Current indications for hyperbaric oxygen therapy

ALTHOUGH THE APPLICATION OF COMPRESSED GAS in
medicine had its origins centuries ago, it is only in the last 40
years that good science has existed to support some of its cur-
rent applications. A lack of soundly constructed scientific
research, overenthusiastic reactions to isolated cases, public
pressure and financial issues have all contributed to the scep-
ticism which has influenced the acceptance of hyperbaric
oxygen therapy into mainstream medicine.

This review provides a brief outline of the history, physio-
logical basis, current indications and side effects of hyperbaric
oxygen (HBO) therapy.

History

Hyperbaric air

The concept of using respirable gases at raised ambient pres-
sures in the treatment of illnesses dates back three centuries.
In 1662 hyperbaric air was used by Henshaw, a British cler-
gyman, for the treatment of “affections of the lung”.! How-
ever, on considering the apparatus used at the time, it seems
likely that the reported benefits were a placebo effect.”

In 1834 Junod, in France, built a chamber to treat pulmonary
conditions at pressures between 2 and 4 atmospheres
absolute (ATA). Over the next one hundred years “pneumatic
centres” were established in various European cities and in the
USA. Hyperbaric air was used to treat a wide variety of ail-
ments, including lung infections, cardiac disease, carcinomas,
diabetes, and dementia, and was used as an aid to surgery, pro-
viding “deeper anaesthesia and less cyanosis”.? By the 19th
century “hyperbaric centres” had begun to develop a reputa-
tion in competition with “health spas”.*
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Synopsis

@ Hyperbaric oxygen (HBO) therapy has a long history, but
there is a lack of scientific evidence for some of its past
applications.

@ The Undersea and Hyperbaric Medical Association has
published guidelines for the clinical indications and
appropriate use of HBO therapy.

@ HBO therapy greatly increases the oxygen concentration
in plasma, reducing the need for haemoglobin in blood
oxygen transport.

€ HBO has bacteriostatic or bactericidal effects, and has
positive effects on the physiology of tissue rendered
ischaemic by trauma or infection.

€ The main conditions for which HBO therapy is indicated
are decompression sickness, air or gas embolism, carbon
monoxide poisoning and gas gangrene.

€ HBO may be indicated for the treatment of crush injury,
compartment syndrome, delayed radiation injury,
exceptional blood loss, compromised skin grafts and flaps,
necrotising soft tissue infections, intracranial abscess,
actinomycosis and thermal burns.
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Orval J Cunningham, a professor of anaesthesia at the Uni-
versity of Kansas in the early 1900s, is regarded as being the
last exponent of compressed air therapy.> His observations
that people with heart disease and other circulatory disorders
did poorly at altitude and improved at sea level formed the
basis for his use of hyperbaric air.® In 1918 he successfully
treated sufferers of the Spanish flu epidemic with hyperbaric
air. He went on to build the largest ever-constructed hyperbaric
chamber (Box 1). In 1930 the American Medical Association
forced him to close the centre due to his refusal or inability to
provide any scientific evidence for his treatments.” In 1937 his
“steel ball hospital” in Cleveland was sold for scrap metal.

Hyperbaric oxygen

Oxygen was discovered in 1775 by an English scientist,
Joseph Priestley, who called it “dephlogisticated air”.* How-
ever, shortly after its discovery, reports of toxic effects of HBO
on the central nervous system and lungs®® were enough to pre-
vent its formal application under pressure until 1937, when it
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was first used in the treatment of decompression illness by
Behnke and Shaw.

The application of HBO in clinical medicine really began
with separate work done by Churchill-Davidson and Boerema
in 1955 and 1956. Churchill-Davidson, in the UK, used it to
enhance the radiosensitivity of tumours.!? Ite Boerema, Pro-
fessor of Surgery at the University of Amsterdam, successfully
used it in cardiac surgery to prolong the time allowed for
cross-clamping of the major vessels.!!

In 1961 W H Brummelkamp et al. (also at the University of
Amsterdam) published work on the use of HBO in the treat-
ment of anaerobic infections (clostridial gas gangrene).!> In
1962 Smith and Sharp reported success in the treatment of
carbon monoxide poisoning with HBO in Glasgow, Scot-
land.B

Throughout the 1960s, enthusiasm for the use of HBO grew,
as it had a dramatic impact in the areas of cardiac surgery,
carbon monoxide poisoning and gas gangrene. Many cham-
bers were established across North America and Eurasia. As
the number of chambers and excitement for the treatment
grew, many centres began to treat a wide range of ailments
with HBO on the basis of very little scientific evidence or
rationale. Often it was used to treat conditions that failed to
respond to conventional therapies, such as senility, stroke,
arthritis, and emphysema.

