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7. REPORT ON HYPERBARI C FACI LI TIES FOR DI VI NG ACCI DENTS “*

Pr ef ace

In response to a |arge nunber of requests for advice on the
treatnent of diving accidents and on recommendations to assist in
the planning of hyperbaric units, the followng report has been
prepared. Over recent years a need for reconpression facilities has
becone nore pressing, due to the increased nunber and dept h of divi ng
oper ati ons. Many of these are carried out by amateur or sem -
pr of essi onal groups, quite unable to adm nister or finance any of
the support reconpression chanbers (RCC) that may be required in
ener genci es.

It is axiomatic that the nost satisfactory way of dealing with
divingnorbidity and nortalityistoprevent it occurring by adequate
training and licensing of the amateur and professional divers at
risk. Unfortunately such an ai mseens to be beyond the capabilities
or inclination of either the Governnent Departnents concerned or the
mul titudinous diving clubs and groups, nmany claimng to be
‘“national .

Accepting that even in the nost highly trained group there w ll
be occasional diving accidents requiring reconpression, and
considering the proliferation of so many amateur groups, abal one
divers, sem -commercial divers and professionals now at risk, the
nunmber of diving accidents and deaths will continue escal ating.

The ideal solutionto this problemis to supply, at the site of
diving, reconpression facilities and trained staff capable of
handling the illnesses concerned viz. Pulnonary Barotrauma and
deconpression sickness (burst lung and bends). The current
facilities for the treatnent of such cases throughout Australia are
I nadequate i n every state. Neverthel ess, the problemhas to be kept
In perspective and it would be inpracticable to suggest that
equi pnent, trai ned personnel and finance coul d be nade available to
supply RCCs at the site of all diving operations.

Where there is an RCC, and where oxygen is supplied to this

chanber, the facility can be of imense benefit to patients other
t han di vi ng acci dents, eg. those with gas gangrene (saving both life

* Witten in February, 1971, but still applicable to-day.
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and |inb), carbon nonoxi de poi soning and ot her nedi cal disorders.
Probl ens

Having reiterated the obvious requirenment for reconpression
facilities throughout Australia, it is prudent to highlight sone of
t he defici enci es which becone evident when reconpression treatnent
I s consi dered.

a. Medical staff specialisedinthis fieldare neededto decide
upon the advisability of reconpression, to select the nost
suitable reconpression regine and to take the clinica

responsibility of subsequent nmanagenent. Not only is
specialised training required in this field, so is
experi ence and constant practice. It is difficult for |ay

adm nistrators to realise two related facts, viz. doctors
are not interchangeable wth each other, and reconpression
I njudiciously performed can be as dangerous as it is
benefi ci al . Unlike nost forms of nedical treatnent,
reconpressi on exposes both the patient and therapist to
certain dangers, aggravated consi derably by the current use
of oxygen at high pressure. It is of note that the
reconpressiontreatnents availableinAustraliaat thistine
suffer nore fromi nadequat e speci al i sed nedi cal advi ce t han
any other single factor. Fortunately this is capable of
being rectified.

b. The absence of reconpression equi pnent. There appears to
be kudos in the acquisition of a RCC, and many smal | groups
acquire or build these chanbers, only to subsequently |et
themdeteriorate, because of the absence of adequat e use and
mai nt enance. Sone st at es si npl y do not have any r econpr essi on
chanbers avail able. Otenthey are not aware of this, having
confused a RCCwi th the avi ator’ s deconpressi on chanber, or
bel i eve t hey have a comrerci al chanber avail abl e, whi ch when
| nspect ed by even the nost optim stic diver isclearly unable
to be used in any successful therapeutic regine. O her
st at es have honme nade chanbers avai |l abl e, and al t hough t hese
may be of value in the initial stages of therapy their use
wi |l oftengreatly conplicate subsequent and nore sati sfactory
treatnent. Certain hospitals with snall chanbers used for
radi ot herapy have often the m staken belief that these
chanbers are adequate for the treat nent of di ving acci dents.
Infact they nay be of valueintreating mnor cases of bends,
but they are also likely to aggravate other cases with the
| nadequat e t herapeuticregines availabletothem It isalso
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necessary to have adequate conpressor facilities, gas
m xtures, etc.

