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Chronic pain is oneg of the ’”é”h%ﬁ‘?l‘l encountered clini-
zal probléms shat s difficult torcure. Hyperbaric oxygen
(HBC) therapy has been reported in chionic pain syn-
dromes with promising results. In this review, we focus
on the effectiveness of HED in fibromyzlgia syndrome,
complex regional pain syndrome, myofascial pain syn-
drome, migraine, and cluster headaches. HBO may be
beneficial ¥ sppropriate patients are selected. HBO iz a
raliable method of treatment. However, physicians per-
forming HBO muse be aware of oxygen toxicity. Another
sroblem regarding HBO Is the starcity of centers ads

istering it Further research is required focusing on the
optimal treatment protocol; the cost/benefit ratio, dnd
tha safety of HBO in chronic pain management.
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Introduction

Pain is the most frequent symprtom that causes patients 10
visit health institutions. Pain is a normal sensation that
warns the nervous system, as the result of a chemical, thes-
mal, or mechanical stimulus, that it needs to protect itself
against z probable danger. In addition to this physiologic
pain, patients also complain of pathoiogic pain. There are
two kinds of pathelogic pain: acute and chronic. Acute
nain occurs immediately after iliness or injury and resclves
afier healing. Conversely, chronic pain persists beyond the
usual course of the disease and may cause intermittent
or continuous pain for months to many years, Chronic
pain can occur after a disease or without a known reason.
The treatment of chronic pain calls for an extraordinary
effort from all physicians, but satisfying results cannot be
obtained in most cases. For that reason, the efficacy of sev-
eral pharmacologic and nonpharmacologic methcds for
the treatment of chronic pain is being investigated. Many

studies have beer: published examining the use of hyper-
baric oxygen (H1BO) therapy, used as an adjunct therapy
in the treatrnent of chronic pain in recent times 19,295~
8,9¢,10-15]. The aim of this review is to investigate the
roie and effectiveriess of HBO treaiment as an adjunct in
chronic pain management.

Principles of Hyperbaric Oxygen Therapy
Hyperbaric oxygen therapy is defined as the intermitent
inhalation of 1009% oxygen in a hyperbaric chamber ata
sressure higher than 1 absolute atmosphere (1 ATA =760
mmHg, the normal atmospheric pressure at sea level}
[16]. HBO therapy usually is administered at 1 to 3 ATA.
Typically, the duration of HBO therapy varies from 30 to
120 minutes. The frequency and wotal number of HBO
sessions are not standard among hyperbaric medicine
ceniers. HBO therapy is administered using monoplace
or multiplace chambers. In the former, a single patient
is treated and internal pressure is raised with cxygen.
Multiplace chambers permit patients to be in the pressure
chamber together with health personnel. In multiplace
chambers, pressure is raised with compressed air and
patients breathe oxygen through masks.

Hyperbaric oxygen therapy causes mechanic and phys-
iologic effects. The mechanic effects are linked to Boyle's
law, which states that therz is an inverse relationship
between pressure and volume. Use is made of the mechanic
effects of HBQ in the treatment of decompression sickness
and arterial gas embolism. Gas bubbles that form in the
vein shrink with increasing pressure and, as a result, are
eliminated by coliapse or expulsion from the l‘arzgs At the
same time, oxygen accelerates the dissolution of bubbles
by replacing the inert gasses within them. The physiologic
effects of HBO are linked to the hyperoxia it gives rise to in
the tissues. At one atmosphere, 97% of oxygen in the arte-
rial blood is transported with hemoglobin in erythrocytes.
The remaining oxygen is transported in dissolved form in
piasma. In addition to fully saturating hemoglodin with
oxygen, HBO leads to a favorable increase in the amount
of oxygen dissolved in plasma. HBO at 3 ATA increases the
level of oxygen dissolved in plasma from 0.3 mi/dL 10 6
ml/dL [17]. At restand with good perfusion, lissues require
5 to 6 ml/dL of oxygen. In other words, with HB0 at 3
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ATA, all of the oxygen raquired by tissues can be obtained
dissoived in plasma without the need for oxygen linked to
hernoglobin [18].

