APPENDI X

Comment s of the Debates about the underwater oxygen treatment for DCS
Car| Ednonds

Wth the i ncreased use of the underwater oxygen reconpressi on treat ment anongst
non-nmedically trained divers, it was inevitable that sone illogical and
optimstic beliefs would devel op. There is an equal, but opposite tendency
anongst di vi ng nmedi cal physicians, toinvokecritical conments onpracticeswth
whi ch t hey have not been associated. Both attitudes are understandable in view
of the someti nes extreme personal and enotional invol venent inthis sport. The
diver working in remote localities, has a desperate need for reconpression
facilities, and he may hopefully see the underwater oxygen deconpression unit
as the answer to all his problens. Likew se, the diving physician who works
in an el aborate hyperbaric facility woul d see no real value, when this sinple
unit i s compared to his own, for nore sophisticatedfacilities. Anattenpt will
now be made t o answer sone of the cl ai ns that have been made by di vers and di vi ng
physi cians - or which have been attributable to them perhaps incorrectly.

1. | nappropri ate Cases for Treatnent

It was originally hoped that the treatnent reginme would be sufficient for
treating m nor cases of deconpressi on si ckness and prevent deterioration of nore
severe cases whil st suitabletransport was bei ng arranged. |t was presumned t hat
the treatnent woul d not be successful in treating these severe cases per se,
and that it would not be applicable to patients who had any degree of cl oudi ng
of consci ousness, or who were unco-operative.

A change of pattern has devel oped, and sone patients have been subjected to
underwat er oxygen reconpression, when they previously would not have been
consi dered as suitable candi dates. Al though it is not recomnmended, sem -
consci ous patients certainly have been reconpressed in the water, using these
techni ques. The ot her nodification of the original attitude, has resulted from
the observations that, for both the very recent case and for the very |ong
standi ng case, there is often dramatic inprovenent even though classified as
type 2, or severe deconpression sickness.

It is conmonly observed that inprovenent continues throughout ascent at 12
m nutes per metre. Presunmably the resolution of the bubble is nore rapid at
thi s ascent rate, than the expansi on due to Boyle’s Law. This is al so consi stent
wi th our know edge of treatnent of saturation DCS cases. Sone cases which did
not respond adequat el y at t he maxi mumdept h of 9 netres, subsequently responded
during the deconpression procedure.

Despite the above comments, there is no doubt that the underwater oxygen
reconpressiontreatnment is not applicableto all cases, and especi ally when t he
patient i sunableor unwillingtoreturntothe underwater environment i nsafety.
It is also of very little value in the cases where gross deconpressi on stagi ng
has been om tted, or where di ssem nated i ntravascul ar coagul ati on syndrone has
supervened. | woul d personally be reluctant to admi nister this regi mre when t he
patient has either epileptic convulsions of clouding of consciousness.
Reference to the case reports reveal that others are | ess conservative.

2. Oxygen Toxicity
Fear of oxygen convul sions or respiratory oxygen toxicity, especially in the

underwat er envi ronment, woul d bevalidif the conventi onal oxygentherapy tables
were used. In the latter case there would al so be considerable difficulty in
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alternating the air breathing periods with the oxygen, underwater. To omt the
ai r breathing periods of these tables would greatly increase the |ikelihood of
oxygen toxicity. Such is not the case with the techni ques descri bed here. The
maxi mumdept h of 9 nmetres ensures that oxygen convul sions are nost unlikely to
develop. Significant respiratory oxygentoxicity is also nost unlikely at this
pressure and duration. It is however, recommended that once the person has
reached the surface, both chest x-ray and |l ung functi on neasurenents shoul d be
performed routinely - while intermttent oxygen is utilised to reduce the
i keli hood of recurrence of synptonms. Fear of oxygen toxicity is nore conmmon
anongst non-nedi cal ly trai ned personnel, who often are not aware of the safety
margi n for oxygen toxicity.

The use of oxygen on the surface, to reduce the recurrence or progression of

deconpressi on sickness, does entail sone risks. It is essential that the
attendants under these conditions are very aware of the problenms w th oxygen
and the danger of fire. It is also inportant they understand the value of a

close fitting face nask. | n nmany cases divers feel nore at ease when breat hi ng
through a demand valve system sinmilar to their conventional amateur SCUBA
appar at us.