Once adequate equipnment has been obtained, it requires
regular and vigilant naintenance. Wthout this, the
facilities becone unsafe in practice, as well as inparting
quite an unjustified confidence in the |ocal diving and
nmedi cal popul ation. O the four reconpression chanbers |
have exam ned outsi de New South Wal es during 1969-70, one
was literally overgrown with weeds; one had no pressure gauge
adequate below 30 psi; one was rusted beyond repair; and
anot her had no porthol es and no Ii ghting system A proposal
was nmade for the latter to be renedied by the insertion of
a lighting arrangenent which could only be described as
expl osi ve.

Speci al i sed staff capable of running and maintaining the
chanber as descri bed above, are required. These include
engi neeri ng type personnel, as well as a supervisor ableto
ensure correct procedure and techniques during the
reconpression therapy (usually referred to as the D ving
O ficer).

An adm ni strative authority. It is necessary that one
authority takes over the admnistrative aspects of
reconpression treatnent. This adm nistrative authority
must be responsible for the ensuring of adequate training
of personnel, nmaintenance of chanber facilities and
rostering of staff so that the reconpression facilities are
abl e to be used. It need not al so be the financi ng authority.

Commruni cati on and ener gency al armsystens. It is anecessary
part of the admnistration authority’s responsibility to
ensurethat all involved groups areawarethat thefacilities
do exi st, and of the nethod of initiatingthis systemw thout
undue delay. Mbost of the recent diving acci dents have been
greatly conplicated by the initial reluctance to obtain
adequat e assi stance at the earliest opportunity.

Finance. This problemis the one that nost people seemto
tackle first, and al t hough extrenely i nportant it i s perhaps
the | east restrictive. Reconpression facilities avail able
in Australia vary from between $4,000 and $100,000 at
different establishnents. Most are concerned only wth
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obt ai ni ng the m ni mal satisfactory conditions, andthese can
be obtained for approximtely $5, 000. Fi nance for the
current chanbers has been obtai ned by the comrerci al diving
conpani es, the Royal Australian Navy, donations direct to
hospitals from various charities, State Departnents of
Heal th, etc.

g. Transport of the patient to the reconpression facilities.
It is characteristic of the geographic features of Australia
that nost of the coastline is not within easy reach of the
capital cities. Miuchof thedivingis perfornmed at |ocations
whi ch are renote or accessi ble over difficult terrain. Such
Is especially the case with Western Australia, Queensland
and Tasmania. Transport of diving casualties in aircraft
not pressurised to group level (and this includes nost
comercial aircraft) is contraindicated, unless the air-
craft is prepared to fly at extrenely low altitudes. This
Is often i npossi ble, and therefore in nmany cases it nay be
necessary to take a portabl e reconpressi on chanber to the
patient, and not vice versa. Wen only a few hundred m | es
are invol ved, the use of helicopter transport, either from
comercial or arned services, is the nost acceptable and
rapi d net hod.

Adifficulty inproviding fixedreconpressionfacilities at
areas inwhichdivingisoccurringisthe mgratory tendency
associated wth divers. A conmmercial abalone site at one
ti me may becone fi shed out, with the di vers novi ng onto nore
productive fields. Simlar variations occur in the popul ar
sites for amateur divers, and these are oftenlimted by the
availability of conpressors, social conveni ences, etc.

Therapy for Diving Accidents

a.

First Ald. Thisis alnost invariably perfornmed by fell owdi vers.
The quality is reliant upon the degree of training obtained from
the diver’s club. There is usually unnecessary and avoi dabl e
del ay at this stage, and with the patient recei vi ng such honespun
renmedi es as a hot bath, a few beers, etc

Local Medical Treatnent. This may be obtained from either
medi cal practitioners or district hospitals. The quality of the
treatnent is very variable and certain hospitals in popular
diving resorts obtai nadvice and assi stance rapi dl y once a di vi ng
casualty is admtted. Unfortunately thisis not w despread, and
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there is a reprehensi bl e tendency to ‘observe’ the patient for
many hours prior to taking any other action.

Speci al i sed Medi cal Advice and Treatnent. Usual ly by this stage
the patient has been subjected to either fruitless or harnfu

short reconpression attenpts, or has | anguished in a hospital
bed, with or without synptomatic therapy.

Al though it is unlikely that the sequence of events fromfirst
aidto specialisednedical attention be altered appreci ably, the
qual ity of managenent of the patient coul d be markedly i nproved
and the speed with which he noves through this sequence could
be appreciably |essened. If this were so, then subsequent
nmorbidity could be greatly reduced.

Different Systens of Reconpression Facilities

a.