In the early 1970s huge progress was made in the devel-
opment of cardiopulmonary bypass equipment and hence the
requirement to perform cardiac surgery under hyperbaric con-
ditions declined. Cardiac surgeons had been some of the most
energetic promoters of the use of HBO. As these early pio-
neers left the field of hyperbaric medicine so did much of the
enthusiasm for extensive and high quality research.

By the late 1970s there was growing concern in the USA by
both hyperbaric and general physicians that HBO was being
applied indiscriminately, that there was a lack of scientific
progress in the field and that there was no regulatory body.
These concerns led the Undersea Medical Society (UMS),
which had been originally formed in 1967 by US Navy med-
ical officers with an interest in Diving and Submarine Med-
icine, to form an ad hoc Committee on Hyperbaric
Oxygenation.? This committee has become the internationally
recognised authority on accepted indications for HBO. It reg-
ularly updates and publishes its list of accepted indications and
discriminates between those conditions that are approved for
treatment and those that are supported by sound scientific
theory but are still requiring research. The UMS is now known
as the UHMS (Undersea and Hyperbaric Medical Society).

Internationally, there is some variation between centres in
the lists of conditions that are accepted as being appropriate
for HBO therapy. Some conditions are undeniably appropri-
ate for HBO therapy, but others are accepted for treatment in
the setting of controlled clinical trials or on the merits of the
individual case.

The lack of sound scientific evidence of the efficacy of
HBO has bred uncertainty in the wider medical community
regarding its legitimacy. HBO therapy has been described as
“a therapy in search of diseases”.!* However, in the last three
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| Hyperbaric hubris

Five stories high and 64 feet in diameter, this gigantic
hyperbaric chamber in Cleveland, Ohio, was
commissioned by Dr Orval Cunningham in partnership
with a businessman who anticipated healthy profits from
the treatment of diabetes and other diseases. Shown
here under construction in 1928 (a photograph published
in JAMA and newspaper publicity of the day),” the
chamber was scrapped two years later.

decades a greater understanding of the mechanisms of action
of HBO has developed through clinical experience, animal
studies and clinical trials.

Mechanisms of action

The clinical benefits of hyperbaric oxygen can be explained
theoretically by the mechanical effects of pressure and the
physics of gas laws, the physiological and biochemical effects
of hyperoxia, and also through the reversal of local hypoxia
in target tissues.

At sea level the dissolved oxygen concentration in plasma
is 3mL/L.'>!6 At rest normally perfused tissue requires about
60mL of oxygen per litre of blood. At 3 ATA the dissolved
oxygen concentration rises to about 60 mL/L,' sufficient to
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supply the tissue oxygen requirement without resort to the
oxygen carried by haemoglobin.? Hence, the benefits of HBO
are obvious in pathologies involving haemoglobin, such as
carbon monoxide poisoning and severe anaemia (including
patients who refuse transfusions on religious grounds).

Box 2 lists the effects of high partial pressures of oxygen on
various organs, tissues and biochemical reactions. The
effects are multiple and often complex. Some are described
briefly below. They assume varying degrees of importance
depending on the disease processes involved and their appli-
cation in some specific indications is discussed later.

HBO therapy exerts both direct and indirect effects
against bacteria. Direct bactericidal and bacteriostatic effects
occur through the generation of oxygen free radicals. These
free radicals oxidise proteins and membrane lipids, damage
DNA and inhibit metabolic functions essential for the growth
of organisms. The susceptibility of anaerobes to HBO is
enhanced by their lack of adequate antioxidant defences. Fac-
ultative anaerobes are able to resist the toxic effects of oxygen
exposure by increasing their synthesis of antioxidant
enzymes.!’

