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EDITORIAL

Inthis, my first editoria, | wishto pay tributeto the hard, effective and often unrecogni sed work that my predecessor,
Dr Douglas Walker, has devoted to SPUM S and the diving community in general. Hetook over as editor of the SPUMS
Newsdletter early in 1975 and built it up so effectively by soliciting contributionsthat in by early 1977 it becamethe SPUM S
Journal/Newsl etter, with over 40 pages. Thistitlecontinued until December 1979 when thetitlebecamethe SPUM S Journal
and production wasmoved to Melbourne. Intheearly days of hiseditorship he hand addressed over 200 envelopesfor each
issue. In his editorials and papers Douglas Walker has pushed the need for logical thought in diving safety based on
knowledge, of thetypesof accidents, of the equipment used, of thefaultsin equipment, behaviour and training, beforeacting
ontheoriesof causation. Hismany yearsof work, starting with areport on the 1973 diving deaths and continuing to apaper
inthisissue, elucidating the causesand patternsof Australian diving-related deaths, popularly known asProject Stickybeak,
isuniquein its depth of focus. Others publish bigger series, but theinformation isfar less detailed and so lessinformative
when it comes to providing a basis for effective action. It is hoped that, in conjunction with the Australian Underwater
Federation, the collected works (1973-1988) of Project Stickybeak will soon be published in book form.

The diving medical isatopic of considerable interest and disagreement. It wasraised in a paper given at the 1990
Annual Scientific Meeting and the Annual General M eeting requested that the Society provide aposition paper onthetopic.
The Executive Committee delegated thistask to the Education Officer, Dr David Davies, whose paper appears below asa

guest editorial

John Knight

DIVING MEDICAL EXAMINATIONS

During the last Annual General Meeting held in
Palau, along discussion was held about the Society’s atti-
tude to, and policy concerning, diving medical examina
tions. This Society has long been concerned that some
sections of the community believe that a Diving Medical
Examination (DME) prior tothe commencement of adiving
course is an unnecessary imposition, a waste of time, and
merely an excuse for doctors to rip off potentia divers. It
comes at atime when the trainee knows very little of what
liesahead and when heis paying out large quantities of cash
for what heistold is essential egquipment.

Such attitudes are found, not only among divers and
potential divers, but also within the diving instructor com-
munity itself. Themedical professiontooisnot guiltless, as
neither the State Medical Registration Boardsnor the AMA
recognize Diving Medicine as a specidity in its own right.
Approachesto these organi zations by the Society have been
met with thunderous apathy in the past.

Although for the healthy, fit, sensible individual
divingisasafe pastime, should anyone of these elementsbe
missing, diving can become quite hazardousand potentially
lethal. For thisreason alone, al potentia divers should be
medically screened to eliminate possible life-threatening
pre-existing medical conditions.

Diving has often been compared with other outdoor
adventure pastimes such as rock climbing, hang gliding,
parachuting and caving, none of which require a medical
examination. Unlikethese, diving is conducted in adense,

non-breathable medium which is subject to tides, currents
andwaveaction. Further more, small changesindepthresult
in relatively large changes in pressure with aterations in
volume and density or gases.

This Society haslong advocated that M edical exami-
nations for all divers be conducted by doctors who have a
complete understanding of the physical and physiological
effects of diving. To obtain such an understanding, it is
strongly recommended that the doctor undergo appropriate
training and there is a number of well conducted courses
being run at regular intervals. In the past doctors with the
required training have been few, widely and unevenly dis-
tributed and often not well known. With the educational
facilitiesnow availablethereislittleexcusefor what Dr Carl
Edmonds once called “the Mickey Mouse Medica”.

It must al so be acknowl edged that thetraining course
initself is not sufficient to ensure adequate knowledge and
skill inthefield. Thisinitial infusion needsto be regularly
supplemented with experience, reading, and attendance at
educational meetings. The SPUMS Journal is the ideal
medium for finding the latest information on the various
aspects of diving medicine.

The correct reasons for having a diving medical
examination need to be explained to all trainee divers prior
to their commencing a diving course. This would help to
eliminate many of the misconceptions. It isappreciated that
in some areas of the country, financial pressures encourage
training agenciesto cut cornersand perhapsrecruit trainees
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who may prove unfit for diving. It is known that such
agencies even coach their trainees on how to disguise a
medical disability, such as asthma, in order to pass the
medical examination. Suchan attitudeisto beabhorred and
actively discouraged.

The role of the medical practitioner in the DME is
that of adviser. There are many conditions which are not
absolute contra-indicationsto diving. Even with the abso-
lute contra-indications, there is often some difference of
opinion between various authorities. The examining physi-
cian must have the knowledge and be in the position to
advise the trainee as to his medical suitability to undertake
the course. He must be able to provide reasons, logical
argument and suitable explanation if the trainee does not
meet the fitness criteria.

Asman ishot an aquatic mammal, it follows that he
is not automatically fit to dive. The examining doctor can
only determine whether or not the person he examines
conformsto the standards at that time. Inal divers, fithess
variesfromday to day, monthto month and year toyear. For
this reason, a medical examination last week may give no
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indication of fitness to dive next week, next month or next
year. Any person who suffers a debilitating disease should
undergo afurther medical examination after recovery, prior
to resuming his diving career.

The Federal Government has seen fit to exclude
diving medical examinations from its Medical Benefits
Schedule so that divers are obliged to cover the entire cost
themselves. Despite submissions by this Society to the
Government, it seemsunlikely that thissituation will alterin
the foreseeable future.

As a segment of the overal cost of adiving course
including the cost of tuition and equipment, the proportion
madeup by themedical examinationisvery small anddivers
should be encouraged to seek quality of servicerather than
abargain price. Such aserviceshouldincludelungfunction
tests, audiometry and tympanometry and cardiography if
indicated. Many diving doctorsalso require achest X-Ray.

David Davies
Education Officer SPUMS

ADDRESSES FOR SPUM S CORRESPONDENCE

Following decisions taken at the 1990 Annual General Meeting the Society has arranged with
the Science Centre Foundation to undertake the routine office work for SPUMS.

All correspondence for the Secretary (Dr John Robinson) should be addressed to

The Science Centre Foundation
Private Bag No 1
Darlinghurst, New South Wales 2010.
Australia

Subscriptions and correspondence for the Treasurer (Dr Grahame Barry) should be ad-

dressed to

P.O.Box 268
Newport Beach, New South Wales 2106
Australia

All matters relating to the SPUM S Jour nal should be addressed to

Dr John Knight,
Editor, SPUM S Jour nal
80 Weéllington Parade
East Melbourne, Victoria 3002
Australia
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SPUMSNOTICES

THE MINUTESOF THE ANNUAL GENERAL
MEETING HELD ON THURSDAY, JUNE 7, 1990
AT THE PALAU PACIFIC HOTEL,
PALAU AT 1620

Present
All members attending the Scientific Conference

Apologies
Drs Hurst, Refisch, Williamson and Bridger

Business

1 MINUTES OF THE PREVIOUS MEETING
These have been published and were taken as read.

Moved that the minutes be accepted as true record. Dr C

Lourey, seconded Dr D Davies. Carried.

2 BUSINESS ARISING FROM THE MINUTES

Dr Daviesspoke on theincorporation of the Society.
Thishad been underway inthe previoustwoyearsand it was
explained that this was necessary due to threatened litiga-
tion. Whilst the threatened litigation did not eventuate, it
came to this Society’ s attention that if we are not incorpo-
rated, each member is individually responsible for any
expenses and costs pursuant to litigation. Once incorpo-
rated, the Society isliable and only the Society’ s assets are
liable. Dr John Knight had been involved in extensive
negotiations with lawyers and an acceptable constitution
having been arrived at, this will be distributed to members
shortly.

No further business was raised.

3 REPORTS
3.1 Reportswere presented by the President and the
Secretary and are published in thisissue of the Journal.
Moved that thereportsbeaccepted. Dr CLourey,
seconded Dr JMcKee. Carried.
3.2 TheTreasurer (Dr G Barry) presented hisreport.
A financial statement to April 30,1990, was read and
copies were available.. The Treasurer stated the Soci-
ety’ sfinancial position was sound and that annual sub-
scription need not be raised from its present $50.00 for
membersand $30.00for associates. |t wasnoted that Dr
P Chapman-Smith had presented $3,000.00 arrearsfrom
New Zeaand members.
Moved that the Treasurer’s report be accepted.
Dr D Davies, seconded Dr JRobinson. Carried.

The President, Dr Slark, announced that, follow-
ing an Executive decision, infuture New Zealand Chap-
ter subscriptionswill be directly to the Treasurer on an
individual basis. The same subscription will apply to
both New Zealand and Australian members.

4 EXECUTIVE COMMITTEE:

Two nominationswerereceived for the post of Presi-
dent and a ballot had been held. The assistance of the
Science Centre Foundation was sought to count the votes.
The successful candidate was Dr Des Gorman. Therewere
no other contested positions. There was no nomination for
Editor and the Committee had nominated Dr JKnight. The
Committeeis

President: Dr D Gorman
Immediate past President: Dr A Slark
Secretary: Dr J Robinson
Treasurer: Dr G Barry
Editor: Dr JKnight
Public Officer: Dr JKnight
Committee: Dr C Acott
Dr D Wallner

Dr JWilliamson

Education Officer (co-opted) Dr D Davies

A motion was moved by Dr Slark, expressing the
thanks of the Society to the outgoing Editor (Dr D Walker)
and noting his many years of hard and selflesswork in the
publication of the Journal. The Executive aso wished to
expressitspleasurein theappointment of Dr JKnight asthe
incoming Editor. Themotionwasseconded by Dr D Davies.
Carried.

Dr A Slark stated the outgoing Secretary hasbeen co-
opted to assist the Committee as Education Officer. Atthe
next Annual General Meeting there will be amotion put to
include the position of Education Officer in the Society’s
Executive.

5 SCIENCE CENTRE FOUNDATION

Dr A Slark informed the meeting that the Executive
Committee recommended that the Science Centre Founda-
tion (SCF) take over routine administrative work from the
Secretary. It was noted that the expenses incurred were
moderate and not necessarily committed beyond thejoining
and annual fees. The President hoped that the Meeting
would endorsethisview unanimously. Dr Barry stated that
the Society suffered from a lack of a permanent fixed
address. Moved that the Committee’ s recommendation be
adopted. Dr M Logan, seconded Dr JLloyd. Carried.

A point of order was raised by Dr Sutherland. He
expressed awish that Mrs Ruth Inall of the SCF leave the
room so that free and democratic discussions on this pro-
posal could occur. Some argument ensued asto technicali-
tiesof whether thiswasamotionor not, but finally, Mrsinall
voluntarily left the room. A discussion followed in which
Dr Logan noted the difficulty in getting people to work on
the Executive Committee and felt the meeting should not
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opposethismotion. Dr Douglaswonderedif therewassome
aternativeto the SCF. Heal so wondered about theultimate
cost. Dr Barry commented that afull-time secretary wasnot
aproposition, given the financial status of the Society. He
alsoindicated afee increase was not automatic and that the
cost of the Science Foundation will depend on use. At the
moment, he noted the commitment was $25.00 joining fee.

Finally, the motion to use the Science Centre Foun-
dation’ sfacilitieswasagain put by theoriginal proposer and
seconded by the original seconder, and this was carried
unanimously.

6 ANNUAL GENERAL MEETING 1991

There was discussion on a number of points with
regardto venue. It wasnoted by theincoming President (Dr
Des Gorman) that there were many options available and a
presentation wasreceived by Mr Skinner of AllwaysTravel
on the various advantages and disadvantages of these re-
sorts. The President noted that the Executive would liketo
have the site of AGM’sknown in advance so continuity of
meetings could be maintai ned and we could match speakers
to meeting, bearing in mind the cost of having speakers.
With thisin mind, it was felt that the 1991 meeting should
be held in the Maldives and this was discussed at an
Executive meeting following the AGM and confirmed as
thesite. Theactual timewill besubject totheavailability of
thehotel. Mr Skinner will beinvestigating thefeasibility of
other sitesfavourably commented on by the meeting for the
next few years and will report to the Executive.

7 ANNUAL SCIENTIFIC MEETINGS
Dr Gorman made a statement

7.1 Hehad requested the written transcripts of pres-
entations at the meeting to be provided prior to the
meeting. Hewas pleased that all but one speaker had
complied. Thisisof great assistance to the Editor.
7.2  Hehadinvestigated thefinancing of the meetings
and wasableto report that no member’ sconferencefees,
nor any other payments made, have been used to subsi-
dise trips by any other member.
7.3 He found that there was no evidence that con-
veners had been paid for their job and that all had done
it without payment. He also found that there were no
subsidiesor kick-backs, to any member of the Executive.
74 He explained why it was possible for the New
Zealand contingent totravel at considerably lessexpense
than the Australian contingent. Thefundamental reason
was the size of the group, there being no discounts
available for agroup of 150.

8 AUDITOR
Moved that David Porter FCA continue as auditor.
Proposer Dr Slark, seconded Dr Barry. Carried.

9 THE JOURNAL
Dr Knight spoke acknowledging the outstanding job
Dr Douglas Walker had done over many years. He thanked
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the speakers for the excellent material from the Hobart and
Vanuatu meeting and the scripts from the Palau meeting.
With the addition of theses from diploma students under Dr
Gorman'’ sencouragement, hefelt the Journal had asatisfac-
tory forward bank of articles. The price of the back issues of
theJournal is$5.00, if thepricewashigher the Society would
lose Australia Post Category B publication status. It was
requested that all members forward suggestions of any
material which is useful for the Journal, including letters,
and anything which might rightly appear under the heading
of “Gleanings’. The Editor however reserved the right to
edit contributions.

10 LIFE MEMBER

Inthe President’ saddressit had been mentioned that
Dr Lourey was recommended by the Executivefor election
by theA.G.M.tolifemembership. Thismotionascarried by
acclamation.

Dr Lourey spoke thanking the members and al the
Executivemembershehad had the pl easure of workingwith.
He aso offered congratul ations to the new President.

11 OTHER BUSINESS

Dr John Archdeacon of Cairnsmade astatement. He
felt aconsiderable number of divershad arrivedin ICU asa
result of misleading the doctor at their diving medical. He
wished the Executive to prepare a policy statement regard-
ing diving medical examinations with the intention of en-
couraging a normal patient-doctor relationship and, in par-
ticular, removing any incentive for patientsto mislead their
diving medical doctor.

The President noted this matter should more cor-
rectly have come forward as “Business with notice”. Nev-
ertheless, thematter wasall owed to bedebated and anumber
of statements were made resulting in a motion. “This
meeting calls upon the Executive to prepare a policy state-
ment regarding diving medical examinations’. Moved Dr G
Davis, seconded Dr A Slark. Carried.

Therebeing no further business, the meeting closed at 1825.

AUDIT REPORT
| haveconductedvarioustestsand checksas| believe
are necessary considering the size and nature of the Society
and having so examined the booksand records of The South
Pacific Underwater Medicine Society for the year ended 30
April, 1990 and report that the accompanying Statement of
Receiptsand Paymentshasbeen properly drawn upfromthe
records of the Society and gives atrue and fair view of the
financial activities for the year then ended.

David S. Porter,
F.C.A., Chartered Accountant
(Registered under the Public Accountants Act, 1946, as
amended).

16 May, 1990, Newport Beach, NSW 2106.
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THE SOUTH PACIFIC UNDERWATER MEDICINE SOCIETY
Statement of Receipts and Paymentsfor Year Ending 30 April 1990

Opening Balance

Standard Chartered Finance Ltd.
National Mutual Royal Bank
National Australia Bank

Cash on hand

Income

Subscriptions

Interest

Journal sales and advertising

Expenditure
Secretarial
Stationery

Journal

Postage

Travel

Equipment, see note
Miscellaneous
Bank charges
Returned cheques
Audit

Legal expenses
Donation to D.E.S.
Uncashed cheques

Closing Balances

Standard Chartered Finance Ltd.
National Mutual Royal Bank
National Australia Bank

Cash on hand and stamps

Note: Equipment iswritten off as purchased.

1990

1,000
4,228
1,503

10

6,741

33,001
2,260
1,845

37,106

$43,847

3,016
570
14,739
6,017
5774
2,454
550
311

32

175

351
33,989
1,000
8,305
441
112
9,858

$43,847

1989

1,000
5,177
789
22

6,988

24,074
1,161

25,235

$32,223

4,143
576
7,310
4,047
7,775
372
122
232
25
200
180
500

25,482

1,000
4,228
1,503

10

6,741

$32,223

137

1988

1,000
7,361
403
26

8,790

27,475
1,787

29,262

$38,052

3,735
198
10,487
4,198
10,335
850
358
286

25

200
392

31,064

1,000
5,177
789
22

6,988

$38,052
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PRESIDENT’SREPORT

It is a great pleasure to be at yet another very
successful meetingof SPUMS. Thisyear hasseenusall able
to meet at yet another exotic and fascinating venue, and in
evengreater numbersthanlastyear. Themestingat Vanuatu
was particularly successful in my view combining good
diving and an interesting program. We had two excellent
speakers, Jimmy How from Singapore, and Mike Davis
from Christchurch. You will be able to see their papers
printed in the journal, but this scarcely does justice to the
skill they both have in presentation. Aswell as providing
good diving, we had catering of a high standard, related
perhapsto the French influencein the country. Thedive at
Hat Island | rate as one of my most memorable.

A week later we had the UHM S Mesting in Hawaii,
and | was pleased to see how many of this society were able
to attend. Thiswas aswell organized as usual, and we had
avery enjoyable and interesting meeting of high academic
standard. However | was pleased that we had not followed
up on earlier suggestions to hold our two meetings con-
jointly. It would have been very difficult to manage within
thetime frame, and we would have had little opportunity to
getany diving. Thepatternof our meetingsisquitedifferent,
and our interests would have been submerged by the larger
organi zation.

There are a number of changes on the Executive
Committee. Our Secretary, David Davies has decided,
regrettable, toretirefromthisposition. | am sorry that hehas
made this decision as he has been avery had worker for the
Society, and agreat help to me and to other presidentsaswe
have cometo office. | trust that my successor has the good
fortune to have such industrious help from his successor.
However, | hope that he will continue as a member of the
Executive Committee. | would like to pay tribute to the
sterling serviceof our Treasurer, GrahameBarry, over many
years of handling the Society’ s finances, atask heis happy
to continue. Peter McCartney has not stood for re-election
tothecommitteeand | regret that wewill not havethebenefit
of hiswide experience and advice. Thisyear ChrisLourey
has decided to leave the Executive Committee after many
yearsof consistent work for the Society during which hehas
steered it through many difficulties. He has been our
President and acted as Convener for many AGMSs, and in
doing this he has given us the opportunity to enjoy visiting
such places as this. | know that you will join with me in
thanking him for all the time he has given the Society. The
Executive Committee has decided to recommend that this
meeting confers Life Membership of the Society on Chris
Lourey in recognition of his outstanding service to the
Society. Life Membership is ahigh honour as the Society
can only have five Life Members. Douglas Walker (last
year's Life Member) has not nominated for the position of
Editor, breaking aconnection with the Journal whichtook it
from a newsletter sent to a relatively small number of
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membersto the polished production of today with adistribu-
tion of over 900 copies. The Society owesalot to the years
of work that Douglas has given so freely and unstintingly
both to the Journal and to the cause of diving safety and the
elucidation of the causes of diving accidents.

Itwaswithgreat regret that | learnt of thetragic death
of Anthony Newly from injury by a stingray. Those of us
who haveattended Annual Scientific Meetingsfrom 1977to
1988 haveattended meetingswherethetravel arrangements,
hotel and diving had been organised by Anthony. His
cheerful competence and untiring efforts hel ped makethese
meetings the successes they were. Hewas afriend to all of
us. The Society has sent condolences to Linda and the
children.

Thejournal presents our public face and thishasin
my view improvedvery greatly inthelast year. Althoughwe
may regret the passing of humour from the cover, | am sure
you will agree that what is after all a serious educational
venture should not put on comic clothing, and the cartoon
would bebetter ontheinner pagessomewhere, and hopethat
the editors may arrange thisfor thefuture. | have also been
pleased to see the development of the letters section and
hope that we may see some provocative argumentstherein.

| must make some comments on the advance of the
academic status of the Society. Our censor, Des Gorman,
has achieved a great deal in this position, ensuring that the
standardsfor those offered our diplomaunder the* grandfa-
ther” clauseshavefulfilled thecriteriawhich your executive
agreed to (herefused to accept the Oh yes| know him, he's
O.K.” evauation), and has insisted that other applicants
fulfilled thetimeinvolvement, course attendance, and paper
presentation that wewishedfor. Therehavebeen somevery
interesting papers presented that | hopewill be publishedin
the journal. The discipline of making some effort of this
natureisvery goodfor usall. Therehavealsobeenexcellent
coursesinthesubject runin Adelaide and Christchurch, and
of coursethework of the School of Underwater Medicine at
HMAS PENGUIN has continued.

The executive has not met in the last year, for a
variety of reasons. It isdifficult to get together from such
diverse parts of the area, but this hasresulted in worthwhile
saving for our Treasurer. Communication has been im-
proved however by the use of fax and if we had thisfacility
for all our correspondence such meetings would be less
necessary in the future. Our attempts to investigate the
possibility of ajoint meeting in Indonesiawith their Under-
water Society have been made somewhat difficult by the
unreliability and sloth of postal communication, and may
preclude further progress with this suggestion.

Hyperbaric Medicine is making great advances in
the region. Western Australia now has a unit, associated
with the Emergency and Intensive Care Departments of
Fremantle Hospital. At theother side of our areabuildingis
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advanced for the installation of a new chamber complex at
the RNZN. Hospital in Devonport. Itisanticipated that this
will operate by the end of the year.

| have much enjoyed my time as President of the
Society, and feel pleased leaving the position with the
Society in such evident strength. It is particularly pleasing
to me to hand over the Presidency to Des Gorman. | know
that further advances will take place under his guidance.

Tony Slack

SECRETARY’'SREPORT
1990

It is my pleasure to present this, my fifth, Annual
Report to the Society.

1 I ncor poration

Y ou will recall that we have been working towards
incorporationnow for acoupleof yearstoreducetheliability
of ordinary membersto legal action asaresult of activities
of other members of the Society. The Corporate Affairs
Commission of Victoria finally saw fit to approve our
application on April 11th, 1990.

AsPublic Officer, Dr John Knight has been oversee-
ing this process and has ensured that the Constitution and
Rules of the Association are set out to our requirements
rather than those of the Victorian Public Service.

Thegeneral membership of the Society will probably
not notice agreat difference but there will be some admin-
istrative changes and an increase in bureaucratic paper
shuffling.

2 Executive Committee

This meeting sees the departure from the Executive
of twolong standing members, Dr ChrisLourey and Dr Peter
McCartney. Dr Lourey has been on the Executive sincethe
mid 70s and has served in just about every capacity on the
Committee. He was instrumental in organising the highly
successful combined meeting with the Republic of Sin-
gaporeNavy in Singaporein 1980 which put SPUM Sonthe
international scene in diving medicine. The Society has
benefited significantly from his efforts over the yearsand |
am grateful for his help, advice, and recall of significant
events.

Dr McCartney served on the Committee for about 5
years and is an active teacher and researcher in Hobart. He
has been a constant source of ideas. Asaresult of hiswork,
the medical undergraduates in Hobart are the only onesin
Australiathat receive formal tuition in diving medicine.

To both these men, we extend our thanks for their
servicetothe Society andwishthemwell inthefuture. Their
positionswill betaken by Dr John Williamsonand Dr Darryl
Wallner.
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3 Legidation

1989 saw theintroduction in Queensland of the new
Workplace Health and Safety Act of which thereisawhole
section about diving operations, both professional and rec-
reational. Of noteisRegulation 260(2)(b) which states that
astudent engaged in an entry level certification course has
been certified as fit to dive by alegally qualified medical
practitioner with experiencein diving medicine. For divers
doing non-certification resort courses, the diver must com-
plete the recognised medical questionnaire and be assessed
asfit for diving by the diving instructor.

| see this as a start but the regulations could have
stated that the medical practitioner must have completed a
recognised courseindiving medicine. Even so, therewill be
arush of doctorswantingto attend such courses. Already Dr
Bob Thomas of Brisbane has completed one course and is
organising further courses later in the year. From the
Society’ spoint of view thisisanideal opportunity to recruit
new members. | have written to al those who did Dr
Thomas' first courseand havehad onejoinup asaresult. In
addition, | have written to Dr Thomas requesting that he
sends the Secretary alist of al those doctors who complete
his courses so that the Society can maintain a register of
doctorswho havetraining, whether or not they are members
of the Society.

4 Education

One of the prime aims of the Society is education of
divers, doctors and other interested parties such as govern-
ment departments. Apart from Tasmania, no Australian
medical undergraduate receivesformal tuitionin divingand
hyperbaric medicine. In recent communication from a
member of the University of Newcastle Medical School |
wastold that if SPUM S made approaches with an appropri-
ate syllabusthen it would be seriously considered. Thiswill
be ajob for the incoming executive to consider. Along the
same lines, it has been suggested, and your Executive is
currently investigating the feasibility, that SPUMS makes
one, or a series, of video tapes on various aspects of diving
medicine.

Education of doctors remains a priority. Courses
continue to be run in Adelaide, Dr Thomasis now holding
basic coursesin Queensland, and the Fremantle Hospital is
planning acoursefor later intheyear. For thosemembersin
other states, itisjust amatter of onepersonwith enoughtime
and energy to get agroup of trained peopl e together and co-
ordinate acourse. All these should be self funding.

5 Secretariat

Inthelast Annual Report | suggested that the Society
was becoming too big to be run by apart-time amateur. To
this end | have held discussions with the Science Centre
Foundationwhichislocatedin Sydney. Y ouwill haveheard
Mrs Inall’ s presentation this week and will agree that em-
ployment of such a group will enable your Executive to
achieve the aims of the Society rather than remain bogged
down with routine administration.
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6 Obituary

| wish to record the sorrow we al felt with the news
of the tragic death of Anthony Newly in November 1989.
Anthony was swimming with giant rays at Waya Island
when he struck in the leg. Thisinjury, which divided his
femoral artery, resulted in his death from blood loss before
he could be evacuated to medical help.

Anthony was agreat friend to the Society and was a
driving force in making these annual meetings the success
that they have become. Hiswater skillswere excellent and
it wasawaysapleasureto divewith him. The Society owes
him agreat debt and he will be sorely missed by those who
knew him.

7 Acknowledgements

In conclusion | wish to acknowledge the work done
by the Executive members over the past year and the help
that they have given me. Dr Gorman’ smovefrom Adelaide
to Auckland has made quite a difference in that he is much
more difficult to contact in a hurry, but it is always worth-
whileintheend. | have mentioned the help | havereceived
from the President, Dr Slark and the Public Officer, Dr
Knight. Dr Barry continues to keep a close eye on the
finances and | am pleased that heis prepared to continuein
that position. | havethoroughly enjoyed my time asHonor-
ary Secretary of the Society, butitisnow timefor fresh blood
to take over and | wish Dr John Robinson al the best in this
position.

David Davies

MINUTESOF THE EXECUTIVE MEETING
HELD IN THE BOARD ROOM AT PALAU
PACIFIC HOTEL ON THE 1ST JUNE 1990

at 1600

Present
Drs Slark, Gorman, Davies, Barry, Knight, Acott,
Wallner, Adkisson by invitation.

Apologies
Drs Williamson, Chapman-Smith, McCartney,
Walker.

Business

1 MINUTES OF THE PREVIOUS MEETING:
Having been distributed and published these were

taken asread.