Speci al i sed hyperbaric facilities and personnel avail able at
peripheral centres ie. adjacent to diving areas. This is of
course ideal, but is wusually inpracticable because of the
probl ens previously referred to. It is also doubtful whether
the nunber of diving accidents warrants nultitudi nous snal
centres throughout Australia, held at readi ness, and costly in
both tine and effort.

Speci al i sed hyperbaric facilities and personnel at maj or centres
t hroughout each state. One coul d envi sage a system wher eby
centres were staffed every few hundred m | es t hroughout diving
areas. This would ensure that diving accidents were within a
t hr ee hour by road radi us of adivingaccident centre. This would
al so nean that states such as Queensl and woul d requi re many of
t hese, whereas South Australia and Tasmania could get by with
three each. Wiether the nunber and degree of diving accidents
warrants the outlay needed for this system would have to be
deci ded by each state. The use of such a systemdoes not obvi ate
the need to use an air anbul ance type service, as many diving
accidents will occur in areas renote fromthose nentioned, or
I n areas cut off from maj or hi ghways by nountains.

Speci al i sed hyperbaric facilities and personnel avail able at
capital cities. This is the nost econom cal system wth each
chanber bei ng ensur ed of many uses, and with m ni nal requirenents
for trai ned personnel. |t does however, inpose a heavier burden
on the requirenent for an efficient transport systemfromthe
siteof theaccident tothecapital city. Thisis discussedl| ater
under aeronedi cal evacuations. Fortunately many diving groups
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are centred in or near the capital cities, and thus these cities
woul d requirereconpressionfacilitiesinanycase; thereis also
the proximty to major hospitals, sothat hyperbaric oxygenation
may be gi vento t he great est nunber of nmedi cal patients requiring
it.

| rrespective of which of the above systens i s used, there are two

factors which need to be consi dered:

a.

Aer onedi cal evacuation of casualties from diving areas, or
transport of portable chanbers to the diving area. The |l ess the
nunber of centres equi pped with hyperbaric facilities, the nore
efficient the air evacuation needs to be. The only way of
avoi ding the necessity for thisisto have reconpressi on chanbers
and experienced personnel wherever diving is carried out, and
this is a practical inpossibility. The ability to transport
patients, reconpression chanbers, or patients in reconpression
chanbers, to areas with nore adequate facilities and nore
speci al i sed personnel w |l be needed.

St andar di sati on of equi pnent and training is essential if there
IS going to be any rational integrated system of treatnent of
di ving accidents. Unless this does occur, therew || be conplete
confusion in the first aid managenent, indications for
treatnent, reconpression regines utilised, and the transport of
patients to major reconpression facilities. Standardisationis
nost i nportant whenit conestotheabilitytotransport apatient
fromone chanber into another while still under pressure. As
t he Royal Australian Navy is the possessor of the | argest nunber
of reconpressi on chanbers, and as it has ordered for construction
during 1971 a series of |arge chanbers and portabl e chanbers,
all wwththe saneinterlockingsystem it isstronglyrecomended
that all other groups utilise the sane interlocking facility.
I f one diving group decides to have its own speci al chanber, not
able to be mated with the others around Australia, then any
patient placed in that chanber will not be able to receive the
advant ages of the nore sophisticated chanbers at the |arger
centres.

Ther apeuti ¢ Reconpressi on Chanbers

The adequacy of hyperbaric therapy is to a consi derabl e degree

limtedby the forethought giventothereconpressi on chanber desi gn.

There are many chanbers avail abl e, and many firns prepared to supply

reconpr essi on chanbers which are | ess than adequate for therapeutic
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pur poses. Most of the chanbers have been designed for surface
deconpression viz. the deconpression of healthy young nen, not
suffering frompul nonary barotrauma or deconpression sickness, not
requiring resuscitation and not requiring physi ol ogi cal nonitoring.
Requirenents for therapeutic reconpression chanbers are quite
different, asoneisoftendealingwithaseriouslyill patient unable
to be left unattended and often requiring m nor surgical procedures
during deconpression. The different types of chanbers avail abl e for
t herapeutic reconpression are as foll ows:

a. Large Chanbers. These are fixtures, able to take one or nore
patients as well as nedical staff, and having two | ocks - one
to transfer nedi cal equi pnent and food in to the occupants, and
the other to allow nedical personnel to enter and |eave the
chanber during treatnent. These chanbers are of great val ue for
both diving accidents and hyperbaric oxygenation in nedica
condi tions. They are usually placed in or alongside major
hospitals. All the |l arge chanbers designed in recent years have
a TUP (transfer wunder pressure) facility, so that suitable
portabl e chanbers may be mated to t hem and patients transferred
from the smaller to the larger chanber, while still wunder
pressure. All these chanbers have capabilities for breathing
oxygen or nitrogen/oxygen mxtures independently from the
chanber environnment. The cost is usually in excess of $10, 000,
ready to run.

