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Introduction

Thermal burn injuries are common, and have a sub-
stantial morbidity and mortality. Both the treatment in
specialised BurnsUnits, and the rehabilitation of the patient
back into the community are expensivel. Despite this
background, the eval uation of different treatmentsfor burnt
patients has been poor. Often studies have inadequate
control dataand therearedifficultiesin accurately assessing
burn wound depth?.

Hyperbaric oxygen (HBO) therapy administered sys-
tematically may bean effective adjuvant to the conventional
care of thermal burn wounds, since it can reduce tissue
ischaemia, attenuate interstitial fluid oedema and compart-
ment pressure, improvethemicro-circulation, and stimul ate
both revascularisation and re-epitheliasation of hypoxic
wounds®.

Since the original observation of accelerated burn
wound healing in rabbits treated with HBO wasreported in
1969+, data have been collected in avariety of other animal-
modelstodemonstrateat | east threewaysinwhichHBO acts
directly to promote healing of thermal burn wounds.

The first is areduction in the eventual depth of the
burn wounds (ie. the progression of partial-thickness burns
to full thicknessis retarded)®. This reduction is associated
with less extravasation of fluid®’, an increase in the ATP
concentrationsintheburnwounds(evenwhen HBO admini-
stration is delayed)?, and a reduction in overall animal
mortality®. The second direct actionisan increased healing
rate of burn woundsin animalstreated with HBO*S, and the
third is an anti-septic effect*. This anti-sepsisis mediated
probably both by enhanced host responsesand by direct anti-
bacterial action®.

The beneficia effects of HBO may be enhanced by
the concurrent administration of antioxidants, but their use
iscontroversial. For example, while a free oxygen-radical
scavenger enhanced the protective effect of HBO onarabbit
lung smoke inhalation injury?®, similar benefit could not be
demonstrated in ischaemic skin flapsin rats'; and elevated
oxygentensionshavebeen shownto actually antagoni se, not
potentiate, lipid peroxidation in-vitro.

In addition to these direct effects on burn wounds,
HBO has also been shown to improve outcome in animals
who have inhaled cooled smoke®, by reducing the fluid
extravasation into the lung interstitium. Lung injury from
smokeinhal ationiscommon after thermal burninjuries, and
isasignificant cause of mortality*?. Carbon monoxide (CO)
intoxi cation has been claimed to be the commonest cause of
death of victims dying at the scene of afire™® and HBO has
been shownto bethedefinitivetreatment of CO intoxication
in a controlled prospective study*.

In contrast to these controlled animal studies, reports
of HBO usein humanswith thermal burnsare, with perhaps
a single exception, poorly controlled. Also, these human
studies have used unreliable methods of assessing burn-
wound depth?. Theseretrospectively, semi, or uncontrolled
studies have reported that HBO: reduces the mortality in
severely burnt patients'; reduceseither the number of areas,
or the surface area requiring grafting**>%; reduces fluid
requirementst**>%7;  reduces hospital-stay time and overall
treatment costst**%; reduces burn wound sepsis’; and
increases skin graft survival in patients who have had burn
wounds grafted®s. However there has been only one
prospective controlled, but not randomised, study of 875
patients with thermal burns, which showed HBO to signifi-
cantly reduce the mortality of severely burnt patients®.
There are no human data and only a single report of an
inhalational injury in rabbits beingimproved by the admini-
stration of normaobaric oxygen (NBO)®.

Thereareno reports of adverse effectson burnswith
systemicHBO, and asolitary report of topical HBOincreas-
ing scar thickness®.



122

Therearethen substantial animal and human datato
support arole for HBO in the treatment of thermal burns.
However, there is an urgent need for randomised prospec-
tiveand controlled human studiesto examinebothHBO and
NBO.

Pilot Study

We conducted a pilot study from July 1986 to June
1988 at the Roya Adelaide Hospital (RAH), South Austra-
lia, to determine the feasibility of administering HBO to
burnpatientsat theRAH, andto determineif HBO produced
deleterious effects.