2 BUSINESS ARISING FROM THE MINUTES:
2.1 Incorporation. Dr Knight reported that the Soci-
ety isnow incorporated asfrom the 12th of April, 1990.
Copies of the new constitution were circulated and will
be distributed to the membership in due course. (This
was postedwith the SPUM S Journal Vol 20 No 2)

4
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22  Standards.

2.2.1 Committeesittingto determineastandardfor
Scientific Divershasbeen disbanded. The Secretary
will contact Dr C Lowry informing him of the fact.
2.2.2 DrKnight presented afull report onthedelib-
erations of the committee considering the entry level
recreational diver standard. Theproblem of costsfor
diving medical examinations was discussed. It was
agreed that there is a need to improve communica-
tions with training organisations on what is needed
from a diving medical examination. Dr Davies
moved that the report be accepted. Seconded Dr
Barry. Accepted

EXECUTIVE COMMITTEE 1990/91
3.1  Nominations have been received for:

President: Dr D Gorman
Dr D Davies
Hon Secretary: Dr J Robinson
Treasurer: Dr G Barry
Editor: No formal nomination
Public Officer: Dr JKnight
Committee: Dr C Acott
Dr D Wallner
Dr JWilliamson

3.2  Apostd ballot had beeninitiated by the Secretary

and conducted with the Science Centre Foundation for
the position of President. Dr Gorman wasthe successful
candidate.

3.3 It was noted that there were no forma nomina-
tionsfor theposition of Editor. Although Dr Walker had
indicated hiswillingnessto continue no nomination had
been received by the Secretary. Dr Knight was then
proposed by Dr Lourey, seconded by Dr Daviesfor that
position. Dr Walker’s role with the Society was dis-
cussed and his contribution acknowledged. The Secre-
tary will write to inform him of the decision and the
Society’ s appreciation.

34  TheCommitteenotedtheretirement of Dr Lourey
and expressed its appreciation for his effortsin helping
to keep the Society together during a difficult time and
acting as Convener of the Annual Scientific Meeting on
several occasions. The Committee unanimously ap-
proved his nomination as Life Member of the Society.
3.5 Inview of Dr Davies work as Secretary of the
Saciety for the past five years and his working know!-
edge of the Society he would be co-opted onto the new
ExecutiveasEducation Officer. A formal motionwill be
placed before the next AGM that the position of Educa-
tion Officer becomes a permanent Executive post.

GENERAL BUSINESS:

Travel Costs.
4.1.1 In response to letters from members of the
Society suggesting cheaper fares could be obtained
for travel to the meeting, the Executive received a
report from Allways Travel. It was noted that,
despite popular opinion, large tour groups do not

4.1
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have greater bargai ning power than small oneseither
with airlines or hotels. A detailed costing of the
conference fee was supplied by Allways.
4.1.2 Both Dr Gorman and Dr Davies had made
separate enquiries with independent travel agents
and Continental Airlines and agreed that the costing
supplied by Allways was very competitive.
4.1.3 Itwasagreedthat selected lettersreceived by
the Secretary be published in the Journal along with
a reply unanimously supported by the Executive.
Allwayswould aso be invited to reply.
4.1.4 The incoming President (Dr Gorman) will
make areport to the AGM later in the week.

4.2  Society Spokesman.
4.2.1 It was reiterated that the only members en-
titted to speak on behaf of the Society are the
President, the Secretary and any other person specifi-
caly appointed by the Executive to speak on a
particular subject.
4.2.2 TheCommitteeagreed that the NZ Chapteris
not a separate Society but remains part of the parent
body. The NZ Executiveisnot entitled to enter into
public debate without ratification by the Executive
Committee of SPUMS.

4.3 New Zealand Chapter.
4.3.1 The NZ Chapter is constituted to run loca
affairs only and to conduct its own meetings. Its
responsibilities to the parent body have been ne-
glected over recent times.

It was moved by the Treasurer and seconded
by Dr Gorman that “Control of the finances in NZ
will revert to the Treasurer who will receive all
subscriptions directly from members. All Journals
will be mailed directly to members by the Editor.
Secretarial and other expenses will be paid by the
Treasurer on receipt of adetailed account”. Passed.

4.4  Science Centre Foundation.

The Secretary reported on his negotiations with
the Executive Director of the Foundation. It was noted
that the routine administration of the Society is occupy-
ing in excess of 12 hours per week. The membership
currently stands at about 800 members of whom 300 are
not Australian residents.

Employment of a secretarial group such as the
Foundation to deal with routine administration will al-
low the Secretary time to better manage Society affairs.
Itwasmoved by Dr K night seconded by Dr Barry that the
Society jointheFoundationwith aview to engaging their
services as and when required.

45  SPUMS Video Enterprises.

The Secretary reported that aspart of an overseas
aid project by AIDAB he had been approached asto the
feasibility of making a video teaching program on vari-
ous aspects of diving medicine. A long discussion
followed on the cost effectiveness of this method of
information dissemination. It was suggested that time
constraints precluded it form this year’ s budget.

4.6  Annua General Meeting 1991.
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4.6.1 TherehasbeennoresponsefromIindonesiatothe
Secretary’s last letter. The Secretary will write to Dr
Prayitno again suggesting that time is now too short to
organise a combined meeting in Jakarta in 1991 and
perhapsit should bedelayed. Dr Slark suggested that the
NZ Military Liaison Officer in Jakartamay be recruited
to assist with negotiations.
4.6.2 Discussion was held about Guest Speakers.
Thefinal choicewill depend onthevenue. A humber
of alternativeswere discussed and the Executive will
investigate further before a decision is made.
4.6.3 Dr Gorman offered his services as Convener
for the next Annual Scientific Meeting. Siteinspec-
tionswill be conducted by Executive membersavail-
able at thetime.

5 NEXT MEETING:
It was agreed to hold another meeting later in the
week to complete any outstanding business.

Meeting closed 2100.

THE MINUTESOF THE SPUMS EXECUTIVE
MEETING HELD ON FRIDAY, JUNE 8, 1990 AT
THE PALAU PACIFIC HOTEL, PALAU

The Meeting commenced at 1010.

Present
DrsGorman, Acott, Chapman-Smith, Davies, Knight,
Robinson, Slark, Sutherland and Wallner.

Business

1 NEW ZEALAND MEMBERS

An explanation as the delay in collection of New Zealand
subscriptions was presented by Dr Chapman-Smith. He
explained that the situation had now been rectified and their
accounts were in order. Dr Gorman noted that the New
Zedland fees are to be paid directly as from now to the
Treasurer. The New Zealand Executive is to invoice Dr
Barry for any costs incurred.

2 MEETINGS

Dr Gormanindicated that, in future, meetingsshould
besimplified by the introduction of teleconference with fax
facilities. These have been provento be extremely efficient
inthepast. The Secretary noted that in order to conduct such
conferences successfully, a disciplined and precise format
will need to be adhered to and instructions seeking co-
operation from each executive member concerning thiswill
beissued shortly. Dr Knight suggested afax be provided by
the Executive for the Secretary and this was agreed to. Dr
Davies noted that ateleconference costs $12.00 per minute.
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Dr Gorman noted that the New Zealand Chapter must
be at al times represented on the Executive and be notified
of al mestings.

Dr Knight felt a new letter head was now required
that we are incorporated.

3 ANNUAL SCIENTIFIC MEETINGS

Discussionwasenteredintoanditwasagreedthat the
next year meeting will be in the Maldives. The subject is
“Diving equipment and diving accidents’. Invited speakers
will be Peter Bennett and Glen Egstrom. The conference
time could not yet be decided as Geoff Skinner needs to
enquire regarding the resort’s availability. However, this
should be settled in a matter of days.

4 OTHER MATTERS

Dr Gorman noted that the Society must at all timesbe
totally separate from UHMS. Further, SPUMS is not a
regional alternative to UHMS but a body dealing specifi-
cally with sports diving medicine and as such holds an
unigue position. It was noted that the Society is expanding
rapidly and Dr Gormanindicated support for Chaptersinany
part of the world provided the initiative came from those
concerned. Dr Raymond Rogers had already expressed an
interest in forming a North American Chapter and it was
agreed that this would be an excellent development. The
Secretary was instructed to pass this information to Dr
Rogers and subsequent to the Meeting, has done so and Dr
Rogerswill bein contact when and if further devel opments
occur.

There being no other business, the President con-
cluded by stating that it will be necessary for an executive
meeting to occur in about 8 weeks time. In particular,
discussion is required regarding:

a Speakers and themes for future conferences and
thisshould be planned several yearsin advancein order
to maximise the worth of the conference and;

b M eeting venues, and again, thisshould beplanned
well in advance so that a match can be made between
speakers and venues in order to achieve the most cost
effective way of importing speakers.

At this point Dr Knight had to leave the meeting

6 SCIENCE CENTRE FOUNDATION

Mrs Ruth J Inall of the Science Centre Foundation
(SCF) was invited to address the Executive privately. She
reguested aletter from the Secretary to join the Foundation
plus$75.00 fee. Thisisto be presented to the Governorsin
August.

After discussion as to who will be responsible for
liaising with the SCF, it was decided this would be only
through one member of the Executive. Consequently, the
Executiveauthorisedall discussionstobechannelledthrough
the Secretary only. No other person has authority of the
Executive to communicate business relating to the Society.
Mrs Inall informed the meeting that Liz Swaby will be
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delegated asfirst point of contact for the Society.
MrsInall recommended that

6.1 The address of the SCF is used as that of the
SPUMS for purpose of contact and an entry in the
telephonedirectory for SPUM Susing the SCFtel ephone
number.
6.2 The letterhead should indicate that correspon-
dence goes to the SCF and that SPUMS is an incorpo-
rated body.
6.3  After discussion regarding records of member-
ship, it was decided to convert theseto computer records
and it was decided a database should be drawn up, both
in floppy and hard disk. Thisisto prevent erasing of
information. It was decided that David Davies be dele-
gated to decide what sort of information should go into
thedatabase. After discussion, heisto givethisdatabase
to Des Ireland for suggestion as to improvements or
otherwise, and this is then to be discussed at the next
Executive meeting.

7 SUBSCRIPTION NOTICES
It was decided these woul d be continueto be handled
by Dr Graeme Barry.

8 EDUCATION OFFICER
Some discussion followed concerning the office of
Education Officer.

8.1 Itwaspointed out by Ruth Inall that Government
assistance is available in some circumstances to help
developing countries. Shefelt that thereisapossibility
that SPUM S may be able to be assisted in the expenses
of recommended speakers if they were seen to be of
benefit to the developing country. This matter isto be
discussed at alater date.
8.2 Itwasfeltthat theavailability of money to make
a video was not appropriate as a video is difficult and
time consuming to produce and rarely addressed the
major problems of the Third World, in particular as
diving medicine seemsto be the least of their problems,
and that no member of thecurrent Executivehad thetime
to put into the development of such a video. The
President spoke suggesting that money available for a
video might be better used on aseriesof symposiainthe
Third World. There was some doubt as to whether
money was available from AIDAB for this purpose, but
Dr Gormanindicated hewill writeto AIDAB requesting
their view whether aid will be available for the meeting
in 12 months.

9 OTHER MATTERS:

Mrs Inall suggested that the Society look at its
budget. She stated that here is no forward planning of the
budget nor is there any ongoing data available to suggest
how the budget is performing. She suggested a monthly
review of budget projection should beinstituted and aformal
budget sheet be drawn up. She stated that although the
finances appeared healthy, the budget could be easily ex-
hausted by a shift in previous spending patterns.
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Intheabsence of Graeme Barry, the Secretary took it
upon himself to write, requesting abudget and clarification
of thefinancial statement to be presented at the next meeting
of the Executive. (This has subsequently been carried out).

There being no other business, the meeting closed at
1154.

SPUMSDIPLOMA
OF DIVING AND HYPERBARIC MEDICINE

Owing to clerical errorsfour nameswere left off the
list of diplomaholderspublished onpage 97 inthelast issue.
The full list, in alphabetical order, of those awarded the
diploma up to June 1990 is below.

Dr C Acott Dr C Macfarlane
Dr JAnderson Dr S Maheson
Dr T Anderson Dr H Mahdi
Dr N Barnes Dr P McCartney
Dr G Barry Dr B McKenzie
Dr G Bayliss Dr I Millar
Dr R Capps Dr R Moffitt
Dr P Chapman-Smith Dr J Monigatti
Dr JChuah Dr W Murtha
Dr N Cooper Dr JOrton
Dr D Davies Dr M Osborne
Dr M Davis Dr H Oxer
Dr G Dawson Dr A G Robertson
Dr C Dillon Dr P Robinson
Dr C Edmonds Dr R Schedlich
Dr M Fraundorfer Dr A Slark
Dr A Gebbie Dr D Smart
Dr JGilligan Dr R Stevens
Dr D Gorman Dr C Strack
Dr R Gray Dr P Sullivan
Dr D Giriffiths Dr A Sutherland
Dr JHow Dr R Thomas
Dr C Kenny Dr B Turner
Dr D Kerr Dr D Tuxen
Dr JKnight Dr | Unsworth
Dr P Laverick Dr A Veade
Dr G Lovell Dr R Webb
Dr C Lowry Dr JWilliamson
Dr M Loxton Dr R Wong

Dr T Wong

BOARD OF CENSORS

Following the election of the present committee the
Board of Censors has new membership. It now consists of
the President, (Dr Des Gorman), the Education Officer, (Dr
David Davies), and the Director of an Hyperbaric Medical
Unit (Dr John Williamson).
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NOTICE OF INTENTION TO ALTER THE RULES
OF THE SOUTH PACIFIC UNDERWATER
MEDICINE SOCIETY INCORPORATED

The Executive Committee of SPUMS intends to
movetwo motionsto alter therulesof the Society at the 1991
Annual General Meeting. The motionswill then haveto be
passed by athree fourths majority of the full members and
life members in a postal ballot. This rather cumbersome
arrangement is necessary because the Corporate Affairs
Office, Victoria, requires motions to ater the rules to be
presented to a meeting.

The motions seek to add an Education Officer to the
Committeeand to enablemembersresident outsidethe South
Pecific, specifically North America, toformalocal branch of
SPUMS.

Motion 1.

“That rule22 (a) bealtered by inserting thewords* an
Education Officer,” after the words “the Editor of the Jour-
nal,” and inserting the word “the” before the words “ South
Pacific Underwater Medicine Society” and.inserting the
word “Incorporated” after these words.”

Rule 22 (a) would then read (with the added wordingin bold
type)

“The Committee shall consist of a President, Imme-
diate Past President, aSecretary, a Treasurer, Public Officer,
the Editor of the Journal, an Education Officer, arepresen-
tative appointed by the New Zealand Chapter of the South
Pacific Underwater Medicine Society Incorporated and
three other members of the Association entitled to vote.”

Motion 2.
“That rule41 (b) be altered by deleting thewords“in
the South Pacific area’.”

Rule 41 (b) would then read

“A regional branch of the Association may be estab-
lished at any placeto further the objectsof the Associationin
that place.”

NEW ZEALAND CHAPTER OF SPUM S
CONFERENCE AND AGM
Friday April 12th to Sunday April 14th 1991
Whitianga and the Mercury Ilands

There isawide range of accommodation available
and plety of alternative activities, sailing, fishing, golf and
sightseeing. The cost is expected to be about NZ$ 475.00
for accommodation, meals and diving.

The conference organisers are Dr E.Allen, 6 Pacific
Drive, Tairuaand Dr C.McAllum, “Denbora’, Te Tiki
Street, Coromandel, to who enquiries should be addressed.
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ORIGINAL PAPERS

PROVISIONAL REPORT ON AUSTRALIAN
DIVING-RELATED DEATHSIN 1988

Douglas Walker

Summary

Therewereninediving-related fatalitiesidentifiedin
thisyear, two being breathhold divers, four using scuba, and
three with hookah air supply. In each tragedy there may be
found somefactor or factorswhich adversely influenced the
coursetaken by events. Onebreathhold diver demonstrated
the need for exhaling during ascent after taking a breath of
air fromafriendwhowasusing scuba. Theother diedwhile
spearfishing, the result of a post-hyperventilation blackout.
The scuba divers died from a diverse series of causes, one
being medical in nature, another anillustration of the danger
of believing one is really an advanced diver after 9 dives,
whatever a certificate may state. There is an important
lesson to be found from examination of the three hookah
diving fatalities, that many commercia diving operations
continue to be performed in a “she'll do” manner not
conducive to safety.

Case Notes
Case BH 88/1

The victim was an experienced spearfisherman who
was on holiday with somefriends. On thisday hewaswith
two others, oneremaining in the boat while he and the third
man spearfished. They remainedinitially within9m of each
other so asto act asbuddiesbut later became separated after
the buddy noticed the current had moved them to an area
where the water was deeper, which the victim liked but the
buddy disliked. The buddy returned to shallower waters,
expecting that hisfriend would join him but failed to check
he had done so. 1t was 20 minutes before he realised he had
not seen hisfriend for sometime and approached the boat to
find that the man left there was now similarly worried, till
then having assumed the divershad been together. Thebody
waslocated next day lying onthe seabed, weight belt onand
afired speargun nearby. Thisisascenario typical of apost-
hyperventilation blackout in adiver intent on hunting afish.
The only unusua fact was that in this incident the fish
appears to have escaped the hunter’s spear just before the
latter lost consciousness. There was no medical reason for
him to lose consciousness other than hypoxia.

EXPERIENCED SPEARFISHERMAN. SEPARA-
TION. FOUND WITHWEIGHT BELT ON. HAD FIRED
SPEARGUN. POST-HYPERVENTILATION BLACK-
OUT TYPE FATALITY.

Case BH 88/2

Of thistrio of divers two were intending to breath-
hold spearfish while the other was to scuba dive. On their
way to the divethey visited adive shop and while the scuba
diver was hiring scuba gear the victim bought an additional
two weights. The victim was keen to try using scubaand it
wasagreed that hewoul d divedown and join the scubadiver
whenthelatter reached 4-5mdepth Therethey wereto share
the use of the regulator. This they managed to perform
successfully, andindeed ascended together buddy breathing
to the surface. The victim was enthusiastic with this expe-
rience and asked to be allowed to dive using the equipment.
Thiswas denied but after they had lunched he was allowed
torepeat themorning’ sdive-down-and-share adventure, the
other friend declining an offer to try the same experience.
The scubadiver advised the victim of the need to breath out
when ascending before the morning dive and the successful
divemust have confirmed in hismind abelief that therewas
no danger in this sharing.

Thevictim had carried acamerafor themorning dive
and had taken a photo of his scuba buddy before they
ascended. On the afternoon dive he brought his speargun.
They cametogether asarranged at 4.5 m depth but after five
exchangesthevictim saw afishalittlebelow themand dived
after it. As he began making his ascent the buddy tried to
indicateto himtheneedto exhale, but itisunknownwhether
he saw or understood these signals. The buddy thought he
could see his friend reach the surface but could not see
clearly because of his ascending bubbles and the somewhat
poor visibility. He therefore assumed the victim was
spearfishing when he was unable to see him after he sur-
faced.

Nobody saw the victim reach the surface, though
thereisno proof that hefailedtoreachit Thefirst awareness
of anything untoward was when two divers returning to
shorehappened tolook down and saw thevictimlying onthe
seabed, hisweight belt on. It was back to front so the quick
releasewasout of hisreach, althoughitisnot knownwhether
it had slipped round or he had chosen to wear it thus. The
body floated up after thewei ghtsweredropped. Theautopsy
confirmed the diagnosis of air embolism which clinical
groundssuggest. Surgica emphysemawasfoundbothinthe
neck and mediastinum and air was noted in the aortic arch.
Despite this clear evidence of pulmonary barotrauma with
probable cerebral arterial gas embolism, the Coroner de-
cided that the cause of death was “anoxiawhen he acciden-
tally drowned”.

BREATHHOLD DIVER SHARED SCUBA BUD-
DY’'SREGULATOR. UNTRAINED IN USE OF SCUBA.
SPEARFISHING. SOLOASCENT. WEIGHT BELT ON.
PULMONARY BAROTRAUMA. AIR EMBOLISM.
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AUTOPSY EVIDENCE OF SURGICAL EMPHY SEMA
IN NECK AND MEDIASTINUM PLUSAIRIN AORTA
IGNORED IN CORONIAL VERDICT.

CASE SC 88/1

This caseillustrates the danger which can result if a
diver on completion of acourseof instructionfailstorealise
that without the maturing effect of experienceheisanovice
and likely to find it difficult to trandate the information
recently acquired into appropriate responses to new situ-
ations. The victim and his buddy had recently completed,
oneafter another, abasi c scubacourseand then an Advanced
Diver course. Indeed it was probably thefirst unsupervised
dive this victim had made and his buddy was possibly
making his second such dive. But they could show the
documentation (card) to confirm their being Advanced
Divers, which was associated with conversation seemingly
confirming their being also experienced. Unfortunately
nobody though to check this.

The two men were visiting another State and ob-
tained an introduction to a diver there. When they hired
equipment their certification was checked at the dive shop
but there was no check of their experience, in particular
whether they had made any divesto significant depths. Had
the dive shop been running the dive it would have been
routine to ask such questions but in this case, as a private
person had hired the boat and boatman, there was no such
guestioning, though an additional hire charge was consid-
ered to be appropriate for the boat.

There were six diversin al, the others being locals
and experienced divers. The two visitors were paired
together for the dive, their talk of wreck diving leading the
others to believe they were experienced. The wreck was
broken into pieces and lying on the sea bed at 43 metres
depth. Althoughvisibility wascalledgoodthevictimandhis
buddy were unabletofind theanchor whenthey becamelow
on air and decided to ascend. So they had to start an open
water ascent. As was apparently their practice during the
courses they had taken, the buddy came up alittle ahead of
the victim at this time but he was aware of the ascending
bubbleswhichwereevidenceto himthat thelatter wasclose.
When the buddy reached about half way to the surface he
realised that hewasvery nearly out of air soinflated hisvest
and started finning to assist hisascent rate. Hewasin some
distresswhen hesurfaced sowasvery quickly got aboard the
diveboat, placedinthehead low position, and given oxygen.
The victim failed to surface, which indicated to the others
that hehad died. When another boat responded to their calls
for assistance the boatman and a diver from this boat dived
using equipment fromthe second boat asthediveboat’ sonly
extratank had been hung on the anchor line and used by the
diversfor their decompression stop. They soon located the
victimlyingontheseabed, all equipmentin place, buoyancy
vest partinflated. Therewasno further inflation on pressing
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the vest inflation button but on ditching the weight belt the
body became buoyant. They allowed it to ascend whilethey
made a precautionary decompression stop.

Autopsy confirmed that death resulted from drown-
ing, but the presence of bubbles in the tissues led the
pathol ogist to diagnose early decomposition changeswhich
appearstoindicatethat hisunderstanding of divingmedicine
was limited. The tank was shown to contain alittle air but
the pressure was inadequate for inflating the buoyancy vest
at this depth and probably had seemed to thevictimto bean
out of air situation. It was shown on test of the vest in a
chamber at thisdepth that it inflated slowly and quietly even
when connected to afull tank so awearer would not gain any
rapid effective buoyancy and would readily believe there
had beenaninflationfailure. Itisreasonableto supposethat
avery inexperienced diver, aone, low on air, unableinflate
hisvest and excessively weighted (he probably carried 15.5
kg (341bs), affected to some degree by nitrogen narcosisand
cold, might panic, forget to drop hisweight belt and perhaps
hold his breath as he tried to swim up. Unconsciousness
from anoxia due to exertion using his available oxygen, or
from cerebral arterial gas embolism (CAGE) would cause
theregulator fall from hismouth. Drowning would bevery
likely to occur.

JUST TRAINED “ADVANCED DIVER". FIRST
UNSUPERVISED DIVE. BUDDY SAMESTATUS. DEEP
DIVE. CERTIFICATION CHECKED BUT NOT EXPE-
RIENCE. UNABLE LOCATE ANCHOR LINE. LOW
AIRSOOPEN SEA ASCENT. SEPARATIONAT START
OF ASCENT. BUDDY WASNEAR. DEVELOPED NO-
AIRSTATUSWHENHEINFLATED BUOYANCY VEST
ANDMADEFINNINGEMERGENCY ASCENT. QUICK
SURFACERESPONSETOMISSED DECOMPRESSION.
VICTIM HAD PART INFLATED VEST. NO/LOW AIR
STATUS. EXCESS WEIGHTS. FAILED TO DROP
WEIGHT BELT. INFLATION OF VEST VERY SLOW
AND QUIET AT DEPTH. NITROGEN NARCOSIS.
GROSS INEXPERIENCE. PROBABLY PANIC. AN-
OXIADUETOEXERTION OF FINNINGASCENT POS-
SIBLY LED TO UNCONSCIOUSNESS AND DEATH.
CAGE ALSO POSSIBLE.

Case SC 88/2

Thediveshop onthisresortislandran Resort Courses
for visitorsand organi sed boat divesfor thesenew diversand
those who wished to snorkel or were certificated scuba
divers. This day the dive location was a bay on a nearby
isand. Theinstructor, on the boat to take the“resort diver”
group, checked that all those wishing to scubadive had been
trained. They choseto dive asone group of five but shortly
after descending the victim was seen to leave the group and
ascend. The group leader followed him and saw him reach
the boat, then he descended again and rejoined the three
others and they made their planned dive. The victim, an
underwater photographer carrying acamera, was an experi-
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PROVISIONAL REPORT ON AUSTRALIAN

Case Age Training/Experience Dive Dive Water Incident Weight Belt Contents
Victim Buddy  Group Purpose Depth  Depth On Ibs  Gauge
m m

BH1 25 Trained Trained Separation Spearfishing 18 Not stated On Not stated  Not
Not stated Not stated Buddy applicable
Experienced Experienced

BH2 16 Trained Trained Separation Recreation 6 45 On Notstated Not
Not Stated Some Buddy applicable
Some experienceexperience

SC1 43 Trained Trained Separation Recreation 43 24 On 34 Yes
9dives 9dives Buddy

SC2 52 Trained Not stated Not stated  Recreation 15 3 On Notstated Yes
Experienced

SC3 26 Trained Trained Separation Recreation 12 Not stated On Notstated Yes
Inexperiencedlnexperienced Buddy

SC4 20 Trained Trained Separation Recreation 45 135 On Notstated Yes
Inexperienced Experienced  Buddy

H1 46 Trained Not applicable Solo Work 75 3 On Notstated Not
Experienced applicable

H2 25 Trained Not applicable Solo Work 15 15 Off 32 Not
Inexperienced applicable

H3 54 Traned Not applicable Solo Work 24 24 On 35 Not

applicable

enced scubadiver but was wearing a new backpack and his
tank had comeloose. To assist him the instructor gave him
one of the shop unitsin exchange for his backpack unit and
indicated where bubbles showed the location of the others.
However poor visibility prevented him from finding them
even after asecond attempt to dive onthebubbles. Hechose
to continue solo and only surfaced when frustrated by
malfunction of hiscamera. Theinstructor admonished him
for this behaviour.

Therewasasecond dive, intheafternoon, and onthis
occasion no separations occurred. When one of the group
noted that he had acquired a decompression reguirement
according to his decompression computer the group leader
buddied him with the victim and dispatched them both to
make a 14 minute stop at 3 m, thisto be made in open water
astherewas no line. The other three surfaced a short time
later and were picked up by thesurface cover inflatable. The

driver of this boat returned them to the dive boat and then
returned to the place where he expected the remaining pair
to surface after their decompression time was completed.
But only one diver surfaced.