b. Portable reconpression chanbers. This type of chanber allows
extrene flexibility in both the transport and and t he treat nent
of diving accidents. The nodern portable chanbers have
sufficient roomto take two nen, one pati ent and one attendant.
This is required because of the obvious first aid and
resuscitationneeds of aseriouslyill patient. It is alsoneeded
whenever one adm ni sters oxygen to a patient with deconpression
si ckness or pul nonary barotrauma, under pressure. They are al so
cheaper than the | arge chanbers, and serve as an ideal chanber
for the initial treatnent. |Indeed, the full treatnent may be
carried out i n many cases, i n one portabl e tw man chanber. Wen
this chanber is noved to a site where it is able to mate with
either a | arge chanber or another two man chanber, there is no
limtationto the adequacy or flexibility of treatnent which can
be gi ven. The chanbers are manuf act ured f or approxi mat el y $5, 000
In Australi a.

It is extrenely inportant to realise that the portable one nman
chanbers which are on sale from nost diving equipnent
manuf acturers are designedinitially for surface deconpressi on,
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not therapeutic reconpression. The purchase of a one nman
reconpression chanber for treatnent of diving accidents is
conpletelyirrational if oneattenpts to cope w th anything ot her
than the nost m nor case of deconpression sickness. The use of
this type of chanber i s nowobsolete in therapy. Wen attenpting
to treat pul nonary barotrauna, serious conplications are to be
expected with this equipnent.

Transit bags. This concept, of having a material bag which is
ableto be pressurisedtoalowpressure eg. 15 psig, andin which
the patient can be placed, while breathing air or oxygen from
an external supply, is beinginvestigatedat thistinme. |f these
transit bags are able to be devel oped satisfactorily, then they
woul d be a relatively cheap way of giving initial and strictly
first aidtherapy tothe diver at the site of the accident. They
presumably coul d be purchased by diving groups at a reasonabl e
price, and used to transport the patient to the site of a
reconpressi on chanber, in which the bag could be placed hol us
bolus with the patient, the chanber pressurised and t he pati ent
then released from the bag. These bags are not avail able
comercially at this stage.

Recomrendat i ons

of

The fol | owi ng reconmendat i ons ar e nade regardi ng t he acqui sition

reconpression facilities for the treatnment of diving accidents

in Australi a.

1.

Reconpression facilities should be available in each capital
city, sited at or adjacent to one mmjor teaching hospital or
repatriation hospital in that city. It should be under the
adm nistrative control of that hospital. |If there are other
areas in the state schedul ed to have reconpression facilities,
then the capital city reconpression facility should be a | arge
fixed chanber. [If thisis not financially possible, or if there
are not other areas in the state likely to have reconpression
facilities, the capital city hospital shoul d have a portabl e two
man r econpr essi on chanber avail able, wth transport facilities,
eg. able to be put on the back of a small truck, together with
conpressor and/or gas cylinders.

If financially possible, other areas in the state adjacent to
diving centres should acquire portable two man reconpression
chanbers, and organise transport facilities.

Medi cal staff should be rostered to give on-call service. The
training of this nedical staff could initially be perforned at
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t he RAN School of Underwat er Medi ci ne, at HVAS Pengui n i n Sydney,
I f applicationis nade to the Secretary, Departnent of the Navy,
Canberr a.

The RAN School of Underwater Medicine could remain the central
area for consultation, treatnent, instruction and information
into diving accidents. It is |likely that the current RAAF and
RAN attitude to assist inthe nedivac facilitiesintransporting
and treating divers will be continued. This would be far nore
efficiently conducted if the injured diver were in a portable
two man RCC, with an attendant.

Al'l reconpression chanbers, be they RANor civilian, shoul d have
the sanme transfer under pressure facility incorporated in the
new RAN r econpressi on chanbers.

( CARL EDMONDS)
Pr esi dent
SOUTH PACI FI C UNDERWATER MEDI Cl NE SOCI ETY