3. Emergency Term nati on of Treat nment

This is s a very valid and very common worry for those patients and attendants
under goi ng underwater air reconpression treatnment. There are many causes for
this termnation, and they range fromenvi ronnmental and operational to clinical
and psychol ogi cal causes. Wen pl anned deconpr essi on st ops have to be onmitted,
both the patient and the attendant can be affected by deconpressi on sickness
due to the extra underwater exposure increasing sone of the tissue nitrogen
| evel s. Suchis not the case if oxygen is used underwater. The denitrogenation
associ ated with the hyperbaric oxygen breathing will be nore likely to reduce
t he bubbl e size and inprove the clinical state of the patient.

Fortunately the depth of 9 netres ensures that the attendant, irrespective of
his previous diving exposure, will be unlikely to develop any synptons of
deconpressi on sickness, even if the treatnment has to be aborted at any stage.

4, Hypot herm a

One of the common coments in Australiais that this underwater treatnent regine
is very applicable to the sem -tropical and tropical areas (where it was first
used), but not applicable to the southern parts of the continent, where water
tenperatures may be as | ow as 5-10°C. There are certain inconsistencies with
this statement. Firstly, if the diver has becone ‘bent’ while diving in these
waters, then heis nost |likelytoalready have excel |l ent thermal protectionsuits
avail able to him Al so, the duration underwater for oxygen treatnment is not
excessive, and it is at a depth at which his wet-suit is far nore functiona
than at his maxi mumdiving depth. If he is wearing a dry suit, the argunent
is every |less applicable.

As a general rule, it is probable that the conditions for underwater oxygen
reconpression treatnent will be far less likely to produce hypotherm a than the
condi ti ons under which the patient devel oped his deconpression sickness. |If
the alternative is underwater air treatnent, then the depth, duration and
hypot herni a stress exceeds those of the underwater oxygen

5. Adequacy of Equi prent in Renote Areas

This is a very valid doubt. Fortunately in nost areas there are cylinders of
oxygen (for nmedical and first aid reasons), and the mai n probl emi s i n obtaining
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a high pressure hose connected to a demand val ve, suitable for the patient’s
use. These problens are not usual ly beyond the capability of the | ocal divers
in conmbination with the hospital or first aid station. Vari ous energency
nodi fi cations have had to be used in the past. These have enpl oyed i ndustri al
oxygen i nstead of medi cal oxygen, SCUBA cylinders filled with oxygen, medica
hi gh pressure hose replacing underwater hose, etc. The availability of
appropriate equi pnent for this treatnment has been inproved by Conmonweal th
I ndustrial Gases (Medishield), Australia, supplying a packaged unit that divers
take with themwhenthey visit anddiveinrenote areas. Thisunit still required
the addition of an oxygen cylinder to nmake it functional. It is also of value
inthe treatment of drowning cases, who require intermttent positive pressure
oxygen respiration over prol onged periods.

The facilities for underwater air reconpression therapy are also |less than
adequate in nost situations. Nevertheless, there may be conditions in which
conpressed air isreadily avail abl e, and when t here nay not be suffici ent oxygen.
Under these conditions the efficiency of one treatnent nust be wei ghed agai nst
the other, or a conbination of both be inprovised.

6. Seasi ckness

This common nal ady has been the cause of nmany problens in the treatnent of
deconpr essi on si ckness usi ng conpressed air underwater. The nain reasonis the
greater depth required for conpressed air treatnment, thereby necessitating a
return of the diver to the open ocean. This is likely to cause severe
seasi ckness, in both the diver and the attendant, and is wel |l understood by any
di ver who has under gone deconpressi on staging in the ocean, tethered to a boat.
The tine factor for air treatnent is nmuch | onger than that for the customary
deconpr essi on stagi ng froman uneventful dive and the |i kel i hood of seasi ckness
isproportionatelygreater, resultinginprematureterninationof thetreatnent

Wth the underwat er oxygen regi ne, a maxi numdepth of 9 nmetres is required and
this can usually be achieved in either sheltered inlets, bays or even off the
end of the wharf.