The buddy described how they had been floating
closeto and facing each other for 12 minutes, then the buddy
turned hishead tolook at hisgauges. Whenhelooked upthe
victim had gone. He turned around to check all directions,
then surfaced andlookedinall directionswithout seeing any
sign of hiscompanion. Therewerewavesbut themaninthe
boat was certain that he would have seen the diver if he had
been at the surface. After he had picked up the buddy and
madeal ocal surfacesearch hetook thebuddy tothediveboat
and returned to makeawider search. They wereinabay and
he noticed something floating near the headland, this he
recognised was abackpack. He drove the boat towardsthis
object but the engine swamped when hewasround the point
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DIVING-RELATED FATALITIES OF 1988

Remaining Vest Equipment Equipment

Air Check Owner
Not No Not applicable Own
applicable
Not No Not applicable Own
applicable
Low Partly Satisfactory Hired
inflated
None Partly ~ Some adverse Own
inflated

Yes Notinflated Satisfactory Dive Shop

Low Notinflated Equipment Own
lost
Had air No Yes Employer

Lostair Notstated Some adverse Employer

Had air Not inflated Some adverse Employer
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Significant Factors

Spearfishing, separated, post-hyperventilation blackout.

Breathhold dived then shared buddy’s scuba. Solo ascent.
CAGE.

Separation started open water ascent. Buddy no/low air
“Advanced Divers’.

Shop backpack. Decompression stop separation. Faulty
contents gauge. Acute Myocarditis. CAGE?. No Inquest.

First post-course dive. Separation but continued dive.
History of epileptic fit.

No Inquest. Body not found. Low air. Failed buddy-
breathing. Panic, became unconscious.

Part obstructed grid caused unsuspected strong current.
Previous refusal to dive ignored.

Unsafe/unorthodox cylinder change method. Supply hose
had faulty non-return valve. Backup system failed. CAGE.

Unconscious while trying to ditch equipment. Tied to
water-jet gun by belt sucked into casing. No tender. No
effective leader.

and hissignal sfor assistancewere only seen when hedrifted
back around the point and into view of the dive boat. He
resumed his journey, having restarted the engine, before
another boat reached him after receiving a radio call for
assistance sent fromthediveboat. By thistimehehad found
that the object wasthe part inflated vest of the backpack and
that it was supporting the victim, unconscious, in avertical
position, his head forwards and face underwater. Hisfirst
action wasto raisethevictim’ shead out of thewater, thenhe
commenced giving EAR. However he was not ableto pull
the victim into the boat unaided. When help arrived, the
victim was got aboard and taken back to the dive boat,
resuscitation being continued throughout.

Thevictimwasbrought back totheresort, thenflown
to the mainland. There he was pronounced dead. The
autopsy showed no evidenceof pulmonary barotraumaor air
embolism but there was histological evidence of an acute

viral myocarditis and a chronic hepatitis. The contents
gauge needle was found to beloose and it showed 3 bar (45
psi) when the tank was empty. Whether he ran out of air, or
was aware that this wasimminent, then attempted to inflate
his buoyancy vest, cannot be known. As the coroner
considered thereto benoneedfor an Inquest therewasnever
any officia discussion of the reasons for his death. It is
possible that he had suffered from an air embolism, or his
diseased heart may have suddenly gone into failure when
stressed by the low/no air situation. The delay before the
body was seen at the surface may be becauseit floated lower
than asurfaced diver would and so remained unobserved il
it floated into the calmer waters outside the bay.

EXPERIENCED DIVER. SEPARATION AT DE-
COMPRESSION STOP 3 M DEPTH. DELAY BEFORE
SEEN AT SURFACE. PART INFLATED BUOYANCY
VEST. VERTICAL IN WATER WITH FACE SUB-
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MERGED. WEIGHT BELT ON. CONTENTS GAUGE
FAULTY SO PROBABLY LOW-AIR BECAME OUT-
OF-AIR. NO AUTOPSY EVIDENCE OF CAGE. EVI-
DENCE OF ACUTE VIRAL MYOCARDITIS PLUS
CHRONIC HEPATITIS. NO INQUEST.

Case SC 88/3

Thediving course had been conducted from aschoo-
ner from which the two divers had made their required four
dives. They had successfully completed the course despite
poor visibility and now weremaking their first unsupervised
dive. The boat was lying off a reef, unanchored because
therewas no current. The buddy pair of novicesentered the
water together but then oneregulator startedto freeflow and
when thiswas resolved it was found that the victim was no
longer at the surface. Despite the strong advice in their
course that separated divers should resurface he did not do
so. The buddy was directed to where bubbles were seen
breaking at the surface and dived, but was unable to locate
him so returned to the boat. After 80 minutesit wasrealised
that he must have used al his air and could no longer be
considered to be diving.

A search was made but was unsuccessful. The body
was found the next day lying on the sea bed, al equipment
inplace. A check showed hehad plenty of air remaining and
his buoyancy vest inflated efficiently. Information from a
friend revealed themost probabl ereasonfor thisfatality, that
he recently suffered a fit of some type but had declined
further investigation because there was this planned and
desired holiday trip due.

JUST TRAINED. FIRST POST COURSE DIVE.
SURFACE SEPARATION. PROBABLY HAD EPILEP-
TICFIT WHILE DIVING SOLO.

Case SC 88/4

Thisdiver was so keen to view the Barrier Reef that
shetook a scuba course and this was her first unsupervised
dive, indeed her first dive since completing her course. The
boat which took them out to the reef carried a diving
instructor who checked that all thoseintending to scubadive
were trained, though he did not check their actual diving
experience. He paired the victim to a diver who had been
trained for three years, unaware she had only made 12 dives
inthistime. The dive platform was a pontoon and the reef
was reached by following arope down from anearby buoy.
Theinstructor toldthemthat thebest coral wasintheshallow
areasrather than below 15 m depth, but if they choseto dive
deeper a decompression stop was advised.

Therewas some current but thiswasagainst themfor
their outward swim along the reef. They surfaced once to
check on their position as the rope guide ceased where it
reached the reef and they felt unsure of whether they were
going in the correct direction. When their contents gauges
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each showed 100 bar, half full, the return swim was com-
menced in accord with the instructor’s advice. They had
been swimming at 12-13 metres depth for about 10 minutes
and then thevictim showed her contentsgaugeto her buddy:
it was indicating 50 bar and the buddy had very little more
sothey knew they should start to ascend. Thebuddy realised
her companion was starting to ascend too rapidly and re-
strained her gently. However she then appeared to become
agitated, let the regulator fall loose from her mouth, and
signalled that she was not able to breathe. The buddy gave
her her second (octopus) regulator, which she guided to her
mouth but failedto purge. Her buddy offered it back, purged
twice, but it was spat out and the victim then kept her mouth
very firmly closed. Shethen began to struggleand clutched
her buddy, who naturally began to panic as they began to
sink deeper.

The buddy attempted to inflate the victim’s buoy-
ancy vest and drop her weight belt but failed. She managed
to get free and saw that the victim had become quiet,
probably unconscious, andwassinking. Shebecamebreath-
less from overbreathing, panicky, and drained of energy so
ascended rapidly, recognising that she was in real danger
herself. At first her yells and waving arms failed to attract
attention, then a snorkeller on the reef noticed her and he
managed to a ert staff onthepontoon. It wasrecognised that
her rapid ascent without any decompression stop placed her
at risk of decompression sickness so she was given oxygen
andwasputinahead|ow position after returntothepontoon.
Search of the locality was unsuccessful and this was ex-
pected astherewas someoutflow current and adeep channel
wherethey had stopped to maketheir ascent. The body was
never recovered so it isunlikely that the buoyancy vest was
inflated.

The sequence of events as described is suggestive of
an inexperienced diver becoming anxious in a mid water
situation, believing an out-of-air situation was occurring
(which could be a consequence of anxiety effecting the
respiratory rhythm), followed by aflustered management of
the offered regulator, |eading to thefinal panic, aspiration of
water and sudden or rapid death.

One problem which emerged from this tragedy was
that of management of a diving emergency in the presence
of non-divers, as occurred here. The boat which took these
divers to the pontoon also carried visitors for a glass-
bottomed boat view of the reef. Though these people were
aware that some accident had taken place they were told
nothing and mistook the attemptsmadeby the staff to shelter
them from involvement for lack of afeeling of urgency in
responding. They saw the boats and planes searching but
failed to experience an awareness of the intense activity
around them or feel involved. Thisis obviously a public
relations problem which requires consideration by those
involved in commercial boat trips to the Barrier Reef.

TRAINED. GROSS INEXPERIENCE. FIRST
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POST-COURSE DIVE. BUDDY HAD LIMITED EXPE-
RIENCE BUT ACTED VALIANTLY. DIVE BOAT
CHECK OF CERTIFICATION BUT NOT OF EXPERI-
ENCE. FAILED TODROPWEIGHTBELT. FAILED TO
INFLATE BUOYANCY VEST. ANXIETY/PANIC AIR
HUNGER SYNDROME. BODY NOT RECOVERED.

CaseH 88/1

The commercia diver who died in thisaccident was
avictim of aset of circumstances whose potential danger to
divers went unrecognised till too late. Although another
diver had noted the adverse diving conditions and declined
to dive, thereis no reason to believe he anticipated the true
degreeof danger posed by thisjob, theclearing of atrashgrid
in a concrete canal carrying the water supply into a power
plant. Thistask was usually performed by amachine but it
was out of action and being repaired. Failure of communi-
cation between diving supervisor and works engineer wasa
critical factor in the chain of events.

The diver entered the water from a ladder a little
upstream of the grid, wearing hookah, and descended. A
short time later, when his tender realised there was no
responseto line calls, there was a sudden realisation that all
washotwell. Theseconddiver thenkittedupand enteredthe
water, amost immediately finding he was torn from the
ladder and onto thevictim onthegrid. 1t waswithdifficulty
that hewasableto regain the surface after thewater flow had
been stopped. The water had forced the victim so rapidly
onto the grid he would have been stunned, and even had he
retai ned hisregul ator thewater power would have prevented
him making any respiratory excursion. The second diver
was fortunate to survive.

Although the speed of the water flow wasfar greater
than on other occasions this diving company had worked
here, there was a more important and less obvious factor
involved. Because of the build up of weed on the grid the
channel wasreduced to asmall availablecrosssection at the
grid. Thisgreatly increased the power and flow rate in the
immediatevicinity of theclear part of thegrid whiletheflow
wasslow and weak infront of theremainder of thegrid. The
diver was suddenly caught in a powerful (and unexpected)
current and flung onto the grid.

Thistragedy, however, arosein thefirst instance out
of a failure to follow recgonised safe diving procedures,
probably inan effort to pleasetheclient. Althoughthewater
flow should have been stopped before the diversentered the
channel it appears that thiswould have required taking two
generatorsout of action at atimewhen otherswere not ready
totakeover. Theconsequentlossof power generationwould
have adverse consequences on the public conception of the
Authority involved, and the diving company would lose a
powerful client. Suchthoughtswould occur tothosemaking
decisions on the spot even if not actually spoken or dis-
cussed.
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SOLO.HOOKAH. PARTLY OBSTRUCTED GRID
NARROWED EFFECTIVE WATER CHANNEL SO
THERE WAS A RAPID AND POWERFUL CURRENT.
DIVER FORCED AGAINST GRID. RESCUE DIVER
ALSO AFFECTED BUT SURVIVED. FAILURE STOP
WATER FLOW BEFORE ENTRY. POSSIBLE REA-
SONSFORBREACHESOFSAFEDIVINGPRACTICES.

CaseH 88/2

The circumstances of this tragedy may appear to
many as beyond belief in aworld where commercial diving
is apparently subject to over cautious regul ations overseen
by strict Government I nspectorsmuch moreinterestedinthe
wording than the spirit of such regulations. Thevictimwas
a newcomer to commercial diving, an experienced scuba
diver (49 dives) who hasnever undertaken ahookah divetill
he joined this firm two weeks before. Since then he had
dived three times using hookah to familiarise himself with
an unusual method they employed when changing to anew
air cylinder. When the diver was warned there wasto be a
change over he turned on his bail-out bottle and used this
while the empty cylinder was removed and the fresh one
connected.

Thejobwasto survey an old pipe, marking itscourse
atintervalswith floats. Thediveboat was 1 km from shore,
thewater depthwas 15 metres. Thevictim swamtothefloat
which indicated how far the previous diver had travelled,
then descended. His rate of descent was slow as he had
difficulty equalising his ears, this being known because he
was wearing a Kirby-Morgan band mask which had direct
communication with the surface. He appeared to be calm
and normal when advised that acylinder changewasto take
place. Delay occurred after the cylinder was turned off and
the line had been vented, disconnection requiring the use of
a shifting spanner before this was accomplished and the
freshcylinder connected. It wasasurpriseto everyonewhen
thevictim was seen to surface astherewasnowarning of his
intention to do so. Hismask was off, held in hishands. He
appeared to say “1 thought | was dead”, then lost conscious-
nessandfloated onhisback at thesurface. Hemay havebeen
wearing hisweight belt when he surfaced and dropped it as
he lost consciousness.

Hewasbrought ontothediveboat and everyonethere
realised that he had suffered anair embolism. Hewas placed
in a left lateral head-down position, oxygen commenced,
and aradio call madeto shorefor an ambulanceto meet their
arrival. He appeared to have difficulty with breathing, it
being rasping and irregular, his pulse was weak and rapid,
and jaw was clamped tightly shut. He then started fitting,
was agitated and thrashed about so that they were unableto
maintain him in the approved lateral position. The ambu-
lancetook himtothelocal hospital and theretherewas some
discussion as to who should transport him to which centre
capable of providing recompression treatment. It was de-
cided to transport him by air and before he left the hospital
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for the airport he was apparently sufficiently recovered to
understand and answer simple questions. However his
condition deteriorated again and he had to be taken to a
hospital ontheroute. Therehewasput onto adrip of dextran
and atransportabl e recompression chamber reached him. It
wasnow 4 1/2 hoursfromthetimehesurfaced. Although he
did reach the hyperbaric treatment unit alive he died four
days later from the cerebral damage he had suffered.

Itisnot knownwhy thevictimfailed to communicate
hisintentiontoascend but itisreasonableto suggest that this
was because he was making an instinctive response to an
emergency situation, tearing the mask off hisfaceindicating
his feeling of being suffocated. Examination of the equip-
ment showed it was very possible that the non-return valve
intheair hose might not have worked reliably. Thebail-out
bottle was shown to contain air and to be turned on. It was
suggested that when the air lines vented, prior to removing
thein-use cylinder, the faulty non-return valve allowed the
venting of hismask tothe surfaceand theair supply fromthe
get-hometank may have beeninsufficient to maintainair in
his mask. In a diver grossly inexperienced with hookah
diving, as this man was, the loss of mask air (not merely
cessation of the air supply) would be a panic creating
situation. It would require any diver to make an emergency
ascent in order to survive.

There was no legal requirement for any recompres-
sion chamber to be on site, and though there was a chamber
ashore which could have been used it would have taken
several hourstomakeit ready for use. Itisuncertainwhether
therewasanyoneavailablewithtraininginitsuse. Naturally
the delay before commencing arecompression of thevictim
greatly reduced his survival chances, which were probably
minimal from the time he surfaced.

SCUBA EXPERIENCED. UNTRAINED
(FOURTH USE OF HOOKAH) AS “COMMERCIAL
DIVER”. UNUSUAL TOPSIDE CYLINDER CHANGE
METHOD REQUIRED USE OF BAIL-OUT BOTTLE.
POSSIBLE FAILURE OF NON-RETURN VALVE IN
AIR HOSE CAUSED VENTING OF KIRBY-MORGAN
MASK TO SURFACE. EMERGENCY PANICASCENT.
PLACED IN TRANSPORTABLE RCC 4 1/2 HOURS
AFTER HE SURFACED. LOCAL RCC NOT AVAIL-
ABLEFORIMMEDIATEUSE. CEREBRAL ARTERIAL
GASEMBOLISM. DEATH DELAYED 4 DAYS.

CaseH 88/3

Thetask wasto remove the concrete cladding round
apipeto enableit to be inspected. There were four divers
working from the dive boat, ademocratic group who shared
tasks, the diving supervisor taking his turn with the rest to
dive and none of them formally acting as tender or backup
diver. Indeed each was quitefreeto decide whether to make
a decompression stop or not. There was one other person
aboard, the mechanic whose responsibility was the pump
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supplying the water jet gun.

Theinlet of thewater pump becameblocked soit had
tobeput onidlewhilethiswascleared. Inorder to utilisethe
diver's available no-decompression dive time fully the su-
pervisor decided to bring up thediver until thewater-jet was
functioning again. It wasat thistimethat it wasnoticed that
there were no bubbles ascending, and a line call went
unanswered. The air supply had not failed as the air
compressor was separate from the water-jet pump. The
supervisor descended to discover what had happened, choos-
ingtousethesecond air compressor. Hefoundthediver was
lying on the seabed with his equipment partly ditched. The
mouth pieceof theregulator wasout of hismouth (hewasnot
using any retaining strap) and no air was escaping. The
rescuer triedfirst tobringthevictimupby orally inflating his
vest (no reason is given for not attempting to use the hose
supply inflation system) but thisfailed. Hethen noticed that
the heavy water jet gun lay acrossthe diver’ sthigh and was
retained attached to the body by the fact that the buoyancy
vest belt had been sucked into the jet gun’s retro nozzle
casing. After it was cut free the body floated up to the
surface. Other divershad noticed theannoying habit of loose
portions of equipment to be sucked into the casing but this
had been treated as a nuisance, not a danger.

There are several unanswered questions in connec-
tionwith thisfatality. Theair supply for the diver was said
to have been uninterrupted so therewas no reason for himto
attempt this ditching of equipment. He was an experienced
diver who had abail out bottle and buoyancy vest, so there
is no obvious reason why he could not have calmly cut
himself free. Possibly he drowned while trying to recover
hisregulator mouthpiece, suffering sudden groin pain when
stretching for it. This could occur because he had been
jumping into thewater from the upper part of theboat during
the mid day meal break and had suffered some groin pain
following oneof hiswater entries. Themid day break served
two purposes, being a surface interval period between the
morning and afternoon dives and also when the tide change
made the visibility very low. It is not known why he
attempted to ditch his equipment rather than cut the strap
connecting him to the jet-gun. He was experienced in the
ditch and recovery of equipment because he was a well
known local diving instructor. Indeed hisknifewas used to
cut the strap.

Resuscitation attemptswere unavailing: very proba-
bly hewasdeadwhenlocated. Noneof thethreediversknew
about EAR but the engineer who controlled the water pump
was trained and he performed the resuscitation attempt.
Death was due to drowning.

EXPERIENCED. UNREGISTERED COMMER-
CIAL DIVER. ATTEMPTED TO DITCH BACK PACK
BEFORE HE DIED. NO DIVE TENDER. FAILURETO
DEFINETOPSIDEDUTIES. FAILED TODROPWEIGHT
BELT. FAILEDTOINFLATEBUOYANCY VEST. VEST
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STRAP SUCKED INTO WATER JET-GUN’S CASING.
NO REPORTED DEFICIENCY OF AIR SUPPLY. DI-
VERS IGNORANT OF RESUSCITATION METHODS.

Discussion

Thedeath of an experienced breathhold spear fisher-
man is commonly a consequence of pre-dive hyperventila-
tion and thisisthe almost certain reason for the death of the
diver in the first case described. The second death was
unusua asthe practice here described of abreathhold diver
descending to join ascubadiver and then buddy breathingis
probably rare nowadays. Although this tragic example of
the reason for exhaling during ascent after the breathing of
air at a higher ambient pressure is both instructive and
predictable it is apparent that the scuba diver had failed to
adequately appreciatethe potential danger of thesharing his
air with abreath hold diver.

Therewereanumber of critical factorswhich had an
influence onthe scubadiver fatalities, with the most signifi-
cant one being the factor of inexperience. Any just-certifi-
cated diver who thinks her or she is more than in anovice
category hasobviously beeninadequately instructedintheir
skill status, and the use of the term “Advanced Diver” for
someone who has performed only nine dives, all under
supervision, should cease immediately. This is in part
because such people may well believe they have acquired a
diving ability rather than a diving certification. Possibly
there should be a probationary period of aminimal number
of supervised and logged dives before this certification is
confirmed. Thereisalsoawarningtothosewhooperatedive
tripsthat it iswiseto makearoutine check of the experience
aswell ascertification whensigning up clientsfor divetrips.

An examination of Case SC 88/2 shows several
factors worth consideration. The faulty contents gauge
(probably owned by thevictim but thisisnot directly stated)
played apart in thisincident if the victim was unaware that
it was unreliable, however it was not stated whether the
gauge was likely to have given some reading when greater
pressure was in the line or whether it would have been
obvious that it was faulty. Special significance should be
paid to the basic reason for this fatality, the need for one of
the group to make a decompression stop. That an experi-
enced diver should accumulate a decompression require-
ment of 14 minutestaken at 3 m depth in open water and the
matter be treated as not being noteworthy may indicate an
attitudeto decompression saf ety whichisleading to somany
casesfor the hyperbaric unitsto treat. Inthiscasevisibility
was poor and the divers were neither holding onto aline or
onto each other. They were at double jeopardy, from
separation (which occurred) and failureto maintainacorrect
and constant depth during the decompression stop. It is
probabl ethat thevictim, who did not requirethe decompres-
sion stop, became very short of air and ascended rapidly,
using thelast of hisair in an attempt to inflate his buoyancy
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vest. The partialy inflated vest unfortunately allowed his
head to fall forwards and be submerged. Thisisafailing of
modern buoyancy control devices (ADVs) which havelittle
buoyancy in front on the surface and do not tilt unconscious
divers onto their backs. The described events support the
suggestion that he suffered from a cerebral air embolism
during his 10 feet ascent rather than the postulated cardiac
attack.

Two fatalities occurred in divers making their first
divefollowing completion of their basic scubatraining. One
case involved an epileptic who possibly declined to accept
that he had such a condition and required investigation and
medication. He ignored the advice given to dive with a
buddy and surfaceif separated. Therewasthereforenobody
near to rescue him when he (it is assumed) suffered afit. A
similar eventisknownwhich ended more happily because of
the presence of aninstructor. Epilepticsshould not dive. In
the other case there was panic which the buddy attempted
valiantly toreduce, placing herself at real risk inthe process.

Theremarkabl efact concerning the commercia div-
ing fatalitiesis that in these seemingly over-regulated days
so many ill managed diving operations continue. Thisis
moreamatter for educati onthan regul ation, thoughthelatter
response is far more likely. Reading the incident resumes
will indicatewhichcritical adversefactorsweremostimpor-
tantineach case. Inthefirst of the casesdescribed therewas
afailureto insist that the water flow be stopped, or at least
monitored, beforethediver enteredthechannel. Thesignifi-
cance of another diver’srefusal to dive here was not appre-
ciated by the engineersand possibly unknown to thisdiving
company. The “Can Do” tradition of commercia divers
must surely be given some of the blame for this fatality.

The power of flowing water iseasy to underestimate,
or fail to consider in advance. Thisisparticularly important
in cam or slow moving water where there is a restricted
outlet such asapipe. In this casethe partial obstruction of
the grid was a cause of the channel suffering sudden reduc-
tion in cross section. Thiswas not visible from the surface
appearance of the water and neither diver was aware of this
till in front of the unobstructed portion of the rubbish grid,
when the flow was irresistible.

Whileachangeover fromoneair cylinder to another
while the diver is underwater is an entirely reasonable
practice, amethod which requiresventing of thesupply lines
and a removal of one cylinder before a fresh one can be
connected upisunusual and unsafe. That such amethod had
been apparently followed for some time without significant
misadventure gave no guarantee that it was safe, and this
victim's gross inexperience proved too great an additional
factor whenthenon-returnvalvefailedwhiletheair linewas
ventingtothesurface. Theair supply ratefrom hisget-home
bottle was insufficient to offset this venting so he made an
out-of-air ascent, unfortunately suffering air embolism.

The third case is hard to understand because in this
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incident the diver was experienced in ditch-and-recovery
fromhiswork asascubainstructor. If theevidenceiscorrect
that there was no failure of hisair supply, there must have
been another, not identified, reason for his actions. While
therewasentrapment of hisbuoyancy vest’ sbeltinthewater
jet-gun this machine had been turned off about the time he
died. Possibly he misjudged the danger of hissituation and
inhaled water while he was attempting to ditch his equip-
ment.
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DEVELOPMENT AND USE OF THE OXY GEN-
BREATHING MINIMAL-RECOMPRESSION
TREATMENT OF DECOMPRESSION SICKNESS

Geoffrey Gordon

Introduction

When man ventures into a hyperbaric or hypobaric
environment, his excursions are occasionally complicated
by the development of decompression sickness (DCS) and
arterial gas embolism (AGE). To treat the occurrence of
theseillnesses, recompression therapy isused either accord-
ing to a standard treatment table or to a depth that brings
relief. Thisapproachtotreatmentisnot based onexperimen-
tal evidence, but on the empirical application of theoretical
concepts.t? Old protocolswere superseded when it wasfelt
that the results were unsatisfactory, rather than when case
analysis indicated poor treatment outcomes.
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Analysis of the effectiveness of treatment regimens
needs to be conducted if, in any meaningful way, we are
goingtobeabletoimproveour effectivetreatment opinions.
That a solution will be developed to benefit every caseisa
naive idea, but have the current “minimal recompression
oxygen breathing tables’, developed in 1965, filled avoid,
or arethey just another attempt at treating a disease process
that is still incompletely understood?

The history of treatment tables

It was not until 1847 that Pol and Watelle® first
recognised that therewasarel ationshi p between the onset of
DCS symptoms and the depth, bottom time and rate of
ascent. This was 28 years after Siebe developed the first
practical deep-seadiving outfit and 6 yearsafter the produc-
tion of the first large capacity compressors that permitted
large numbers of men to work at raised ambient pressures.
Although this work established recompression as the pri-
mary treatment modality, the manner of its application was
unclear. It was not until 1878 that Bert* demonstrated that
liberation of nitrogenintheform of bubbleswasthe cause of
DCS. Heal so recommended recompression and went on to
expound that treatment with oxygen should beeffective. No
decompression rateswere specified, and aspureoxygenwas
both scarce and very expensive it was little used. In 1897
Zuntz® utilised oxygenin conjunctionwithrecompressionto
increase the gradient for nitrogen elimination and hasten
bubble resolution. However, due to the development of
oxygen toxicity, the use of this adjunct proved unpopular
and was not widely used again for many years. Air recom-
pression therapy for DCS was subsequently devel oped.

In 1937 Behnke and Shawe re-investigated the use of
oxygen in the treatment of DCS. They hoped to utilise the
increased gradient for nitrogen eliminationtoimprovetreat-
ment outcomes. In experiments using a dog DCS model,
they observed that severe cardiopulmonary DCS responded
well to recompression to 30 msw regardless of whether air
or oxygen was breathed. On subsequent decompression
however, those treated on air had recurrences of cardiopul-
monary DCS of pretreatment severity. Those treated with
oxygen showed a minimal return of symptoms, indicating
better inert gas clearance when an oxygen atmosphere was
breathed. Yarbrough and Behnke’ two years later, docu-
mented a 50% recurrence of symptomsin diverstreated by
recompression to depth of relief plus 10 metres of seawater,
the procedures published in the US Navy (USN) Diving
Manual of 1924. This protocol probably did not achieve
resolution of all the gasin bubble form despite the pressure
applied. Inan attempt to achieve complete bubble elimina-
tion, they empirically devel oped guidelineslimiting recom-
pression depth to 50 msw with aminimumtimeat thisdepth
of 30 minutes. In modifying the Hal danian type decompres-
sion, 100% oxygen was breathed from 18 msw to the
surface. The process of gas diffusion from bubbles and
tissues was thought to be slow, and so administration of
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oxygen at increased pressure was used to accelerate this
process. Initial results were encouraging, and attributed to
the elimination of gas mixtures during the ascent from 18
msw.