A control group of 113 patientswas generated retro-
spectively by considering al admissionsto the RAH Burns
Unit from January 1983 to June 1986, when HBO treatment
was introduced. We excluded patients with less than 10%
total body surface area (TBSA) burns, as the mortality is
negligible, and those with more than 75% TBSA burns as
many were given analgesia only. The data for age, area
burnt, and mortality for this control group are shown in
TABLE ONE. All these patients received conventiona
surgical careonly.

From July 1986 to June 1988 inclusive, 67 patients
with more than 10% TBSA burnsand lessthan 75% TBSA
burnswere given HBO as an adjuvant to their conventional
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surgical care. Their results are also summarised in Table
One. TheHBO patientsdid not differ significantly fromthe
retrospective non-HBO control group for age (34.2 + 14.9
(SD) years.v.38.6+17.2(SD) years, p>0.05) or meanarea
burnt (28.9 + 20.6% .v. 25.5 + 15.5%; p>0.1). However,
the mortality of the HBO patients was significantly lower
(4.4% .v. 21.3%; Fisher's exact probability, p = 0.002).

Clearly, other factorssuchasimproved nursing could
have contributedtothefall inmortality, anditisnot possible
toattributethisreductiontoHBO al one. Wecould conclude,
however, that it was feasible to conduct a prospective
randomised controlled study to eval uatetherel ativeroles of
HBOandNBOinthetreatment of thermal burnsinjury at the
RAH, and further that there was no evidence that HBO
adversely affected theoutcomeof thesepatients. A prospec-
tive study is now being implemented.

Summary

In addition to its beneficial effects on CO intoxica-
tioninburnt patients, HBO therapy may also haveapositive
direct effect on the thermal burn wound. In animal burn
injuries, HBO not only speeds the healing of the burn, but
aso reduces the mortality and reduces the area of partial-
thicknessburnsthat proceedtofull-thickness. Thedatafrom
burnt patients is consistent with these findings, but with a
single exception, are generally inadequately controlled and

TABLE 1

Number:
Mean age (+ SD):
Mean TBSA burnt (+ SD):

Mortality:

* p =0.002 (Fisher’s Exact)

Control Group HBO Group
(Non-HBO) 1986-1988
1983-1986
113 67
38.6+17.2yrs 34.2+14.9yrs
25.5+15.5% 28.9 + 20.6%
21.3% 4.4%*

Characteristics of patientsadmitted to the RAH BurnsUnit with TBSA burns> 10% and < 75% in the period from January
1983 to June 1988 inclusive; and treated with conventional surgery alone (Control Group, January 1983 to June 1986), or
with conventional surgery and HBO (HBO Group, July 1986 to June 1988).
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are gathered using inaccurate methods of assessing burn
wound depth.

A pilot study conducted at the Royal Adelaide Hos-
pital has shown a significant decrease in mortality in se-
verely burnt patientstreated with HBO when comparedto a
retrospective control group. On the basisof thesefindings,
and the positive animal and human literature published
aready, itisclear that a prospective randomised controlled
study of therole of HBO in the treatment of thermal burns
injury islong overdue.

ACKNOWLEDGEMENTS

Thefinancial assistance of the Victorian Division of
the National Safety Council of Australiais gratefully ac-
knowledged.

REFERENCES

1 Cianci P.E., Petronne G.J., Ross J., Shapiro R.L.
Early observation ontheuse of adjunctive hyper-
baric oxygen in the treatment of thermal injury.
Bove A.A., Bachrach A.J., Greenbaum L.J. Jr.
Underwater and Hyperbaric Physiology | X. Be-
thesda, Maryland; UHMS, 1987; 961-966.

2 Heimbach D.M., Afromowitz M.A., Engrav L.H.,
Marvin JA., Perry B. Burn depth estimation -
man or machine. J. Trauma 1984; 24: 373-377.

3 Fischer B., JainK K., BraunE., Lehrl S. Handbook
of hyperbaricoxygentherapy. Heidelberg: Sprin-
ger-Verlag; 1988.

4 Ketchum S.A., Thomas A.N., Steer M., Hall A.D.
Angiographic studies of the effect of HBO on
burn wound revascularisation. Clin. Res. 1969;
17: 105.

