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ABSTRACT

Objective. Fibromyalgia (FM) is a
syndrome of unknown aetiology that is
characterised by widespread musculo-
skeletal pain, fatigue and disordered
sleep, and often associated with neu-
ropsychiatric and cognitive symptoms.
Current treatment options are only par-
tially effective, but hyperbaric oxygen
therapy (HBOT) seems to be capable
of relieving some of the symptoms. The
aim of this study was to evaluate the ef-
ficacy and safety of HBOT after fewer
sessions than generally used, chosen
on the basis of pre-clinical and clinical
data showing its rapid and sustained
antinociceptive effect.

Methods. Patients with FM underwent
HBOT (100% oxygen at 2.5 ata with
air breaks) administered on three days
per week for a total of twenty 90-minute
sessions. Pain, fatigue, the quality of
sleep, symptoms of anxiety and depres-
sion, and the patients’ health-related
quality of life were prospectively as-
sessed before and after ten and twenty
sessions.

Results. Tiventy-eight of the 32 study
patients completed the 20 HBOT ses-
sions. Pain scores and the symptoms
of anxiety (but not those of depression)
significantly improved after both 10
and 20 sessions, whereas fatigue and
FM symptom severity scores signifi-
cantly improved only after 20 sessions.
There was no significant change in the
quality of sleep. The adverse effects
were limited.

Conclusion. These findings support the
view that HBOT is an effective, rapid
and safe means of treating various
symptoms of FM.

Introduction

Fibromyalgia (FM) is a chronic pain
syndrome that has a prevalence of
1-5%, and is characterised by wide-
spread musculoskeletal pain, extreme

fatigue and sleep disturbances (1).
These core features are often accom-
panied by neuropsychiatric manifes-
tations such as cognitive impairment,
and mood and anxiety symptoms or
syndromes. FM can have a profoundly
negative physical and psychological
impact on the patients’ lives at an age
that is critical for reaching personal and
career goals. Many patients are physi-
cally disabled to the point that they are
unable to accomplish various occupa-
tional, domestic and social tasks, and
experience a dramatically impaired
quality of life (QoL) (2).

The optimal management of FM re-
quires a multidisciplinary approach us-
ing a combination of pharmacological
treatments and non-pharmacological
(educational, physical, psychological,
and physiotherapeutic) interventions
(3, 4). Analgesic, non-steroidal anti-
inflammatory drugs, opioids, anti-con-
vulsants, serotonin and noradrenaline
reuptake inhibitors (SNRIs), selective
serotonin reuptake inhibitors (SSRI),
and muscle relaxants can help to im-
prove the patients’ QoL by reducing
pain and other key symptoms to vary-
ing extents (5). However, it has been
shown that the three drugs approved
by the American Food and Drug Ad-
ministration (FDA) for the treatment of
FM (the antidepressants duloxetine and
milnacipram, and the anticonvulsant
pregabalin [PGB]) are only moderately
(6, 7) or even questionably (8) more
beneficial than placebo.

The revised European League Against
Rheumatism (EULAR) recommenda-
tions (9) suggest that non-pharmaco-
logical treatment should be the first-
line approach to FM as exercise is the
only ‘strong’ therapy-based recommen-
dation. Similarly, a systematic review
and meta-analysis of randomised clini-
cal trials (RCTs) (10) has concluded
that aerobic and muscle strengthening
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exercises are the most effective way
of reducing pain and improving global
well-being. Furthermore, the short- and
long-term efficacy of balneotherapy
(11) has recently been demonstrated in
a 6-month double-blind RCT (12) and,
although not conclusive, the evidence
supporting the efficacy of cognitive
behavioural therapy and mindfulness
meditation is encouraging (10).