The indirect effect of hyperbaric oxygen in bacterial killing
is through improving leucocyte function and is regarded as
being more significant than the direct bactericidal and bacte-
riostatic effects.!'®> Neutrophils require oxygen as a substrate
for microbial killing, after phagocytosis occurs. Hypoxia
reduces this function. Significant reductions in the killing
capacity of leucocytes occur when tissue PO, falls below
30mmHg." Infected and traumatised tissues often have a par-
tial pressure of oxygen below this, making them much more
susceptible to infection due to the decrease in neutrophil activ-
ity.? Hyperoxia and HBO also influence the activity of some
antibiotics, enhancing the effectiveness of some and inhibit-
ing others.?

The formation of collagen matrix, and hence angioneoge-
nesis and wound healing, is highly dependent on the presence
of adequate amounts of oxygen.3%-32 Wound healing is a com-
plex process and involves the interaction of many cell types
and biochemical mediators. HBO increases tissue oxygenation
and amplifies the oxygen gradient along the periphery of
ischaemic wounds. This oxygen gradient has been demon-
strated to be an important stimulus to angioneogenesis and
wound healing.’* Healing is both faster and stronger in
hypoxic wounds when treated with HBO.’® Intermittent
increases in tissue oxygen tensions have been shown to opti-
mise fibroblast proliferation and stimulate angioneogene-
sis.?*3* HBO given at 2.5 ATA for 3 sessions of 2 hours was
shown to produce an increase in the bursting strength and to
stimulate angiogenesis in the early stages of healing of inci-
sions in rats.* In animal models, it has also been demonstrated
that the quantity and size of blood vessels in skin flaps was
significantly increased when treated with HBO.3

Reperfusion injury contributes to the worsening of crush
injuries, compartment syndromes and the failure of skin flaps,
grafts and reattachment procedures. Neutrophils have been
implicated as a major contributor in this pathological
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2 Some physiological and biochemical
effects of hyperoxia

@ Suppression of alpha-toxin production by Clostridium
perfringens?

@ Bactericidal for Clostridium perfringens in vitro?'22 and
in vivo (mice).?? (Bactericidal for others, but mostly
only at pressures and durations of oxygen exposure
greater than are safe to be used in clinical practice.)?

@ Bacteriostatic for some species of Escherichia and
Pseudomonas,**?¢ and also for a range of enteric
bacteria (Salmonella, Shigella and Proteus).?”

@ Improved leucocyte killing activity.'*282°

@ Promotion of fibroblast proliferation, collagen
formation and angioneogenesis in problem wounds,
flaps and irradiated tissues.30-3¢

@ Reduced falls in adenosine triphosphate (ATP) and
phosphocreatinine levels in burns and post-ischaemic
tissue.

Decreased white cell adherence to capillary walls.
Vasoconstriction in normal blood vessels.

Decreased post-traumatic tissue oedema.

L 2R JNR JR 2

Reduced half-life of carboxyhaemoglobin, improved
dissociation of carbon monoxide from cytochrome-c
oxidase and prevention of neuronal injury in carbon
monoxide poisoning.

@ Decreased lipid peroxidation.

process.’” By adhering to the walls of ischaemic tissue they
release proteases and produce free radicals, which leads to
pathological vasoconstriction and extensive tissue destruc-
tion.*® Various mechanisms have been thought to be respon-
sible for the benefit of HBO therapy in reperfusion injury.
These include HBO’s effect of promoting the generation of
scavengers to detoxify tissue from radicals, preventing lipid
peroxidation of cell membranes,* and promoting the seques-
tration of leucocytes in the lungs, thereby preventing their
accumulation in the injured tissue.** Hyperbaric oxygen
inhibits neutrophil adherence and post-ischaemic vasocon-
striction in ischaemic rat tissue.374

Hyperoxia has been shown to decrease blood flow in limbs*!
and the cerebral circulation*> in man. HBO in man also
decreases cardiac output by 24%—-35% and increases afterload
by 30%—-60%.** Studies in rats have demonstrated that HBO
decreases blood flow to myocardium, kidney, brain and
splanchnic areas.*#

These changes in haemodynamics and reduced blood flow
to organs do not, however, compromise the oxygenation of
healthy tissues, as this is compensated for by an increase in the
oxygen dissolved in plasma.?*® Hypoxic and diseased tissue
has been shown not to demonstrate this same vasoconstrictive
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reaction,? and in fact blood flow in the microcirculation of
ischaemic tissue has been found to be significantly improved
by HBO.447 With HBO, vasoconstriction does not reduce
local tissue oxygenation but does reduce posttraumatic tissue
oedema.