5 Miller T.A., Korn H.N. Epithelia burninjury and
repair. In: Hyperbaric Oxygen Therapy. Davis
J.C.,HuntT.K., Eds. UnderseaMedical Society,
Inc. Bethesda, Maryland 1977: 251-257.

6 Bleser F., Benichoux R. Experimental surgery: the
treatment of severe burns with Hyperbaric
Oxygen. J. Surg. 1973; 106(3): 281-290.

7 Wells C.H., Hinton J.G. Effects of HBO on post-
burn plasma extravasation. In: Hyperbaric
Oxygen Therapy. Davis J.C., Hunt T.K., Eds.
Underseaand Hyperbaric Medical Society, Inc.
Bethesda, Maryland 1977: 259-265.

8 StewartR.J., Cianci P., Y amaguchi K.T. et. al. Effect
of hyperbaric oxygen on ATP in burn injured
skin. Undersea Biomed. Res. 1988; 15 (Suppl.):
49.

9 Stewart R.J., Yamaguchi K.T., Noblett K.L. et. a.
Effectsof afreeradical scavenger and high pres-
sureoxygeninan acutesmokeinhalation model.
Undersea Biomed. Res. 1988; 15 (Suppl.): 16.

10. JesudassR.R.,MansonP.N.,MyersR.A.M.,Marzella

123

L. Hyperbaric oxygenation and antioxidantsin
the treatment of ischemic injury of skin. Under-
sea Biomed. Res. 1987; 14(2) Suppl.: 41.

11 ThomS.R. Antagonism of lipid peroxidation by ele-
vated partial pressures of oxygen. Undersea
Biomed. Res. 1988; 15 (Suppl.): 17.

12 Zawacki B.E., Azen SP., Imbus SH. et. a. Multi-
factoria probit analysis of mortality in burned
patients. Annals Surg. 1979; 189(1): 1-5.

13 Grossman A.R., Hart G.B., Yanda R.L. Therma
burns. In: Hyperbaric Oxygen Therapy. Davis
J.C.,Hunt T.K., Eds. UnderseaMedical Society
Inc. Bethesda, Maryland 1977; 267-280.

14 Kindwall E.P. Hyperbaric treatment of carbon mon-
oxidepoisoning. AnnalsEmerg. Med. 1985; 14:
1233-1234.

15,  Grossman A.R., Grossman A.J. Update on hyper-
baricoxygenandtreatment of burns. HBOReview
1982; 3: 51-59.

16.  Cianci P., LuedersH., ShapiroR., Sexton J. Adjunc-
tive hyperbaric oxygen reduces surgery in 40-
80% burns. Undersea Biomed. Res. 1988; 15
(Suppl.): 58.

17. Hart G.B., O'Reilly R., Brussard N.D., Cave R.H.,
GoodmanD.B., YandaR.L. Treatment of burns
withhyperbaricoxygen. Surg. Gynaecol. Obstet.
1974; 139: 693-696.

18  NiuAK.C,YangC. LeeH.C.et. d. Burnstreated
with adjunctive hyperbaric oxygen therapy: a
comparative study in humans. J. Hyperbaric
Med. 1987; 2(2): 75-85.

19  Stewart R.J., Yamaguchi K.T., Samadani S. et. al.
Effects of oxygen and pressure on extravascul ar
lung water formation in an anima model of
smokeinhalation. Undersea Biomed. Res. 1988;
15 (Suppl.): 20.

2. Kaufman T., Hurwitz D.J., Alexander JW. Topical
superoxide radicals enhance scar formation of
burns. In: Proceedings of the Ninth annual con-
ference on the clinical application of HBO.
Underseaand Hyperbaric M edical Society, Acap-
ulco, Mexico, 11-15 June 1984.

Dr. DesF. Gorman FACOM, Ph.D. isthe Director,
Hyperbaric Medicine Unit, Royal Adelaide Hospital.

Dr. lan O.W. Leitch FRACS, isthe Director, Burns
Unit, Royal Adelaide Hospital.

Address for correspondence - Dr. D.F. Gorman,
Hyperbaric Medicine Unit, Department of Anaesthesiaand
Intensive Care, Royal Adelaide Hospital, North Terrace,
Adelaide, South Australia, (Telephone: 08 224-5116).