One effective alternative or additional
treatment options is hyperbaric oxygen
therapy (HBOT), which involves pa-
tients’ breathing nearly 100% oxygen
while inside an enclosed chamber in
which the pressure is 2—3 times greater
than at sea level (one atmosphere abso-
lute [ata] or 760 mmHg). HBOT was in-
itially used to treat patients with decom-
pression sickness but, over the years,
its indications have been extended to
include the treatment of diabetic and
ischemic ulcers, chronic osteomyelitis,
radiation injury, failed surgical grafts
or flaps, carbon monoxide poisoning,
necrotising soft tissue infections, and
central retinal artery occlusion (13).
Its therapeutic effects are based on in-
creasing the partial pressure of arterial
oxygen to supra-physiological levels
(>1,000 mmHg), which facilitates oxy-
gen delivery to hypoxic tissues (14).
HBOT has led to promising results in
animal models of nociceptive, inflam-
matory and neuropathic pain (15) and
in treating different types of human
pain such as chronic headache, com-
plex regional pain syndrome (16), and
trigeminal neuralgia (17). Two studies
have evaluated its efficacy in FM pa-
tients: the first (18) showed that fifteen
HBOT sessions significantly reduced
the symptoms of FM-related pain, and
the second demonstrated the efficacy
and safety of 40 sessions of HBOT in
improving key symptoms, psychologi-
cal distress, the QoL, and abnormal ac-
tivity in pain-related brain areas (19).
The evidence coming from animal
(20, 21) and human studies (17) sug-
gests that the anti-nociceptive activity
of HBOT has a rapid onset and is long
lasting.

The primary endpoints of this study
were the effects of HBOT on the core
symptoms of FM (pain, fatigue and dis-
turbed sleep), the Fibromyalgia Impact
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Questionnaire (FIQ) score, and Fibro-
myalgia Assessment Status (FAS). The
secondary endpoints were its effects on
the QoL, anxiety and depressive symp-
toms, and its safety profile. We also in-
vestigated whether its putative positive
effects on a vast array of FM symptoms
could be achieved using fewer than 40
HBOT sessions.

Methods

Patients

The inclusion criteria were an age of
21-67 years and the fulfilment of both
the 1990 and 2010 American College
of Rheumatology (ACR) diagnostic
criteria for fibromyalgia (22, 23) for at
least two years. The 1990 criteria are a
history of widespread musculoskeletal
pain on the right and left sides of the
body, and above and below the waist,
for a minimum of three months, and
pain at 11 or more of 18 specific tender
points, with moderate or greater ten-
derness reported upon digital palpation
(22); the 2010 criteria are a widespread
pain index (WPI) of =7 and symptom
severity (SS) of =5, or a WPI of 3-6 and
SS =9, without a disorder that would
otherwise explain the pain (23).

The exclusion criteria were: 1) inflam-
matory causes of pain; 2) alcohol/drug
abuse or dependence; 3) significant
difficulty in maintaining attention or
understanding clinimetric evaluation
instructions; 4) any clinical condition
that may interfere with the assess-
ment; 5) pregnant women or poten-
tially childbearing women not using
an adequate method of birth control;
and 6) any of the following medical
conditions that preclude safe HBOT
treatment: a) severe cognitive impair-
ment; b) current mood episodes, claus-
trophobia or seizure disorder; c) active
or severe pulmonary disease, previous
thoracic surgery or pneumothorax; d)
a history of severe heart disease; e)
chronic or acute sinusitis/otitis media
or major eardrum trauma; and f) a his-
tory of bleomycin-including chemo-
therapy or current chemotherapy.

Study design and procedures

This prospective, observational clinical
trial was approved by the institutional
review boards of L. Sacco University

Hospital, Milan, and Habilita Care &
Research Hospitals, Zingonia—Ber-
gamo (Italy). All of the subjects gave
their written informed consent after
receiving a complete description of
the study. Their clinical and socio-
demographic data (age, gender, years
of education, marital and occupational
status, duration of FM and body mass
index) were collected by means of a
structured interview using interviewer-
administered questionnaires.

The eligible patients completed base-
line clinimetric assessments of pain, fa-
tigue, sleep, depression, anxiety, symp-
tom severity, functional impairment,
and their QoL, and were re-evaluated
using the same instruments after 10
and 20 HBOT sessions.