In experimental models, HBO reduced oedema formation
by about 20% and necrosis by 50% in injured muscle.* Nylan-
der et al. showed a significant reduction in postischaemic
oedema with HBO in rats.® This anti-oedema benefit of HBO
contributes to its benefit in the treatment of crush injuries,
compartment syndrome and burns.>

ATP production is vital for the maintenance of cell mem-
branes and the transport of ions and molecules across cell
membranes. In burn injury and ischaemic injury, the produc-
tion of ATP falls, as its production is highly dependent on
oxygen. HBO has been shown to reduce the fall in ATP after
ischaemia and reduce the lactate accumulation in ischaemic
tissue.>1-33

Lipid peroxidation is believed to be one of the main
processes involved in neuronal damage following ischaemic—
hypoxic injury and exposures to drugs and poisons.? Thom, in
his study of rats and CO poisoning, concluded that HBO expo-
sure over 2 ATA prevented lipid peroxidation.3

Indications

Box 3 lists the currently accepted indications for the use of
HBO. The clinical evidence supporting some of these indi-
cations is described below. For a more comprehensive exam-

ination of others, I recommend Kindwall? and the UHMS
committee report> as further references.

Decompression illness and arterial gas embolism

Decompression illness and arterial gas embolism occur when
bubbles form in blood vessels and tissues. Largely a disease
of divers, decompression illness or arterial gas embolism can
also occur in persons exposed to altitude, iatrogenically and
through other miscellaneous causes (eg, aircrew and parachute
training in hypobaric chambers, mechanical ventilation, cen-
tral venous catheterisation, cardiothoracic surgery and vagi-
nal insuftlation in pregnant women during orogenital sex).’¢-
Other factors which are known to predispose individuals to
decompression illness include dehydration and hangovers,
recent injury, heavy physical exercise at depth and cold expo-
sure. These are thought to contribute through influences on gas
uptake and elimination.

Bubbles deform tissues and obstruct blood vessels and also
exert biochemical effects at the blood—gas interface, leading
to alterations in haemostasis, endothelial damage and activa-
tion of leucocytes.’>® Patients can present with symptoms
ranging from rash to paraesthesia, joint pain, paralysis,
seizures and coma.

The laws of Boyle, Henry and Dalton explain some of the
pathology of this bubble formation and the benefits of HBO
in its treatment. In simple terms, with exposure to increasing
pressures the amount of nitrogen dissolved in tissues
increases in accordance with Henry’s law. Rapid ascents in

Medical Society>s

| Air or gas embolism

2 Carbon monoxide poisoning and smoke
inhalation; carbon monoxide poisoning
complicated by cyanide poisoning

3 Clostridial myositis and myonecrosis (gas
gangrene)

4 Crush injury, compartment syndrome, and
other acute traumatic ischaemias

5 Decompression sickness

6 Enhancement of healing in selected problem
wounds

7 Exceptional blood loss (anaemia)
8 Intracranial abscess, actinomycosis
9 Necrotising soft tissue infections
10 Osteomyelitis (refractory)

I'l Delayed radiation injury (soft tissue and bony necrosis)
12 Skin grafts and flaps (compromised)

I3 Thermal burns

3 Indications for hyperbaric oxygen therapy approved by the Undersea and Hyperbaric

Problem wound:

(Left) chronic infection, 8
months of discharging sinus.
Nocardia brasiliensis cultured.
No improvement with surgical
debridement and high dose
antibiotic therapy.

(RIght) Complete resolution of
wound with 19 HBO treatments
(1 hour at 18 m pressure

[1.8 bar] with 30 minute ascent
to surface pressure).

\-t.-'r'ﬂ-\
Ft®

Severe burns treated with HBO.
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diving and hypobaric exposures cause the partial pressure of
nitrogen dissolved in solution to exceed the ambient pressure.
This causes it to bubble in the blood and tissues.