By 1945 the performance of these new treatment
tables “appeared” no better than the results obtained using
the US Navy 1924 protocol. Asaresult of this“apparent”
failure, aseriesof experimentsconducted by Van der Aueet
al.® led to the development of formal treatment tables em-
bodyingtheY arbrough and Behnke principles. Thesetables
were subsequently promulgated as USN Tables 1, 2, 3 and
4 in the USN Diving Manua of 1945 and remained in use
becoming standard in the USN, several foreign Navies and
many commercial worldwide for the next 20 years? It is
interesting to note that these widely accepted treatment
procedures were based upon a study involving only 33
subjects and that some of the individual treatment tables
were based on as few as 6 subjects. The Roya Navy (RN)
developed their equivalentsinthe RN Tables 52, 53, 54 and
55 afew years later.

Problemswith thecurrent air treatment tables

In 1947, Van der Aue and his colleagues analysed
113 casestreated withthese* new” air tablesandfound afirst
treatment failure rate of 5.3%.° It was clear that these air
treatment tables showed promise. Unfortunately these ta-
bles were not subjected to further outcome analysis until
1962 when Slark retrospectively reviewed thetreatment of
137 cases. Inthisstudy theoverall firsttreatment failurerate
had risento 21.5%. Slark considered thisunacceptable, and
further pondered on the likelihood that the nitrogen uptake
occurring during treatment contributed to the observed fail -
ure rate. He did see something positive in the air tables
however, postul ating that the prolonged 9 msw soak wasthe
strength of USN tables 3 and 4. In recommending the
development of new tables, Slark foresaw these having a
longer time at lower pressures, and further suggested incor-
porating an even release of pressure during the ascent.

In 1964 Rivera reviewed the treatment of 935 cases
of DCS, spanning the period 1947 to 1963. Thefailurerate
of tables 1 and 2 during initial treatment was 5.6% and
considered satisfactory. Thesetwo tableswere used to treat
painonly DCS. Thetreatment of serious DCSwith tables3
and 4 had afailurerateduring initial treatment of 25%. This
overall figureisperhapsalittlemisleading asthefailurerate
rose dramatically over the review period, from 16.1% in
1947 to 46% in 1963. This increase was paralleled by an
escalation inthe number of civilian diversbeing treated and
aconcomitantincreaseindiverspresentingfollowing marked
departures from accepted diving practice. 1n 1963, some
66% of the divers treated had developed DCS following
such non-standard dives, and this sub-group accounted for
almost all of the 46% initial treatment failures. Therewere
no faillures using USN tables 3 and 4 on Navy divers, who
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invariably received early recompression, unlikethecivilian
divers, who usually presented following long delays.

Goodman and Workman®? reviewed the casestreated
with air tables during 1964, and noted a similar overal
failurerate of 25%, with USN tables3and 4 again having an
initial failure rate of 47%. Thisgroup similarly comprised
civilian diverswith long delaysto treatment following non-
standard exposures with omitted decompression.

The construction industry has traditionally utilised
air recompressionincasesof DCSoccurringat theworkplace,
and have devel oped their own code of practice. Analysisof
the effectiveness of these procedures in the various large
projects has not been undertaken in this review, but air
recompression has been used in two recent large projectsin
Hong Kong and Singapore with acceptable results.

Thesefigures, and the increasing number of civilian
casualties, necessitated afresh look at the problem of treat-
ment DCS and the development of more effective recom-
pression tablesfor what promised to be an epidemic of DCS
in the 1970s.

Development of the minimal recompression oxygen ta-
bles

Goodman® in 1964 defined what he felt to be the
fundamental route to DCS symptom remission viz:-

1 Compressionto reducebubblevolumeandradius
in order that the intensity of the tissue reaction be
reduced.

2 Termination of thefocal ischaemiabrought about
by the endothelial irritation.

The latter, he surmised, could best be achieved by
exploiting the collateral blood supply after hyper-oxygenat-
ing the patient, effectively establishing a metabolic detour
around the occluded vessels. Hyper-oxygenation would
also provide the maximum gradient for the elimination of
inert gas from within the bubbles and tissues. Compression
has a limited ability to RESOLVE bubbles, so bubble
compression was relegated to a position of less than first
order significance. The risk of developing DCS from
treatment was al so essentially eliminated with oxygen ther-

apy_lZ

Goodman and Workman, from the USN Experimen-
tal Diving Unit, weregiventhetask of revisingthetreatment
of DCS, and in late 1965 their landmark report* was re-
|eased.

Schedule development
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Noting, as did Slark®, that the 9 msw soak was
probably the strength of the USN tables 3 and 4, Goodman
and Workman conducted anumber of trialsat thisshallower
depth. The first provisional format was empirical in its
design. Patients were taken to 10 msw breathing 100%
oxygen and assessed after 10 minutes. If all symptoms had
been relieved, then treatment was continued at this depth as
indicated by the dotted line in Figure 1. If relief was not
completein thistime, then the patient was taken to 18 msw
and decompressed according to the 18 msw schedule shown
in Figure 1.

In afew instances, the decompression from 18 msw
was interrupted by spending 30 minutes at 9 msw before
continuing thedecompression tothe surface. Therewereno
failures with this provisional format.

Following analysis of the cases so treated, patients
weresubsequently compressed directly to 18 msw, eliminat-
ing the 10 msw trial. This resulted in treatment times of
between 100 and 130 minutes.

Retrospective analysis showed that both the full
treatment depth and the actual time breathing oxygen, were
significantly related to treatment adequacy, |eading Good-
man and Workman to define a Minimum Adeguate Time of
30 minutes oxygen breathing at 18 msw with a total time
breathing oxygen of 90 minutes. New schedules were
developed reflecting treatment durations of 1.5 and 3 times
this minimum adequate time and designated the 2nd provi-
sional format (Figure?2). If relief occurred within 10 minutes
at 18 msw, 130 minutes of oxygen breathing was admini-
stered (Figure 2 upper). If relief wasnot complete however,
then 285 minutes was spent on oxygen (Figure 2 lower).

This second format also proved very effective, but
was further refined to reduce the risk of acute oxygen
toxicity by the inclusion of air breaks interrupting the
periods of oxygen breathing. The resulting tables are the
familiar USN tables 5 and 6 (RN tables 61 and 62).

Inthecasesreceiving adequatetreatment, 50 casesin
all, there was a 2% failure of initial recompression which
comparedfavourably withtheoverall airtablesinitial failure
rate of 15%. Of these 50 cases 28 (56%) met the criteriafor
treatment with USN tables 3 or 4 (serious cases) and these
had an initial failure rate of 3.6%, a marked improvement
over tables3and 4, which historically accounted for 27% of
all treatments and had a failure rate of up to 47%. Better
results were thus achieved with sicker divers. Oxygen
toxicity was not aproblem asit had been with Bert in 1878.

In attempting to convince physiciansthat deeper was
not always better they noted that the law of diminishing
returns becomesrelevant for bubble diameter beforeit does
sofor bubblevolume (Figure3). Thusingoingfrom 20 msw
to 50 msw littleis achieved in diameter reduction, but there
isanobligation of additional inert gasuptakeasgasmixtures
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must be breathed below 20 msw.

The question as to whether the treatment failures
occurring after recompression onthe air tableswasdueto a
relapse of DCS or whether they represented freshly pro-
voked DCSduetoadditional inert gasuptake, hasnever been
satisfactorily answered. What is known though, is that the
gradient for inert gas(nitrogen) eliminationwhilethe patient
is breathing oxygen at the maximum safe pressureislarge.
At 18 msw thepartial pressure (pp) of nitrogeninthe bubble
is approximately 2,105 mm Hg while the pp of nitrogen in
the blood of a patient breathing 100% oxygen will be 0 mm
Hg, creating a massive gradient for nitrogen egress and
avoiding the potential problems of bubble growth due to
additional inert gasuptake. Breathing 100% oxygen results
in a nitrogen elimination curve with the partial pressure
gradient of nitrogen between the tissues and the bubbles
increasing with time as the oxygen is breathed, driving the
nitrogen out of the bubbles, reducing their size until they
collapse. Incontrast, during treatment with air, the gradient
for nitrogen elimination decreases with time and there is
additional nitrogen uptake, nitrogenthat sooner or | ater must
be off-loaded (Figure 4).

Goodman and Workman* saw benefit in the even
release of pressure during decompression, rather than the
staged ascent of the air tables. This avoidance of sudden
pressure reductionswas seen to be animportant adjunct and
had been previously recommended.*® The time savings of
the oxygen tables were of major significance. A USN table
6 (RN table 62) takes 4 hours 45 minutesto compl ete, while
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FIGURE 4
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aUSN table 4 takes 38 hours 11 minutes. Thistime saving,
combined with abetter treatment efficacy, had considerable
equipment and personnel advantages, changing what was
often amarathon treatment effort into atolerable and effec-
tive therapy.

These new tables met with instant favour when first
released in November 1965. But havethey stood the test of
time, and are they as effective as the first 50 cases treated
would suggest?

Effectiveness of the oxygen tables

Followingtheinclusion of thesetreatment tablesinto
theUSN DivingManual in1967, Workmant reported on his
experience of using these in 150 cases, 40 of whom were
civilian divers. First treatment failures in this series was
15%, fallingto 5% after the second treatment. Inthemilitary
divers, initial failure was 7%. Consistently good treatment
results were documented and at a reduced time obligation
and staff commitment. Workman did concede that these
tables would not benefit 100% of divers, especialy inview
of the increasingly inadequate decompression seen in the
civilian diversdeveloping DCS. However, hisinitial treat-
ment relief with the oxygen tables of 85%, compared with
55% on USN tables 3 and 4, was indeed encouraging.

Three divers not improving at 18 msw in this series,
were further compressed to 50 msw with no additional
benefit.’> Bornman'® inthe sameyear stated that although an
increase in pressure could relieve the pain associated with
mechanical pressure and ischaemic obstruction, pressure
per sewould not aid bubble elimination. He concluded that
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the use of oxygen in the new tables was very important.

Lambertson'” in noting the initial success with these
new tables, concluded that extension of oxygen tolerance at
pressure would provide the ultimate improvement in the
therapy of DCS. His initia studies showed that the total
tolerated oxygen dose at 20 msw could be extended to 20
hours by periodic respite from exposure to these toxic
oxygen levels.

In other series, Erde and Edmonds* noted an initial
treatment failure of 13-15% if the delay was greater than 3
hourswhile Davis® noted a 10% failure rate, many of these
occurring following considerable delays before treatment.
Melamed and Ohry® in 35 patients documented a 10%
failure of initial therapy, while Hunt? recorded 100% suc-
cessintheinitial treatment of 18 divers (78% civilian) with
DCS, the best figures achieved in any study. Bornman’ s
experience in treating Navy divers was a 3.6% failure
following the institution of early recompression.

Kizer® reviewed 50 cases of DCS treated following
delays in excess of 12 hours, again most of these divers
having marked departures from accepted diving practice.
Forty-seven of these patientsweretreated with USN table 6
(RN 62) half of these treatments being extended. The
standardtablehad aninitial failurerateof 20%. Inthesevere
cases, when the table was extended, the failure rate rose to
37%. Overal though, Kizer felt that 92% had compl ete or
substantial recovery following initial treatment. These
results are similar to those achieved in the other series, but
Kizer noted that the oxygen dose frequently needed to be
increased to achieve thisresult.

Green and Leitch?, reviewing 20 years experience
analysed 179 caseswith severe DCS. Fifty-six (30%) were
treated with air tables and 123 (70%) with the short oxygen
tables. Overal, the oxygen tables performed better, but
particularly if the delay to treatment was greater than 12
hours. Somecasespresented at between 10and 17 daysafter
symptom onset and made full recoveries following treat-
ment (Table 1). The USN* found the oxygen tables to be
superior if the delay to treatment exceeded as little as 5
hours. Looking at the results achieved with the oxygen
tablesasaseparate group, RN table 61 (USN 5) had an 18%
relapse rate following initial treatment, while the RN table
62 (USN 6) had arelapse rate of 3%.2 Green and Leitch*
restated that itisinappropriatetotreat severecasesonan RN
table 61, asthistreatment proved ineffectivein severe cases
and had a high relapse rate. With the oxygen tables firmly
established asthemainstay of treatment, they concluded that
grounds exist for theremoval of the RN table 61 (USN 5) as
a treatment option, relying instead on the longer oxygen
table. This would reduce treatment errors and improve
outcomes, afeeling that has been expressed by others.®

Thesameauthors, but inadifferent study®, reviewed
the treatment of severe DCS that was not responding at 18
msw. Inthe 24 cases, almost universal ineffectivenesswas
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TABLE 1

PER CENTAGE CURE RATES

<12hrsdelay >12hrsdelay Overall

Air Tables 50% 7% 32%

Oxygen Tables 58% 58%
(from data by Green and Leitch?)

46%

documented following further compression, usually to 50
msw. Those showing some response had already demon-
strated someimprovement at 18 msw. They concluded that
serious cases of DCSare not materially improved by further
compressionto agreater depth. Further, 6 casesstill deterio-
rating at 50 msw were no better at 70 msw, reinforcing the
belief that compression to agreater depth does not necessar-
ily halt or prevent deterioration. The animal data also
supports the doubtful efficacy of increasing the pressure to
greater than 18 msw in the treatment of serious DCS.*#

While most commonly seen in divers and caisson
workers, DCS aso occursin aviators during their exposure
to sub-atmospheric pressure. In areview of 145 cases of
aviatorsbends, Daviset al® documented arecurrencerate of
22% in those treated with the air tables, while in contrast,
only 1% of those treated with the oxygen tables relapsed.
The USAF used modified tables 5 and 6, in that they
continued the 20 min oxygen/5 min air sequence at 9 msw,
rather than the 60 min oxygen/15 min air as promulgated in
the USN tables for this depth. The total time on oxygen
remained unaltered. Aswith diver DCS, the treatment of
stricken aviatorswith the oxygen tableswasvery successful ,
even following delays of many hours.

Studies have suggested that treatment at 18 msw for
AGE may also be effective especialy if a concomitant
decompression debt had been incurred. Traditionally, pa-
tientsat 18 msw on oxygen not showing improvement have
been further compressed to 50 msw on air. This makes it
difficulttomakeatrueassessment astheeffectivenessof RN
62/USN 6 in treating AGE. From the data?s2'* it is not
possible to say that 50 msw is better than 18 msw. It seems
likely that most cases of AGE will do equally aswell at 18
msw on oxygen as they will a 50 msw on air. If early
recovery does not occur, time seemsto be the major factor,
regardless of the pressure at which treatment occurs, hence
extension at 18 msw isindicated. In the studies reviewed,
USN 6A/RN 63 showed the best performance. However
following a delay before treatment of greater than 6 hours,
proceeding to 50 msw was no more effective than staying at
18 msw. One omission that does stand out isthat maximum
use was not made of extending the tables at 18 msw asis
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permitted.®3t
Conclusion

Human beings did not evolve for amarine existence,
but they continue to ventureinto thisand other alien realms
with attendant morbidity and mortality. Before the 1950s,
thedivers presenting for treatment of compressed air illness
were primarily military or commercial. They presented
early and with predominantly “pain only” DCS. This has
been entirely reversed since the late 1960s by the large
number of less disciplined and unsupervised sport divers
who not only present later, but have a preponderance of the
more sinister neurological manifestations of DCS.115242
Thetreatment protocolsusedtotreat thiscivilian population
in the 1980s have been satisfactory, but it must be realised
that they weredesigned inthemilitary for atotally different
population.

Because the therapeutic value of compression ther-
apy isso self evident controlled studiesin man have not been
done. Davisin 1935 further commended that “No one who
has seen the victim of compressed air ilIness, gravely ill or
unconscious, put back into a chamber and brought back to
lifeby theapplication of air pressure, will forget theextraor-
dinary efficiency of recompression or will be backward in
applying it to a subsequent case of illness’.* In contrast to
this, Saumarez and his colleagues®, who were without
recompression facilities, successfully treated a case of se-
vere neurological DCS with oxygen at the surface.

Pressure and oxygen have become the cornerstones
of therapy and studies have been directed at identifying the
optimum pressure, oxygen doseandtimethat thesevariables
should beappliedto achieve maximum effectiveness. Some
centresbelievethat pressureistheall important variabl e, but
the Boyle's Law effect is not nearly as dramatic when
viewed from the standpoint of the bubble as opposed to the
more usual bubble volume (Figure 3). In an animal model
of spinal cord DCStreated withaconstant 2.0 bar pp oxygen,
recovery was not significantly altered by recompressing
deeper than 20 msw.t This, and other studies, support the
belief that going deeper brings little further benefit. In a
similar study, pressure was held constant at 5.0 bar and the
pp of oxygen was varied between 1.0 and 3.0 bar.** Treat-
ment with app of oxygen of 2.0 bar (10 msw) achieved the
best results suggesting that the optimum treatment of DCS
was at 10 msw on 100% oxygen. DCS has been reported
followingtreatment with hyperbaric oxygen®, so potentially
at least, oxygen as well asinert gas, can cause aDCS like
syndrome. The use of oxygen and pressure in the manner
empirically derived by Goodman and Workman* is gradu-
ally being supported by work from thelaboratory. Thetime
over which this “dose of pressure” and “dose of oxygen”
needstobeappliedis, asyet, lessclear. What isclear though,
is that oxygen treatment at lower pressures is superior to
deeper recompression on air. Although the current oxygen
tables have afailure rate of between 4 and 15%, this was
achieved in much more seriously afflicted patients than
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those previously treated on the air tables.

The advent of computer technology has seen the
devel opment of much remarkable investigative equipment,
andwiththerealisationthat DCSisprimarily adiseaseof the
nervous system, follow up investigation has been directed
towardsassessing theneurol ogic sequel aeof DCS. Gorman,
Edwardsand Parsons® intreating 87 cases of DCSachieved
a96%resolutionrateat discharge. At 1week follow up, 47%
had abnormal EEGs and 20% had abnormal CT scans. So,
isour treatment of DCSaseffectiveaswemight think, or has
improvingtechnology just reinforced our fearsthat wereally
know little about thisdisease and how totreat it effectively?

Thefuture

Current research is being directed at alternative ap-
proaches to the treatment of the difficult cases, i.e. thosein
which the victim deteriorates while at treatment depth, or
those with significant deficits not improving at treatment
depth. Previoudly, further compressionto 30 or 50 msw has
been advocated. Mixtures of oxygen and an inert gas
(helium or nitrogen) are breathed and a saturation type final
decompression isadopted for the return to the surface.* 222
Theuseof helium hasbeen favoured recently because of the
existence of safedecompression tablesfor heliox divingand
because of the decreased incidence of serious DCSnotedin
heliox divers.** Heliox diving however is usually per-
formed by professional divers in saturation, and the rele-
vance of these studiesto the treatment of no-decompression
sport divers is tenuous. Isolated case reports with sports
divers demonstrate that these techniques are occasionally
effective, but then failures are not usually reported.22373

In contrast, in 1984 the USN began pursuing the
option of being ableto remain at 18 msw indefinitely when
the diver was not responding to standard therapy. Advan-
tageswere seen in this, asno additional gas mixtureswould
berequiredthussimplifyingtherapy. Thisinvestigation saw
fruition in 1989 when treatment table 7 was promulgated in
the USN Diving Manual.* Table7isa“heroic measure” for
the treatment of the serioudly ill diver and is essentially an
extension of Table 6 at 18 msw with a saturation type
decompression to the surface over 36 hours. The minimal
timeat 18 msw is12 hourswith solid evidence of continuing
benefit required for stays of longer than 18 hours. A
maximum of 24 oxygen breathing periods are allowed for.
Thisgivesatablelength of 48+ hours. Theusefulnessof this
techniqueis yet to be verified!

In the meantime we shall all continueto search for a
solution to thetreatment of the non-responding neurol ogical
DCS patient.

Conclusions

The minimal recompression, oxygen breathing ta-



158

bles have remained effective in the treatment of a sports
diver population that is presenting with increasingly more
severedisease. However, asour investigative toolsbecome
more sophisticated, previously covert disease will be dem-
onstrated. Whentheefficacy of thesetablesistested against
our ability to demonstrate pathology in this minimally
affected group of DCS patients they may, as have the air
tables in the past, be found wanting. Continued develop-
ment of investigative tools and the on-going analysis of
resultsis warranted.
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HIGH RISK DIVING
TASMANIA’SAQUACULTURE INDUSTRY

David Smart and Peter McCartney

Despite its cool climate and waters Tasmania has a
large population of commercial and sports divers working
in, and enjoying the waters of its 3,200 km coast line. Of a
total population of 446,500 (1986 figures)*, over onepercent
are active divers (Table 1).

Diving accidentsin Tasmaniarequiring hospital ad-
mission or recompression therapy occur on average fifteen
to twenty times per year. These patients are treated at the
Royal Hobart Hospital (RHH) Recompression Chamber by
staff of the Hyperbaric Unit, which islinked to the Depart-
ment and Anaesthesia. There has been little change in the
number of accidentsover theyears1985t01988. The 1985-
1988 popul ationtreated at RHH consisted mostly of abal one
diversandasmall number of recreational divers. In1988the
first of anew population of divers presented for treatment.
These divers were employed in the aguaculture industry.
From April 1988 to October 1989, eighteen diversfrom all
sources were admitted to hospital for diving related illness
and twelve were treated in the recompression chamber.
Sixteen of the eighteen divers had been using hookah appa-
ratus and nine divers were employed in the aquaculture
industry.

This industry is now a major export earner for the
state of Tasmania and by October 1989 according to the
Department of Sea Fisheries more than 270 people were
employed at 35 separate ventures. At the time of writing
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TABLE 1
DIVERSIN TASMANIA

Registered by the Department of Sea Fisheries

Non Commercial Diving Licence 3100
Commercial Abalone Licence 125
Commercial Diving Licence

(including police divers) 229
Unregistered divers (estimates)

Unlicenced Amateur Divers 3000
Sea Urchin and Periwinkle Divers 400
Aquaculture divers 50

approximately 40-50 were divers. During 1990 further
growth is expected in the industry to over 400 employees.
From its humble beginnings in 1986 the industry now
produces Atlantic Salmon of world export quality. The
salmon are “farmed” from smolt (50 g size) to adult sizein
floating circular pensapproximately 20 min diameter (Plate
1, page 151) supporting acylindrical net approximately 8 m
deep. Feed isreleased automatically at regular intervalsto
thefish. There can beasmany as5,000 fish per pen. Larger
operations manage 40 pens or more. Surrounding theinner
pensisacoarser mesh perimeter net (Plate 2, page 151) of up
to 250 m by 500 m to prevent predators such as seals
attacking the salmon. Diversintheindustry arerequiredto
maintain these nets and pensand to remove diseased or dead
fish from the pens. They are also required to inspect and
maintain mooring lines. In some leases the perimeter nets
and mooring linesextend to depths of 40 m. Diverscontrib-
utesignificantly tothequality of thesalmonwhenitisfinally
ready for marketing.

This paper examines the diving practices of the
industry, based on information gained from diverstreated at
RHH, inthehopeof reducing thenumber of diving accidents
inthefuture. Oneof theauthors(DS) wasprivilegedtovisit
one of the larger fish farm leases at Tassal, Dover, and
witnessed itsimpressive operation at first hand.

Information gained

Nine aguaculture divers were treated at RHH. The
majority (5) were aged between 21 and 30. Two were
between 31 and 40. There was one in the 10-20 group and
one aged between 41 and 50. Eight were male and one
female.

Of concernisthat only 2 divers had had appropriate
training, i.e. specificaly for the industry. Even more dis-
turbing is the fact that 4 of the divers had had no formal
training while the other three had only had formal training
for using scuba as a recreationa diver. Of these one had
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morethan 5 years' diving experience while 2 had less, one
of them less than ayear’ s experience.

Presenting syndromes
4 divers presented with decompression sickness.
Two had neurological symptoms and two had musculo-
skeletal symptoms. Three presented withinhalational pneu-
monitis (discussed below) and two with barotrauma (also
discussed later).
TABLE 2

BACKGROUND OF DIVERSREQUIRING

TREATMENT

Age Number of Divers

10-20 1

21-30 5

31-40 2

41-50 1
Sex 8 Male 1 Female
Equipment used:

Hookah surface supply (all divers).

Diving Experience
No formal training 4
Sport diving training:

Lessthan 1 year

1-5years

More than 5 years
Other training specific to the industry

N R P

Presenting Condition
Decompression sickness
Neurological
Muscul oskel etal 2
Hydrocarbon inhalation
Pneumonitis
Sinus and Aural Barotrauma 2

N

w

Discussion

Diversworking in the aquaculture industry are em-
ployed in adual capacity to perform diving tasks aswell as
non-diving “farm hand” tasks. Their daily underwater tasks
aretoinspect and maintain salmon pensand netsand pick up
dead fish fromwithin thepens. They also diveand maintain
anchor ropes, moorings and lines and inspect and repair the
perimeter nets on aregular basis. Their other tasks are to
changeall salmon pennetsonceaweek, alsocleanandrepair
them. They haveto repair and maintain their diving equip-
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TABLE 3

RISKY DIVE PRACTICESIDENTIFIED FROM
INTERVIEWSWITH PATIENTS

Diver training
Training isinadequate or inappropriate to the industry.

Equipment maintenance/use
No set schedules exist for maintenance of gear.
Untrained personnel allowed to tamper with gear.
Use of non-recommended materials for air filtering.
Salt water in regulators.

Use of non-recommended oil in hookah compressor.
Use of hookah apparatus to excessive depths.
Inappropriate thermal protection.

Limited use of specialised underwater tools.

No method of diver to surface communication.

ment, feed thesalmon, fill thefeedersand exchangebatteries
for the feeders and finally catch salmon for processing.

This system should allow some flexibility. Divers
who are unable to dive, for reasons such as an upper
respiratory tractinfection, orwhoareona“restday” canstill
contributeto the running of theenterpriseand soreducetheir
risk of diving related illness.

In theory this “multi-skilling” should work well,
allowingfor rest daysfrom diving and rotating diversinand
out of thewater according to diver health and decompression
table limits.

In practice, based on information supplied by pa
tientstreated at RHH, diversare at greater risk of accidents
for many reasons (Table 3). Therisk to health coversthe
whole spectrum of diving related illness.

Diver training

This is inadequate or inappropriate to the industry.
At present there is no requirement by law in Tasmania that
professiona diversmust receiveformal divingtrainingfrom
any authority, although Australian standardsfor underwater
air breathing (AS 2299)2 recommends training specific to
the type of equipment or diving apparatus being employed.
Insufficient training is highlighted in this study. Only five
out of ninedivershad received formal divinginstructionand
only two out of nine had training specific to the industry,
which is available through the Maritime College in Launc-
eston. Sport diving basic qudification is better than no
training at all, however thisis not appropriate to the type of
diving performed in theindustry. Basic scubatraining does
not encompass the use of hookah apparatus, deep diving or
equipment maintenance and varies considerably between
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PLATE 1. Diver entering salmon pen wearing hookah apparatus.
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PLATE 2. Salmon pens, work boats and the surrounding perimeter net.
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diving training bodiesin the standard of life saving training.
Basic scuba training does not cover the use of specialised
underwater tool swhi ch enablemoreefficient work practices
and reduced bottom times. Adequate training for such a
strenuous, high risk occupation is essential.