Clinimetric evaluations

— Primary outcome measures

Pain: Pain was assessed using a visual
analogue scale (VAS) in the form of a 10
cm line numbered from O to 10 at regu-
lar intervals, with O representing no pain
and 100 the most extreme pain. The sub-
jects were asked to make a single mark
at the appropriate place in the scale.
Fatigue: The Functional Assessment
of Chronic Illness Therapy (FACIT)
fatigue scale is a 13-item questionnaire
that measures the level of fatigue ex-
perienced during usual daily activities
over the previous week using a four-
point Likert-type scale (4 = not at all fa-
tigued to O = very much fatigued) (24).
The scale has demonstrated equivalence
in terms of its administration (interview
vs self-report), reliability and sensitiv-
ity to change in a variety of populations
and clinical settings.

Sleep: The Pittsburgh Sleep Quality
Index (PSQI) retrospectively measures
sleep quality and disturbances (25),
discriminates good and poor sleepers,
and provides a brief assessment of mul-
tiple sleep disturbances. It consists of
24 items, 19 of which are self-reported
and five require secondary feedback
from a room or bed partner. Only the
self-reported items (15 scored 0-3 and
4 open-ended) are used for the quan-
titative evaluation of sleep and gener-
ate seven component scores, the sum
of which provides a global measure
of sleep quality (range 0-21), with
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higher scores indicating poorer sleep
(>5 indicates sleep disturbance). The
component scores assess a broad range
of domains associated with the qual-
ity of sleep, including its duration and
latency, the frequency and severity of
specific sleep-related problems, and the
perceived impact of poor sleep on day-
time functioning (25).

Symptom severity: The Fibromyalgia
Impact Questionnaire (FIQ) is a 10-item
self-report questionnaire that was devel-
oped to measure the physical and psy-
chological symptoms of FM, and their
impact on daily activities and the QoL.
The first item includes 10 sub-items re-
garding physical functioning, each of
which is rated using a 4-point Likert-
type scale; items 2 and 3 ask the patients
to indicate the number of days they felt
well and the number of days they were
unable to work because of FM symp-
toms; and items 4—10 rate work diffi-
culty, pain, fatigue, morning tiredness,
stiffness, anxiety and depression using
horizontal linear scales marked with 10
increments. The maximum possible to-
tal score is 100, and severely affected
patients usually score >70. We used the
validated Italian version (26).
Fibromyalgia Assessment Status (FAS)
(27) is an index that provides a sin-
gle measure (range: 0-10) combining
patient assessments of fatigue, sleep
disturbances, and pain evaluated on
the basis of the 16 non-articular sites
listed in the Self-Assessment Pain
Scale (SAPS). It is based on 20 items
designed to assess the frequency of FM
symptoms such as pain, dyspnea, sleep
disorders using 4-point Likert-type
scale ranging from 1 (none or little of
the time) to 4 (most or all of the time).

Secondary outcome measures
Depression: Depression was evaluated
using the Italian version of the Zung
Self-Rating Depression Scale (ZSDS)
(28), which consists of 20 items that
assess depression-related affective,
cognitive, behavioural and physiologi-
cal symptoms during the previous week
using a 4-point scale ranging from 1
(none or little of the time) to 4 (most or
all of the time). The total score ranges
from 20 to 80, with higher scores repre-
senting greater symptom severity.
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Anxiety: The Zung Self-Rating Anxiety
Scale (ZSAS) (29) is a 20-item self-
report instrument that was developed
to assess the severity of anxiety symp-
toms. Subjects have to indicate the ex-
tent to which each of the 20 statements
applied during the previous week using
a 4-point Likert-type scale (1 = little
of the time, 2 = some of the time, 3 =
a good part of the time, and 4 = most
of the time). Some questions are nega-
tively worded to avoid the problem of
set responses. The overall assessment
is made on the basis of the total score
(range 20-80), with higher scores repre-
senting more severe anxiety symptoms.
Quality of life: The patients’ QoL was
evaluated using the Medical Outcomes
Study 36-item Short-Form Health Sur-
vey (SF-36) (30) whose 36 items assess
the extent to which health interferes
with physical activities (physical func-
tioning - 10 items), social aspects (social
functioning - 2 items), working or other
daily activities relating to their physical
(role physical - 4 items) and emotional
roles (role emotional - 3 items), energy
level (vitality - 4 items), pain intensity
(bodily pain - 5 items), psychopathol-
ogy (mental health - 5 items), and sub-
jective perception of health (general
health - 5 items). The scores for each
of these eight domains range from O to
100, with higher scores indicating a bet-
ter quality of life. Algorithms have also
been developed to calculate two psy-
chometrically-based summary meas-
ures: the physical component summary
(PCS) and mental component summary
(MCS) scale scores (31).