The Undersea and Hyperbaric Medicine Society has
approved it in 13 indications demonsizated in controiled
animal ot clinical swudies, with scientific evidence con-
firming that the use of HBO is beneficial 1{16]. Although
there Is insufficient scientific evidence regarding the
benefit and safety of HBO, it is used for more than 100
ilInesses worldwide [ 191, HBO can be used as a main-line
therapy indecompression sickness, arterial gasembolism,
and severe carbon monoxide poisoning and as an adjunct
treatment in closiridial myonecrosis, acute traumatic
ischemic injury, problem wounds, osteoradionecrosis,
necrotizing scit tissue infections, Intracranial abscess,
exceptional aneria, delayed radiation injury, thermal
burns, and skin graits and flaps /1 I

Hyperbaric oxygen is a relnaze method of trea*mem
Most sice effects observed during treatment are slight an
reversible, although these side effects may be very severs
at times [20]. The most common side efect is middle
ear barotrauma, which develops when patients’ middie
ear pressure cannoi be equalized. The most uadesirable
side eifect of HBD tbe?apy is oxygen toxicity caused by
the use of high levels of oxygen. Reversible myopia forms
with toxic effects on the lens and resolves within weeks
afier the completion of treatment [211. Central nervous
system oxygen toxicity and epileptic episodes may be
observed, but these <o not cause permanent damage.
Puimonary toxicity-related coughing, chest tightening,

and temporary impairment of puimonary functions may
beseen 221,

The Use of Hyperbaric Oxygen in

Fibromyalgia Syndrome

Fibromyalgia syndrome (FMS) is a chronic musculosk-
eletal dizorder characterized by widespread pain and
exquisite tenderness at specific anatomic sites {ie, ten-
der points) {23]. There is a global decrease in pressure
pain thresholds rather than specific changes limited to
the tender points [24]. The etiopathology of FMS is still
unknowr, although itis thought that the disease is caused
by several interacting faciors such as muscle overlo oad,
poor posture of the spine, disturbed sleep, psychogenic
factors, local hypoxia, and reduced concentrations of
high-energy phosphate [25]. However, it is thought that
local hypoxia can lead to degenerative changes in the
muscles of patients with FMS [25]. Studies on the role
played in FMS pains by local hypoxia are along the lires
that there is locai hy’)oma at tender points, that total
miean oxygen pressure is lower in TMS patients’ subcu-
taneous tisstes compared with those of controi subjects,
that there is vasoconstriction in the skin tissue beneath
tender points, that capiilary density is lower in muscle
tissue, and that muscutar biood flow is at a lower level

<

When the circulation is compromised, the resultan:
ischemia lowers the concentration of adenosine triphos.
phate {ATP) and increases the concentration of lactic acid.
increased oxygen delivery to the tissue with HROQ may
prevent tisste damage in ischermic tissues by decreasing
the tissue lactic acid concentration and fielping maintain
the ATP level, HBO fhera’)y causes avmroxza by raising
oxygen coacentration far above physiologic leveis in a1
tissues during treatment. This breaks the hypoxia-pain
vicious circle in FMS patients.

A randomized, controlled study was performed on
50 FMS patients in our clinic, with 26 patients being clas-
sified as the HBO group and 24 analyzed as the control
group. The patients with EMS in the FIBO group were
given 15 90-minute sessions at 2.4 ATA aver 5 days, and
patients in the control group breathed air for 90 minures
at i ATA. At the end of the study, the number of tender
points in patients, visual analogue scale {¥AS) score, and
pain thresholds were used in evaluation. The number
of tender poinis in patients with ¥MS who recetved 15
HBO sessions declined, VAS scores decreased, and there
was a statistically significant increase in pain thresholds.
in these patients, it was thought that the effect of HEO
treatment overcame local hypoxia, which is regarded as
present in the painful points in FMS patients, by establish-
ing hyperoxia in the entire body. Thus, the pain-hypoxia
vicious circle was broken with T1BO treatment and pain
cecreased significantly [1e].

{n one pain stucy performed on the pain intensity
of patients with ﬁbromydlgm, pain was shown t0 increase
with nitric oxide {NQ) synthesis [26]. We think that there
is a reduction in pain intensity through a reduction in the
NC etfect with HBO therapy. It again was shown in 2 new
study that NG plays a role in hyperoxic vasoconsiriction
[27]. HBO therapy reduces regional blood flow by lower-
ing the NO level in the brain. It is thought that HBO acts
by reducing the NO 2ffect in FMS.

Gurstudy dernonstrated HBO as a beneficial method
in FMS; however, multi-institutional, prospective, ran-
domized, controlled studies are needed. in addition,
fusther studies should address the effect of inhalation of
100% oxygen at 1 ATA in [MS.

The Use of Hyperbaric Oxygen in Complex
Regional Pain Syndrome

Complex regional pain syndrome (CRPS) is characte:-
ized by pain in the extremities, changes in skin coler,
hypo- or hyperhydrosis, and localized osteoporosis {28].
It is thought that excessive sympathetic nervous system
activity plays a major role in its pathology. Zarly diagrio-
sis influences response to treatment and the course of the
iliness. In the first stage of the disease, immediately fol-
lowing arteriovenular bed and capiilary vessel pressure
vasodilatation, an intense pain and reddening accom-

panied by a feeling of burniag develops with edema and
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