Without knowledge of tables, basic physics, safety
and equipment divers place themselves in potentiadly life-
threatening situations. Inaddition, lack of training prevents
adiver from recognising practices which place he or she at
greater risk of accidents. It is known, for example, that
barotraumaof the ear hasahigh incidencein novice divers®
who are involved in training courses due to inexperience
with ear clearing techniques.

Diving equipment and its maintenance

Surface supply (hookah) is amost universally used
for air supply todiversintheindustry. A petrol motor drives
alow pressure compressor feeding areservoir. The reser-
voirsof thetwoavailablemodelsin Tasmaniaare12litreand
17 litres (Plate 3 page 152). Airissupplied to the diver via
along hose and an upstream second stage. Thesecond stage
hasanon-return valveto prevent diver injury inthe event of
asudden cessation of theair supply. Depth limitationsexist
because of the inability of the equipment to deliver a suffi-
cient volumeof air to thediver at pressuresgreater than 3to

PLATE 4. Diver exiting from pen.
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4atmospheresabsolute(ATA). Thirty metres(4ATA)isthe
maximum safe depth for hookah apparatus.

Hookahisavery safesystem provided the equipment
iswell maintained and the air intake is positioned upwind
and well abovethe exhaust. Itisessential to usethe correct
filtersand appropriate oil in the compressor. Theremust be
no kinks in the air supply hose and the demand valve (or
regulator) must be functioning properly. The depth restric-
tions of the equipment need to be strictly observed. Three
diversreported using the hookah apparatusto depthsgreater
than 30 metresfor ingpection and maintenance of perimeter
nets surrounding the fish farm. This practice placesthem at
significantly increased risk of inadequate air supply dueto
depth, the hazards of nitrogen narcosisaswell asthe higher
risk of DCS of deeper diving. Surface attendants are
essential with hookah diving. The compressor must never
stop while the diver is underwater as the pressure reservoir
can usually only supply afew breaths. For safety a backup
diver should be available.

Diversinthestudy popul ation reported that no diver-
to-surface communications were used on the farms. Com-
munication systems provide for additional diver safety,
especially during deeper dives. However the cost of the
equipment necessary (commercial diver full facemasks or
helmets and microphones) is much higher than the usualy
cheap regulators normally used with hookah systems.

Written standards and protocols for equipment han-
dling and maintenance need to be present and used in the
industry so that high standards of safety can be practiced on
all farmswhere diving occurs. Lack of protocolsfor equip-
ment maintenance was demonstrated when three divers
presented to Royal Hobart Hospital after breathing contami-
nated air. They presented after they had been using tea
towelsasoutput filtersinstead of therecommended charcoal
filter.

Thesedivershad also changed theoil inthe compres-
sor whentheair tasted “ oily”. They demonstrated their lack
of knowledge of the equi pment they wereusing by replacing
the original oil in the compressor with vegetable oil pur-
chased from a supermarket. After breathing air contami-
nated with this oil their symptoms ranged from dyspnoea,
chest tightness and cough to haemoptysis and headache.
None had significant carboxyhaemoglobin levelsand chest
x-rays were all normal. All had reduced arterial oxygen
saturations and mild impairment of ventilatory function
which returned to normal after 24 hours breathing humidi-
fied oxygen.

Thesediverswerediagnosed assufferingamildform
of hydrocarbon pneumonitisfromwhichthey werefortunate
tomakeafull recovery. Inhalation of sufficient amounts of
hydrocarbons can cause fatalities.*s The effects of inhaled
hydrocarbons are compounded at depth (under pressure).
Using vegetable oil has the added risk of carbon monoxide
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poisoning from partial combustion of oil inthe compressor.

If protocols for service and maintenance of equip-
ment (including adequate filters) had been formulated and
followed and the divers properly educated about use of their
equipment, this dangerous situation could have been pre-
vented.

Hookah equipment is used on fish farms for up to 8
hours every day and is subject to corrosion from salt water.
Several diversreported inhaling salt water from the equip-
ment they wereusing. Thisisasign of a(poorly maintained)
leaking expiratory valve. Salt water damage to equipment
should be minimised by specific maintenance and handling
schedules.

Two diversreported using 5 mm thickness wetsuits
al year round. For short dives, very hardy divers may
tolerate the Tasmanian winter (water temperature 12°C) ina
5 mm wetsuit but for professional diving this degree of
thermal protection is inadequate and has accompanying
risks of cold stress. Thereistheoretically an increased risk
of decompression sickness. Hypothermiaposes many risks
to the diver and should be prevented with appropriate ther-
mal protection and shorter diver profiles.3®

Another area which needs to be considered in the
industry is maximizing diver efficiency while underwater.
Toolsdesigned specifically for underwater useareavailable
and should be evaluated for use in the aquacultureindustry.
Every minute saved in bottom time reduces the risk to the
diver.

Diving practices and profiles

Wefound anumber of areaswhere diversareat risk
of seriousaccident. In general therewasno logging of dive
duration nor of entry or exit times. No depth gauges were
used. Therewasno correlation of divetimeswith accepted
divetables. Asaresult many diversexceeded thetabletime
limits. There was no schedule for safe ascent rates. Some
divers were performing deeper dives after shalow dives.
Many diversdid multiple bounce divesto depths of upto 15
metres. No divers used “safety” decompression stops.
Many divers were performing unnecessary strenuous exits
(vaulting the fence) during diving. As well many were
performing strenuous exercise after diving. In one case
further bounce diving after an emergency ascent produced
decompression sickness.

Thenatureof thedivingisuniqueand placesthediver
at greater risk of barotrauma and decompression sickness
even if accepted protocols are followed. In their daily
inspection of the fish pens, divers may be called upon to
perform bounce divesto adepth of 10 m 20-40timesover a
four to five hour period. Multiple ascents during dives
(bounce diving) placesadiver at higher risk of decompres-
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sion sickness (DCS) and barotrauma. Prolonged shallow
saturation dives have been shown to produce a high inci-
dence of DCS."

Multiple ascents and rapid ascents are now accepted
as major risk factors for DCS, independent of exceeding
tablelimits.38 During these divesthe pensareinspected for
damage and repaired and dead fish removed from the floor
of thepen. A risky practiceidentified by one author’s(DS)
personal inspection of the penswas throwing rocksinto the
penif the floor of the pen did not remain submerged. Asa
result, the shape of the pen was converted from acylinder to
an inverted cone. The depth of the apex of the cone was
measured at 15 m by one of the authors, using a hand held
depth gauge. This deepening of some pensto 15 m further
increases the risk of DCS.

Divers on the aguaculture farms have a very heavy
physical workload. A long swim isrequired to inspect the
pen nets for damage and there may be up to 40 dead fish,
weighing 3-4 kg each, to collect from the pen. In addition,
extracting oneself from the pen is no easy task requiring
strong shoulders and legs and arapid ascent from 1-2 m to
reach the fence and heave oneself acrossit. Use of aladder
would simplify this task and eliminate extra unnecessary
physical work.

After completing their diving the farm hands often
arerequiredto perform heavy physical work, such aschang-
ing and washing nets. These nets are extremely heavy and
may weigh over one tonne when clogged with weed. The
lightest work isfeeding the salmon (each feed bag weighs 35
kg) and assisting in bringing the catch to shore. Performing
heavy physical work after diving addstotherisk of DCSand
should be avoided on diving days.

When the divers presented to RHH with medical
problems it was impossible to precisely define the profiles
they had been diving in the recent past because no records
had been kept of divetimes nor of entry and exit times, and
no diver carried adepth gauge. Logging of dive profilesand
following accepted decompression tables is essentia for
diver safety. Failureto adhere to safe diving practices and
tables is the major cause of DCS in recent Australian
series.7,10 No safety decompression stops were made by
diversrequiring treatment at RHH. One diver attempted to
relieve hissymptoms of DCS by performing another diveto
10 m for half an hour. A very dangerous practice, which
compounded the existing problem, especially as one of his
symptoms was vertigo.

In three of four cases of DCS the divers had per-
formed a deeper dive (up to 30 m) after their previous
shallower dives. All reported that it was not uncommon for
diversto inspect mooring lines or the perimeter net (depths
up to 40 m) after shallower pen dives were completed.
Following shallow dives with deeper divesisaknown risk
factor for DCS.3"1* The practice of inspecting and repairing
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moorings and perimeter nets on deeper dives after already
completing a morning of shallow pen diving is extremely
dangerous. A safer practicewould beto performall thedeep
dives before the shallower pen diving. It is the authors
opinion that no further diving should be performed on the
same day adiver hasbeen working at depths greater than 20
m.

Two of the four divers with DCS had to make
emergency ascents due to air supply problems at depths
greater than 20 m. One of these divers had complete
cessation of air supply due to hookah motor failure and the
other experienced inadequate air supply due to mechanical
problems which was compounded by panic in a very low
visibility environment. The small reservoir available was
insufficient to supply adequateair to either diver to enablea
controlled ascent. Their symptoms began after these emer-
gency ascents. In neither case was abackup diver immedi-
ately availabletoassist thediverintrouble. Bothdiverswere
using hookah at the time and neither carried abackup scuba
cylinder. Diving to greater depths to inspect the perimeter
netsand moorings associated iswith greater hazard because
therisk of DCSincreasesinanon-linear fashion with depth.
Without an independent air supply thisrisk isfurther com-
pounded whenair supply failure necessitatesdangerousfree
ascents.”

Some divers dived with viral respiratory tract ill-
nesses. Two divers presented with barotrauma (one with
ear, and one with sphenoidal sinus barotrauma). Each had
symptomssevereenoughtoresultinreferral toRHH by their
general practitioner. Fortunately neither diver had other
injuries. Respiratory tract illness prevents equalisation in
the ears and sinuses and increases risk of barotrauma®?
Divers in the industry need to be free of any ENT or
respiratory illness because the nature of the diving requires
frequent equalisation.

Safety and first aid

A number of unsafe practices were identified. Div-
ing took placewithout abackup diverimmediately available
onthesurface. Inmost casestherewasnofirst aid or oxygen
equipment immediately available. The divers had insuffi-
cient knowledge of what dive practiceswererisky and of the
treatment of diving accidents. Somediversdivedwith upper
respiratory tract infections.

Lack of abackup diver immediately availableplaces
the diver at risk, especially when performing deep dives
around nets with the risks of entanglements, loss of air
supply and narcosis. Althoughaboat handisalwayswiththe
diver, diversreported that no first aid or oxygen equipment
wasin the boatsready for useif accidents occurred. Carry-
ing an independent scuba source on deeper dives could have
prevented two divers making free ascents when they expe-
rienced air supply difficulties with the hookah apparatus.
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All divers reported that there was no protocol documented
for initial management of diving accidents. First aid man-
agement of diving accidentsshould beincludedinatraining
programme specific to the industry.

Conclusions

At the time of writing this paper there are numerous
risks to the diver employed in the aquaculture industry.
Many of theserisks could bereduced by ensuring adequate
diver training specific to the industry, by adhering to ac-
cepted diving protocols and decompression tables, by hav-
ing written schedul esfor the maintenance and care of equip-
ment and by adequate safety and first aid procedures.

Standards do exist for Underwater Air Breathing
Operations (A S2299-1979)?, andthegeneral principlesgov-
erning these standards can be applied to the aguaculture
industry. To date many of these principles do not appear to
have been implemented. There are however a number of
deficiencies when applying this set of standards to the
unigue needs of theindustry. These deficiencies need to be
addressed when formulating future guidelines for diving
practices. Threevery important areaswhich need attention,
intheauthors' opinion, aretraining specific to theindustry,
standards for the use of hookah apparatus and its mainte-
nance, and dive schedules for multiple shallow bounce
diving. Consultation with similar industriesin other coun-
tries (for example Scotland) would assist with this process.
It may require a change to the job classifications of farm
hands to allow AS2299 to apply to their diving activities.
Theexpense of on-site recompression chambersis probably
not justified provided acceptable safety and first aid proto-
cols exist for the management of emergencies.

Now moves, supported by employersand unions, are
under way in Tasmania, to review the diving aspects of the
aquaculture industry. It is pleasing to note that recent
changes implemented at Tassal, Dover, have included the
use of contract commercial divers to perform all divesin
excessof 18 metres. Thislead taken by Tassal constitutesa
major advance in diver safety for the industry. It is hoped
that in the near future a uniform set of standardswill apply
tomaximizediver safety onall aquacultureleasesin Tasma-
nia

Addendum

During the 6 weeks before submission of this paper
(April 1990) a further three divers from the aquaculture
industry had been assessed and treated for significant de-
compressionsicknessat Royal Hobart Hospital. Only oneof
these divers had any formal diving experience. One diver
had dived every day for three weeks before presenting with
DCS.
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REHABILITATION OF A PARALYSED DIVER

Jmmy How

Introduction

Sincethe 19th century, recompression has been util-
ised to treat decompression sickness (DCS). Since then
tremendouswork and research hasbeen donetoimprovethe
efficacy of treatment. Decompression sickness has classi-
cally been divided into Type | and I, depending on site of
involvement and presenting symptoms and signs. This
clinical classification was presented as an attempt to differ-
entiate serious from not so serious cases, and thus to facili-
tate therapy decisions and prognosis prediction.

The Diving and Hyperbaric Medical Centre of the
Republic of Singapore Navy wasestablishedin 1971. From
1 April 1989, it hasbeen reorgani sed and renamed the Naval
Medicine and Research Centre (NMRC). In addition to
providing therapeutic careto diversof the Singapore Armed
Forces, its Diving Medicine Branch also caters to civilian
divers of al categories.

In Singapore, sports diving has fast been gaining
popularity andthereisagrowing popul ation of sportsdivers.
Another group of divers seen at NMRC are the commercial
divers involved in offshore oil exploration around this
region. However, itisthediversof thefishing vesselsinthe
Indo-Pacificregionthat formthemajority of decompression
sickness cases seen at NMRC (Table 1).

NMRC hasused avariety of recompressiontablesfor
the treatment of DCS. However, we have abandoned short
oxygen tables and now only use long oxygen tables for the
treatment of both type | and type Il cases, as studies have
shown that diverswith so-called type | DCS can develop an
overt neurological deficit over time.

Profile of a fisherman diver

In Singapore fisherman divers band together and
contract themselves to owners of small fishing boats. The
crew of each boat numbersfrom 6to 12. Of these, 3or 4 are
fishermandivers. Fishingisusually doneat the South China
Seaor the Indian Ocean, depending on the monsoon season.
These deep sea fishermen operate hundreds of miles from
Singapore.

However, fisherman diversin Singapore are adying
breed. 10 yearsago, there were about 3,000 of them. Now,
only 300 are plying this trade still with the same primitive
equipment. They usually come from a poor education

TABLE 1

FISHERMAN DIVERSTREATED AT DHMC1972

TO 1988
DS Type

Y ear I I Total
1972 0 3 3
1973 0 5 5
1974 0 4 4
1975 0 2 2
1976 0 3 3
1977 0 6 6
1978 0 5 5
1979 1 7 8
1980 0 6 6
1981 0 5 5
1982 0 3 3
1983 4 4 8
1984 1 6 7
1985 3 5 8
1986 0 0 0
1987 0 2 2
1988 2 1 3
Total 11 67 78

background and receive no formal instruction in diving
physiology nor in safety precautions.

Today the situation isimproving. Sincethe 70s, our
Diving Medical Centre has been actively educating these
diversin safety measures and avoidance of DCS. Now they
know the various diving tables, ascend with decompression
stops and the number of local DCS cases seen isdwindling.
We are now seeing more fisherman divers with DCS from
neighbouring countries such as Indonesia and Malaysia.
During the period 1984 - 1988, one third of fishermen DCS
casesseenwerefromMalaysiaor Indonesia, compared with
the period 1972 - 1983, when only 15% were from these 2
countries. (Table 2).

Diving characteristics

The job of afisherman diver istypically asfollows.
Hewill first doabreathhold divetosurvey theareafor fishes.
Itissaidthat the" Taikong” (thechief of divers), hasthesixth
sense of “hearing” where the fish will be before the crew
make their dives. Once a suitable site is found, he will
descent with the aid of weight belts and surface supplied
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TABLE 2

NATIONALITY OF THE FISHERMAN
DCSCASES 1972 TO 1988

Number Per centage
Singaporean 62 79.5
Malaysian 9 115
Indonesian 7 9.0
Total 78 100.0

breathing apparatus (SSBA) to plant the explosives. The
divers may dive from 3 - 6 times aday, and each dive may
take up to several hours. The depth of diving isdown to 45
m (150 feet), but averages 24-30 m (80-100 feet). Divingis
done using crude surface supply apparatus. Air is usually
supplied by a compressor pump directly to the diver.

Not infrequently, the dives are interrupted due to
compressor faillure. As aresult, the divers are required to
ascent rapidly. Another occasion that they needtodothisis
when they are attacked by sharks or pirates attack the boat.
Even in routine dives, no decompression stops are made as
these divers are ignorant of diving physiology and safety
precautions.

Characteristic presentation of a fisherman DCS case

Because of the high nitrogen load (due to repetitive
dives) and rapid ascent rate (dueto ignorance of decompres-
sion stops), the onset of symptoms usually occurswithin 15
minutes of surfacing. They usualy suffer from severetype
Il bends, frequently associated with loss of consciousness
and paraplegia with loss of bladder and bowel functions
(Table 3). Of the 78 fisherman diverswith DCS seen at our
centre, 18 (23%) had loss of consciousness at the site of the
incident.

Asmost fishing boatsoperatehundredsof milesfrom
Singapore, it will take them several days to reach our
treatment centre. During this period, the fisherman divers
usualy attempt wet recompression during their journey
back. However, no proper schedule is followed and fre-
quently after alleviation of theinitial symptoms, the patient
will be pulled up so rapidly that there is a recurrence of
symptoms and the diver becomes even worse off than his
initial condition.

Associated with the paraplegia or paraparesis, there
are various degree of sensory loss, bladder and bowel
dysfunction, dehydration and bed sores due to poor nursing
care. Because of the neurologic bladder with urinary reten-
tion, catheterisation is sometimes attempted by the fisher-
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TABLE 3

THE MAJOR PRESENTING SYMPTOMS OF
FISHERMAN DIVERSWITH DCS 1972 TO 1988

Presentation Number Per centage
Joint Pain 35 449
Weakness 52 66.7
Sensory Deficit 40 51.3
Bladder Involvement 21 26.9
Bowel Movement 19 24.4

man, using non steriletechniques, including the use of wires
or even the outer coating of asection of electrical wire. As
aresult, thereisoften urinary tract infection. Recently these
fishermandivershavestarted to use steriledisposabl e cathe-
ters.

Effects of treatment

Despite the delay, which may be more than 10 days,
recompression using oxygen tables is till the mainstay of
treatment, together with correction of dehydration and treat-
ing any complications such as urinary tract infection, bed
sores, etc. and then rehabilitation.

Unlike acute cases, wheretheinjury isduemainly to
the blockage of blood flow by nitrogen bubbles, in these
delayed cases, the hypoxic state of the spinal cord is due
mainly to complications caused by the bubbles. These
include blockage of vesselsby fibrin and platelet clotswith
damageto thewalls of capillaries and small vesselsleading
to abnormal permeability. This allows leakage of plasma
into the interstitial space and causes oedema, resulting in
haemoconcentration and dehydration. All these will con-
tribute to the hypoxic state. Thusin addition to recompres-
sion oxygen tables, rehydration therapy using crystalline
fluids and plasma expanders, steroids and aspirin are com-
monly used to treat our delayed cases.

Table 4 shows the time lapse before recompression
therapy was started. There were 4 cases which presented
more than 15 days after the insult. These case histories
appear below.

Casel

Mr OKC, 47 year old Malaysian, Chinese, Male.
Date of incident: 16 October 1978
Place of incident: South China Sea

Dive profile:
Did 3 divesto 120 feet on the same day. Each dive
lasted 60 minutes. No decompression stop.
Symptoms at site of incident:
Weakness left lower limb, loss of sensation of |eft
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TABLE 4

THE DELAY (NO. OF DAYS) IN THE DECOM-
PRESSION TREATMENT 1972 TO 1988

Days of Delay Treatments Per centage
1-2 5 6.4
2-5 39 50.0
>5-10 21 26.9
>10-15 9 116
15 or more 4 51
Total 78 100.0

thigh, no loss of bladder or bowel function.
Date of first recompression treatment: 31 October 1978
Physical examination before treatment:

Power: 3-4/5 left lower limb
Sensation: Sensory level L3 left lower limb
Treatment:

IV Rheomacrodex in Saline
Dexamethasone Injection for 3 days
Recompression using Table 6B.

Result:
30 minutes after the start of recompression therapy,
the patient reported improvement in sensation and
power. By theend of onetreatment, hehad full power
in both lower limbs, and normal sensation.

Follow-up:

Hewasfound to have dysbaric osteonecrosis affect-
ing both the humeral heads when long bone X-rays
were done on 3 November 1978. He was advised
against further diving, and wasgiven arecommenda-
tionto helphimobtainahawker’ slicence. On7 April
1979, he was awarded compensation for a 39%
disability ($14,000). Hewaslast seen on 6 December
1979, when he was still diving despite our advice.

Case?2

Mr TCK, 40 year old Singaporean, Chinese, Male.

Date of incident: 25 May 1979

Place of incident: South China Sea

Dive profile:
Did one dive to 120 feet. Lasted 120 mins. Slow
ascent with no decompression stop.

Symptoms at site of incident:
Onset 15 minutesafter ascent. Hadlossof conscious-
ness, and wet recompression was attempted.

Date of first recompression therapy: 11 June 1979

Signs and Symptoms before treatment:
Only complained of joint pain involving the left
shoulder and | eft elbow. Power 5/5, sensationintact,
good bowel and bladder control.
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Treatment:
Recompression using RN Table 61.
Resullts:

Completeresolution of pain after one treatment with
no residual symptoms and signs.
Follow-up:

Last seen 15 September 1980. Found to be well.
However, dysharic osteonecrosis was noted in the
shaft of both femur and tibia, and also in the right
femoral neck. Hewasadvised against further diving,
and arecommendation letter was givento assist him
to obtain alicence to be a fishmonger in a market.

Case3

Mr Y CH, 39 year old Singaporean, Chinese, Male
Date of incident: 22 March 1983

Place of incident: South China Sea

Dive profile:
Did 2 dives to 84 feet on the same day. First dive
lasted 30 minutes. Second dive lasted 75 minutes.
Ascent with no decompression stop.

Symptoms at site of incident:
Had joint pain, loss of sensation and weakness of
bothlower limbs. Alsohadlossof bladder and bowel
function. Attempted wet recompression and self
catheterised with Foley’ s Catheter.

Date of first recompression treatment: 6 April 1983

Signs and symptoms before treatment:
Power 5/5. Sensory level L3-4, Constipation +, anal
reflex +, catheterised, cremasteric reflex +.

Treatment:
Recompression table 62 (modified)
IV Rheomacrodex 10%.
IM dexamethasone

Resullts:
Power 5/5. Hypoaesthesia from both knees down.
Ableto passurine. Anal reflex +.

Follow-up:
Last seen on 8 August 1983. Power 5/5. Sensation:
Slight numbness along the posterior aspect of both
legs. Otherwise well. He was advised to limit his
diving to non-decompression dives.

Case4

Mr LMK, 26 year old Maaysian, Chinese, Male

Date of incident: 25 May 1979

Place of incident: South China Sea

Dive profile:
Dived to 150 feet for 90 mins. Slow ascent with no
decompression stop.

Symptoms at site of incident:
Immediately after ascent weaknessboth lower [imbs,
loss of sensation from the waist down. Ableto pass
urine and use bowels.

Date of first recompression treatment: 20 June 1979
Signs and symptoms before treatment:
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Power 3-4/5 both lower limbs, sensory intact.
Treatment:
Recompression Table 62.
Results:
Power 4/5 both lower limbs, sensation intact.
Second Treatment: 21 June 1979 Table 62.
Results:
Power 4+/5 - 5/5, sensation intact.
Follow-up:
Last seen on 3 June 1983. He was well with no
permanent disability. No evidence of osteonecrosis
noted in X-rays.

The above 4 cases clearly indicate that even after
prolonged delay, recompression therapy with appropriate
adjuvantswill improve DCS. Itisthusour policy totreat all
decompression sickness and to repeat therapy if necessary
until there is no further improvement.

Rehabilitation

As seen in Table 5, only 21.8% of those treated
recovered completely from their DCS, athough a further
28.2% had near completerecovery. So50% of thosetreated
have a significant disability, requiring some form of reha-
bilitation. The residua disabilities include loss of motor
power, sensory loss, bowel and bladder dysfunction. With
an effective programme, agood percentage of thesedisabili-
ties can be minimised and overcome, and the patient can
regain useful psychomotor and social skills.

In Singapore al cases of DCS who have residual
disability after recompression therapy are further managed
at the Department of Rehabilitation Medicine(DRM) at Tan
Tock Seng Hospital. Themajority of casesseen at the DRM
are DCS Type Il with spina cord involvement. In astudy
conducted by Tan and Balachandrant, therewasatotal of 15
cases of DCSwith spinal involvement treated at DRM from
1973 to 1978 and referred to DRM. All these had bladder
and bowel function involvement. Five aso had bone com-
plications. All were male Chinese, with ages ranging from
25to 64. Out of the 15, two had weakness of al 4 limbs
whilst the rest had weakness of both the lower limbs. The
results of rehabilitation are shown in Tables 6, 7 and 8.

Team approach

For total management of aDCS patient with residual
disability, ateam of professionalsisrequired. The NMRC
and DRM have teamed up to provide the rehabilitation
programme for divers. Each specialist may be called upon
to assist from their respective units. Thisteam consists of:

1 Specialist in diving medicine.
2 Specialistinphysical rehabilitation medicine.
3 Physiotherapist.
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TABLE 5

RESULTSOF TREATMENT GIVEN TO FISHER-
MAN DIVERSWITH DCS 1972 TO 1988

Results of Treatment Number Per centage
of Total

Complete Recovery 17 21.8
Almost Complete Recovery 22 28.2
Definite Improvement 29 37.2
No Definite Improvement 10 12.8
Clinicaly Deteriorated 0 0
Died 0 0
Total 78 100.0

4 Social worker.

5 Psychologist.

6 Urologist.

7 Orthopaedic surgeon.

8 Radiologist.

9 ENT surgeon.

Aims of Rehabilitation

The aims of rehabilitation after hyperbaric therapy
are:

1 To achieve the highest level of useful motor power
possible.

2 To help the patient to adjust psychologically to his
limitations.

3 To achieve a catheter free state where the bladder is
able to empty satisfactorily with voluntary control.

4 To enable normal bowel function.

5 To achieve functional independence and ultimately
to return to the patient’ s former occupation.

Bladder Training

Unlike motor weakness and sensory deficit which
improve considerably after recompression therapy, a sig-
nificant percentage of cases of neurologic bladder do not
improve even after repeated recompression. These people
require a different mode of rehabilitation. Some require
surgical intervention (transurethral resection of the sphinc-
ter), medication (Baclofen to improve micturition), and
finally bladder training. The aim is to prevent overdisten-
sion, minimise local damage and infection, and obtain an
adequately emptying bladder, with alow and sterileresidual
urine.
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TABLE 6
SENSORY INVOLVEMENT (PAIN)
Case Before After After Rehabilitation
Recompression Recompression
Therapy Therapy
KNS Lossbelow T12 Hypoaesthesia below T12 Normal
WSK Lossbelow T7 Hypoaesthesia below T12 Hypoaesthesia
ESL Lossbelow T7 Hypoaesthesia below L5 Brown Sequard below C7
oTB Loss below C7 Hypoaesthesia below T5 Hypoaesthesia below T5
KTK Hypoaesthesia below T3 Hypoaesthesiabelow T3 Hypoaesthesia below L3
LPC Hypoaesthesiabelow T5 Hypoaesthesiabelow T8 Normal
TKL Hypoaesthesia below T10 Hypoaesthesiabelow T 10 Hypoaesthesia below T10
improved
SKS Hypoaesthesiabelow T7 Hypoaesthesia below L2 Hypoaesthesia below T2
improved
QTH Lossbelow T8 Lossbelow L3 Hypoaesthesia below L3
THS Lossbelow T9 Hypoaesthesia below T10 Hypoaesthesia below L1
LKL Lossbelow T5 Lossbelow T8 Normal
TLK Lossbelow T8 Lossbelow T10 Lossbelow L5
NKS Lossbelow T7 Lossbelow L2 Hypoaesthesia below L3
CYP Lossbelow L1 Lossbelow L3 Hypoaesthesia below L3
QKH Lossbelow T5 Loss below T10 Hypoaesthesiabelow L1

Bladder training is done at the DRM. On admission
thepatient isfirst subjected to aseriesof teststo get abladder
profile. The URODY N 5000, the latest urodynamic equip-
ment acquired by the DRM, isused. Thismachineisableto
provideinformation about the urinary flow rate, intravesical
pressure, abdominal pressure, detrusor pressure, urethral
pressure, water and carbon dioxide cystometry and electro-

myography.