Safety parameters

All of the adverse events spontaneous-
ly reported by the patients or observed
by physicians were recorded.

Treatment

HBOT was administered in accord-
ance with the guidelines defined by the
Undersea and Hyperbaric Medical So-
ciety (UHMS). The patients intermit-
tently breathed 100% oxygen through
a face mask while sitting in a multi-
place chamber pressurised with air at 1
ata (32). The protocol involved twenty
90-minute sessions (one session on
three days per week) during which they

Table I. Demographic and clinical characte-
ristics of the 32 patients entering the study.

(n=32)

Men, n. (%) 3094
Women, n. (%) 29 (90.6)
Mean age + SD, years 49.82+£9.55
Ethnic group Caucasian
Marital status, n. (%)

Unmarried 8 (25)

Married 14 (43.7)

Divorced/Widowed 10 (31.3)
Education, n. (%)

None or only primary school 9 (28.1)

Secondary school 16 (50)

High school/university 7(21.9)
Occupational status, n. (%)

Employed 15 (46.9)

Work disabled 3094

Other (students, pensioners, 14 (43.7)

housewives, unemployed)

Body mass index, kg/m?) 23.58+59
Mean disease duration + SD, months 96+85.3

breathed 100% oxygen at 2.5 ata with
air breaks. Each session actually lasted
120 minutes as it consisted of a period
of compression in air for 20 minutes,
followed by treatment at 2.5 ata for
three periods of 25 minutes separated
by two 5-minute air breaks (mask off),
and ending with a decompression pe-
riod of 15 minutes.

Statistical analysis

The continuous data are expressed as
mean values + standard deviation (SD),
and the categorical data as absolute
numbers and percentages. A two-sided
paired r-test was used to compare the
values before and after HBOT. The nor-
mal distribution of all of the variables
was tested by means of the Kolmogorov-
Smirnov test. The analyses were made
using SPSS 19.0 software, and a two-
tailed p-value of <0.05 was considered
statistically significant. Power analysis
initially suggested recruiting a sample
of 34 subjects Assuming an effect size
of minimum interest of 0.5 (moderate
magnitude according to Cohen (33)), a
power of 0.8, and an o value of 0.05.

Results
Patients
Between May 2010 and December 2012,
53 FM patients were screened: 14 did
not fulfil the inclusion criteria and seven
were excluded because of contraindica-
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Table II. Clinical outcomes after 10 and 20 HBOT sessions.