In accordance with Boyle’s law, increasing the ambient pres-
sure reduces the size of the bubble and also changes its shape.
Recompression to 3 ATA reduces the length of cylindrical bub-
bles by two-thirds. As 100% oxygen is breathed, the inert gas
within the bubble is gradually exchanged with oxygen which
can be metabolised, further reducing bubble size. As the size
of the bubble decreases, the surface tension forces eventually
exceed the pressures within the bubble and it collapses. In
addition to the mechanical benefits of HBO therapy, it may
also aid in counteracting the interaction of the bubble with
vessel endothelium, and platelet and leucocyte activation.®'-2

Extensive clinical experiences over the last 50 years and
some clinical trials have established HBO therapy as the main-
stay of treatment for decompression illness and arterial gas
embolism.®* Series published by Kizer and Green in the 1980s
show that recompression to between 3 and 6 ATA is the most
reliable and effective treatment for decompression ill-
ness.**63 Extensive studies by the US Navy,? and clinical trials
such as those by Guyatt et al® and McLeod et al,*” have also
demonstrated its efficacy.

Carbon monoxide poisoning

Carbon monoxide is the product of the incomplete combus-
tion of hydrocarbons. Carbon monoxide is a normal product
of the catabolism of haemoglobin and a level of 1%—-3% can
be detected in normal people.®® Blood carboxyhaemoglobin
(COHD) levels can reach 10%—15% in smokers.® Sources of
exogenous carbon monoxide that cause poisoning include
motor vehicle exhausts; the burning of charcoal, wood,
kerosene and gas; and methylene chloride, a paint stripper
which when absorbed into the body is metabolised by the liver
to produce carbon monoxide.”®’!

Carbon monoxide toxicity is the result of both tissue
hypoxia and its interference with cellular metabolism.
Carbon monoxide binds to haemoglobin with an affinity 200
to 250 times greater than oxygen.”” The resulting decrease in
arterial oxygen content and the shift of the oxygen—haemo-
globin dissociation curve to the left”® explains the acute
hypoxic symptoms seen in carbon monoxide poisoning (Box
4). However, the delayed neurological sequelac (Box 5)
cannot be accounted for by this process alone and research
suggests that carbon monoxide is also toxic through its intra-
cellular uptake. In rats it has been shown to cause lipid per-
oxidation, leading to reversible demyelinisation of central
nervous system lipids,’* and to cause mitochondrial dys-
function by binding to cytochrome oxidase.” Platelets and
vascular endothelial cells have also been shown to release free
radicals when damaged by carbon monoxide exposure.”

HBO has a dramatic effect on the half-life of carboxy-
haemoglobin, shortening it to less than 30 minutes, compared
with 4—6 hours when breathing room air.”® However, it is
unlikely that this effect is entirely responsible for the clinical
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4 Acute clinical manifestations of carbon
monoxide poisoning

Dizziness Ataxia

Headache Tachycardia

Nausea Tachypnoea

Vomiting Coma

Confusion Myocardial ischaemia

Blurred vision Myonecrosis

Muscle cramps Seizures

Abdominal pain Dysrhythmias

Adapted from Tomaszewski,”® Ernst and Zibrak,”' and Meyers and Thom.””

5 Delayed neurological sequelae
following carbon monoxide poisoning

Chronic headaches Neurological deficits

Cognitive deficits Movement disorders
Personality disorders Parkinson’s disease
Aphasia Psychosis
Apraxia Gait disturbances

Cortical blindness

Adapted from Tomaszewski,”® Ernst and Zibrak,”' and Meyers and Thom.””

benefit of HBO, as levels of carboxyhaemoglobin do not cor-
relate well with the clinical picture. Other studies in animals
have shown that HBO accelerates the dissociation of carbon
monoxide from cytochrome oxidase and induces a more rapid
return to the normal energy state of cells,” reduces brain lipid
peroxidation,” inhibits white cell adhesion in brain injury
from carbon monoxide poisoning,® and prevents intracranial
hypertension in carbon monoxide poisoned rats.3!

It is not known whether these laboratory benefits of HBO
correlate directly with improvements in the outcome of
patients treated with HBO, as few clinical trials have been
reported and those in the literature are often technically flawed
and have results which are conflicting.”%7!$283 One of the cen-
tral questions debated is whether HBO has any benefit over
normobaric oxygen in the treatment of carbon monoxide poi-
soning.?* Despite the controversy that exists, and on the basis
of decades of clinical experience and some of the published
evidence, HBO therapy is still recommended by most
experts in the field and especially when certain clinical indi-
cations exist (Box 6). The decision to use hyperbaric
oxygen should be made early, as it has been demonstrated that
efficacy may decrease with delay, especially beyond six
hours.%
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Necrotising infections