Withthisinformation, wecanthen determinewhether
the patient hasan upper motor neurone (UMN), lower motor
neurone (LMN) or mixed type of bladder dysfunction. The
capacity and efficiency of the bladder and the condition of
the sphincters can also be shown. With these findings, the
appropriate bladder training method can then be planned for
the particular patient.

With a LMN lesion, the bladder tone tends to be
flaccid. Emptying of the bladder can be assisted by cholin-
ergicslike carbachol, ubretid and pyridostigmine. InUMN
lesions, the bladder tendsto be unstable with asmall capac-
ity. Thisstate can beimproved by medications like oxybu-
tynin to relax the tone. Dibenylineisalso used to relax the
internal sphincter. The capacity of the bladder can be
gradually increased by hydrodilation, a process using water
to distend the bladder. If the patient still finds difficulty in
micturition after abladder training programmewith medica-
tion, he is again assessed by the urologist for possible

surgical correction. A sphincterotomy can bedonefor those
with high sphincter tone, and transurethral resection of the
prostrate (TURP) done for patientswith enlarged prostates.

Prior to 1987, anindwelling catheter wasused. Now
4 hourly intermittent catheterisation isused. Every 4 hours
adoctor will apply abdominal tapping and compression just
beforeinsertingthedisposablecatheter. Thevolumedrained
by the catheter isrecorded. This method is continued until
theresidual volumeisbelow 100 ml. Oncethisisachieved,
the patient is taught to do tapping and compression every 4
hours.

During bladder training the patient isgivenrestricted
fluid (normally 2 litres between 6 am and 6 pm). Serum
creatinine, serum urea and electrolytes are done on admis-
sion. Urine microscopy is done twice weekly and urine
culture and sensitivity thrice weekly during the entire pe-
riod. If possible, an annual intravenous pyelogram is also
done to detect early outlet obstruction, including urinary
stricture formation.

Results of Bladder Training
Althoughrecompressiontherapy failstorestorefully

the neurol ogic bladder in someof the cases, aproper bladder
training programme can lead to a satisfactory functional
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KNS

WSK

ESL

oTB

KTK

LPC

TKL

SKS

QTH

THS

LKL

TLK

NKS

CYP

QKH

TABLE 7
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BONE AND MUSCLE POWER INVOLVEMENT

Before
Decompression
Therapy

Paraplegic: RightGrade 2
Left Grade 3

Paraplegic: Grade O bilateral

Tetraplegic: Grade O al limbs

Tetraplegic: Grade O dl limbs

Paraplegic: Grade O bilateral

Paraplegic: Grade O bilateral

Paraplegic: Grade O bilateral

Paraplegic: Grade O bilateral

Paraplegic: Grade O bilateral

Paraplegic: Right
LeftGrade 2-3
Paraplegic: Grade 2 bilateral

Paraplegic: Grade O bilateral

Paraplegic: Grade O bilateral

Paraplegic: Grade 3 + bilateral

Paraplegic: Grade O bilateral

After After
Decompression Rehabilitation
Therapy

Grade 3 Normal

Grade 4

Grade 2 bilatera Grade 4 +
bilateral

Paraplegic Grade4  Right Grade 4 +

Bilatera Left Grade 5

Upper limbs Upper limbs

Grade 3 + Grade 4 +

Lower limbs Lower limbs -

Grade 1 + Grade 2-3

Grade 2 + bilateral  Right Grade 4
Left Grade 3

Right Grade 4 Grade 5

Left Grade 3 Grade 4

Right Grade 3 Grade 4

Left Grade 4 Grade 5

Right Grade 2 Grade 3

Left Grade 3 Grade 4

Right Grade 4 Grade4 +

Left Grade 3 Grade 4

Grade 2 Right Grade 4

Left Grade 5

Right Grade 3 Grade4 +

Left Grade 4 Grade 5

Right Grade 3 + Grade4 +

Left Grade O Grade 0

Right Grade 2 + Grade 3 +

Left Grade 3 + Grade 4

Grade 4 bilateral Grade 4 + bilateral

Right Grade 4 Grade5

Left Grade 3 Grade 4

Dysbaric Ostenecrosis

Right Femoral Head affected
(2 years after injury)

Nil

Nil

Nil

Nil

Nil

Nil

Both femora and tibiae and
right humeral head and shaft
(6 months after injury)

Left Femoral Head affected
(2 months after injury)

Normal Nil

Right Femoral Head affected
(1 month after injury)

Right Femora Head
(2 months after injury)

Nil

Nil

Nil
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KNS

WSK

ESL

oTB

KTK

LPC

TKL

SKS

QTH

THS

LKL

TLK

NKS

CYP

QKH

Before
Recompression
Therapy

Neurogenic Bladder
with acute retention
of urine

Neurogenic Bladder
with acute retention

Neurogenic Bladder

with acute retention

Neurogenic Bladder
with acute retention

Neurogenic Bladder
with acute retention

Neurogenic Bladder
with acute retention

Neurogenic Bladder

with acute retention

Neurogenic Bladder
with acute retention

Neurogenic Bladder
with acute retention

Neurogenic Bladder
with acute retention

Neurogenic Bladder
with acute retention

Neurogenic Bladder
with acute retention
Neurogenic Bladder
with acute retention
Neurogenic Bladder

with acute retention

Neurogenic Bladder
with acute retention

TABLE 8
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BLADDER INVOLVEMENT

After
Recompression
Therapy

Straining required to
initiate micturation

No improvement

No improvement

No improvement

No improvement

No improvement

No improvement

No improvement

No improvement
Straining required to
initiate micturation

No improvement

No improvement

No improvement

No improvement

No improvement

After Bladder
Training

Normal function

Straining required to
initiate micturation

Straining required to
initiate micturation

Spontaneous Micturation

Straining required to
initiate micturation

Straining required to
initiate micturation

Straining required to

initiate micturation

Straining required to
initiate micturation

Micturation needs tapping

and compression

Straining required to
initiate micturation

Straining required to
initiate micturation

Straining required to
initiate micturation
Micturation needs
compression
Straining required to

initiate micturation

Normal function

Drugs Used
and/or
Surgical
Intervention

Nil

Nil

Transurethral
resection of
sphincter

Transurethral
resection of
sphincter

Nil

Nil

Transurethral
resection of
sphincter

Transurethral
resection of
sphincter

Nil

Nil

Nil

Transurethra
resection of
sphincter

Lioresal
5 mg tab tds

Transurethral
resection of
sphincter

Nil
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state. In the study done by Tan and Balachandran?, the
majority of cases with impaired bladder function after re-
compression therapy achieved near normal function after
rehabilitation training.

Bowel Training

ThoseDCScaseswithbowel dysfunctionarefirst put
on a high roughage diet and laxatives such as Senokot and
Agarol to help defaecation. Inaddition, aDul colax supposi-
toryisgivenevery thirdday. Withthisregime, most patients
will beabletoempty their bowelsregularly. Other measures
that may be taken are enema soap and water or digital
evacuation of the rectum. With thisregime, the bowel will
be reconditioned to empty every third day. For resistant
cases, the regime may be continued indefinitely, or until
such time spontaneous defaecation is possible.

Physical Training

Fishermen treated for DCSwho areleft with signifi-
cant residual motor weakness (usualy spinal bends with
paraparesis) arereferredto DRM, whose doctorswill assess
them for suitability and potential.

The programme for physical rehabilitation starts
with a baseline assessment of the motor power of various
muscle group. There is a graduated exercise programme
starting with non- weight bearing exercises, followed by
partial weight bearing and finally full weight bearing.

Training is assisted with the use of various aids and
appliances. For strengthening the upper limbs, freeweights
are used extensively. To strengthen finger grip, a ball of
plasticine like materia is used to provide resistance for
finger exercises. Inaddition, spring exercisesaredone. The
limbs are exercised against the recoil force of springs of
various strengths.

For thelower limbsfreeweightsand spring exercises
areusedfor initial strengthening. Whenthelower limbsare
strong enough to proceed to partial weight bearing exercises
parallel bars, walking frames and walking sticks are used.
Most of theserequiregood upper limb strength. For paraple-
gicsthemain aimisto achieve good upper limb function by
doing weight lifting. The patient isthen taught wheel chair
transfer by theoccupational therapist. Thisistoenablethem
to move themselves from the wheelchair to the commaode,
bed, etc.

In addition, there is a pool for hydrotherapy at the
DRM. Thisis ideal for patients with severe lower limb
weakness as buoyancy will eliminates the effect of gravity,
thus allowing the limbs, which are normally too wesak to
move against gravity, to move freely.
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Social Adjustment

As noted before, about a quarter of the fishermen
DCScasessuffer fromdysbaric osteonecrosis. If thedysbaric
osteonecrosisis severe or affects the articular surfaces, we
advisethemagainst further diving and assi st themin seeking
compensation and alternative suitable employment. The
sameisdonefor severetypell DCSwithresidual functional
impairment, such as spina bends with paraparesis or hy-
poaesthesia. They are assisted in their application for a
hawker’ slicence, ajob whichishighly lucrative and sought
after even by healthy persons.

However, there are some “hardcore’ divers who
continued to dive despite their disability. This is most
commonly due to the fact that their livelihood depends on
being afisherman diver, and they cannot find an alternative
job.

For those with permanent disability, we assess the
degree of disability and assist them in obtaining their work-
man’ s compensation entitlement. In the rehabilitation cen-
tre, they aretaught and trained in various self-care activities
such asgoing to thetoilet, eating, dressing, etc. Thisisdone
for al patientswith severe physical disabilitiesand theaim
isto achieve complete independence either with or without
aids or appliances.

Somatosensory evoked potentials (SSEP)

SSEP involves the stimulation of a peripheral nerve
either in the upper or lower limb and the recording of the
evoked potential. It hasbeen proven useful intheinvestiga-
tion of disorders affecting the nervous system. Demyeli-
nating and degenerative disorders display abnormalitiesin
SSEPand it can beused to provideinformation onthesite of
the lesion as well as ameans to monitor the progress of the
disease and the efficacy of therapeutic measures.

At our centre, we are now conducting a study to
compare how well the SSEP recordings correlate with the
clinical findings. So far we have managed to do a SSEP
recording for 9 of our DCS cases after their recompression
therapy. So far no pre-recompression recording has been
done for any of the cases. The results obtained and the
clinical findings are givenin Table 9.

SSEP Results

NORMAL VALUES
Median Nerve
N1: 16.5 - 209 ms
P1: 20.8 - 28.4ms
Posterior TibiaNerve
N1: 43.2- 51.8ms
P1: 340 - 39.5ms
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TABLE 9
SSEP RESULTS
Case Nervetested Result Clinical Findings
KSL Right Median Nerve N119ms Hypoaesthesia right hand
P1 44 ms*
Right Posterior Tibia Nerve N1 48 ms Normal
P135ms
AFY Left Median Nerve N121 ms Normal
P128 ms
Left Posterior TibiaNerve N151ms Normal
P144*
HCL Left Median Nerve N117 ms Normal
P1 49 ms*
Left Posterior TibiaNerve N152 ms Hypoaesthesia T8 downwards
P1 36 ms
LE Left Median Nerve N1 18 ms Hypoaesthesia C5, 6, T1
P12l ms
Left Posterior TibiaNerve N1 47 ms Normal
P137ms
ZAK Left Median Nerve N1 16 ms Normal
P1 20 mns
Right Median Nerve N1 16 ms Normal
P120 ms
Right Posterior Tibia Nerve N149 ms Hypoaesthesia L2 downwards
P1 64 ms*
TCT Left Median Nerve N118 ms Normal
P1 26 ms
Left Posterior TibiaNerve N141 ms Normal
P136 ms
AL Right Median Nerve N1 16 ms Normal
P120ms
Left Posterior TibiaNerve N1 45 ms Normal
P136 ms
AHG Median Nerve N119 ms Numbness fingers
P1 35 ms*
Posterior Tibia Nerve N1 70 ms* Patchy numbness lower limbs
P1 60 ms*
SGN Left Median Nerve N1 20 ms Normal
P1 30 ms*
Right Median Nerve N1 20 ms Hypoaesthesia T1-2
P1 31 ms*
Left Posterior Tibial Nerve N18ms Normal
P139ms
Right Posterior Tibia Nerve N1 6 ms Normal
P140ms

* denotes prolonged



SPUMS Journal Vol 20 No 3 July-September 1990

NORMAL SSEP RESPONSES

Group One Normal Clinical Findings
AL
TTC

Group Two Abnormal Clinical Findings
KSL Loss of proprioception right lower limb

LE Hypoaesthesia C56 T1
HCL Loss of pin-prick T8 downwards

ABNORMAL SSEP RESPONSES

Group Three Normal Clinical Findings
AFY Prolonged P1 right PT nerve
HCL Prolonged P1 |eft median nerve
SGN Prolonged P1 |eft median nerve
Group Four Abnormal Clinical Findings
KSL Prolonged P1 right median nerve with
hypoaesthesia R hand
ZAK Prolonged P1 right PT nerve with
hypoaesthesia L2 onwards
ASG Prolonged P1 median nerve with numb-
ness fingers
Prolonged P1 PT nerve with numbness
lower limbs
SGN Prolonged P1 right median nerve with
hypoaesthesia T1-2
Discussion

In the first group, normal SSEP responses corre-
spond to normal clinical findings. As SSEP measures the
electrophysiological integrity of the sensory pathways, it
gives an indication that the recovery from decompression
sickness is complete.

In the second group of patients where normal SSEP
responses were obtained inspite of clinical neurological
deficits, it lends support to the suggestion put forth by
Giblin? and Halliday and Wakefield.®> They proposed that
the evoked responses depended on the integrity of the
posterior column pathwaysbut wereunaffected by lesionsof
the spinothalamic tracts. The only anomaly in the group,
LKS, may be explained by a study which suggested that
some of the afferent impulses responsible for the cortical
potential travelled by the spinothalamic tracts.

Group three results suggest that inspite of apparent
full clinical recovery, residual damage had occurred secon-
dary to decompression sickness. SSEP then, provides a
sensitive meansto detect subclinical damage. Thisresultis
supported by Palmer et al* where extensive morphological
changesexistedinthespinal cord of diverswho had ahistory
of decompression sickness but recovered fully. The possi-
bility of recruitment for neighbouring neuronesinsuch cases
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to provide compensation for the damaged one may explain
the normal clinical findingsin such divers.

In group four, prolonged SSEP responses were ob-
tainedin patientswith sensory lossmostly to pin-prick. This
differs from the conclusion drawn by Halliday and Wake-
field.® Whether thisisdueto the different aetiol ogies of the
two study groups, (decompression sickness vs non-diving
conditions, e.g. prolapsedintervertebral disc, cervica spondy-
losis, cerebrovascular haemorrhage, etc.) isuncertain. There
is the opportunity for a more extensive prospective study
involving amuch larger sample size.

The most important conclusion obtained thus far in
our present study is that abnormal SSEP were obtained in
patients who are apparently normal subjects. This has
importantimplicationsfor our young naval diversand brings
to mind the question whether routine SSEP study should be
conducted for them. The difficult problem of medico-legal
compensation also needs to be clarified in cases where
prolonged SSEP were to be obtained in apparently normal
divers. The other question that needs to be addressed is
whether one should alow divers who have apparent full
clinical recovery after decompression sickness but abnor-
mal SSEP recordings to continue diving. Whether one
previousepisode of decompression sicknesspredisposesthe
spinal cord to further insults remains to be solved.

Dysbaric osteonecrosis

Another complication of diving is dysbaric os-
teonecrosis. Although the majority of patients present with
decompression sickness, 36 out of the 78 DCS patientswere
found to have dysbaric osteonecrosisby post-treatment long
bone X-ray. Thedisability suffered by those affected varies
from mild asymptomatic type B to severe type A requiring
arthrodesis and arthroplasty to achieve a pain free or func-
tional state.

Conclusion

Since the beginning of our work in 19725, fisherman
divers have made up the majority of all DCS. Because of
their typical late presentation they have contributed enor-
mously to our experienceintreating delayed cases. Fromthe
results we have obtained we are convinced of the potential
benefit in treating cases even after a delay of more than 15
days. We have yet to establish the cut off time after which
decompression therapy will have no beneficial effect.

On the other hand, it is also clear that there will be
some cases where recompression therapy will not help.
However, even so, awell planned and carried out rehabili-
tation programmecan helptoimprovethepatient’ sphysical,
social and mental state. It is because of this that we have
adopted theteam approach with the Department of Rehabili-
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tation Medicine and various specialist departments of the
Tan Tock Seng Hospital. We am to give all the DCS
patients the complete management that they deserve.
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BREATH-HOLD DIVING

Michagl Davis

I ntroduction

Thereisabeautiful photograph by Flip Nicklininthe
December 1984 issue of the National Geographic magazine
of a sperm whale sounding. This epitomises for me the
wonder and majesty of the diving mammals, that diverse
group of animals of widely varying structure, function,
habitat and behaviour who grace our oceans(Table 1). This
paper briefly reviews the physiology of these animals and
aspectsof human breathhold diving, whil st the bibliography
provides a selection from the literature rather than an ex-
haustive list.

Asphyxiaisaprogressiveprocesswhichbeginsat the
moment that external gasexchange ceases. The cessation of
respiration leads to hypoxia, hypercapnia and acidosis, the
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TABLE 1

SOME ADAPTATIONSTO APNOEIC DIVING IN
AQUATIC MAMMALS

Respiratory
Tolerance of thoracic squeeze
lung collapse
elastic chest wall
mechanically tough tracheo-bronchial tree

Protection from decompression sickness
lung collapse (loss of gas exchange)
Decreased sensitivity to hypoxia and hypercapnia
Increased ventilatory/gas exchange efficiency

Cardiovascular
Blood shift into thoracic cavity
Venous spincters and sinuses
Large spleen
Diving Reflex CV S components

Biochemical
Increased blood (haemoglobin) and tissue (myogl obin)
oxygen stores
Diving Reflex Switch to anaerobic metabolism
Hypother mia/l nsulation

Efficient locomotion

triad of asphyxia. The successful mammalian diver can
postpone the inevitable functional collapse that followsthe
cessation of breathing by virtue of three main mechanisms:

1 Enhancement of the oxygen stores in the body

2 Acid buffering of the products of metabolism

3 Circulatory reduction and redistribution, leading to
metabolic conservation.

Regulation of theseresponsesisessentially identical
to that governing the protective reaction to asphyxia in
terrestrial animals, the observed differences being quantita-
tive rather than qualitative.

Scientists have approached the study of these re-
markable animals' adaptation to asphyxia both in the labo-
ratory and in their natural environment. Although some
laboratory work has been criticised, field and laboratory
research are, in fact, complimentary, and not conflicting.
“Exploring what an animal is capable of is not the same as
asking how it normally behaves.”
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Adaptationsin diving mammals

Animal behaviour is determined by ecological con-
straints and physiological limits. In diving mammalsthese
limits are defined by the amount of oxygen carried, the rate
of oxygen consumption and the maximum pressure the
animal is capable of withstanding. For instance, harbour
sedls have been recorded whilst diving under the Antarctic
icefor more than one hour and to depths greater than 600 m.
Thephysiol ogical and anatomical adaptationsinvolvedvary
considerably from species to species, each adopting differ-
ent strategies. Therefore, not all the features described
below are shared by all.

ANATOMY

Quite apart from the sleek, well-insulated body hab-
itus that allows high swimming efficiency and protection
from hypothermia, numerous anatomical features are pres-
ent in the diving mammals to facilitate tolerance to the
challenges of the underwater environment. Many have a
floating, compliant rib cage, with avery obliquely inserted
diaphragm. Therespiratory tract tendsto be short, wideand
mechanically tough. In somewhales, but not in pinnepeds,
the respiratory tract can be occluded by special anatomical
structuresin the blow-hole, spiracle chamber and glottis. In
some species these and other features may improve toler-
anceto chest compression (“thoracic squeeze”) during deep
dives.

Dolphins have terminal respiratory bronchioles that
takepart in gas exchange and the structure of the pulmonary
microvascul ature allows a reduced diffusion barrier. Also
present arerete mirabileand arterio-venousshuntsin certain
organs, including the lining of the airways in the sperm
whale. Inthedeep diving species, avery largeinferior vena
cava with a precordia sphincter, and a large spleen are
present, whilst harbour sealsal so possessan aortic bulb. All
these features may be important either for gas exchange or
intheoxygendelivery tovital organs, butinmany casestheir
contributions remain ill-understood.

LUNG VOLUMES

Long-durationdivingwhaleshavesmall lungswhich
collapse during dives and are not used as an oxygen store,
e.g. the bottlenose whale has 25 mi/kg body weight. Short
duration diverstend to have lung volumes similar to terres-
trial mammals and dive following inspiration. Thus they
appear to use the lungs as an oxygen store, e.g. man and
porpoise have 70 ml/kg body weight. Sealsdivefollowing
partial expiration which also resultsin lung collapse during
descent. Although lung size may vary, diving mammals
tend to have large tidal volumes, low end-expiratory vol-
umes and a breathhold (“skip”) breathing pattern. Minute
ventilation ishigh during surfaced periods between hunting
dives. For instanceit has been measured at greater than 601/
minute in the harp seal.
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OXYGEN DELIVERY

Oxygen may be stored in the lungs, blood and mus-
cle. These stores are considerably greater in diving mam-
mals than terrestrial animals:

Weddell sed 60 mi/kg body weight
Cdliforniasedlion 40 ml/kg body weight
Man 20 ml/kg body weight
Haemoglobin

Adaptation of haemoglobin-oxygen affinity parallels
the modifications in lung volumes in that, where the lung
doesnot act asan oxygen store, oxygen affinity islow. This
leads to maximal unloading of oxygen at the tissues (i.e. a
shift of the haemoglobin-oxygen dissociation curve to the
right). For instance, seals and some whales extract 7-10
vol% of oxygen from the blood, compared to man at around
5vol%. Inthose animalsin which the lungs act as a store,
affinity tends to be high. This ensures maximal oxygen
uptakeinthelungs(i.e. thedissociation curveisshiftedtothe
left).

Blood stores of oxygen are oneto threetimesthat of
terrestrial mammals. Both blood volume and haemoglobin
concentration may be high. In Weddell seals, the red cell
mass and haemogl obin concentration actually increase dur-
ing adive by about 8 g/l/min during the first 10 minutes of
the dive. This extrared cell mass probably comes largely
fromvenouspooling and sequestration of oxygen-richblood
inthe spleen which hasthe highest weight asapercentage of
body weight of any reported mammal. Itisprobablethat the
precordial sphincter in the inferior vena cava periodically
relaxesto give a pulsed delivery of this oxygen-rich blood.

Interestingly, in seals resting on the surface, arterial
oxygen tension is actually lower (70-80 mm Hg) than most
terrestrial mammals, but can be rapidly raised to over 110
mm Hg by hyperventilation just beforethedive. Duringthe
dive, oxygen tension risesto a maximum of about 230 mm
Hgandfallsto 25-35 mmHg by theend. Thelowestin-dive
oxygen tension recorded in Weddell sealsin Antarcticawas
18 mm Hg.

Myoglobin
Oxygen storesin myoglobin vary from oneto nearly

ten times that of terrestrial mammals. Like haemoglabin,
this parallels the dive duration capabilities of the species
concerned.

CARDIOVASCULAR MODIFICATIONS

Astheanimal divesdeeper and thegasvolumeinthe
lungsiscompressed, therib cage gradually collapses, ashas
been dramatically illustrated in photographs taken at depth.
In addition, there is amajor shift in blood volume into the
lungsto take up some of the additional space, thus prevent-
inglungrupture. Aswell asthisincreasein pulmonary blood
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volume, thecoronary vascular blood volumetendstobehigh
during bradycardia. However, coronary blood flow demon-
strateslargefluctuationsfromvirtually no flow to periods of
high perfusion during adive. This may alow the myocar-
dium to derive maximum benefit from both its oxidativeand
anaerobic metabolic reserves by permitting periodic wash-
out of metabolic products, and reperfusionwith oxygen-rich
blood.

AEROBIC DIVING

The calculated aerobic breathhold times based on
estimated body oxygen stores and oxygen uptake fit very
well with metabolic evidence from free-diving seals. For
instance, in the Weddell seal the aerobic breathhold limit is
about 20-30 minutes which is the same as for thisanimal’s
usabl eoxygen storesunder normal aerobic metabolic condi-
tions. Observations on Weddell seals and several other
species suggest that more than 90% of dives are within the
aerobiclimitssothat metabolicrequirementsaresatisfied by
the body’ s oxygen stores with minimal increase in lactate.

Short aerobic dives have abrief recovery time since
they require restoration of oxygen stores only. Anaerobic
dives, however, require metabolism of lactate and other
metabolic products that takes much longer to complete. A
series of short duration dives increases hunting efficiency
compared with afew long dives by allowing amuch greater
proportion of time underwater. For instance, in harp seals
about 88% of thetimeis spent diving when feeding, with an
averagedivetimeof about fiveminutes. During such* bout”
diving thereisvirtually no disturbance to metabolic homeo-
stasis except the rise in haematocrit seen during dives.

THE DIVING REFLEX, ANAEROBIC DIVING

Thediving reflex istriggered by faceimmersion and
breath-holding. It is mediated by both the parasympathetic
and sympathetic nervous systems to produce some intense
physiological and biochemical changes (Table 2). The
components of the diving reflex have been seen best in
captive laboratory dives. However, field work with seals
and dolphins has shown that this response is not an all-or-
none phenomenon, but extremely variable. There is now
strong evidencethat diving mammalscan anticipatethedive
duration and control both the degree of bradycardiaand the
extent of blood flow redistribution needed for agiven dive.
Animalsalso anticipate surfacing and their heart rateis seen
to increase shortly before the end of the dive.

Oncetheanaerobicthresholdisreached, somemajor
metabolic adaptations comeinto play. Muscleglycolysisis
animpressiveanaerobic machineeveninnon-divers, but the
diving mammals have refined it in a number of ways:

a) Steady state concentrations of a few glycolytic
enzymesarehigh, soincreasing the capacity to maintain
NAD/NADH (Redox Potential) ratios under anoxic
stress.
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TABLE 2
COMPONENTSOF THE DIVING REFLEX
Bradycardia
Intense peripheral vasoconstriction
Reduced cardiac output
Redistribution of cardiac output to vital organs
Metabolic shift to anaerobic glycolysis

Decrease in body temperature due to decrease in
metabolic rate

b) Concentrations of fructose-diphosphatase which
is a key regulatory step in the glycolytic pathway are
amongst the highest reportedinanimals. Thisappearsto
amplify thecyclic-AMPsignal for glycolyticactivation.

