '8

The strengths of this study are the possibility of
evaluating the best time to apply HOT based on func-
tional and neuropsychiatric scores, in addition to rati-
fying the effectiveness of the method as an adjuvant
treatment for FM at Brazilian population. The risk of
losing participants due to the long period of the inter-
vention and the moderate power of the sample size
ratio for the primary outcome should be mentioned
as limitations. The study may generate new hypoth-
eses for the application of HOT in FM and its effects
on neuroplasticity and the modulation of the inflam-
matory process.
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