Baseline After 10 sessions P After 20 sessions P
Pain VAS
Arithmetic mean = SD 8.11 £1.82 6.84 +2.07 0.0062* 6.32 +2.37 0.0023*
Mean difference = SD -1.27 £ 16 -1.76 £2.59
FACIT
Arithmetic mean = SD 2043 £7.07 2377 £ 6.82 0.0836 26.36 +8.25 0.0069*
Mean difference + SD 334 +1.89 593 +£2.10
PSQI
Arithmetic mean + SD 9.81 £3.55 9.50 + 3.70 0.3933 9.12 £3.83 0.2982
Mean difference += SD 031 + 1.80 -048 £2.26
ZSDS
Arithmetic mean + SD 51.83 £10.12 4937 = 11.10 0.0530 5048 +11.49 0.1497
Mean difference + SD -2.46 + 5.90 -2.13 +6.84
ZSAS
Arithmetic mean + SD 59.33 £10.82 5571 £ 10.28 0.0016* 54.54 £ 11.96 0.0096*
Mean difference = SD -3.62 + 496 421 £7.29
FIQ-R total score
Arithmetic mean = SD 68.04 +3.90 59.84 + 442 0.0090* 55.56 £5.19 0.0019%*
Mean difference + SD -8.20 + 14.08 12.89 £17.04
FAS total score
Arithmetic mean = SD 8.14 +0.47 7.08 +0.51 0.0928 5.99 +0.50 0.0065*
Mean difference + SD -1.073 £2.84 -2.02 +3.14
SF-36 PHYSICAL COMPONENT SCORES
SF-36 General health status
Arithmetic mean = SD 26.00 +£15.78 3244 + 14.14 0.0113* 34.60 £ 14.3 0.0227%*
Mean difference = SD 6.04 + 11.01 7.80 +£13.01
SF-36 Bodily pain
Arithmetic mean = SD 21.04 £11.29 2496 + 10.15 0.1192 30.52 +13.89 0.0024*
Mean difference + SD 3.9200 = 12.1310 9.00 +13.26
SF-36 Physical functioning
Arithmetic mean + SD 41.20 =19.11 47.60 = 17.74 0.0547 48.20 +19.89 0.0055*
Mean difference = SD 6.40 + 15.84 8.60 + 14.11
SF-36 Role function - physical aspect
Arithmetic mean = SD 3.00 +£8.29 6.00 + 20.77 0.5025 18.00 +28.43 0.0126*
Mean difference = SD 3 +2203 16.00 +29.65
SF-36 Physical component summary score
Arithmetic mean = SD 25.88 £5.49 28.48 + 4.40 0.0223* 30.20 +4.87 0.006%*
Mean difference = SD 2.60 = 5.32 4.60 +£5.83
SF-36 MENTAL COMPONENT SCORES
SF-36 Mental health
Arithmetic mean = SD 5728 £16.03 53.24 £ 15.73 0.1095 58.64 +18.86 0.5153
Mean difference = SD -4.04 £ 12.15 20 +15.14
SF-36 Vitality
Arithmetic mean = SD 32.20 + 14.65 33.92 + 13.65 0.6020 3420 +£16.87 0.6377
Mean difference = SD 1.72 £ 16.27 1.800 +18.87
SF-36 Role function - emotional aspect
Arithmetic mean = SD 30.48 +£37.03 3452 +41.28 0.5819 43.88 +44 81 0.1275
Mean difference + SD 4.04 + 36.19 12.08 +38.26
SF-36 Social functioning
Arithmetic mean + SD 38.80 +£20.21 3932 + 17.44 0.8529 4224 +23.07 0.2945
Mean difference = SD 0.52 + 13.87 4.44 +20.71
SF-36 Mental component summary score
Arithmetic mean + SD 37.56 £8.72 37.76 + 9.66 0.9068 58.64 +18.85 0.0001*
Mean difference = SD 0.20 + 8.45 21.04 +£15.81
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tions. Four of the remaining 32 patients
did not complete the HBOT sessions
(two because of mild, reversible middle
ear barotrauma (MEBT), one because of
dizziness, and one because of claustro-
phobia). The final analysis was therefore
based on 28 patients. Table I shows the
socio-demographic and clinical charac-
teristics of the study patients.

Clinical outcomes

Table II shows the clinical outcomes
after 10 and 20 HBOT sessions. There
was a significant improvement in pain
VAS scores after both 10 (p=0.0062)
and 20 sessions (p=0.0023), a signifi-
cant improvement in fatigue after 20
sessions (p=0.006), but no significant
change in the quality of sleep scores.
Psychologically, the patients experi-
enced a significant improvement from
baseline in anxiety symptom severity
after both 10 (p=0.001) and 20 sessions
(p=0.009), but not in depressive symp-
tom scores.