C) Pyruvate kinase activity is enhanced. This en-
zymeisregulatory to the glycolytic pathway inthat itis
highly sensitiveto both feed-forward activation by fruc-
tose-1,6 diphosphate and feedback decrease by ATP,
alanine and citrate. Thisisthought to help particularly
in switching to and from the aerobic to the anaerobic
state.

d) Ve high titres of aspartate and aanine trans-
ferases are present. These enzymes are very important
in the control of the Krebs cycle.

Diving mammals can tolerate high lactate loads in
their tissues. Plasma lactate concentration does not rise
much until immediately after the dive, when metabolic
productsarewashed out of the non-perfused tissuesoncethe
diving reflex ceases. The amount of lactate produced
increasesexponentially asdivetimegoesbeyondtheaerobic
limit. Duringlong dives, sealsareableto sustainwork |oads
more than twice their maximum aerobic capacity with little
or no increase in oxygen uptake. To support this, both
skeletal and heart muscle are rich in myoglobin (see above)
which has important buffering functions under anaerobic
conditions.

The brain and the heart of diving mammals have
considerable anaerobic capacities and can produce large
guantities of lactate toward the end of a long dive. In
addition, the brain of diving mammals has a much greater
tolerance to decreased oxygen compared with terrestrial
mammals. Cerebral integrity is retained down to oxygen
tensions as low as 8-10 mm Hg, whereasin humansthisis
about 25-30 mm Hg.
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Organs such asthe kidney, have a so been shown to
tolerate asphyxia far better than those of terrestrial mam-
mals. For instance, therisein intracellular sodium and fall
in potassium in anoxic harbour seal kidney slicesisconsis-
tently lessthaninrat kidney, especialy at low pH. Also, the
sedl kidney functions differently in that water conservation
occurs with immersion unlike the diuresis seen in man.

Hochachkahaswritten extensively on the molecular
mechanisms of defense against hypoxia. He believes that
three main mechanisms are important:

1 Arrest of oxidative metabolism and electron-
transfer system functions (i.e. reduced metabolic rate)
2 Arrest of glycolytic activation

3 Arrest of ion-specific channel functions

He hypothesises that hypoxia-tolerance depends on
an exceptionally tight regulation of energy demand and
supply. Such closeregulation of ATPturnover asthetissue
becomes hypometabolic is only possible if at least one
regulator signal switchesdown ATP utilisation and synthe-
sisratessimultaneoudly. Itisnot known what thisregulator
might be nor even if it exists. This concept has been called
the “membrane channel arrest” hypothesis.

DECOMPRESSION SICKNESS AND THE DIVING
MAMMALS

There are several potential mechanismsfor limiting
nitrogen loading in the tissues during long deep breathhold
dives by reducing the nitrogen storesin the lungs:

a) Dive at low lung volumes

b) Produce aprofound fall in pulmonary blood flow
early in the dive

C) Allow lung parenchymato become gas-freewith
compression, the residual volume shifting into the air-

ways.

It is the latter mechanism for which there is most
evidence. Recent work has been done on Weddell seals
during divesaveraging about 23 minutesdurationand 230m
averagedepth. Thishasshown that plasmanitrogentension
rises rapidly during the early part of the dive, peaking at
2,000-2,4000 mm Hg at about 40 m depth. At this depth
(shallower than previously believed) the lungs collapse.
Nitrogentensionthenslowly fallsto about 1500 mmHg near
to the time for surfacing. Thus the seal is protected from
decompression sickness and nitrogen narcosis by limiting
nitrogen uptake and redistributing nitrogen during dives.
Part of this redistribution may be into the red cell mass
enteringthecircul ationfromthespleenduringthedive. This
would also protect against oxygen toxicity.

Other factors could a so play apart in protecting the
animal from decompression sickness. For instance, repeti-
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tive breathhold dives might force gas micronuclei into
solution, thereby decreasing any tendency to bubble seed-
ing. Finaly, the possibility has been raised that the acoustic
echo-location system of whales and dolphins, which is fat-
rich, may provide an early-warning bubble detection sys-
tem.

Human breath-hold diving

Free-diving is an ancient and widespread human
activity. In communities such as the Ama of Korea and
Japan it became part of the economic basisof society. Inthe
twentieth century it has become a popular sport, whilst free
divingforalivingamongstindigenouspeopleshasgenerally
either dwindled markedly or they have moved on to scuba
techniques.

TABLE 3

DIVING DATA FOR MAN AND AND DIVING

MAMMALS
Breath-hold Maximum
Time (min) Depth (m)
Man 2-4 ?100
Dolphin 6 300
Orca 12 ?
Weddell Seal 75 600
Sperm Whale ?75 ?1000 +

When | first learnt to dive in the early 1960s, | was
taught two concepts about breathhold diving. Thefirst was
that the maximum depth for human breathhold diving was
about 33 m (100 ft). This was because, as the lung gas
volume diminished with increasing pressure, a point was
reached where lung tissue would rupture and pulmonary
haemorrhage occur. Thiswas called “thoracic squeeze”.

We now know the above concept isnot valid. Tho-
racic sgueeze probably does not occur in breathhold diving
in man under most circumstances because there is a major
shift of blood volume into the pulmonary vascular bed with
compression. The second concept of much more practical
importance to man than thoracic sgueeze was that dive
durationwaslimited to only oneor two minutesby “ shallow
water blackout”.

Thelongest human breathhold timesrecorded on air
are about 4 to 5 minutes. The deepest dives recorded are
those of Robert Croft to 240 ft in the 1960s, and Jacques
Mayol towell over 300ftinthe1970s. Thepattern of diving
activitieshasbeen extensively studiedfor groupssuch asthe
Ama, but less so for intensive sport divers such as underwa-
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ter hockey playersor competitive spearfishermen. TheAma
dive 30 to 45 times an hour for 30-45 seconds with 45-90
secondsrest between divesfor many hours, spending 1/3-2/
5 ths of their total time underwater. In contrast, the dive
duration for underwater hockey playersover a30-40 minute
playing period, averages only 8-10 seconds per dive, but
recovery periodsare only 3-12 seconds. Thusthey spend 2/
5-2/3 of the total time underwater (personal observations).

Such effortspaleintoinsignificance compared to the
diving mammals! However, many physiologists have been
interested to observe whether human breathhold divers
demonstrate any adaptations in the ways seen in the diving
mammals. The classic studies on the Amamake absorbing
reading and the reader is recommended the proceedings
edited by Rahn.

FACTORS INFLUENCING BREATHHOLD TIME IN
MAN
TABLE 4

CONDITIONS FAVOURING
LONG BREATHHOLD TIMES

Large O, stores
Diving Reflex
Pre-breahhold hyperventilation
Increased diving depth

Thermoneutral immersion

LUNG VOLUME

Record divers all have big lungs. Geoff Skinner,
Australian spearfishing champion for many years, demon-
strated an air breathhold of 3 minutes 8 seconds during the
talk at Port Vila. He hasavital capacity of well over seven
litres. Amawere shown to have anincreased vital capacity
compared with non-diving women in their community, but
aslong as 20 years ago, Hong questioned whether thiswas
due to diving per se or rather to physical fithess. Recent
studies suggest the lungs or breathhold divers areindeed no
bigger than other athletes. However, studies of breathhold
times have been conflicting. Dry-land athletes and divers
performed the same in one study, but the divers had longer
timesinanother. Breathholdtimesin children correlatewith
agein proportion to their lung size.

Thus, our primary oxygen storesfor diving areinthe
lungs, as for the short duration diving mammals.
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HYPERVENTILATION

By decreasing the CO, tension, respiratory drive is
decreased. The increase in alveolar oxygen concentration
increases the oxygen stores in the lung dlightly but only
minimally increases oxygen content in the blood.

OXYGEN BREATHING

Oxygen breathing increases the oxygen storesin the
lungsby uptoseveral litres. Followingoxygen breathingfor
three minutes, Geoff Skinner’s breathhold time at the Port
Vilameeting increased to just under ten minutes.

METABOLIC RATE (VO,)

Thereis an inverse relationship between breathhold
timeand VO,. However, oxygen consumption varies with
thetype of diving being undertaken. For instance, adiveto
5 m depth without swim-fins and lasting 30 seconds has a
mean VO, of about 0.8 litres, whereas a 10 m dive for 30
secondsuses 1.2litresO,. Oxygen consumptionisincreased
when the descent is active rather than passive. Swimfins
reduce oxygen uptake dlightly at comparable swimming
speeds. In underwater hockey, a higher VO, is likely
because of thehigh swimming speedswhil st breath-holding.
Sincethe total oxygen stores of an average 70 kg man with
normal lung sizeareonly approx 1.5 L breathing air, uncon-
sciousnessiis likely to occur in approx 80 seconds at aVO,
of 1.0 1/min (about that of moderate fin swimming). There
isno evidence in man of a switch to anaerobic metabolism
with the induction of the diving reflex.

OXYGEN AND CARBON DIOXIDE CHANGES DUR-
ING BREATHHOLD DIVES

Changes in O, and CO, are very important in the
control of breathing, in determining the* breaking point” for
abreathhold, andinthe aetiol ogy of shallow water blackout.

a) Oxygen

During most of a dive the relationship between
V02 and oxygen tension is linear. However, once the
“alveolar stores’ in the lungs are exhausted, the “blood
stores” of oxygen are used and the rel ationship becomes
non-linear withrapid desaturation of haemoglobin. Thus,
the rate of fall of PaO, below 100 mm Hg is highly
dependent on the haemoglobin concentration and on
circulating blood volume.

Thealveolar-arterial oxygendifferenceissimilar
throughout the dive at approximately 10 mm Hg. If an
ascent is needed at the end, there is arapid decreasein
PAQ, andinvery long divesthiscould resultinan actual
reversal of oxygen transfer across the alveolar mem-
brane resulting in even more rapid desaturation. To-
wards the end of long dives, in fact, mixed venous and



SPUMS Journal Vol 20 No 3 July-September 1990

arterial oxygen tensions approach each other. In the
many studies by Craig, Hong and Paulens, oxygen ten-
sion at the end of most divestended to be around 60 mm
Hg but was quite variable, and in some dives levels as
low as 30 mm Hg were observed.

b) Carbon Dioxide
Changesin CO2 during adive are more complex
than those for oxygen:

1 Approximately half the CO2 entersthealveoli
during a dive in the first few seconds as a conse-
quence of the acute fall in the CO, tension (P,CO,).
Thisisduetodilutioninto thelargeinspired volume
immediately prior to the dive.

2 Withtheinitial descent, the PACO, increases
with lung compression to approximately 50-60 mm
Hg. Thisleadsto anincreased P,CO, and therefore
a decreased gradient for tissue off-loading. Tissue
off-loading could be further reduced by decreased
muscle perfusion as part of the diving reflex asin
diving mammals. However, there is no metabolic
evidence for thisin man (see below).

3 The aveolar volume cannot serve as a CO2
store due to its rapid compression with descent.
During adivethisrapid compressionisana ogousto
arebreathing test and equilibrium between alveolar
and arterial PCO, should occur rapidly. Indeed, it
does so after less than a minute, after which the
aveolar-arterial CO, gradient may actually reverse
and alveolar CO, fall slightly. During theremainder
of adiveafter theappear to berel ated to thelength of
the dive and is non-linear.

In Craig’'s studies, PACO, tended to be ap-
proximately 60 mm Hg suggesting tissue CO, ten-
sionsclosetothis. Thiscould explain the subjective
experienceof approaching the breaking point imme-
diately after a rapid descent. This sensation then
passes, only to return towards the end of the dive.
During ascent the urge to breathe is often relieved
again asthe P,CO, falls, enhancing CO, off loading
into the alveoli.

4 The PACO, at the end of adiveis much less
than after an equivalent period of breathhold exer-
ciseondry land. Valuesaretypically 48-50 mm Hg,
but in Paulev’'s study they were normal in many
subjects. Hong calculated that during a 4-minute
oxygen breathhold, the lung supplied 700 ml oxy-
gen, but only gained 160 ml CO,.

Why does the PACO, rise initially then pla-
teau during adive? Whereisthe CO, stored, since
thereis no evidence of a shift to anaerobic metabo-
lism in man? Exercise studies at 30% of VO, max
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suggest a storage capacity for CO, in the body of
1.83+/-0.55 ml/kg/hr, thisisvery largeand isdueto
the high solubility of CO, in body tissues. Thus it
would appear that the tissues act as the buffer for
P,CO, changesduring adiveand asastorefor CO,.

C) Shallow Water Blackout

The non-linearity of the relationship between
oxygen tension and blood oxygen content at theend of a
breathhold dive is very important to understanding the
mechanism of shallow water blackout. Toillustratethis,
let usconsider thetwo divesin Figure 1. Thefirst graph
is derived from adive in Shaeffer's earlier work. This
illustratesa9 m dive divided into three equal 20 second
periods for descent, bottom time and ascent.

During descent the PaO2 increases, then gradu-
ally falls during the working part of the dive. Then, on
ascent, thisfall becomes steeper. If, however, welook at
oxygen saturation in the blood during this period, it
remains nearly fully saturated for virtually the whole
dive, only dropping toward the end of the ascent. Inthe
first dive the O, saturation never reaches dangerous
levels at which adiver might lose consciousness.

If wenow extend thisdiveby afurther 20 seconds
workingtime(Figurel), thenat theend of oneminutethe
P.O, isstill relatively highand the S O, only just starting
to fall. However, because the lung oxygen stores are
amost used up at thisstage, thediver startstodraw onhis
blood stores which, as we said earlier, are of limited
capacity. During this ascent, saturation falls far more
precipitously and the point of loss of consciousness is
reached very rapidly. Onthegraphthispointisarbitrar-
ily set at about 29 mm Hg or the P_ for the normal
haemogl obin-oxygendissociation curve, sinceconscious-
nessislost in the range 25-30 mm Hg.

Weareall awarethat shallow water blackout does
occur even without a descent/ascent dive pattern, par-
ticularly if respiratory driveisdiminished by prior hyper-
ventilation. What | wish to emphasiseis the non-linear
nature of the rate of change in oxygen saturation, and
how narrow is the margin between a “safe” dive and
shallow water blackout.

Bove has suggested that those with diminished
carbon dioxide and hypoxic responses may be more
prone to shallow water blackout. He believes this is
partly becausetheinitial decreasein heart rate with face
immersion is later potentiated by hypoxia during long
breath-holds.

OXYGEN AND CARBON DIOXIDE SENSITIVITY

There has been much work on the ventilatory re-

sponses to exercise, hypercapnia and hypoxia in athletes.
These studies have demonstrated that the peripheral che-
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moreceptors in the carotid body are responsible for the
respiratory compensationsto the metabolic acidosisof exer-
cise. Forinstance, if the carotid body isabsent, both therate
of riseof ventilation and itspeak |evel arediminished during
graded exercise.

It is also known that there is marked individual
variability in the responses to hypercapnia and hypoxia.
High performanceathl etestendto show decreased responses
at rest, suggesting decreased chemoreceptor function. There
appearsto beamajor genetic component tothisin endurance
athletesand swimmers, with no evidencethat it isaltered by
physiological training.

The ventilatory response to exercise appears to par-
allel the hypoxic response at both low and high work levels
and the hypercapnic response at heavy exercise. Also any
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fal in ventilation with hyperoxia is proportiona to the
hypoxic response of theindividual. It hasbeen reported that
breathhold time is inversely proportiona to the CO2 re-
sponse (re=-0.89) in dry-land athletes, but such arelation-
ship has not been the case in studies of breathhold divers.

DO DIVERS HAVE ALTERED SENSITIVITY TO CO,
AND O,?

It hasbeen suggested for many yearsthat diversmay
havereduced chemoreceptor sensitivity. What isthecurrent
evidence for this?

1 Of thetwo types of Amadivers, only the Funado
have shown any evidence of decreased carbon dioxide
responses, yet their breathhold times were the same as
non-diving controls. There has been no convincing
evidence of a decreased hypoxic response in the Ama.

2 Submarine-escape tower divers: One NMRI re-
port suggested that the CO2 response decreases during
training in successful diving candidates. Schaeffer
reported a low CO, response in escape tower safety
divers, which increased after a five week lay off.

3 Melamed and Kerem reported that O, diving did
not alter peripheral oxygen chemoreceptor responseand
there was no change in hypoxia response compared to
controls. A sub-group of scubadiversintheir study were
reported to have a decreased CO, response.

4 Several studies have shown low CO2 responses
in underwater hockey players, but this has not consis-
tently been less than for high-class dry-land athletes.
Only asmall effect of training was seen in one unpub-
lished study (McKennaand Green, personal communi-
cation). This suggests that, overall, breathhold divers
may have adiminished CO, response, but whether this
ismodifiablewith training or whether they demonstrate
other differencesin ventilatory responsesis not known.
We have recently been studying in our laboratory the
effects of breathhold training on the hypercapnic and
hypoxic responses in underwater hockey players, but
our data have not yet been analysed.

In summary, no clear relationship between periph-
eral chemoreceptor sensitivity and breathhold times has
been demonstrated in man.

OTHER FACTORS

a) Water temperature: With decreasing water tem-
perature there is a decrease in breathhold time propor-
tional to theincreased metabolic rate of coldimmersion.
Thisisin spite of an enhanced diving bradycardiaincold
water. In other words, metabolic rate and the diving
reflex are physiologically independent in man, rather
than liked as in the diving mammals.
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b) Thediving bradycardia (seebelow): Thereisno
prolongation of breathhold time asdiving bradycardiais
elicited.

) Cortical stimuli: In man, motivation is probably
thestrongest factor in breathhol d duration totheconven-
tional “breaking point” (see below).

THE BREAKING POINT

Thedriveto break abreathhold isboth chemica and
mechanical.

Two end-points have been used in past studies:

1 The conventional breaking point is taken as the
time to the first inhalation.

2 Physiological bresking point is the time to the
onset of involuntary ventilatory muscleactivity (usually
measured using electromyography). This appearsto be
PCO2 and V O, dependent, non-subjective and therefore
amore precise end-point for laboratory studies.

Several components are important, including the
chemoreceptor sensitivity to carbon dioxide and oxygen,
signalsfrom pulmonary and chest wall stretch receptors, and
motivation. Conventiona breathhold timeis prolonged by
rebreathing in the absence of alveolar O, and CO, changes.
Thisshowstheimportanceof signalsfromthechest wall and

lung stretch receptors. IM M E R S | O N
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BREATHHOLD AND FACE IMMERSION - THE “DIV-
ING REFLEX” IN MAN

Breathhold in man is characterised by bradycardia
(Figure 2), a progressive rise in blood pressure, stroke
volume, cardiac output and peripheral vascular resistance.
There is no evidence for significant metabolic changes or
maj or oxygen-conserving responses such asoccur indiving
mammals. Therefore, the evidenceto dateisthat habituated
divers such as the Ama and underwater hockey players do
not show enhanced defences against asphyxia

The “Diving Reflex” inmanis:

1 Independent of posture

2 Relative to the level of body immersion

3 Proportiona to lung volume at which breath is
held

4 A function of intrapleural pressure

5 Potentiated by face immersion

6 Inversely proportional to water temperature

7 Enhanced by dynamic exercise, but not propor-

tional to level of fitness (including Ama divers)
8 Enhancedinswimmerscomparedwith non-swim-
mers
9 Diminished by wearing facemask and hood in
warm but not cold water
The samein childreninwhom breathhold timeis
long enough to reach full diving bradycardia
(approx 25 seconds) asit isin adults.
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In summary, man isapoor diver, reliant on hislung
oxygen storesduring abreathhold. Whilst thediving brady-
cardiaoccursin man, it isnot accompanied by theimportant
metabolicand other circulatory changesthat characterisethe
full “diving reflex” in many diving mammals. In addition,
theevidencefor physiological adaptationto habitual breath-
hold diving isinconclusive. An understanding of the non-
linear relationship between oxygen tension and content in
the blood helpsto explain the narrow line between a“ safe”
dive and one leading to shallow water blackout. Clearly,
thereismuch research yet to bedoneinthisfascinating field
of environmental physiology.

UNDERWATER HOCKEY

Underwater hockey is a team water sport, with six
players per side in the water, played on the bottom of a 1.8-
2.5 m deep swimming pool with swimfins, mask and snor-
kel. A plastic covered lead or brass disc-shaped puck is
pushed or flicked along the bottom of the pool with a short
roughly triangular-shaped single-handed stick. A god is
scored when the puck isplayed into ashallow trough or goal
a either end of the playing area. The game is played
underwater during repeated breath-holds, and lasts 30-40
min.

At international level, it requires an extremely high
level of fitnessand breathhold diving skills. However, at all
level sof competitionit providesextremely good exercisefor
scuba divers, maintaining water skills and fin swimming
fitness. It may thus be regarded as ideal exercise for
maintaining scubadiving fitnessin all age groups (thereare
now significant numbers of players over the age of 40
participating very successfully in the sport). Although it
obviously will not appeal to al, | believe it should be
recommendedto diversasan excellent group activity for the
maintenance of water skills.
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EDITED QUESTIONTIME

Vanessa Haller
How do you feel about asthmatics playing underwa-
ter hockey as an alternative to scuba diving?

M Davis

If youwant alet outinyour responsetothesepatients,
swimmingisanexcellent sport for asthmatics. | cannot think
of areason why underwater hockey should not necessarily
be good for them aswell. Anybody whoisinthewater isat
risk of aspiration precipitating an asthmatic attack. How-
ever, thereisgood evidencethat swimming and water sports
apart from scuba diving are often very good for asthmatics.
| see no logical reason why asthmatics should not play
underwater hockey. Thewater isnot deep, up to 8-9 feet, it
iswarm and not likely to give cold precipitation of asthma.
Y ou havetheother advantage of doing competitiveexercise
with high endogenous adrenalin levels, keeping the airways
open! Certainly our top player in Christchurch is a moder-
ately severe asthmatic. He actually controls his asthma by
playing underwater hockey and swimming. If helaysoff he
is into the Ventolin inhaler 3-4 times daily. If he plays
regularly he only occasionally needs hisinhaler.

V Haller
It is good because it gives them an outlet for their
aggression. Hating themselves for having asthma at that

age.

V Brand

It is a pity to make a blanket condemnation of
hyperventilation. M ost spearfishermenand breathholddivers
take 3-4 deep breaths before they dive. If they do not, they
do not know what they aremissing. Thedangerousonesare
when you seek kidswho hyperventilate for aminute or two
in order to compete with their peers.

Continued on page 176
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M Davis

Hyperventilationisprobably physiologically advan-
tageousbecausereducing PaCO, increases thePaO,, dightly
improving the overall oxygen stores. The problem is that
there are grades of hyperventilation. A few breaths will
lower the PaCO, to the low 30s whereas after 30 seconds it
is down into the teens. The difference between thetwo in
termsof oxygen storesisminimal but thedifferenceinterms
of drivefor respirationismajor. Thelonger hyperventila-
tion period is much more likely to result in shallow water
blackout. If you are determined enough, you do not need to
hyperventilate to have shallow water blackout. It isalways
apotential risk in breathhold diving. There have been some
blackoutsin underwater hockey players. TheRLSSin New
Zedland has been concerned about this, but | have not
actually heard of any casesduringamatch. My feelingisthat
themetabolicrateat which oneisworkingisso highthat you
are almost certainly retaining CO, during a game.

P Chapman-Smith
Assuming constant depth, do you see any problems
arising from skip breathing on scuba, apart from headaches?

M Davis

Several potential problemsarise. If itisadeep dive
skip breathing will contributeto narcosis. It may contribute
toanenhancedrisk of DCS. Y es, therearepotential risksbut
it isvery hard to get out of the habit.

G Olsen

Y ou said that the oxygen desaturation wasimportant.
I have awaysthought the falling PO, with expansion of the
lungs on ascent, combined with exhal ation was the cause of
shallow water blackout.

M Davis

Thepoint | wasmaking wasthat therel ation between
tension and saturation is non linear because of the shape of
the haemogl obin dissociation curve. What becomescritical
iswhereyou aredrawing the oxygenfrom at agiven stagein
thedive. If you are still drawing from the primary storein
thelung, then you probably haveasufficient reservefor that
not to be a problem. Assoon as you are drawing from the
remaining oxygen storesin the blood, which arevery small,
thentherateof fall of saturation becomesvery rapid. Soyou
are precipitated into a hypoxic episode very quickly. The
critical thing is where you have used up your lung oxygen
stores. Thereisstill oxygen in the lung but on ascent there
may be areverse gradient from the blood and mixed venous
and arterial PO, will bethesame. Exhalationwill hastenthe
fall of saturation. Thisiswhy the diverswith big lungsare
alot safer than people with small lungs as they have much
greater oxygen storage capacity.

G Blackburn
How doyou overcometheinitial dyspnoeathat eve-
rybody gets as they descend?
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G Skinner

People usually submit to this and say they cannot
breathhold. There are many mechanisms like swallowing,
exhaling asmall volume and so on but you adapt and after a
week you can extend your depthandtimeremarkably. None
of us practise breathhold diving enough now to develop the
skills. Underwater hockey is great training for breathhold
diving.

A Santos

Y ou mentioned that deep diving mammals may dive
in exhalation. Is there any evidence that the lung may
collapse to the point where it becomes a solid organ?

M Davis

| do not think anybody knowstheanswer tothat fully.
Thebronchi intheseanimal sarerigid unlikeourswhichtend
to collapse, so it may well be the alveoli and respiratory
bronchiolesdo collapsetotally. Theremay besomeinterest-
ing things about their surfactant that we do not know. |
would think that they do collapse, and the residua gas
volume lies in the small dead space volume of the rigid
airways. The indirect evidence that this does occur is the
measurement of blood nitrogen levels which show as the
animal goes deeper the tensions fall which means that
beyond 40 mthey arenot taking up any further nitrogenfrom
thelung sothereisno airspacefor gasexchangeto continue.
Thisimplies the alveoli have collapsed.

P Chapman-Smith

Can| makeacomment that theearly break point does
not really relate to CO, levels. | think it relates to higher
cerebral control and the change of breathing patternsin the
elastic recoil from the lung volume receptors. The normal
constant barrage of stimuli to the CNS and you notice a
change in breathing pattern. This does not change with
training or relaxation techniques. After about 30 seconds
you feel al right.

M Davis

This is why in the laboratory you really need to
measure the physiological break point, the re-emergence of
spontaneous activity in the musculature, because it is not
subject to voluntary control.

D Davies

| think the idea of adaptation is perfectly apt. When
| was abal one diving most of our work was done on snorkel
because we were not working in any more than 20 feet of
water. What | found to be the most expedient way to work
was to take 2-3 deep breaths, go down to work for 35-40
secondsand you could do thisfor hourson end. Therewere
some ab-diverswho would go down for acouple of minutes
but they would peter out before the shorter time divers, who
could work for hours. You are working on the aerobic
mechanism rather than anaerobic, just like the diving mam-
mals.