7. Qperator Expertise and Training

This is a necessity when one is utilising a reconpression chanber, where fire
and expl osion nust be seriously considered hazards, together with the other
operational difficulties well known to hyperbaric personnel. Expertise would
al so be required if there were to be a change of gases, eg. fromair to oxygen
or vice versa, as in the case of the conventional oxygen tables, if they were
transposed unchanged from the reconpression chanber to the underwater
envi ronnent, this has been proposed by Italian workers. Sone degree of operator
expertiseis alsorequiredinthe underwater air treatnent, when cylinders have
to be changed wi thout surfacing the divers, or where conpressors have to be
mai nt ai ned.

There is very little operator know edge or training needed when using the
underwat er oxygen regi ne. The equi pnent requires only that the operator screw
the regul ator into the oxygen cylinder, fit the full face mask onto the diver’s
head and foll owthe tabl es as described on the unit. Thereis very little that
can go wong. The hose is of a length insufficient to allow the diver to be
exposed to neurol ogical toxicity with oxygen. Oxygen does not escape into the
surroundi ng boat area, and therefore thereis no serious probl emfromacci dental
fire or explosion. 1In the event of Murphy's Law appl yi ng, and sonehow or ot her
the treatnent being term nated, neither the patient nor the attendant are in
danger of aggravati ng deconpression si ckness. Thus there seens to be many f ewer
problens with the underwater oxygen treatnent than with the alternatives.

25



8. Safety of the Diving Attendant and the Boat Tenders.

Mai nl y because of the shal | owdepth requiredfor the underwat er oxygen treat nent
both the boat crew and the divers are less likely to be exposed to serious
envi ronnent al hazards. The diving attendant is not subjectedto the likelihood
of nitrogen narcosi s, deconpression sickness or hypotherm a. Each one of these
dangers may acconpany the underwater air treatnment. The dangers which are
associ ated wi t h hyperbari c chanber operati on are al so not present, and t he boat
tenders do not require to return to the depths necessary for underwater
treatments - these usually inply and open ocean exposure.

9. Requi rement for Medical Supervision

Cccasional |y one hears that the treatnent shoul d only be used when a physici an
is available to supervise it. This does not seemeither relevant or practical,
inm opinion. It certainly was so in early days, when it was an experi ment al
procedure, perforned with sonme trepidation. There is little that a physician
would be able to do to either inprove or facilitate the underwater oxygen
treatment regine. He would certainly be of value in the initial assessnent of
the case, and for its subsequent managenent.

10. Transport Availability

Some claimthat the underwater oxygen treatnent is nore val ue when there are
no transport facilities available. Initially this was al so our own teachi ng,
but with the |l ogic that comes fromhindsi ght, one only needs a 3 hour gap bet ween
the instituting of underwater oxygen treatment and the arrival of transport,
to be able to utilise this system It is probably just as inportant to treat
t he serious cases early, even though one may not get full recovery, than to do
not hi ng and watch the synptons progress during these hours.

There i s no doubt, especially in serious cases, transport shoul d be sought while
the underwater treatment is being utilised.

11. M suse of Equi pnent

It has been stated that if this equipnent is available for treatnment of
deconpressi on sickness cases, other divers may well msuse it, deconpression
on oxygen underwat er, and perhaps running into subsequent problens. This is
more an argument in favour of educating divers, than depriving them of
potentially valuable treatnment facilities. An anal ogous argunment can be used
to not pronote good diving equi pnent on the grounds that it may increase the
extent of diving! Carried to the logical extremty, one could well use this
type of argunment to totally prohibit all types of diving equi pnent, including
reconpression chanbers, and thereby hope to circunvent all diving related
pr obl ens.

12. Pul nonary Barotrauma Cases

It has been argued that this treatment is unlikely to be of any val ue for those
patients suffering fromair enbolism Such may well be the case. The treatnent
was never proposed for this, and nor was it ever suggested that the underwater
oxygen treatment be used in preference to reconpression facilities where they
exi st, or where they can be obtained. It is, however, possiblethat thetreatnent
may be of value for those cases of nediastinal enphysena, and perhaps even a
smal | pneunot hor ax.
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