FM symptom severity scores showed
the greatest improvement from base-
line after 20 sessions (total FIQ score
p=0.001; total FAS score p=0.006).

Self-reported health status

All of the scales in the physical com-
ponent of the SF-36 significantly im-
proved after 20 sessions (but not af-
ter 10), as did the PCS scale scores
(p=0.006); four of the scales in the
mental component did not change,
whereas there was a highly significant
improvement in the MCS scale scores
after 20 sessions (p=0.0001).

Side effects

Two patients reported MEBT and one
anxiety associated with agoraphobia.
Four of the 32 patients discontinued
the treatment: two with MEBT, one
because of claustrophobia, and one be-
cause of dizziness. The MEBTs were
mild and fully reversible in three days.
The other reported side effect was som-
nolence (one patient).

Discussion

The results of this study show that ten
(but mainly twenty) HOBT sessions not
only improve patient-rated pain scores,
but also functional impairment, anxi-
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ety and self-reported health status in
patients with FM. These findings are in
line with those of two randomised con-
trolled studies evaluating the effect of
HBOT on different clinical aspects of
FM.

Yildiz et al. (18) randomised 50 pa-
tients to receive HBOT (26 patients) or
normal air (24 patients, control group).
The HBOT group underwent fifteen 90-
min sessions at 2.4 ata on five days a
week, and the control group underwent
breathed air at 1 ata following the same
schedule. The number of tender points
and pain thresholds were assessed be-
fore treatment, and after the first and
fifteenth sessions using an algometer
and a VAS. There was a significant re-
duction in both the number of tender
points and VAS scores, and a signifi-
cant increase in pain thresholds of the
HBO group after the first and fifteenth
sessions, and significant differences in
all of the measurements other than VAS
scores between the HBOT group and
the controls after the first session.
Efrati et al. (19) randomly assigned 60
female FM patients to treated and cross-
over groups. The treated group (n=30)
underwent forty 90-minute HBOT ses-
sions using 100% oxygen at 2 ata on
five days a week over a period of two
months, whereas the crossover control
group (n=30) went without treatment
during that time and then underwent
the same HBOT protocol two months
later. The study endpoints included ten-
der point counts, pain thresholds, func-
tional impairment (FIQ), psychological
symptoms, and the QoL. In addition,
brain activity was evaluated by means
of single-photon emission computed
tomography (SPECT). HBOT signifi-
cantly improved all FMS symptoms
and the QoL in both groups. SPECT
revealed the rectification of abnormal
brain activity, with a decrease in poste-
rior hyperactivity and an increase in the
reduced frontal activity. No improve-
ment in any of the parameters was ob-
served after the control period.

Various assumptions can be made about
why HBOT seems to be effective in
treating FM. The analgesic effects of
HBOT have been observed in pre-clini-
cal models of nociceptive, inflammatory
and neuropathic pain (13). Neuropathic

pain, which is caused by nervous sys-
tem injury or dysfunction, shares some
of the characteristics of FM, including
changes in central nervous system and
peripheral nerve fibres (34, 35), and the
clinical features of hyperalgesia and al-
lodynia (36). It is thought that chronic
nervous system inflammation involv-
ing sustained glia activation (37) is a
key factor in the pathogenesis of both
neuropatic pain and FM. Glial cells
(particularly astrocytes) play a central
role in pain-producing cytokines such
as IL-1, IL-6, tumour necrosis factor
(TNF)-a., and the neurotransmitters in-
volved in pain signals.

Nitric oxide (NO) also induces chron-
ic pain (38), and plays a dual role in
modulating pain levels (39): it not only
contributes to the development of cen-
tral sensitisation (40), but also inhibits
nociception in the spinal cord (41) and
mediates the analgesic effect of opioids
and other analgesic substances. NO
synthesis is regulated by NO synthases
(NOS), and neuronal NOS (nNOS),
and inducible NOS (iNOS) are protein
variants that participate in central pain
modulation and sensitisation. NOS are
also expressed in the presence of in-
flammation (42) and in activated mi-
croglia, which leads to the massive NO
synthesis that increases pain generation.
It has been demonstrated that HBOT
inhibits the release of inflammatory
cytokines (43) and glial cell activation
(44), which further decreases cytokine
release. In particular, the positive effect
of HBOT on allodynia and hyperalge-
sia seems to be related to the inhibition
of endoneuronal TNF-o production
(45). It is also known that HBOT de-
creases the expression of spinal iNOS
and nNOS in a rat model of neuropath-
ic pain (46, 43).