SPUMS Journal Vol 20 No 3 July-September 1990

187

ARTICLESOF INTEREST REPRINTED FROM OTHER JOURNALS

LUNG FUNCTION REFERENCE VALUES
FOR FEV,, FEV /FVC RATIO AND FEF,
DERIVED FROM THE RESULTS OF SCREENING
3788 ROYAL NAVY SUBMARINERSAND
SUBMARINER CANDIDATESBY SPIROMETRY

G.J. Brooks, R.J. Pethybridge and R.R. Pearson
Introduction

In 1975 spirometry was instituted as a measure of
respiratory fitnessin the screening of Royal Navy submarin-
ersand divers. Asthe membersof both groupsarelikely to
be subjected to environmental pressure change, it has been
considered important to detect abnormalities of lung func-
tion and structure that might precipitate pulmonary baro-
trauma and lead to potentially fatal cerebral arterial gas
embolism (CAGE).*® Identical spirometrictestingwaslater
introduced by the Health and Safety Executivefor commer-
cial divers subject to the Diving Operations at Work Regu-
lations (1981).

Clinical opinion at the time of institution of the
screening test was that dependent upon age, an FEV./FVC
ratio of less than 70 to 80% suggested abnormal lung
function and warranted further investigation. Accordingly,
themain screening criterion adopted wasthat candidatesfor
both submarineescapetrainingand diving should achievean
FEV . /FVCratioof at least 75%initially and 70% onfollow-
up screening. Lower values may be accepted if the FVCis
large and the FEV, normal. This rule has the advantage of
simplicity, whichisideal for the purpose of mass screening.
However, there has been little evaluation of the predictive
value of the test as an indicator of risks for pulmonary
barotrauma.

Asafirst step towards validation, a study was set up
at HMS DOLPHIN and the Institute of Naval Medicine
(INM) to determinewhether thelimiting criteriaadopted are
appropriate for the population to which the test is applied.
Thisreport details how results of screening have been used
to construct a database from which reference values for the
measured lung function variates have been calculated and
their clinical value assessed. In order to maintain consis-
tency within the study, it was decided that both a single
spirometer and location should be used. Although only
screening submariners, the Submarine Escape Training Tank
(SETT) was chosen because of its large throughput of
candidates, more than 1,000 RN submariners and trainees
per year and the opportunities afforded for close medical
supervision. A spirometer (Vitalograph), equipped with an
interfacetoan Applell computer, wasinstalledat SETT and
usedtocollect data, cal culateand storeresults. Analysiswas
conducted at the Statistics Department of INM.

Subjects

The study population included all Caucasian sub-
marinersand submariner candidates presentingto SETT for
screening between late 1983 and mid-1986. The trainees
attending SETT aregenerally young mal esbetweentheages
of 17 and 35. Before undertaking pressure work they must
comply with the normal fitness requirements of the Royal
Navy* and will have passed a submarine medical examina-
tion which includes spirometry. A three year limit was
placed onthestudy asthisistherequalificationinterval after
which submariners must return to the SETT for further
screening and training.

M ethods

Software, including machinecodesub-routines, were
written for the computer at SETT inorder that thefollowing
minimum data set could be collected from each candidate;
age, height and weight (in underpants and shoes), smoking
habit, history of recent upper respiratory tract infection
(URTI), best FEV , best FVC and best FEF,, ... The mini-
mum data set was chosen to meet the purposes of screening
and the management requirement that testing could be
performed at least as rapidly as had been achieved before
introduction of the computer.

Under the close supervision, and with the direct
encouragement of one of two specifically trained medical
assi stants, each candidate, standing and wearing anoseclip,
performed at least three good blows into the spirometer.
“Good blows” were defined as closely grouped curves
produced with apparent maximum effort. The computer
recorded data points from each forced expiration for ten
seconds after which it sounded a“beep”. Oncethetest had
been performed satisfactorily, the computer would calcu-
late, storeand display thebest FEV, fromany curve, the best
FvCfromany curve, theFEV /FV Cratioandthebest FEF
o5 Usingthe pointstaken fromonecurve. Back-extrapolation
was used to determine the start of the test and al lung
function results were converted to BTPS.

Candidates attending for screening were excluded
from the study if they admitted previous testing on the
computerised spirometer or were suffering with an URTI.
The accuracy of the software and interface were monitored
regularly by random selection of spirometry tracings for
manual calculation.

Throughout the study the spirometer received regu-
lar maintenance and calibration checks. During two weeks,
mid-study results from the machine were compared with
those obtained by anindependent physiol ogist whore-tested
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the screened candidates, within half an hour, using separate
equipment.

STATISTICAL METHOD

Therelationship betweenthemeasured lung function
variates (LFV) and factors such as age and height of the
form:

LFV =R + B.Heght + B.(Age) + R.(Age?) (1)

have been estimated for each smoking habit category by
least squaresanalysis. Statistical tests have been conducted
to assess if any parameters* are unnecessary, and if the
relationshipsfor the smoking categoriesareidentical, paral-
lel or otherwisedifferent. The standard deviations (o) about
the regression relationships and the proportion (R?) of the
total variation accounted for by the equations have been
estimated.

Results

Theresultsobtai ned from the computerised spirome-
ter were found to be consistently accurate when compared
with an independent spirometer, calibrated syringes (less
than 50 ml difference) and manual result calculation from
the tracings.

At thetimeof analysis, the database contained infor-
mation fromthescreening of 3,788 Royal Navy submariners
and submariner candidates. Of these, 1,488 declared that
they had never smoked, 603 were ex-smokers, 592 admitted
to light smoking habit (less than 10 cigarettes per day) and
1,105 to heavy smoking. The cumulative distributions by
age for the smoking groups are shown in Figure 1. Light
smokers have been omitted for clarity.

Theestimated parametersin equation 1 for themeas-
uredlungfunctionvariatesaregivenin Table 1. Information
isgiven for each smoking habit category andiscombinedin
the“al” group.

For both FEV  and FV C, the linear height and quad-
ratic age relationships were found to be different for the
smoking categories. Thedifferencein predicted valueswith
age and smoking habit are shown graphically for a man of
averageheight (177 cm) inFigure2. Thevariationswithage
between predi cted val uesfor non-smokersof heights167cm
and 187 cmareillustratedin Figures3and 4. Attained FVC
increaseswith height and al so increaseswith ageto themid-
twenties, then declines. FEV, aso increases with height.
Thereisanincreasein FEV, with age to the early twenties
before adecline that appears at an earlier age than for FVC.

TheFEV /FV Cratio relationshipsdo not account for
much of the total variation (R? = 0.09 for “all” smoking
groups). The relationships corresponding to the smoking
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FIGURE 1

Cumulative age distributions for smoking groups
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FIGURE 2

Reference values of FEV, and FVC for male non-
smokersand heavy smokers of height 177 cm.
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Reference values of FEV, for male non-smokers of
heights 167 cm and 187 cm.
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Lung Function
Variate (LFV)

FEV, (ml)

FVC (ml)

% FEV1
FVC

FEF75.85

TABLE 1

ESTIMATED PARAMETERS OF LUNG FUNCTION, AGE AND HEIGHT RELATIONSHIPS

Subgroup

Non-smoker
Ex-smoker
Light smoker
Heavy smoker
All

Non-smoker
Ex-smoker
Light smoker
Heavy smoker
All

Non-smoker
Ex-smoker
Light smoker
Heavy smoker
All

Non-smoker
Ex-smoker
Light smoker
Heavy smoker
All

No. in
Sub-group

1488
603
592

1105

3788

1488
603
592

1105

3788

1488
603
592

1105

3788

1488
603
592

11055

3788

LFV

4659
4607
4633
4522
4607

5630
5663
5671
5571
5625

83.0
81.5
81.8
81.3
82.1

0.59
047
0.53
0.45
0.52

Average
Age

(yrs)

23.6
25.7
23.6
24.6
24.2

23.6
25.7
23.6
24.6
242

23.6
25.7
23.6
24.6
24.2

23.6
25.7
23.6
24.6
24.2

Height
(cms)

176.8
176.8
177.4
176.6
176.8

176.8
176.8
1774
176.6
176.8

176.8
176.8
177.4
176.6
176.8

176.8
176.8
177.4
176.6
176.8

Bo

-6037
-3704
-5076
-4293
-4963

-8590
-6648
-7077
-7021
-7519

104.51
105.25

93.51
105.00
103.25

-1.053
-0.565
-1.424
-0.544
-0.879

By
(height)

53.65
45.32
50.00
47.65
50.44

69.98
62.32
63.29
64.18
66.37

-0.0776
-0.0776
-0.0180
-0.0805
-0.0690

0.0126
0.0103
0.0150
0.0103
0.0120

Parameter Estimates
B2 B3
(age) (age?)
101.1 -2.029
23.4 -0.570
87.0 2072
45.7 -1.144
61.6 -1.370
1330 -2.223
80.3 -1.120
125.3 -2.454
92.5 -1.1611
100.8 -1.687
-0.3322
-0.3908 .
03614 .
-0.3859 .
03713 .
-0.0249
-0.0306
-0.0303
-0.0335 .
-0.0310

482
478
498
500
493

544
527
565
540
546

6.21
6.00
6.04
6.06
6.10

0.34
0.35
0.33
0.34
0.35

R2

0.36
0.30
0.36
0.31
0.33

0.44
0.38
0.39
0.38
0.40

0.07
0.12
0.09
0.10
0.09

0.16
0.22
0.26
0.24
0.21
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habit categories can be summarised by parallel regression
planes in the age and height space. The age-squared term
was found to be negligible in terms of reducing the tota
variation. The summary equations are given in Table 1.
Illustration of the variation of predicted valueswith ageand
smoking habit category are given for men of average height
in Figure 5 and for non-smokers of heights 167 cm and 187
cminFigure6. TheFEV /FV Cratio decreasesasheight and
age increase.

The FEF,, ,, datawere not normally distributed and
alogarithm transformation was used prior to the estimation
of equation 1. The age-squared term reduced the variation
about the regression by a negligible amount and has been
omitted. The difference in predicted values with age and
smoking habit areshownfor aman of 177 cminFigure 7 and
non-smokersof heights167 cmand 187 cmin Figure8. Log
FEF,, . decreases with age and increases with height.

The effects of smoking on the lung function variates
measured has beenillustrated inthe Figures2, 5and 7, by a
comparison of the two largest groups, non-smokers and
heavy smokers. Non-smokers were, on average, able to
produce greater values of FEV, FVC, FEV /FVC ratio and

FEF,, . than heavy smokers of the same height and age.

Discussion

A major advantage of thisstudy over othershasbeen
the consistency of datacollection.® The methods used have
followed the American Thoracic Society recommendations
for spirometry.® The spirometer was subjected to regular
checks and was operated by two trained medical assistants
using a standardised technique. Human error in graph
interpretation was eliminated by electronic measurement of
the volume changes (approximately 8,000 points were re-
corded over ten seconds from each forced expiration). The
vast majority of Naval personnel attending the SETT were
motivated to produce good lung function resultsin order to
be allowed to continue with their training.

Thedatabase consisting of 3,788 resultsof screening
represents possibly the largest most consistent source of
lung function data for “healthy” Caucasian males, without
the symptoms and signs of respiratory disease, between the
agesof 17 and 35. The data has been analysed by smoking
habit category. The cumulative age distribution, Figure 1,
illustratesthat there arefew agerange or distribution differ-
ences between the categories.

In interpreting the results, it is assumed that the
submariners and candidates whose results have been in-
cluded in the database are representative of the population
that isto be screened. A possible source of bias arisesfrom
therequirement that submariner candidates be pre-screened
by spirometry before attending SETT. If large numbers of
candidates had been rejected on the results of spirometry at
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FIGURE 4

Refer ences values of FVC for male non-smoker s of
heights 167 cm and 187 cm

FVC
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FIGURE 5

Reference values of FEV /FVC for male non-smokers
and heavy smokersof height 177 cm.
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FIGURE 6

Reference values of FEV /FVC for male non-smoker
of heights 167 cm and 187 cm.
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FIGURE 7

Reference values of FEF_ .. for male non-smokers and
heavy smokers of height 177 cm
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FIGURE 8

Reference values of FEF_ . for male non-smoker s of
heightsto 167 cm and 187 cm.
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FIGURE 9

Comparison of reference values of FEV, for male non-
smokers of height 177 cm with values of Knudson?,
Morris?, and Paoletti®.
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FIGURE 10

Comparison of reference values of FVC for male non-
smokers of height 177 cm with values of Knudson’,
Morris?, and Paoletti®.
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Paoletti
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FIGURE 11

Comparison of reference values of FEV /FVC for male
non-smoker s of height 177 cm with values of
Knudson?, Morris?, and Paoletti®
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FIGURE 12

Comparison of reference values of FEF_, . for male
non-smokers of height 177 cm with values of Morris'©

and Paoletti®.
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FIGURE 13

Predicted lower bound of 95% confidence interval for
FEV(1)/FVC in male non-smokers of heights 167 cm

and 187 cm.
77.5[ FEV{/FVC
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% .\'\'\.\_‘~“~\\‘
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this stage, then the database would be biased towards high
FEV . /FVCratios. Itispolicy that those candidateswho are
unabletoobtainan FEV /FV Cratio of 75% on pre-screening
but who are otherwisefit bereferred to INM for further lung
function investigation. During the data collection phase,
twelve candidatesreferred for further lung function testing,
for any reason, after pre-screening, wererejected and do not
appear in the database. It is concluded from this, that
minimal biashasbeenintroduced by their exclusion. Infact,
thegreat majority of candidateswho wereunableto meet the
spirometricstandardfirst failed onattending SETT. Review
of previousrecords reveal s that in many cases this was due
to technical errors at pre-screening spirometry. It remains
possible that bias has been introduced as an unknown
number of personnel, who were suspected of having abnor-
mal lung function at preliminary screening have been ex-
cluded from submarine training without having been re-
ferred to INM for physiological testing. If this selection
processhasdisproportionately reduced the numbersof those
with low FEV . /FVC ratio in the database then it might be
expected that the age and height specific predicted ratio
valuesof thisstudy would be higher thanthose of previously
accepted standards. In fact, the predicted FEV . /FVC ratio
values from this study fall between those of Knudson’ and
Morris®, suggesting that any exclusion biasisminimal. The
predicted values from this study, for non-smokers, have
been compared with othersin Figures9to 12. Thevaluesof
FEV, and FV C have been found to be greater, for each age,
than predicted by Knudson’ or Morris.? Thevaluesof FVC
and FEV . caculated in the careful study by Paoletti® are
closeto those predicted from thisstudy. Thecontrast canbe
seen between fitting linear and quadratic solutions to the
data. Unless gplit linear equations are constrained to a
common solution, then there is obvious difficulty with
interpretation at the junctional age.
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The declinein FEV /FV C ratio with age and height
isof particular interest because of thelower screening limits
previoudly discussed. InFigure 13, thelower bounds of the
predicted 95% confidenceintervalsfor non-smokers of 167
cm and 187 cm have been plotted. This graph is only
included as an illustration of principle asit inappropriately
assumes anormal distribution of the data points around the
regression line. However, it is sufficiently accurate to
support some generalisations. Tall men are more likely to
fail screening at any age than short men. Similarly, asthe
FEV /FV Cratiodeclineswithage, older menaremorelikely
to fail screening than younger men. In practice, thiswould
mean that if an abnormal FEV /FVCratiowasfoundto bea
predictor of barotrauma risk, that young short men with
asymptomatic abnormal lung function would have the least
chance of being detected at screening. It is perhaps of
importance, that the younger inexperienced candidates are
more likely to suffer pulmonary barotraumaon decompres-
sion?than their older trained counterparts although thismay
be, at least in part, the result of asel ection processoccurring
as aresult of accidents occurring ininitia training. If the
FEV,/FVC ratio is to remain as the main predictor of
success, then appropriate limits should be used to avoid
height and age bias.

It hasbeen considered el sewhere'®that measures of
end-expiratory flow such as FEF, . are more sensitive
indicatorsof small airway function, and predictors of symp-
toms such as wheeze, than the FEV /FVC ratio. Thisis
perhaps supported by the marked reduction of FEF,, . in
heavy smokers (Figure 7). The effect of heavy smoking is
less obvious in the other measured lung function variates
(Figures 2 and 5). Previous attempts to offer predicted
values for FEF(75-85) through linear regression have often
proved unworkabl e due to an associated large coefficient of
variation.’**? |n this study, a log transformation fulfilled
more statistical assumptions associated with regression

models.

Thisstudy allowstheprediction, onastatistical basis,
of ranges of normality for lung function in submariners. To
have any value in screening, those who are found to be
“statistically abnormal”, when compared with the appropri-
ate reference range, must be more likely to be the “clinical
abnormals’ requiring detection, than the rest of the exam-
ined population. Inthe caseof submarinersand divers, aset
of abnormal scould bedefined asthose candidateswho have
suffered pulmonary barotrauma. Records have been kept of
the details of the accidents occurring during training at
SETT. Themajority of those recorded are thought to have
suffered pulmonary barotrauma, athough there is some
variation between the total sreported by reviewers, depend-
ing upon the diagnostic criteria used.>®> A comparison has
been made, where data are available, between the recorded
pre-ascent lung function and respectivereference valuesfor
each accident case, where decompression sickness is not
suspected.?® The 34 casescomparedinthismanner arelisted
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TABLE 2

SETT ACCIDENT CASES - COMPARISON OF ACTUAL AND PREDICTED LUNG FUNCTION

No. Height Age FEV| FVC %FEV/FVC
Actual Predicted  Standardised Actual Predicted  Standardised Actual Prediction  Standardised

residuals residuals residuals
128 163.5 24 3125 3992 -1.80 3575 4763 -2.18 82.1 83.8 0.57
120 182.5 20 3125 4860 -3.47 3950 5897 -3.61 79.1 826 -0.57
131 174.5 18 4240 4474 -0.47 4950 5321 -0.69 85.7 84.0 0.27
132 173.5 31 4200 4305 -0.21 5600 5430 0.30 75.0 79.2 -0.69
133 172.5 20 4625 4383 0.48 5050 5256 -0.38 91.6 83.4 1.35
134 164.5 24 3850 4046 -0.41 4500 4833 -0.61 85.6 83.8 0.29
135 170.5 18 3600 4344 -1.49 4450 5174 -1.28 80.9 83.9 0.50
136 169.5 21 4400 4285 0.24 4850 5084 -0.43 90.2 84.4 1.02
137 179.5 20 4950 4717 0.47 6000 5705 0.55 82.5 82.8 -0.05
138 165.5 16 4150 4061 0.18 4810 4774 0.06 86.3 84.7 0.25
139 178.5 19 4500 4624 -0.26 5000 5598 -1.13 90.0 84.0 1.00
140 177.5 31 4620 4714 -0.20 5280 5644 -0.67 87.5 83.8 0.60
141 184.5 20 4575 5072 -1.03 6100 6092 0.01 75.0 83.5 -1.38
142 184.5 19 4125 5050 -1.92 4950 6046 -2.01 83.3 839 -0.07
143 176.5 21 4050 4662 -1.23 5350 5643 -0.52 75.7 82.7 -1.17
144 182.5 21 5740 4982 1.57 7000 5994 1.85 82.0 834 -0.22
145 173.5 19 4720 4398 0.67 5060 5286 -0.43 93.3 84.4 1.49
146 178.5 16 4125 4651 -1.05 4575 5503 -1.72 90.2 84.5 0.94
147 177.5 21 4310 4620 1.38 5840 5603 0.44 90.9 82.6 1.37
148 177.5 22 4100 4579 -1.00 4400 5638 -2.35 93.2 82.9 1.72
149 181.5 28 4300 4941 -1.33 4900 6093 -2.19 87.8 81.1 1.07
150 184.5 29 5100 4862 0.48 6100 6148 -0.09 83.6 79.0 0.77
151 177.5 22 4140 4728 -1.22 4400 5682 -2.36 94.1 83.4 1.72
153 178.5 23 4950 4658 0.58 5450 5710 -0.48 90.8 81.8 1.50
155 173.5 23 4750 4523 0.47 5280 5435 -0.28 90.0 83.4 1.06
156 184.5 20 4575 5072 -1.03 4850 6092 -2.28 94.3 83.5 1.74
157 184.5 30 57127 4840 1.77 7070 6145 1.71 81.0 78.6 0.40
158 177.5 27 4900 4736 0.34 6900 5802 2.02 71.0° 81.8 -1.78
161 176.5 17 4843 4565 0.58 4868 5380 -0.94 99.5 85.2 2.31
162 184.5 28 5080 4866 045 6640 6220 0.80 76.5 80.0 -0.58
163 182.5 27 5158 5005 0.32 6317 6152 0.30 81.7 814 0.04
164 187.5 18 4903 5093 -0.38 5022 6156 -2.10 97.6 83.0 2.42
165 174.5 19 4317 4477 -0.32 5167 5354 -0.35 83.5 83.6 -0.01

166 177.5 23 5112 4738 0.78 5653 5714 -0.11 90.4 83.1 1.18
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in Table2. No details of the FEF
are available.

-5 55 Values for these cases

If a statistical limit of normality of two standard
deviations from the mean is placed on each of the LFV'’s
shown, then in a batch of 34 subjects, for any LFV, it is
likely, at most, that one case would be detected as being
outside the range. Amongst the “clinically abnormal” 34
accident cases, 8 have a recorded FVC below the lower
statistical limit. Incomparison, only oneFEV /FVCratiois
below normal and in this case both FEV, and FVC are
normal. Thisresult issubject to the bias introduced by the
rejection of candidates following spirometric screening at
SETT. However, if alow FEV /FVCratio is predictive of
accident it would be expected that the proportion of accident
caseswithaborderline(closeto 75%) ratiowould be greater
than for the rest of the population. No such association has
been found.

A highly significant correlation (P < 0.01) has been
found, however, between chance of accident and reduced
FVC. Thevalidity and practical value of thisresult depend
upon the accuracy with which lung function was measured
and the diagnosis assigned in each of the accident cases. It
is known that errors in spirometry are most likely to have
occurred amongst theearlier casesin the seriesof 34, before
standardisation of techniquewasintroduced. Itisnotewor-
thy that abnormally low FV C predominantly occursin the
later cases. Thismay indicate an even stronger correlation
between reduced FVC and accident risk than has been
estimated.

Conclusions and recommendations

Reference values for FEV,, FVC, FEV /FVC ratio
and FEF, .. for males between the ages of 17 and 35, have
been produced from a study population of submariners and

submariner candidates.

In a comparison between the lung function variates
currently measured during screening with respect to predic-
tive value for pulmonary barotrauma, a highly significant
association has been found between therisk of accident and
lowered FVC. No such association has been found for the
FEV,/FVC ratio athough thisresult is subject to bias. Itis
concluded that up to */, of male submarine escape, and
perhaps diving accident cases, involving pulmonary baro-
trauma could be prevented by making those who have an
abnormally low FVC (greater than 2 standard deviations
below mean) medically unfit. No further test isknown that
could be used sequentially or in combination to increase
sensitivity and specificity of screening by FVC. Theexclu-
sionrateby FVCwithalimit of 2 standard deviationswould
befar less, however, than that of the FEV /FVCratiothat is
currently in use without clinical validation.
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The story of two dive computers

At arecent seminar on the Edge and Skinny Dipper
in Oakland, Cdlifornia, Orca Director of Engineering Paul
Heinmiller displayed aslideof Skinny Dipperssittingonfire
cora with adiver near the surface in the background.

Just ashewasready to flip to the next screen, adiver
in the audience noted that the depth reading on one Dipper
was 23 feet, while another, sitting right along side, read 20
feet. A few chuckles could be heard, while Neidenmiller,
obviously surprised, could only say that they had better
check the slides more closely before showing them.

But afew minuteslater herecoverednicely. Flipping
back to the 23/20 dlide, he said that the Dipper has a depth
accuracy of + or - 2 feet. Therefore, any two Dippers could
display afour-foot difference between them. Thedifference
in the two Dippers in the slide meant that the true depth
would be either 21 or 22 feet.

Reprinted by kind permission of the Editor from
UNDERCURRENT, April 1989 (page 8).

Theaddressof UNDERCURRENT isP.O. Box 1658, Sausal -
ito, California 94965, USA.
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GLEANINGSFROM MEDICAL JOURNALS

Fatal arterial gasembolism: detection by chest radiog-
raphy and imaging befor e autopsy

John A Williamson, Geoffrey K King, Vic | Callanan,
Robert M Lanskey and Keith W Rich

Med J Aust 1990; 153: 97-100

Abstract

Two recent cases are reported from north Queens-
land of deathsfrom massivearterial gasembolism occurring
in tourists scuba diving on the Great Barrier Reef. The
diagnosiswasestablishedin each caseby an external exami-
nation of thebody, followed by aplainerect chest radiograph
soon after death and before autopsy; in one of the casesiit
was further confirmed before autopsy by computed tomo-
graphy (CT) of thehead, neck andthorax. Thediagnosiswas
a so supported by analysisof adiving profile, inspectionand
investigation of diving equipment, and autopsy. Inthelight
of previously published advice and reports, the experience
gained from these two cases now dictatesthat investigation
of an unexplained death occurring after exposure to, and
change from, hyperbaric or hypobaric conditions, should
begin with plain erect chest radiography on the body before
autopsy. Combining this with a pre-autopsy supine chest
film before standing the body erect, and CT scanning of the
head, neck and chest, is aso recommended.

Copyright © 1990 TheMedical Journal of Australia,
reprinted with permission. This paper appeared in The
Medical Journal of Austraia, 1990; 153 (July 16): 97-100.
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DIVING MEDICNE COURSES

ROYAL NEW ZEALAND NAVY HOSPITAL
DIVING AND HYPERBARIC MEDICINE UNIT

COURSE IN DIVING MEDICINE

Content
The course concentrates on the assessment of fitness
for diving and on first-aid for diving accidents.

Venue

Royal New Zedland Navy Hospital, Naval Base,
Auckland.

19-23 November, 1990.

Cost
$NZ 500.00

Further Information and enrolment contact

Cdr. Des Gorman, MB ChB, FACOM, PhD,
Director, DHMU,
RNZN Hospital,
Naval Base,
Auckland,
New Zealand.
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SPUMSMEETING FEBRUARY 23RD AND 24TH
1991
COFFSHARBOUR, NEW SOUTH WALES

A weekend meeting will be held at Coffs Harbour,
New South Wales, on February 23rd and 24th 1991. The
organiser is Dr Darryl Wallner, 114 Vasey Crescent,
Campbell, ACT 2601, phone (06) 248 5950, whowouldlike
to hear from those wishing to present a paper.

The lecture programme will be held on Saturday
afternoonandwill befollowed by adinner, approximatecost
including wines $ 30.00.

Themeetingwill beheld at the AanukaResort which
hasfirst classfacilities, pool, spa, gym, tennis courtsand an
excellent surf beach. The accommodation ison the basis of
twin share in individual units set in beautiful tropical
gardens. Early registration will enable numbers to be
finalised with the Resort at very favourable room rates,
approximately $100.00 per person per night, whichincludes
breakfast, lunch, Saturday afternoon tea and the use of all
facilities.

Diving is unique at the Solitary Islands as it has a
mixture of tropical and temperate zone marinelifewith true
corals, spongesandtropical fishlifemixedwith colder water
Species.

Thereisaregistration fee of $10.00 which should be
sent to Dr Wallner as soon as possible with the following
information; name, address and phone number, accommo-
dationrequired, arrival date, timeand |ength of stay, method
of transport and whether diving is required on Saturday or
Sunday. A registration form will be found below.

SPUMSMEETING AT COFFSHARBOUR ON FEBRUARY 23RD AND 24TH 1991

REGISTRATION FORM

Name
Address

Type of Accommaodation Share twin
Travel Car / Plane Arrival Date

Number diving Saturday morning

Do you wish to present a paper ? Yes/No

Phone number ()

Single (extra charge) Family

Time Departure date
Sunday morning

Topic

Please send, with your cheque for $ 10.00 made out to SPUM S Coffs Harbour Meeting, to
Dr Darryl Wallner,
114 Vasey Crescent, ACT 2601.
Phone (06) 248 5950