Clostridial myonecrosis (gas gangrene) is an anaerobic infec-
tion that occurs when clostridial spores germinate within the
hypoxic environment of devitalised tissue. These organisms
then produce toxins that are vasoactive and liquefactive, result-
ing in rapid and extensive tissue destruction. Contamination
of traumatic wounds is the most common cause but it can
follow a variety of major and minor medical procedures.%
HBO has become an accepted adjunct to the treatment of
clostridial myonecrosis, despite a lack of randomised con-
trolled clinical trials to support its use. Over 100 case reports
and citations exist in the medical literature to support its use
in this disease,® beginning with Brummelkamp et al in 1961,
who reported a benefit when HBO was used alone. Several
clinical series reports were later published which showed the
benefit of using surgery, antibiotics and HBO adjunc-
tively.86-87
DeMello et al, in a study using dogs, showed that using
surgery, antibiotics or HBO alone was not as effective as com-
bining them.® Surgeons experienced in the field describe the
clinical benefits of HBO in aiding demarcation of healthy from
devitalised tissue (allowing for more conservative surgical pro-
cedures) and in reducing the systemic toxicity (allowing
patients to better tolerate surgical procedures).-!
Necrotising fasciitis is a progressive, generally rapidly
spreading, inflammatory process located in the deep fascia,
with secondary necrosis of subcutaneous tissues and skin.
Haemolytic streptococci are thought to play a central role but
other aerobes and anaerobes have been implicated. Mortality
rates range from 30%—75%. Progressive bacterial gangrene is
generally a slowly advancing infectious process involving the
epidermis, dermis, subcutaneous tissue and hair follicles, but
never the deep fascia. Bacterial synergism plays an important
role but the cause can be anaerobic, aerobic or mixed.®
Because of the clinical similarities of these two conditions

6 Suggested indications for HBO in
patients with carbon monoxide

poisoning

¢ Coma

@ Any period of unconsciousness

@ Seizures

@ Focal neurological deficits

@ Carboxyhaemoglobin level >25% of haemoglobin

level (or >15% in pregnancy)

*

Cardiac ischaemia or arrhythmia

4

Persistent neurological dysfunction after initial
treatment with normobaric 100% oxygen for 2—4
hours.

Adapted from Tomaszewski,”® Ernst and Zibrak,”' and Meyers and Thom.”
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with clostridial myonecrosis, the treatment regimens advo-
cated have also involved the use of HBO as an adjunct to
surgery and antibiotics. Clinical evidence of its efficacy in
these settings is mainly limited to reports of small case series
and there are no randomised controlled clinical trials. In the
treatment of Fournier’s gangrene, Paty and Smith demon-
strated that mortality and morbidity increase if one of the three
modalities is excluded.”® Eltorai et al reported no deaths
among nine patients in whom HBO was added to the standard
therapy.®! Korhonen et al demonstrated in their retrospective
clinical study that HBO reduced systemic toxicity, prevented
extension of the necrotising infection, increased demarcation
and reduced mortality.*?

Other case series of necrotising fasciitis have demonstrated
mortality rates of 12.5%—-20% in patients treated with a com-
bination of surgery, antibiotics and HBO.%** Mader® and
Riseman®® reported significantly reduced mortality rates in
groups treated with HBO compared with groups not treated
with HBO. While prompt and aggressive surgical debridement
remains the cornerstone of treatment, it is accepted that best
results are obtained with the combination of surgery, antibi-
otics and HBO.¥

Radiation-induced tissue injury/radionecrosis

When malignant tissue is irradiated, some degree of damage
to normal tissue is unavoidable. The initial pathological
process is a progressive, obliterative endarteritis. This even-
tually results in hypocellular, hypovascular and hypoxic tissue,
which is more prone to breakdown when subsequently
wounded or damaged. Radionecrosis can develop sponta-
neously in these tissues if the radiation dose has been high
enough. HBO exerts its benefits in this disease through pro-
moting angiogenesis and fibroplasia.