One further mechanism involved in the
positive effect of HBOT on chronic pain
is neuroplasticity. It has been demon-
strated at cellular level that HBOT in-
duces neuroplasticity by promoting cell
proliferation and neurogenesis (47), ax-
onal regeneration and growth (48), my-
elination (49), and brain angiogenesis
(50). From a clinical point of view, the
ability of HBOT to induce neuroplasti-
city is suggested by the findings of stud-
ies showing an improvement in chroni-
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cally impaired brain function (even
years after the brain insult) in post-
stroke patients and in those who de-
velop post-concussion syndrome after a
mild traumatic brain injury (51,52). The
ability of HBOT to induce neuroplasti-
city in FM patients is suggested by the
results of the study by Efrati et al. (19),
who demonstrated that effective HBOT
rectifies the abnormal brain activity re-
lated to pain processing by decreasing
posterior hyperactivity and increasing
pre-frontal cortical activity.

In healthy subjects, a hyperbaric oxy-
gen-enriched environment significant-
ly improves both single and combined
(multi-tasking) cognitive and motor
performances in comparison with a
normal environment (normal air at sea
level) (53), and repeated exposure to
HBOT improves memory performance
(54). In patients with anoxic brain in-
jury due to cardiac arrest, HBOT may
improve cognitive functions even dur-
ing the late chronic phase of brain
anoxia. These findings suggest that
HBOT may be useful in treating the
cognitive dysfunction in the attentional
and executive domains affecting some
FM patients (55). Future adequately
powered and methodologically sound
studies should be carried out in order
to determine whether HBOT is effica-
cious in treating FM-related cognitive
dysfunction.

In terms of the optimal dose and dura-
tion of HBOT, the findings of this study
support the hypothesis that 10-20 ses-
sions may improve a number of the
physical and psychological symptoms
of FM. Symptoms such as pain and
anxiety improved after ten sessions,
whereas fatigue improved only after
twenty, and the quality of sleep and
depressive symptoms did not seem to
be positively affected. These findings
are in line with those coming from
pre-clinical and clinical studies. One
of these studies found that the anti-
nociceptive effect of HBOT in a rodent
model was apparent immediately after
treatment and persisted for up to five
hours (56), and another found that two
weeks of HBOT in a rat neuropathic
pain model significantly improved pain
levels both during and after treatment
(57). In mice, four daily 60-minute
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HBOT sessions at 3.5 ata induced an
anti-nociceptive response consisting of
an early phase lasting about six hours
followed by a late phase that started
18 hours later and continued for up to
three weeks (this late phase only devel-
oped after the fourth session) (58). In
patients with idiopathic trigeminal neu-
ralgia, one course of HBOT (10 con-
secutive days) led to rapid-onset, dose-
dependent and long-lasting analgesic
effects documented a decrease in the
carbamazepine dose required to control
pain and lower self-evaluated pain VAS
scores (59).

However, it is challenging to establish
the efficacy and optimal dose-response
curve of HBOT in FM and other pain
syndromes because patient blinding
and a true placebo control group are
difficult to obtain. One way of admin-
istering a HBOT “placebo” is to in-
crease environmental pressure inside
the hyperbaric chamber to at least 1.3
ata in order to make the patients feel the
pressure, but this significantly increases
plasma oxygen tension to a level that
can lead to noticeable physiological ef-
fects (60).

In addition to its lack of a sound ran-
domised controlled design, this study
was limited by the relatively small
number of recruited patients. Never-
theless, our findings are in line with
and strengthen the similar findings of
previous prospective controlled trials.
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