The effectiveness of HBO in radiation tissue injury has been
validated through a series of randomised, prospective studies.
Work done by Marx et al was instrumental in establishing the
benefits of HBO via angiogenesis and fibroplasia.””-!® In these
and other studies, Marx et al demonstrated satisfactory surgical
outcomes in over 90% of patients undergoing reconstructive
and other surgical procedures on irradiated and radionecrotic
tissue when treated with HBO before and after surgery. These
results have been corroborated by others.!0!-103

Contraindications

Contraindications to hyperbaric oxygen therapy are listed in
Box 7. When considering contraindications, the potential ben-
efit should be weighed against the patient’s condition and the
potential side effects of treatment. The only absolute con-
traindication is untreated tension pneumothorax.

For a discussion of contraindications, Kindwall'* is sug-
gested as a reference.
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Adverse effects

Adverse effects of HBO therapy can be thought of in two
groups — those related to the effects of pressure on
enclosed gas spaces and those related to the toxic effects of
oxygen. Middle ear barotrauma is the most common compli-
cation of HBO therapy, with an incidence of about 2%.!%
Some patients require elective myringotomy or tympanostomy
insertion. However, careful instruction in the autoinflation
technique is usually enough to prevent middle ear barotrauma.

Inner ear barotrauma is a very rare occurrence, usually only
occurring in the setting of a forced Valsalva manoeuvre. In an
unconscious patient, tympanic membrane rupture would occur
before the round or oval windows rupture. Inner ear baro-
trauma can result in permanent hearing loss, tinnitus and ver-
tigo.

Sinus squeeze is the second most common complication of
HBO therapy and causes pain on compression when the open-
ings to various sinuses are blocked in the setting of a respi-
ratory tract infection or rhinitis.'® Treatment with
decongestants can allow the HBO therapy to continue.

Air embolism and pneumothorax are very rare complica-
tions of HBO therapy. If they do occur, it is usually in patients
with severe pre-existing lung disease.

Tooth pain can occur during compression or decompression
and this typically follows dental work that has created an air
space under a dental filling.

Reversible myopia is also observed in some patients under-
going HBO therapy. Its exact mechanism is unknown but is
thought to be due to changes in the shape of the lens. Cataract
formation has only been documented in patients receiving in
excess of 100 treatments. !

Neurological oxygen toxicity lowers seizure thresholds, pre-
cipitating generalised seizures that are self-limiting once
oxygen therapy is ceased and cause no permanent damage. It
is a rare complication of HBO therapy, with a quoted inci-
dence as low as 1.3 per 10000 treatments.'%

Pulmonary oxygen toxicity can occur in patients exposed to
100% oxygen at 1 ATA for prolonged periods. It is quicker to
develop in patients receiving HBO therapy as well as high
concentrations of oxygen between treatments. Symptoms are
not produced in patients exposed to daily treatments within the
limits of accepted treatment protocols.” Symptoms include
retrosternal chest discomfort, chest tightness, dyspnoea and
cough. These patients may also show significant reversible
reductions in their forced vital capacity.!'*

Decompression illness as a result of HBO is highly unlikely
in patients unless given air for prolonged periods of time.
However, the risk for attendants who breathe chamber air is
greater. The Royal Adelaide Hospital reported only two cases
of decompression illness in chamber attendants from 3900
treatments between 1985 and 1991.!97 The risk of decom-
pression illness in these subjects was minimised by adminis-
tering 100% oxygen to attendants for the ascent to aid in the
elimination of nitrogen from their tissues, and by limiting the
number of dives in the chamber to one a day for each atten-
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7 Contraindications for HBO

Absolute

€ Untreated tension pneumothorax

Relative

Upper respiratory tract infection

Emphysema with carbon dioxide retention
Asymptomatic pulmonary lesions seen on chest x-ray
History of thoracic or ear surgery

Uncontrolled hyperthermia

Pregnancy

Claustrophobia

L 2R JER R JER 2R 2R N 4

Seizure disorder.

dant. These safety practices are adopted by many hyperbaric
units.

Fire is by far the most common fatal complication of hyper-
baric oxygen therapy. Over the last 20 years (with millions of
compressions worldwide) there have been 52 deaths reported,
most due to inadequate fire precautions.!'*

Conclusions

As with most areas of medicine, in hyperbaric medicine there
is a constant struggle to balance enthusiasm for progress in the
field with the need to apply it on the basis of established evi-
dence. Consideration must be given to both the benefits and
the risks of a therapy when contemplating its application in
any clinical situation. Although HBO therapy is not without
side effects, most specialists in the field consider the risk pro-
file for patients acceptable when treating the conditions for
which HBO is clearly indicated.
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